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DESCRIPTION

METHOD OF MODIFYING ISOELECTRIC POINT OF ANTIBODY VIA AMINO ACID
SUBSTITUTION IN CDR

Technical Field
The present invention relates to methods for modifying the isoelectric point (pl) of an

antibody while retaining its antigen-binding activity through amino acid substitutions in the
CDR; methods for controlling antibody pharmacokinetics in plasma (pharmacokinetics in
blood); pharmaceutical compositions comprising as an active ingredient an antibody with a
modified isoelectric point; methods for producing the compositions; and such.

The present invention also relates to methods for controiling the plasma haif-lives of
anti-IL-6 receptor antibodies, anti-glypican 3 antibodies, and anti-IL-31 receptor antibodies by
modifying amino acid residues that are exposed on the surface of the CDR regions of the
antibodies; antibodies (anti-IL-6 receptor antibodies, anti-glypican 3 antibodies, and anti-IL-31
receptor antibodies) whose plasma half-life is controlled through modification of amino acid
residues; pharmaceutical compositions comprising such an antibody as an active ingredient; and
methods for producing the compositions.

Furthermore, the present invention relates to pharmaceutical compositions comprising
an anti-IL-6 receptor antibody as an active ingredient, methods for producing the compositions,

and such.

Background Art
Antibodies are drawing attention as pharmaceuticals as they have long half-life in

plasma and few adverse effects. Of them, a number of IgG-type antibody pharmaceuticals are
available on the market and many antibody pharmaceuticals are currently under development
(Non-patent Documents 1 and 2). Most of the antibody pharmaceuticals available on the
market are chimeric antibodies, humanized antibodies, or human antibodies. Currently, many
antibody pharmaceuticals are being developed which have more superior characteristics with
improved drug efficacy, convenience, and cost from modification of humanized antibodies or
human antibodies. Various technologies applicable to these antibody pharmaceuticals have
been developed, including those that enhance effector function, antigen-binding activity,
phramacokinetics, or stability, and those that reduce the risk of immunogenicity. For methods
of enhancing drug efficacy or reducing dosage, techniques that enhance antibody-dependent
cell-mediated cytotoxicity (ADCC) or complement-dependent cytotoxicity (CDC) through
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amino acid substitution in the Fc domain of an 1gG antibody have been reported (Non-patent
Documents 3 and 4). Furthermore, affinity maturation has been reported as a technique for
enhancing antigen-binding activity or antigen-neutralizing activity (Non-patent Document 3).
This technique enables enhancement of antigen-binding activity through introduction of amino
acid mutations into the CDR region of a variable region or such. |

A problem encountered with current antibody pharmaceuticals is high production cost
associated with the administration of extremely large quantities of protein.  The preferred form
of administration is thought to be subcutaneous formulation for chronic autoimmune diseases.
In general, it is necessary that subcutaneous formulations are high concentration formulations.
From the perspective of stability or such, the concentration limit for IgG-type antibody
formulations is in general thought to be about 100 mg/ml (Non-patent Document 6). Low-cost,
convenient antibody pharmaceuticals with more superior characteristics that can be administered
subcutaneously in longer intervals can be provided by increasing the half-life of an antibody in
the plasma to prolong its therapeutic effect and thereby reduce the amount of protein
administered.

FcR is closely involved in the long plasma half-life of antibodies. The plasma
half-life of antibody is known to be different between antibody 1sotypes. 1gG1 and 1g(G2 have
the longest half-life in plasma, while IgG3 and Ig(G4 have a shorter half-life (Non-patent
Document 7). A reported method for prolonging the plasma half-lives of IgG1 and IgG2
antibodies, which h&vé a superior half-life in plasma, comprises substituting amino acids in the
constant region to enhance the binding to FcRn (Non-patent Documents 8 to 10). However,
introduction of artificial amino acid mutations into a constant region is encountered with the
problem of immunogenicity. On the other hand, a method that comprises introducing amino
acid mutations into antibody variable regions for improving antibody pharmacokinetics has
recently been reported (Patent Document 1).

Patent Document 1 describes that the pharmacokinetics of IgG can be controlled by
modifying its isoelectric point, and the plasma half-life of an antibody can be prolonged by
reducing the isoelectric point of the antibody without loss of antigen-binding activity through
introduction of amino acid substitutions into the antibody variable region framework.
Specifically, the isoelectric point of an antibody can be reduced without loss of antigen-binding
activity, for example, by infroducing amino acid substitutions at H10, H12, H23, H39, H43, and
H105, Kabat’s numbering. It is also possible to introduce amino acid mutations into other
framework sequences without loss of binding activity. In some cases, however, introduction of
amino acid substitutions into framework sequences alone is thought to be insufficient for
significant reduction of isoelectric point.  This is because a human antibody sequence is

generally used as a framework sequence after amino acid substitution to reduce immunogenicity,
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but human antibody framework sequences are highly conserved and have low diversity, and thus
there is little flexibility for amino acid substitution. Therefore, when amino acid substitution
into the framework alone is insufficient to reduce the isoelectric point of an antibody, it would be
difficult to further reduce the isoelectric point.

In contrast, CDR sequences have an enormous diversity due to somatic mutations, and
because they have the diversity needed for acquiring antigen-binding activity, there is
significantly greater flexibility for amino acid substitution compared to framework sequences.
However, amino acid substitution in CDR sequence is generally known to affect the
antigen-binding activity of an antibody, as CDR sequence is the most important factor for strong
antigen-binding activity. Thus, it is difficult to reduce the isoelectric point of an antibody by
substituting amino acids in its CDR sequence without considerable loss of antigen-binding
activity. Furthermore, CDR sequence varies greatly depending on the type of antigen; thus,
regardless of antibody specificity, it has been believed to be very difficuit to substitute amino
acids in an antibody CDR sequence without considerable loss of the antibody’s antigen-binding
activity, In fact, this can be inferred from many findings described below.

In general, antibodies derived from a nonhuman animal species are humanized by CDR
grafting, in which a human framework sequence is grafied to the CDR sequence of the
nonhuman animal species. If a humanized antibody obtained by CDR grafting does not have a
comparable binding activity as the chimeric antibody, the binding activity can be recovered from
substituting a portion of the framework sequence which determines the CDR structure with
amino acids of the aniibody framework sequence of the nonhuman animal species from which
the antibody is derived (Non-patent Document 11). The CDR sequence and structure are very
important for the antigen-binding activity and specificity of an antibody. Furthermore, the
antigen-binding activity of an antibody is generally known to be reduced when antibody CDR
residues are modified by isomerization of aspartic acid residues, deamidation of aspartic acid
residues, or oxidation of methionine residues in antibody CDR (Non-patent Document 12), and
this also suggests that CDR sequence is very important for the antigen-binding activity of
antibodies. In addition, it has been further reported that not only the antigen-binding activity
but also the expression level of an antibody is often considerably reduced when amino acid
substitutions are introduced into the heavy chain CDR2 sequence of an antibody (Non-patent
Documents 13 to 15). In particular, the expression level of an autibody is known to be
markedly reduced when amino acid substitution is introduced at H51 (Non-patent Document 16).
Furthermore, the antigen-binding activity has been reported to be considerably reduced in almost
all cases when mutations are introduced into the heavy chain CDR3 sequence of an antibody
(Non-patent Documents 17 and 18). Alternatively, the antigen-binding activity of an antibody
is often markedly reduced when amino acids in the antibody CDR are substituted with alanine by
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alanine scanning mutagenesis (Non-patent Documents 19 to 23).  The effect of alanine
substitution on antigen-binding activity is thought to depend on antibody specificity. In sum,
the antigen-binding activity of an antibody is generally considered to be reduced by amino acid
substitution in the CDR sequence, and there 1s no previous report on positions of amino acids
whose substitution does not significantly reduce the anfigen-binding activity of an antibody
regardless of its antibody specificity.

In antibody engineering to produce antibody molecules with more superior
characteristics, almost all amino acid substitutions introduced into antibody CDR sequences are
aimed at affinity maturation. Affinity maturation is a method for obtaining antibodies with
improved antigen-binding activity, and is generally conducted by displaying on phages or
ribosomes an antibody library comprising randomized CDR sequences derived from the CDR
sequences of a parent antibody molecule and panning on the antigen.  This method enables
discovery of amino acid substitutions in antibody CDR sequence that improve antigen-binding
activity (Non-patent Documents 5 and 24 to 26). However, amino acid substitutions found by
the above-described method which improve antigen-binding activity are different depending on
the antibody specificity. Thus, there is no previous report on positions of amino acids in CDR
sequencé whose substitution improves the antigen-binding activity regardless of the antibody
specificity.  Other than affinity maturation for modifying CDR sequence, methods for
improving expression levels of antibodies in mammalian cells by substituting amino acids at
specific positions in the CDR sequence (Patent Document 2} are reported.  According to Patent
Document 2, the expression levels of antibodies in mammalian cells can be improved
independently of the antibody specificity by substituting amino acids at specific positions in the
CDR sequence with a particular sequence. Alfernatively, some reports describe
deimmunization where the immunogenicity of an antibody is reduced by avoiding T cell epitopes
in the antibody CDR sequence. However, there is no previous report on methods for
substituting amino acids in an antibody, regardless of its antibody specificity, to remove T cell
epitopes from the CDR sequence without loss of binding activity (Non-patent Documents 27 and
28).

As described above, the antibody CDR sequence is closely involved in antigen binding.
Therefore, amino acid substitutions in CDR sequence generally impair binding activity. The
effect of amino acid substitution in CDR sequence on antigen binding differs depending on the
antibody specificity. Patent Document 1 describes some examples on the control of isoelectric
point by amino acid substitution in CDR; however, the antigen-binding activity can be impaired
in some kinds of antibodies. Alternatively, methods have been reported for improving the
expression of antibodies independently of the antibody specificity by common amino acid

substitutions; however, there is no previous report on methods for improving an antibody’s
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antigen-binding activity or removing T cell epitopes without considerable loss of an antibody’s
antigen-binding activity. There is absolutely no report on antibody CDR sequences whose
amino acids can be substituted without considerable loss of the antibody’s antigen-binding

activity regardless of the antibody specificity.

Documents of related prior arts for the present invention are described below.
[Non-patent Document 1] Janice M Reichert, Clark J Rosensweig, Laura B Faden & Matthew C
Dewitz. Monoclonal antibody successes in the clinic. Nature Biotechnology (2005)
23:1073-1078
[Non-patent Document 2] Pavlou AK, Belsey MJ. The therapeutic antibodies market to 2008.
Eur J Pharm Biopharm. 2005 Apr;59(3):389-96 |
[Non-patent Document 3] Presta LG. Engineering of therapeutic antibodies to minimize
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[Non-patent Document 4] Kim SJ, Park Y, Hong HI. Antibody engineering for the development
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Summary
According to a first aspect, there is provided a method for controlling the plasma

pharmacokinetics of IgG antibody while retaining the antigen-binding activity of the
variable region, which comprisés modifying the charge of at least one exposable amino
acid residue selected from amino acid residues at positions 31, 61, 62, 64 and 65 in the
heavy chain variable region and positions 24, 27, 53, 54 and 55 in the light chain variable

region according to Kabat’s numbering system.

According to a second apsect, there is provided an IgG antibody whose
pharmacokinetics in plasma is controlled, which is obtained by the method as defined

above.

According to a third aspect, there is provided a method for producing an IgG
antibody whose pharmacokinetics in plasma is controlled, which comprises:
(a) modifying a nucleic acid encoding an antibody so as to modify the charge of at least
one amino acid residue selected from amino acid residues at positions 31, 61, 62, 64 and
65 in the heavy chain variable region and positions 24, 27, 53, 54 and 55 in the light
chain variable region according to Kabat’s numbering system;
(b) culturing a host cell to express the nucleic acid; and

(¢) collecting the antibody from the host cell culture.

According to a fourth aspect, there is provided an IgG antibody whose
pharmacokinetics in plasma is controlled, which is produced by the method as defined

above.
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According to a fifth aspect, there is provided a method for purifying a
multispecific antibody comprising a first polypeptide and a second polypeptide each of
which comprises an antibody heavy chain variable region that binds to different epitopes,
which corhprises:

(2) modifying a nucleic acid encoding a polypeptide so as to modify the cfnarge of at least
one amino acid residue selected from amino acid residues at positions 31, 61, 62, 64, and
65 in the heavy chain variable region according to Kabat's numbering system of the first
polypeptide and second polypeptide, specifically modifying both or either one of a
nucleic acid encoding the amino acid residues of the first polypeptide and a nucleic acid
encoding the amino acid residues of the second polypeptide, so as to increase the
difference between the isoelectric points of the first polypeptide and second polypeptide -
when compared to before modification;

(b) culturing a host cell to express the nucleic acids; and

(c) purifying a multispecific antibody from the host cell culture by standard
chromatography, wherein the heteromultimer of the first polypeptide and second
polypeptide are more clearly separated from the homomultimer of the first polypeptide
and the homomultimer of the second polypeptide when compared to those before

modification.

According to a sixth aspect, there is provided a multispecific antibody that is

purified by the method as defined above.

According to a seventh aspect, there is provided a method for producing a
humanized antibody comprising a human-derived
framework region (FR), a human constant region, and a CDR selected from the group
consisting of human-derived CDRs, nonhuman animal-derived CDRs and synthetic
CDRs, whose pharmacokinetics in plasma is controlled while retaining the antigen-
binding activity, which comprises modifying at least one amino acid residue selected
from amino acid residues at positions 31, 61,62, 64 and 65 in the heavy chain variable
region and positions 24, 27, 53, 54 and 55 in the light chain variable region according to
Kabat’s numbering system, so as to be different in the charge from the amino acid residue

at the corresponding position in the wild type CDR.
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According to an eighth aspect, there is provided a humanized antibody that is

produced by the method as defined above.

According to a ninth aspect, there is provided a composition comprising a

pharmaceutically acceptable carrier and the antibody as defined above.

According to a tenth aspect, there is provided a nucleic acid encoding a

polypeptide that constitutes the antibody as defined above.

According to an eleventh aspect, there 1s provided a host cell comprising the

nucleic acid as defined above,

According to a twelfth aspect, there is provided a method for producing the
antibody as defined above, which comprises the steps of culturing the host cell as defined

above and collecting the polypeptide from the cell culture.
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Disclosure of the Invention
[Problems 1o be Solved by the Invention]

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

of the present invention is to provide methods for modifying the isoelsctric‘point ofa
polypeptide comprising an antibody variable region while retaining its antigen-binding activity;
methods for controlling antibody half-life in plasma; pharmaceutical compositions comprising as
an active ingredient an antibody with controlled plasma half-life; and methods for producing the
antibodies and pharmaceutical compositions comprising the antibody as an active ingredient.

Another objective of the present invention is to provide methods for contfolling plasma
half-lives of anti-IL-6 receptor antibodies, anti-glypican 3 antibodies, and anti-Il.-31 receptor
antibodies by modifying amino acid residues ‘exposed on the surface of the CDR regions of the
antibodies; anti-IL-6 receptor antibodies, anti-glypican 3 antibodies, and anti-IL-31 receptor
antibodies whose plasma half-life is controlled by modifying amino acid residues; methods for
producing such antibodies; and pharmaceutical compositions comprising such an antibody as an
active ingredient.

Furthermore, another objective of the present invention is to provide pharmaceutical
compositions that comprise second-generation molecules, which are more superior than the
humanized anti-IL-6 receptor IgG1 antibody TOCILIZUMARB, and methods for producing such
pbarmaceutical compositions. The second-generation molecules have been improved to exhibit
enhanced antigen-neutralizing activity and retention in plasma, and thus produce a prolonged
therapeutic effect even when the frequency of administration is reduced; and they have also been
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improved to have reduced immunogenicity and improved safety and physical properties, by
modifying amino acid sequences of the variable and constant regions of TOCILIZUMARB.

[Means for Solving the Problems]

The present inventors conducted dedicated studies on methods for modifying the
isoelectric point of polypeptides comprising an antibody variable region while retaining the
antigen-binding activity of the variable region. As a result, the present inventors identified
specific amino acid positions within the amino acid sequence of a complementarity determining
region {(CDR) of an antibody variable region, that allow for modification of the isoelectric point
while retaining the antigen-binding activity of the variable region. Furthermore, the present
inventors discovered that the plasma half-life of a polypeptide comprising an antibody variable
region could be regulated by controlling the isoelectric point of the polypeptide, and that
heteromultimers of a polypeptide comprising an antibody variable region could be efficiently
produced by utilizing differences in the isoelectric point. Specifically, the present inventors
identified specific amino acid positions in a CDR sequence constituting an antibody variable
region, that allow one to control the charge on the surface of an antibody molecule without
affecting the antibody structure and function such as the antigen-binding activity of the antibody
variable region. In addition, the present inventors demonstrated that the plasma half-life of a
polypeptide comprising an antibody variable region could be regulated by controlling the charge
on antibody surface to modify the isoelectric point, and that antibodies with controlled plasma
half-lives indeed retained their antigen-binding activities. Furthermore, the present inventors
demonstrated that the tumor growth-suppressing effect of antibodies that exhibit cytotoxicity in
cancer cells could be enhanced by controlling the plasma half-life of the antibodies, and thereby
completed the present invention. In addition, the present inventors demonstrated that
heterodimers comprising antibodies that bind to two or more different types of antigens could be
isolated and purified by modifying their isoelectric points by controlling the CDR charge.

Furthermore, the present inventors conducted dedicated studies to produce
second-generation molecules that are more superior than the first-generation humanized
anti-IL-6 receptor 1gG1 antibody TOCILIZUMAB, and have been improved to exhibit enhanced
drug efficacy and retention in plasma, and thus produce a prolonged therapeutic effect even
when the frequency of administration is reduced. They have also been improved to have
reduced immunogenicity and improved safety and physical properties (stability and
homogeneity), by modifying amino acid sequences of the variable and constant regions of
TOCILIZUMAB. As aresult, the present inventors discovered multiple CDR mutations in the
variable regions of TOCILIZUMAB that enable to improve the antigen-binding activity
(affinity). The present inventors thus successfully improved the affinity significantly using a
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combination of such mutations. The present inventors also successfully improved plasma
retention by modifying the variable region sequence to lower the isoelectric point of an antibody.
Furthermore, the present inventors successfully reduced immunogenicity risk by removing some
of the in silico-predicted T-cell epitope peptides in the variable regions and the mouse sequences
that remain in the framework of TOCILIZUMAB. In addition, the present inventors
successfully increased the stability at higher concentrations. Furthermore, the present inventors
also successfully discovered novel constant region sequences that do not bind to Fey receptor and
that improve the stability under acidic conditions, heterogeneity originated from disulfide bonds
in the hinge region, heterogeneity originated from the heavy chain C terminus, and stability in
high concentration formulations, while minimizing the generation of new T-cell epitope peptides
in the constant region of TOCILIZUMAB. The present inventors successfully discovered
second-generation molecules that are more superior to TOCILIZUMARB by combining amino
acid sequence modifications in the CDR, vanable, and constant regions.

~ More specifically, the present invention provides:
[1] a method for modifying the isoelectric point of a polypeptide comprising an antibody
variable region while retaining the antigen-binding activity of the variable region, which
comprises modifying the charge of at least one exposable amino acid residue on the surface of
complementarity determining region (CDR) of the polypeptide;
[2] the method of [1], wherein the polypeptide comprising an antibody variable region further
comprises an FcRn-binding domain;
[3] the method of [1], wherein the polypeptide comprising an antibody variable region is an IgG
antibody;
[4] the method of [1], wherein the polypeptide comprising an antibody variable region is a
chimeric antibody, humanized antibody, or human antibody;
[5] the method of [1], wherein the polypeptide comprising an antibody variable region is a
multispecific polypeptide that binds fo at least two types of antigens;
[6] the method of [1], wherein the charge of amino acid residue is modified by amino acid
substitution; |
[7] the method of [1], wherein the modification in the charge of amino acid residue results in a
change of 1.0 or more in the theoretical isoelectric point;
[8] the method of [1], wherein the exposable amino acid residue on the surface of the CDR
region is at Jeast one amino acid residue selected from amino acid residues at positions 31, 61, 62,
64, and 65 in the heavy chain variable region and positions 24, 27, 53, 54, and 55 in the light
chain variable region according to Kabat’s numbering system;
[9] a polypeptide comprising an antibody variable region with a modified isoelectric point,
which is obtained by the method of any one of {1] to [8];
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[10] a method for controlling the plasma pharmacokinetics of a polypeptide comprising an
antibody variable region, which comprises modifying the isoelectric point of the polypeptide by
the method of any one of {1] to [8];

[11] the method of [10], wherein the control of pharmacokinetics refers to increase or decrease
of any one of the parameters of clearance (CL) in plasma, area under the concentration curve
(AUC), mean retention time in plasma, and balf-life in plasma (11/2);

[12] a polypeptide comprising an antibody variable region whose pharmacokinetics in plasma is
controlled, which is obtained by the method of [10];

{131 a method for producing a polypeptide comprising an antibody variable region with a
modified isoelectric point, which comprises:

(a) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one

- exposable amino acid residue on the surface of the CDR region of the polypeptide;

"(b) culturing a host cell to express the nucleic acid; and

(c) collecting the polypeptide comprising an antibody variable region from the host cell culture;
[14] the method of [13], wherein the polypeptide comprising an antibody variable region further
comprises an FcRn-binding domain;

[15] the method of [13], wherein the polypeptide comprising an antibody variable region is an
1gG antibody;

[16] the method of [13], wherein the polypeptide comprising an antibody variable regionisa
chimeric antibody, humanized antibody, or human antibody;

[17] the method of {131, wherein the polypeptide comprising an antibody variable region is a
multispecific polypeptide that binds to at least two types of antigens;

[18] the method of [13], wherein the charge of amino acid residue is modified by amino acid
substitution; '

[19] the method of {13], wherein the modification in the charge of amino acid residue results in a
change of 1.0 or more in the theoretical isoelectric point;

[20] the method of [13], wherein the exposable amino acid residue on the surface of the CDR
region is at least one amino acid residue selected from amino acid residues at positions 31, 61, 62,
64, and 65 in the heavy chain variable region and positions 24, 27; 53, 54, and 55 in the light
chain variable region according to Kabat’s numbering system;

[21] a polypeptide comprising an antibody variable region with a modified isoelectric point,
which is obtained by the method of any one of [13] to {20];

[22] a method for producing a polypeptide comprising an antibody variable region whose
pharmacokinetics in plasma is controlled, which comprises modifying the isoelectric point of the
polypeptide comprising an antibody variable region by the method of any one of [13] to [20];

[23] the method [22], wherein the control of pharmacokinetics refers to increase or decrease of
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any one of the parameters of clearance (CL) in plasma, area under the concentration curve
{AUC), mean retention time in plasma, and half-life in plasma (11/2);

[24] a polypeptide comprising an antibody variable region whose pharmacokinetics in plasma is
controlled, which is produced by the method of 22; '

[25] a method for producing a multispecific polypeptide comprising a first polypeptide and a
second polypeptide each of which comprises an antibody variable region, which comprises:

(2) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one
exposable amino acid residue on the surface of the CDR region of the first polypeptide and
second polypeptide, specifically modifying both or either one of a nucleic acid encoding the
amino acid residues of the first polypeptide and a nucleic acid encoding the amino acid residues
of the second polypeptide, so as to increase the difference between the isoelectric points of the
first polypeptide and second polypeptide when compared to before modification;

(b) culturing a host cell to express the nucleic acids; and

(c) collecting a multispecific antibody from the host cell culture;

£26] the method of [25], wherein the step of collecting the multispecific polypeptide comprising
the first polypeptide and second polypeptide from the host cell culture is achieved by a standard
chromatography; -
[27] the method of [25], wherein the nucleic acid is modified so that the peaks for homomultimer
of the first polypeptide, homomultimer of the second polypeptide, and heteromultimer of the first
polypeptide and second polypeptide are more clearly separated in a standard chromatographic
analvsis when compared to those before modification;

[28] the method of [25], wherein the multispecific polypeptide is a multispecific antibody;

{29] a multispecific antibody that is produced by the method of [27];

[30] the multispecific antibody of [29], which is a bispecific antibody;

[31] an antibody whose isoelectric point is modified as compared to the antibody before |
modification while retaining the antigen-binding activity, which comprises a human-derived
framework region (FR), a human constant region, and a CDR selected from the group consisting
of human-derived CDRs, nonhuman animal-derived CDRs, and synthetic CDRs, wherein at least
one exposable amino acid residue on the surface of the CDR region is different in the charge
from the amino acid residue at the corresponding position in the wild type CDR;

[32] the antibody of [31], wherein the human constant region comprises a human Fc domain;
[33] the antibody of [31], whose pharmacokinetics in plasma is controlied by modifying the
isoelectric point;

[34] an 1gG antibody whose isoelectric point is modified when compared to that before amino
acid modification, wherein the charge of at least one amino acid residue selected from amino

acid residues at positions 31, 61, 62, 64, and 65 in the heavy chain variable region and positions
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24,27, 53, 54, and 55 in the light chain variable region according to Kabat’s numbering system;
[35] the antibody of [34], wherein the modified amino acid is selected from the amino acid
residues in either of groups (a) and (b) below:

(a) glutamic acid (E) and aspartic acid (D); and

(b) lysine (K), arginine (R), and histidine (H);

[36] a multispecific antibody comprising a first polypeptide and a second polypeptide, whose
isoelectric points are different from each other, and at least one amino acid residue of the first
polypeptide selected from amino acid residues at positions 31, 61, 62, 64, and 65 in the heavy
chain variable region and positions 24, 27, 53, 54, and 55 in the light chain variable region
according to Kabat’s numbering system is charged; |

[37] the antibody of {36], wherein at least one amino acid residue of the second polypeptide
selected from amino acid residues at positions 31, 61, 62, 64, and 65 in the heavy chain variable
region and positions 24, 27, 53, 54, and 55 in the light chain variable region according to Kabat’s
numbering system has no charge or has a charge opposite to the charge of the selected amino
acid residue of the first polypeptide;

[38] the antibody of [36], wherein the amino acid residue having a charge and the amino acid
residue having an opposite charge as a combination are each selected from the different group of:
(a) glutamic acid (E) and aspartic acid (D); and

(b} lysine (K), arginine (R), and histidine (H);

[39] the multispecific antibody comprising a first polypeptide and a second polypeptide of [36],
which gives separated peaks for the homomuitimer of the first polypeptide and the
homomultimer of the second polypeptide in a standard chromatographic analysis;

[40] a composition comprising a pharmaceutically acceptable carrier and the antibody of any one
of [31] to [39];

[41] a nucleic acid encoding a polypeptide that constitutes the antibody of any one of [31] to
[39%;

[42] a host cell comprising the nucleic acid of [41];

{43] a method for producing the antibody of any one of [31] to [39], which comprises the steps
of culturing the host cell of [42] and collecting the polypeptide from the cell culture; and

[44] a method for substituting an exposable amino acid residue on the surface of the
complementarity determining region {CDR) of a polypeptide comprising an antibody variable
region while retaining the antigen-binding activity of the polypeptide, which comprises
substituting at least one amino acid residue selected from amino acid residues at positions 31, 61,
62, 64, and 65 in the heavy chain variable region and positions 24, 27, 53, 54, and 55 in the light
chain variable region according to Kabat’s numbering system.

The present invention also provides:
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[1] a method for producing a glypican 3 antibody with controlled blood pharmacokinetics, which
comprises the steps of: _

(2) modifying a nucleic acid encoding at least one amino acid residue so as to modify the charge
of at least one exposable amino acid residue on the surface of the glypican 3 antibody;

(b) culturing a host cell comprising the nucleic acid so as to express the nucleic. acid; and

(¢) collecting the glypican 3 antibody from the host cell culture;

[2] the method of [1], wherein the control of blood pharmacokinetics refers to increase or
decrease of any one of the parameters of half-life in blood, mean retention time in blood, and
clearance in blood;

[3] the method of [1], wherein the charge of the amino acid residue is modified by amino acid
substitution in step (a); '

[4] the method of [1], wherein the exposable amino acid residue on the surface of the glypican 3
antibody is located in a region other than the FcRn-binding domain of the glypican 3 antibody;

~ [5] the method of {4], wherein the FcRu-binding domain comprises an Fc domain;

[6] the method of {11, wherein the glypican 3 antibody is an IgG antibody;

[7] the method of [6], wherein the amino acid residue whose charge is to be modified is an amino
acid residue in the heavy chain variable region or light chain variable region of the IgG antibody;
[8] the method of [7], wherein the glypican 3 antibody is a glypican 3 antibody comprising a
complementarity determining region (CDR), human-derived framework region (FR}, and human
constant region, and wherein the modification of charge of the amino acid residue in step (a) is
modification of at least one exposable amino acid residue on the surface of CDR or FR of the
antibody to be modified to an amino acid residue having a different charge;

[9] the method of [8], wherein the glypican 3 antibody is an antibody with reduced content of
fucose linked to its Fc domain;

[10] a glypican 3 antibody, which is produced by the method of any one of [1] to {9];

[11] a method for stabilizing an glypican 3 antibody that comprises a complementarity
determining region {CDR), human-derived framework region (FR), and human constant region,
which comprises modifying at least one amino acid residue constituting the glypican 3 antibody
to increase the Tm value, and which comprises the steps of:

(a) modifying a nucleic acid encoding at least one amino acid residue to increase the Tm value of
the glypican 3 antibody to be modified; _

(b) culturing 2 host cell comprising the nucleic acid so as to express the nucleic acid; and

(¢) collecting the antibody from the host cell culture;

[12] the method of [11], wherein the amino acid residue in step (a) is located within the heavy or
light chain FR1 and/or FR2 region;

[13] the method of [12], wherein the amino acid residue of the heavy chain FR2 region of [12] is
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substituted with an amino acid residue of an FR2 region of the VH4 subclass;

[14] the method of [12], wherein the amino acid residue of the light chain FR2 region of [12] is
substituted with an amino acid residue of an FR2 region of the VK3 subclass; '
[15] a method for controlling the cytotoxicity of an antibody, which comprises the steps of;

(a) modifying a nucleic acid encoding at least one amino acid so as to modify the charge of at
least one exposable amino acid on the surface of an antibody that has cytotoxicity;

(b) culturing a host cell comprising the nucleic acid so as to express the nucleic acid; and

{c) collecting the antibody from the host cell culture;

[16] the method of [15], wherein the control of blood pharmacokinetics refers to control of any
one of the parameters of half-life in blood, mean retention time in blood, and clearance in blood;
[17] the method of {15], wherein the charge of the amino acid residue is modified by amino acid
substitution in step (a);

[18] the method of [15], wherein the exposable amino acid residue on the antibody surface is
located in a region other than the FcRn-binding domain of the antibody;

[19] the method of [18], wherein the FeRn-binding domain comprises an Fc domain;

[20] the method of {15], wherein the glypican 3 antibody is an IgG antibody;

121} the method of [20], wherein the amino acid residue whose charge is to be modified is an
amino acid residue in the heavy chain variable region or light chain variable region of the IgG
antibody;

[22] the method of {21], wherein the antibody comprises a complementarity determining region
(CDR) derived from a nonhuman animal, human-derived framework region (FR), and human
constant region, and wherein the modification of charge of the amino acid residue in step (aj is
modification of at least one exposable amino acid residue on the surface of CDR or FR of the
antibody to be modified to an amino acid residue having a different charge;

[23] the method of [22], wherein the antibody is an antibody with reduced content of fucose
linked to its Fc domain;

[24] an antibody which is produced by the method of any one of [15] to [23};

f25] the method of [24], wherein the antibody is a glypican 3 antibody;

[26] an antibody which comprises a heavy chain variable region comprising one or more of:

(a) substitution of T for K at amino acid position 19;

(b) substitution of E for Q at amino acid position 43;

(c) substitution of S for K at amino acid position 63;

(d) substitution of Q for K at amino acid position 65; and

(e) substitution of D for G at amino acid position 66;

in the heavy chain variable region of SEQ ID NO: 195; and

a light chain variable region comprising one or more of:
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(f) substitution of E for Q at amino acid position 27;

(g) substitution of T for K at amino acid position 79; and

(h) substitution of S for R at amino acid position 82;

in the light chain variable region of SEQ ID NO: 201;

[27] the antibody of {26], which comprises the heavy chain of SEQ ID NO: 197 and the light

chain of SEQ ID NO: 203;

[28] the antibody of [26], which comprises the heavy chain of SEQ ID NO: 198 and the light

chain of SEQ ID NO: 204;

[29] an antibody which comprises a heavy chain variable region comprising one or more of:

(a) substitution of K for Q at amino acid position 43;

(b) substitution of N for D at amino acid position 52; and

(c) substitution of R for Q at amino acid position 107;

in the heavy chain variable region of SEQ ID NO: 195; and

a light chain variable region comprising one or more of:

(d) substitution of Q for E at amino acid position 17;

(e) substitution of R for Q at amino acid position 27; and

(f) substitution of R for Q at amino acid position 105;

in the light chain variable region of SEQ ID NO: 201;

[30] the antibody of [29], which comprises the heavy chain variable region of SEQ ID NO: 198

and the light chain variable region of SEQ ID NO: 204,

[31] the antibody of [29], which comprises the heavy chain variable region of SEQ ID NO: 199

and the light chain variable region of SEQ ID NO: 205;

[32] the antibody of any one of [26] to [31], which comprises a human antibody constant region;

[33] a comnposition comprising the antibody of [32] and a pharmaceutically acceptable carrier;

[34] a therapeutic agent for cancer, which comprises the antibody of [32] as an active ingredient;

[35] the therapeutic agent for cancer of [34], wherein the cancer is liver cancer;

[36] a nucleic acid encoding a polypeptide constituting the antibody of any one of [26] to [31];

[37] a host cell comprising the nucleic acid of {36]; and

[38] a method for producing the antibody of any one of [26] to [31], which comprises the steps

of culturing the host cell of [37] and collecting the polypeptide from the cell culture.
Furthermore, the present invention provides:

[1] an anti-IL-6 receptor antibody of any one of:

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at

position 1 in the amino acid sequence of SEQ 1D NO: 1 has been substituted with another amino

acid;

(b) an antibody that comprises a heavy chain variable region comprising CDR1 in which Trp at
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position 5 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino
acid;

(¢) an antibody that comprises a heavy chain variable region comprising CDR2 in which Tyr at
position 1 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino
acid;

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at
position 8 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino
acid;

(e) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino
acid;

(£) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at
position 1 in the amino acid sequence of SEQ ID NQO: 3 has been substituted with another amino
acid;

(g) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at
position 2 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino
acid; |

(h) an antibody that comprises a heavy chain variable region comprising CDR3 in which Thr at
position 5 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino
acid;

(1) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ala at
position 7 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino
acid;

(i) an antibody that comprises a heavy chain variable region comprising CDR3 in which Met at
position 8 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino
acid;

(k) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at
position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been
substituted with other amino acids;

(1) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at
position 2, Ala at position 7, and Met at position 8 in the amino acid sequence of SEQ ID NO: 3
have been substituted with other amino acids;

{(m) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid;

(n) an antibody that comprises a light chain variable region comprising CDR1 in which Gln at
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position 4 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid;

(o) an antibody that comprises a light chain variable region comprising CDR1 in which Tyr at
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid;

(p) an antibody that comprises a light chain variable region comprising CDR1 in which Asn at
position 11 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another
amino acid;

(q) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at
position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino
acid; |

(r) an antibody that comprises a light chain variable region comprising CDR3 in which Gln at
position 1 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino
acid;

(s) an antibody that comprises a light chain variable region comprising CDR3 in which Gly at
position 3 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino
acid;

(t) an antibody that comprises a light chain variable region comprising CDRI in which Tyr at
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid, and CDR3 in which Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 has
been substituted with another amino acid;

(u) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino
acid;

(v) an antibody that comprises a light chain variable region comprising CDR3 in which Gin at
position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 have been
substituted with other amino acids;

(w) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at
position 9 in the amino acid sequence of SEQ IID NO: 2 has been substituted with another amino
acid, and CDR3 in which Ser at pdsition 1 and Thr at position 5 in the amino acid sequence of
SEQ ID NO: 3 have been substituted with other amino acids;

(x) an antibody that comprises the heavy chain variable region of (k) and the light chain variable
region of (v); and

(y) the antibody of (x) that further comprises the CDR2 of (e);

[2] an anti-IL-6 receptor antibody that comprises a light chain variable region comprising CDR2
in which Thr at position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted
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with another amino acid;

[3] an anti-IL-6 receptor antibody of any one of:

(a) an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at
position 13 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid;

(b) an antibody that comprises a heavy chain variable region comprising FR1 in which Gln at
position 16 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid;

(¢) an antibody that comprises a heavy chain variable region comprising FR.1 in which Thr at
position 23 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid;

(d) an antibody that comprises a heavy chain variable region comprising FR1 in which Thr at

position 30 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another

~amino acid;

(e} an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at
position 13, Gln at position 16, Thr at position 23, and Thr at position 30 in the amino acid
sequence of SEQ ID NO: 7 have been substituted with other amino acids;

(f) an antibody that comprises a heavy chain variable region comprising FR2 in which Arg at |

position 8 in the amino acid sequence of SEQ ID NO: 8 has been substituted with another amino

acid;

(g) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at

position 4 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino

acid;

(h) an antibody that comprises a heavy chain variable region comprising FR3 in which Leu at

position 5 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino

acid;

(i) an antibody that comprises a heavy chain variable region comprising FR3 in which Arg at
position 16 in the amino acid sequence of SEQ 1D NO: 9 has been substituted with another
amino acid;

(i) an antibody that comprises a heavy chain variable region comprising FR3 in which Val at
position 27 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another
amino acid;

(k) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at
position 4, Leu at position 5, Arg at position 16, and Val at position 27 in the amino acid
sequence of SEQ ID NO: 9 have been substituted with other amino acids;

(1) an antibody that comprises a heavy chain variable region comprising FR4 in which Gln at
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position 3 in the amino acid sequence of SEQ ID NO: 10 has been substituted with another
amino acid;

(m) an antibody that comprises a light chain variable region comprising FR1 in which Arg at
position 18 in the amino acid sequence of SEQ ID NO: 11 has been substituted with another
amino acid;

(n) an antibody that comprises a light chain variable region comprising FR2 in which Lys at
position 11 in the amino acid sequence of SEQ ID NO: 12 has been substituted with another
amino acid;

(0) an antibody that comprises a light chain variable region comprising FR3 in which Gln at
position 23 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid;

(p) an antibody that comprises a light chain variable region comprising FR3 in which Pro at
position 24 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid;

(q) an antibody that comprises a light chain variable region comprising FR3 in which Ile at
position 27 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid;

(r) an antibody that comprises a light chain variable region comprising FR3 in which Gln at
position 23, Pro at position 24, and Ile at position 27 in the amino acid sequence of SEQ ID NO:
13 have been substituted with other amino acids;

(s) an antibody that comprises a light chain variable region comprising FR4 in which Lys at
position 10 in the amino acid sequence of SEQ ID NO: 14 has been substituted with another
amino acid;

(t) an antibody that comprises a heavy chain variable region comprising FR4 in which Ser at
position 5 in the amino acid sequeﬁce of SEQ ID NO: 10 has been substituted with another
amino acid;

(u) an antibody that comprises a heavy chain variable region comprising FR4 in which Gln at
position 3 and Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 have been
substituted with other amino acids;

(v) an antibody that comprises a heavy chain variable region comprising FR3 comprising the
amino acid sequence of SEQ ID NO: 184;

(w) an antibody that comprises a heavy chain variable region comprising the FR1 of (e}, FR2 of
(f), FR3 of (k), and FR4 of (1) or (u);

(x) an antibody that comprises a light chain variable region comprising the FR1 of {m), FR2 of
(n), FR3 of (r), and FR4 of (s); and

(y) an antibody that comprises the heavy chain variable region of (w) and the light chain variable
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region of (x);

[4] an anti-IL-6 receptor antibody of any one of: _

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at
position 1 in the amino acid sequence of SEQ ID NO: I has been substituted with another amino

acid;

- (b) an antibody that comprises a heavy chain varjable region comprising CDR2 in which Thr at

position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino
acid;

(c) an antibody that comprises a heavy chain variable region comprising CDR2 in which Ser at
position 16 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another
amino acid;

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at
position 9 and Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 have been
substituted with other amino acids;

(e) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid;

(f) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at
position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino
acid;

(g) an antibody that comprises a light chain variable region comprising CDR2 in which Arg at
position 4 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino
acid;

(h) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at
position 2 and Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 have been
substituted with other amino acids;

(i) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino
acid;

(j) an antibody that comprises a heavy chain variable region comprising the CDR1 of (a), CDR2
of (d), and CDR3 comprising the amino acid sequence of SEQ ID NO: 3;

(k) an antibody that comprises a light chain variable region comprising the CDR1 of (), CDR2
of (h), and CDR3 of (1); and

() an antibody that comprises the heavy chain variable region of (3) and the light chain variable
region of (k);

[5] an anti-1L.-6 receptor antibody of any one of:
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(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at
position 1 in the amino acid sequence of SEQ [D NO:1 has been substituted with another amino
acid, CDR2 in which Thr at position 9 and Ser at position 16 in the amino acid sequence of SEQ
ID NO: 2 have been substituted with other amino acids, and CDR3 in which Ser at position | and
Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been substituted with other
amino acids;

(b) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid, CDR2 in which Thr at position 2 and Arg at position 4 in the amino acid sequence of SEQ
1D NO:3 have been substituted with other amino acids, and CDR3 in which Gln at position 1 and
Thr at position 5 in the amino acid sequence of SEQ ID NO:6 have been substituted with other
amino acids;

(c) an antibody that comprises a heavy chain variable region comprising the amino acid sequence
of SEQ 1D NO: 22;

(d) an antibody that comprises a light chain variable region comprising the amino acid sequence
of SEQ ID NO: 23;

(e) an antibody that comprises the heavy chain variable region of (a) and the light chain variable
region of (b); and

(f) an antibody that comprises the heavy chain variable region of (¢) and the light chain variable
region of (d);

[6] a human antibody constant region of any one of:

(@) a human antibody constant region that comprises deletions of both Gly at position 329 (446
in the EU numbering system) and Lys at position 330 (447 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 19;

(b) 2 human antibody constant region that comprises deletions of both Gly at position 325 (446
in the EU numbering system) and Lys at position 326 (447 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20; and

(c) a human antibody constant region that comprises deletions of both Gly at position 326 (446
in the EU numbering system) and Lys at position 327 (447 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

[7] an IgG2 constant region in which the amino acids at positions 209 (330 in the EU numbering
system), 210 (331 in the EU numbering system), and 218 (339 in the EU numbering system) in
the amino acid sequence of SEQ ID NO: 20 have been substituted with other amino acids;

[8] an [gG2 constant region in which the amino acid at position 276 (397 in the EU numbering
system) in the amino acid sequence of SEQ ID NO: 20 has been substituted with another amino

acid;
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[9] an 1gG2 constant region in which the amino acid at position 14 (131 in the EU numbering
system), 102 (219 in the EU numbering system), and/or 16 (133 in the EU numbering system) in
the amino acid sequence of SEQ ID NO: 20 has been substituted with another amino acid,;

[10] the IgG2 constant region of [9], wherein the amino acids at positions 20 (137 in the EU
numbering system} and 21 (138 in the EU numbering system) in the amino acid sequence of
SEQ ID NO: 20 have been substituted with other amino acids;

{11] an IgG2 constant region in which His at position 147 (268 in the EU numbering system),
Arg at position234 (355 in the EU numbering system), and/or Gln at position 298 (419 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 20 has been substituted with
another amino acid;

[12] an Ig(G2 constant region in which the amino acids at positions 209 (330 in the EU
numbering system), 210 (331 in the EU numbering system), 218 (339 in the EU numbering
system), 276 (397 in the EU numbering system), 14 (131 in the EU numbering system), 16 {133
in the EU numbering system), 102 (219 in the EU numbering system), 20 (137 in the EU
numbering systemn), and 21 (138 in the EU numbering system) in the amino acid sequence of
SEQ ID NO: 20 have been substituted with other amino acids;

[13] the TgG2 constant region of [12], which further comprises deletions of both Gly at position
325 (446 1n the EU numbering system) and Lys at position 326 (447 in the EU numbering
system}); :

[14] an IgG2 constant region in which the amino acids at positions 276 (397 in the EU
numbering system}, 14 (131 in the EU numbering system), 16 (133 in the EU numbering system),
102 (219 in the EU numbering system), 20 (137 in the EU numbering system), and 21 (138 in
the EU numbering system} in the amino acid sequence of SEQ ID NO: 20 have been substituted
with other amino acids;

[15] the IgG2 constant region of [ 14], which further comprises deletions of both Gly at position
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering
system);

[16] an IgG2 constant region in which the Cys at position 14 (131 in the EU numbering system),
Arg at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU
numbering system), Glu at position 20 {137 in the EU numbering system), Ser at position 21
(138 in the EU numbering system), His at position 147 (268 in the EU numbering system), Arg
at position 234 (355 in the EU numbering system), and Gln at position 298 (419 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted with
other amino acids;

[17] the IgG2 constant region of {16], which further comprises deletions of both Gly at position
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering
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system);

[18] an IgG2 constant region in which the Cys at position 14 (131 in the EU numbering system),
Arg at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU
numbering system), Glu at position 20 (137 in the EU numbering system), Ser at position 21
(138 in the EU numbering system), His at position 147 (268 in the EU numbering system), Arg
at position 234 (355 in the EUJ numbering system), Gln at position 298 (419 in the EU
numbering system), and Asn at position 313 (434 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 have been substituted with other amino acids;

[19] the Ig(G2 constant region of [ 18], which further comprises deletions of both Gly at position
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering
system);

[20] an 1gG4 constant region in which the amino acid at position 289 (409 in the EU numbering
system) in the amino acid sequence of SEQ ID NO: 21 has been substituted with another amino
acid;

[21] an IgG4 constant region in which the amino acids at position 289 (409 in the EU numbering
system), positions 14, 16, 20, 21, 97, 100, 102, 103, 104, and 105 (131, 133, 137, 138, 214, 217,
219, 220, 221, and 222 in the EU numbering system, respectively), and positions 113, 114, and
115 (233, 234, and 235 in the EU numbering system, respectively), have been substituted with
other amino acids, and the amino acid at position 116 (236 in the EU numbering system) has
been deleted from the amino acid sequence of SEQ ID NO: 21;

[22] the IgG4 constant region of [21], which further comprises deletions of both Gly at position
326 (446 in the EU numbering system) and Lys at position 327 (447 in the EU numbering
system);

[23] an IgG2 constant region in which Ala at position 209 (330 in the EU numbering system),
Pro at position 210 (331 in the EU numbering system), Thr at position 218 (339 in the EU |
numbering system), Cys at position 14 (131 in the EU numbering system), Arg at position 16
(133 in the EU numbering system), Cys at position 102 (219 in the EU numbering system), Glu
at position 20 (137 in the EU numbering system), and Ser at position 21 (138 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted with
other amino acids;

124] the IgG2 constant region of [23], which further comprises deletions of both Gly at position
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering
system);

[25] an Ig(32 constant region in which Cys at position 14 (131 in the EU numbering system}, Arg
at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU numbering
system), Glu at position 20 (137 in the EU numbering system), and Ser at position 21 (138 in the
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EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted
with other amino acids;

[26] the 1gG2 constant region of [25], which further comprises deletions of both Gly at position
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering
system); | _

[27] a constant region comprising the amino acid sequence of SEQ ID NO: 24;

[28] a constant region comprising the amino acid sequence of SEQ ID NO: 118;

[29] a constant region comprising the amino acid sequence of SEQ ID NO: 25;

[30] a constant region comprising the amino acid sequence of SEQ ID NO: 151;

[31] a constant region comprising the amino acid sequence of SEQ ID NO: 152;

[32] a constant region comprising the amino acid sequence of SEQ ID NO: 153;

[33] a constant region comprising the amino acid sequence of SEQ ID NO: 164;

[34] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 194
(M40AGK);

[35] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 192
(M86AGK);

[36] an antibody comprising the constant region of any one of [6] to [35];

[37] the antibody of [36], which binds to an IL-6 receptor;

[38] an anti-IL-6 receptor antibody whose binding activity to an IL-6 receptor is 1 oM or less;
[39] an anti-IL-6 receptor antibody, wherein the measured 1soelectric point of the full-length
antibody is 7.0 or lower or the theoretical isoelectric point of the variable region is 5.0 or lower;
[40] an anti-IL-6 receptor antibody, wherein the increase in the ratio of antibody aggregate after
one month at 25°C in a buffer containing 20 mM Histidine-HCl and 150 mM NaCl at pH 6.5 to
7.0 is 0.3% or less when the concentration of the antibody 1s 100 mg/ml; and

[41] a pharmaceutical composition comprising the antibody of any one of [36] to [40].

Brief Description of the Drawings

Fig. 1 is a graph showing the BaF/gpl30-neutralizing activities of WT and RD_6.

Fig. 2 is a graph showing a sensorgram for the interaction between rhil.-s6R (R&D
systems) and WT.

Fig. 3 is a graph showing a sensorgram for the interaction between rhil-s6R (R&D
systems) and RD_6.

Fig. 4-1 is a diagram showing a list of CDR mutations that improve the affinity or
neutralizing activity in comparison with WT.

Fig, 4-2 is the continuation of Fig. 4-1.

Fig. 5 is a diagram showing a list of CDR mutations that in combination improve the
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affinity or neutralizing activity.

Fig. 6 is a graph showing the BaF/gp130-neutralizing activities of WT and RDC23.

Fig. 7 is a graph showing a sensorgram for the interaction between rhIL-s6R (R&D
systems) and RDC23.

Fig. 8 is a graph showing a sensorgram for the interaction between rhsIL-6R and WT.

Fig. 9 is a graph showing a sensorgram for the interaction between rhsIL-6R and
RDC23.

Fig. 10 is a graph showing a sensorgram for the interaction between SR344 and WT.

Fig. 11 is a graph showing a sensorgram for the interaction between SR344 and RDC23,

Fig. 12 is a graph showing the BaF/gp130-neutralizing activities of WT and H53L28.

Fig. 13 is a graph showing a sensorgram for the interaction between SR344 and
H53/1L28.

Fig. 14 is a graph showing transitions in the plasma concentrations of WT and H53/L28
after intravenous administration to mice.

Fig. 15 is a graph showing transitions in the plasma concentrations of WT and H53/L28
after subcutaneous administration to mice.

Fig. 16 is a graph showing the BaF/gp130-neutralizing activities of WT and PF1.

Fig. 17 is a graph showing a sensorgram for the interaction between SR344 and PF1.

Fig. 18 is a graph showing the result of testing the stability of WT and PFI at high
concentrations.

Fig. 19 is a graph showing transitions in the plasma concentrations of WT and PF1 after
intravenous administration to huinan IL-6 receptor fransgenic mice.

Fig. 20 is a graph showing transitions in the plasma concentrations of free human
soluble IL-6 receptor after intravenous administration of WT or PF1 to human IL-6 receptor
transgenic mice.

Fig. 21 is a graph showing the result of using gel filtration chromatography to analyze
the content of aggregates in WT-IgG1, WT-IgG2, WT-1gG4, 1gG2-M397V, and IgG4-R409K
purified by hydrochloric acid elution.

Fig. 22 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of WT-IgGl, WT-1gG2, and WT-IgG4.

Fig. 23 is a diagram showing predicted disulfide bonding in the hinge region of
WT-1gG2. '

Fig. 24 is a diagram showing predicted disulfide bonding in the hinge region of
WT-1gG2-SKSC.

Fig. 25 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of WT-IgG2 and [g(G2-SKSC.
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Fig. 26 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of humanized PM-1 antibody, heavy chain C-terminal AK antibody, and heavy chain
C-terminal AGK antibody.

Fig. 27 shows comparison of the amounts WT-IgG1, WT-1gG2, WT-1gG4,
WT-M14AGK, WT-M17AGK, and WT-M11AGK bound to FeyRI.

Fig. 28 is a graph showing comparison of the amounts WT-IgG1, WT-IpG2, WT-IgG4,
WT-M14AGK, WT-M17AGK, and WT-M11AGK bound to FcyRIa.

Fig. 29 is a graph showing comparison of the amounts WT-IgGl, WT-1gG2, WT-IgG4,
WT-MI4AGK, WT-M17AGK, and WT-M11AGK bound to FcyRIIb.

Fig. 30 is a graph showing comparison of the amounts WT-IgGl, WT-1gG2, WT-IgG4,
WT-MI4AGK, WT-M17AGK, and WT-M11AGK bound to FeyRIIIa (Val).

Fig. 31 1s a graph showing the increase of aggregation in a stability test for WT-IgG1,
WT-M14AGK, WT-M17AGK, and WT-M11AGK at high concentrations.

Fig. 32 is a graph showing the increase of Fab fragments in a stability test for WT-IgGl1,
WT-M14AGK, WT-M17AGK, and WT-M11AGK at high concentrations.

Fig. 33 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of WT-IgG2, WT-M14AGK, and WT-M31AGK.

Fig. 34 is a graph showing the BaF/gp130-neutralizing activities of WT and
F2H/L39-1gG1.

Fig. 35 is a graph showing the plasma concentration time courses of antibodies after
subcutaneous administration of WT, PF1, or F2H/L39-1gG1 at 1.0 mg/kg to cynomolgus '
monkeys.

Fig. 36 is a graph showing the time courses of CRP concentration in the groups of
cynomolgus monkeys administered with WT or F2H/L39-1gG1.

Fig. 37 is a graph showing the time courses of free cynomolgus monkey IL-6 receptor
concentration in the groups of cynomolgus monkeys administered with WT or F2H/L39-IgG1.

Fig. 38 is a graph showing the time courses of plasma concentrations of WT-IgG1 and
WT-M14 after intravenous administration to human FeRn transgenic mice.

Fig. 39 is a graph showing the time courses of plasma concentrations of WT-IgGl,
WT-M14, and WT-M58 after intravenous administration to human FcRn transgenic mice.

Fig. 40 is a graph showing the time courses of plasma concentrations of WT-IgG1,
WT-M44, WT-MS58, and WT-M73 after intravenous administration to human FcRn transgenic
mice,

Fig. 41 is a diagram showing a cation exchange chromatography-based assessment of
the effect on heterogeneity by the constant region of anti IL-6 receptor antibodies WT and
F2H/L39, anti-1L-31 receptor antibody HOLO, and anti-RANKL antibody DNS.
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Fig. 42 is a diagram showing a cation exchange chromatography-based assessment of
the effect on heterogeneity by the CH 1 domain cysteine of antt IL-6 receptor antibodies WT and
F2H/L39. - | -

Fig. 43 is a diagram showing a IDSC-based assessment of the effect on denaturation
peak by the CH1 domain cysteine of anti IL-6 receptor antibody WT.

Fig. 44 is a graph showing the activities of TOCILIZUMAB, the control, and Fv5-M83
to neutralize BaF/g130.

Fig. 45 is a graph showing the activities of TOCILIZUMAR, Fv3-M73, and Fv4-M73 to
neutralize BaF/gp130.

Fig. 46 is a graph showing the plasma concentration time courses of TOCILIZUMAR,
the control, Fv3-M73, Fv4-M73, and Fv5-M83 in cynomolgus monkeys after intravenous
admintstration.

Fig. 47 is a graph showing the time courses of CRP concentration in cynomolgus
monkeys after intravenous administration of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73,
or Fv5-M83. '

Fig. 48 is a graph showing the time courses of percentage of soluble IL-6 receptor
neutralization in cynomolgus monkeys after intravenous administration of TOCILIZUMARB, the
confrol, Fv3-M73, Fv4-M73, or Fv5-M83.

Fig. 49 is a chart obtained by DSC measurement of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2)
antibody.

Fig. 50 is an electrophoretic image of the H0L0 and Hspu2.2Lspu2.2 (Hu2.2Lu2.2)
antibodies by high-pl isoelectric focusing.

Fig. 51 is an electrophoretic image of the HOLO and Hspd1.8Lspdl.6 (Hd1.8Ld1.6)
antibodies by low-pl isoelectric focusing.

| Fig. 52 1s a graph showing the glypican 3 (antigen)-binding activities of the H15L4 and
HOLO antibodies determined by competitive ELISA.

Fig. 53 is a graph showing the glypican 3 (antigen)-binding activities of the
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) and HOLO antibodies determined by competitive ELISA.

Fig. 54 is a graph showing the glypican 3 (ﬁntigen)—binding activities of the
Hspd1.8Lspdl.6 (Hd1.81.d1.6) and HOLO antibodies determined by competitive ELISA.

Fig. 55 shows the antitumor effects of the HOLO, Hspu2.2Lspu2.2 (Hu2.2Lu2.2), and
Hspd1.8Lspd1.6 (Fd1.8Ld1.6) antibodies in the human hepatocarcinoma-grafted mouse model.

Fig. 56 shows the plasma concentrations of the HOLO, Hspu2.2Lspu2.2 (Hu2.2Lu2.2),
and Hspd1.8Lspd1.6 (Hd1.81.d1.6) antibodies in the human hepatocarcinoma-grafted model
mice.

Fig. 57 shows ADCC of each test antibody against cells of the human hepatocarcinoma
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line Hep G2.

Fig. 58 is a graph showing the IL-6 receptor-neutralizing activities of 6R_b_HI1LI,
6R_b H2L2,6R b H2L3, and 6R_b_H2L4 in BaF/6R.

Fig. 59 is a graph showing the glypican 3 (antigen)-binding activities of the GPC_HI1L1
and GPC_H21.2 antibodies determined by competitive ELISA.

Fig. 60 is a graph showing the glypican 3 (antigen)-binding activities of the GPC_H2L2
and GPC_H3L3 antibodies determined by competitive ELISA.

Fig. 61 is a diagram showing peak separation for A chain-B chain heterodimer, A chain
homodimer, and B chain homodimer in cation exchange chromatography of 6R_a HI1H3L3,
GPC3 H2H3L3, and 31R_HlaH2alL2.

Mode for Carrving Out the Invention

The present invention provides methods for modifying the isoelectric point of a
polypeptide comprising an antibody variable region while retaining the antigen-binding activity
of the variable region, which comprise modifying the charge of at least one exposable amino
acid residue on the polypeptide’s CDR surface. The present invention also provides
polypeptides comprising an antibody variable region with a modified isoelectric point obtained
by the above methods; for example, antibodies that comprise a human-derived framework region
(FR), human constant region, and CDR selected from the group consisting of human-derived
CDRs, nonhuman animal-derived CDRs, and synthetic CDRs, in which at least one exposable
arnino acid residue on the CDR surface 1s an amino acid residue having a different charge from
that of the amino acid residue at the corresponding position in the wild-type CDR, and have a
modified isoelectric point compared to before modification while retaining their antigen-binding
activity.

In a preferred embodiment, the methods of the present invention comprise modifying
the charge of at least one exposable amino acid residue on the antibody surface. Specifically,
the pharmacokinetics of an antibody in plasma (pharmacokinetics in blood) can be conirolled by
modifying the charges of amino acid residues in the antibody to change the antibody’s isoelectric
point. As a result of modification, for example, the antibody with controlled pharmacokinetics
in plasma can exert superior antitumor activity against cancer cells than the original antibody.

In the methods of the present invention, “retaining the antigen-binding activity” means
having at least 80% or more, preferably 85% or more, and more preferably 90% or more of the
binding activity of the peptide before modification. As long as sufficient binding activity for
binding to the antigen can be retained for the antibody to exert its function, the affinity
determined at 37°C under physiological conditions may be, for example, 100 nM or less,
preferably 50 nM or less, more preferably 10 nM or less, and still more preferably 1 nM or less.
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Whether a polypeptide comprising an antibody variable region with a modified isoelectric point
obtained by the methods of the present invention retains the antigen-binding activity can be
tested by known methods such as Biacore (intermolecular interaction analysis), cell proliferation
assay, ELISA (enzyme-linked immunosorbent assay), EIA (enzyme immunoassay), RIA
(radioimmumnoassay), and fluorescence immunoassay.

“Polypeptides of the present invention comprising an antibody variable region” include,
but are not limited to, for example, antibodies, minibodies (low molecular weight antibodies),
and scaffold proteins.

In the present invention, any scaffold protein is acceptable as long as it is a peptide that
has a stable three-dimensional structure and is capable of binding to at least an antigen. Such
peptides include, for example, fragments of antibody variable regions, fibronectin, protein A
domain, LDL receptor A domain, lipocalin, and other molecules described in Nygren et al.
(Current Opinion in Structural Biology, (1997) 7:463-469; Journal of Immunol Methods, (2004)
290:3-28), Binz et al. (Nature Biotech. (2005) 23:1257-1266), and Hosse et al. (Protein Science,
(2006) 15:14-27).

Herein, the term “antibody™ is used in the broadest sense, and includes monoclonal
antibodies, polyclonal antibodies, and mutant antibodies (such as chimeric antibodies,
humanized antibodies, minibodies (including antibody fragments), and multispecific antibodies)
as long as they display a desired biological activity. In the present invention, the methods of
antibody modification of the present invention can be used favorably on these antibodies when
they are obtained (produced).

The “antibodies™ of the present invention include antibodies in which the charge of
amino acid residues has been modified as described above, and whose amino acid sequences
have been further modified by amino acid substitutions, deletions, additions, and/or insertions.
The “antibodies” also include antibodies whose amino acid sequences have been modified by
amnino acid substitutions, deletions, additions, and/or insertions, or chimerization, humanization,
or such, and in which the charge of amino acid residues has been further modified.
Modifications may be performed at the same time when mouse antibodies are humanized, or
further modifications may be performed on humanized antibodies.

Amino acid sequence modifications, such as amino acid substitutions, deletions,
additions, and/or insertions, and humanization and chimerization, can be achieved by methods
known to those skilled in the art. When the antibodies of the present invention are prepared as
recombinant antibodies, likewise, the amino acid sequences of the antibody variable and constant
regions may also be modified by amino acid substitutions, deletions, additions, and/or insertions,
or chimerization, humanization and the like.

The antibodies of the present invention may be derived from any animal, such as a
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mouse, human, rat, rabbit, goat, or camel. Furthermore, the antibodies may be modified, for
example, chimeric antibodies, and in particular, modified antibodies that include amino acid
substitutions in their sequence, such as humanized antibodies. The antibodies may be any kind
of antibody, such as antibody modification products linked with various molecules, an,tib'ody
fragments, and minibodies.

“Chimeric antibodies” are antibodies prepared by combining sequences derived from
different animals. An example is an antibody having heavy and light chain variable (V) regions
from a mouse antibody and heavy and light chain constant (C) regions from a human antibody.
Chimeric antibodies can be prepared by known methods. To obtain such chimeric antibodies,
for example, a DNA encoding an antibody variable region may be ligated with a DNA encoding
a human antibody constant region; the resulting ligation product is inserted into an expression
vector; and the construct is introduced into a host to produce the chimeric antibody.

The minibodies of the present invention are not particularly limited by their structure
nor their method of production, so long as they have antigen-binding activity. Some
minibodies have an activity greater than that of a whole antibody (Orita et al., Blood, (2005)
105:562-566). Herein, the “minibodies™ are not particularly limited, so long as they are a
portion of a whole antibody (for example, whole IgG). However, the minibodies preferably
include a heavy chain variable region (VH) or a light chain variable region (VL). Examples of
preferred antibody fragments are Fab, F(ab’);, Fab’, and Fv. The amino acid sequence of a
heavy chain variable region or light chain variable region in an antibody fragment may be
modified by substitutions, deletions, additions, and/or insertions. Furthermore, some portions
of a heavy chain variable region and light chain variable region may be deleted, so long as the
resulting fragments retain their antigen-binding ability. For example, of the antibody fragments
described above, “Fv” is a minimal antibody fragment composed of the complete
antigen-recognition and binding sites. “Fv” is a dimer (VH-VL dimer) composed of one unit of
heavy chain variable region and one unit of light chain variable region bound very strongly by
non-covalent bonding. An antigen-binding site is formed on the surface of the VH-VL dimer
by the three CDRs of each variable region. Six CDRs confer an antigen-binding site to the
antibody. However, even one variable region (or half of an Fv composed of only three
antigen-specific CDRs) has the ability to recognize and bind to an antigen, although its affinity is
lower than that of the complete binding site. Thus, molecules smaller than Fv are also included
in the context of minibodies of the present invention. The variable regions of a minibody may
also be chimerized or humanized.

The minibodies preferably include both a heavy chain variable region and a light chain
variable region. Examples of suitable minibodies include antibody fragments such as Fab, Fab’,

F(ab*)2, and Fv, and scFv (single-chain Fv), which can be prepared using antibody fragments
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(Fluston ef al., Proc. Natl. Acad. Sci. USA. (1988) 85:5879-83; Pluckthun “The Pharmacology of
Monoclonal Antibodies” Vol. 113, Resenburg and Moore (eds.), Springer Verlag, New York, pp.
269-313, (1994)), diabodies (Holliger et al., Proc. Natl. Acad. Sci. USA (1993) 90:6444-8; EP
404097; W093/11161; Johnson et al., Method in Enzymology (1991) 203:88-98; Holliger ef al.,
Protein Engineering (1996) 9:299-305; Perisic ef al., Structure (1994) 2:1217-26; John et al.,
Protein Engineering (1999) 12(7):597-604; Atwell ef al., Mol. Immunol. (1996) 33:1301-12),
sc(Fv)2 (Hudson et al., J Immunol. Methods (1999) 231:177-89; Orita et al., Blood (2005)
105:562-566), triabodies (Journal of Immunological Methods (1999) 231:177-89), and tandem
diabodies (Cancer Research (2000) 60:4336-41).

An antibody fragment can be prepared by treating an antibody with an enzyme, for
example, a protease such as papain or pepsin (see Morimoto ef al., J. Biochem. Biophys.
Methods (1992) 24:107-17; Brennan ef a/., Science (1985) 229:81). Alternatively, antibody
fragments can also be produced By genetic recombination based on its amino acid sequence.

A minibody having a structure that results from modification of an antibody fragment
can be prepared using antibody fragments obtained by enzyme treatment or genetic
recombination. Alternatively, after constructing a gene which encodes a whole minibody, and
introducing the construct into an expression vector, the minibody may be expressed in
appropriate host cells (see, for example, Co er gl., J. Immunol. (1994) 152:2968-76; Better and
Horwitz, Methods Enzymol. (1989) 178:476-96; Pluckthun and Skerra, Methods Enzymol.
(1989) 178:497-515; Lamoyi, Methods Enzymol. (1986) 121:652-63; Rousseaux er al., Methods
Enzymol. (1986) 121:663-9; Bird and Walker, Trends Biotechnol. (1991) 9:132-7).

The above described “scFVs” are single-chain polypeptides that include two variable
regions linked together via a linker or such, as required, The two variable regions in an scFv
are typically one heavy chain variable region and one light chain variable region, but an scFv
may include two heavy chain variable regions or two light chain variable regions. In general,
scFv polypeptides include a linker between the heavy chain variable region and light chain
variable region, thereby forming a paired portion of heavy chain variable region and light chain
variable region required for antigen binding. A peptide linker composed of ten or more amino
acids is typically used as the linker between heavy chain variable region and light chain variable
region when forming an inframolecular paired portion between heavy chain variable region and
light chain variable region. However, the linkers of the scFv of the present invention are not
limited to such peptide linkers, so long as they do not inhibit the formation of an scFv. To
review scFv, see Pluckthun “The Pharmacology of Monoclonal Antibody™, Vol. 113 (Rosenburg
and Moore ed., Springer Verlag, NY, pp.269-315 (1994)).

The term “diabodies (Db)” refers to bivalent antibody fragments constructed by gene
fusion (P. Holliger et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097,
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W093/11161 and such). Diabodies are dimers composed of two polypeptide chains, wherein
each polypeptide chain includes within the same chain a light chain variable region and a heavy
chain variable region connected with a linker short enough to disable interaction of these two
regions, for example a linker of about five amino acid residues. - Light chain variable region and
heavy- chain variable region encoded on the same polypeptide chain will form a dimer because
the linker between light chain variable region and heavy chain variable region is too short to
form a single chain variable region fragment. Therefore, the resulting diabody has two

antigen-binding sites. Herein, when light chain variable region and heavy chain variable region

directed against two different epitopes (2 and b) are expressed simultaneously as combinations of

VLa-VHb and VLb-VHa connected with a linker of about five residues, they are secreted as
bispecific Db.

Since diabodies include two molecules of scFvs, they thus composed of four variable
regions, and as a result have two antigen-binding sites. When the objective is to form a diabody,
unlike as in the case with scFvs that do not form dimers, ordinarily, linkers forming a connection
between heavy chain variable region and light chain variable region in each scFv molecules are
linkers of about five amino acids when used as peptide linkers. - However, scFv linkers for
diabody formation are not limited to such peptide linkers so long as they do not interfere with
scFv expression and diabody formation.

Of the several antibody isotypes, IgG antibody has a significantly larger molecular
weight, and its major metabolic pathway is not renal excretion. IgG antibody, which comprises
an Fc domain as part of the molecule, 1s known to be recycled through a salvage pathway via
fetal Fe receptor (FcRn) expressed in endothelial cells of blood vessels or such, and thus has a
longer in vivo half-life. IgG antibody is thought to be mainly metabolized vig a metabolic
pathway in endothelial cells (He XY, Xu Z, Melrose J, Mullowney A, Vasquez M, Queen C,
Vexler V, Klingbeil C, Co MS, Berg EL.. Humanization and pharmacokinetics of a monoclonal
antibody with specificity for both E- and P-selectin. J Immunol. (1998) 160 (2):1029-35).
Specifically, it is thought that when nonspecifically incorporated into endothelial cells, IgG
antibody is recycled via binding to FcRn while free IgG antibody is metabolized. The plasma
half-life of IgG antibody is shortened when its Fc domain has been modified to reduce its
FcRn-binding activity. In contrast, the plasma half-life of IgG antibody can be prolonged by
modifying amino acid residues that constitute the Fc domain to increase the FcRn-binding
activity (J Immunol. (1998) 160 (2):1029-35).  As described above, conventional methods for
controlling the plasma pharmacokinetics of IgG antibody are based on modifying the
FcRn-binding activity through modification of amino acid residues that constitute the Fc domain.
However, as described in the Examples below, the present invention revealed that the plasma

half-life of an antibody depends on its isoelectric point with a high correlation. Specifically, the
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present invention demonstrated that the plasma half-life of antibody could be controlled without

-modifying the amino acid sequence that constitutes the Fc, whose modification potentially

results in acquisition of immunogenicity.

Without intending to adhere to a particular theory, the present inventors currently
believe the following theory. The rate of non-specific IgG antibody uptake by endothelial cells
is thought to depend on the physicochemical Coulomb interaction between IgG antibody and the
negatively charged cell surface. Thus, a decrease (increase) of the isoelectric point of IgG
antibody reduces {enhances) the Coulomb interaction, which decreases (increases) the
non-specific uptake by endothelial cells, and as a result, the metabolism in endothelial cells is
reduced (enhanced). This enables to control the pharmacokinetics in plasma. Since the
Coulomb interaction between endothelial cells and the negative charge on cell surface isa
physicochemical interaction, it is thought that the interaction does not exclusively depend on the
amino acid sequence that constitutes the antibody. Thus, the methods of the present invention
for controlling the pharmacokinetics in plasma are applicable not only to specific antibodies but
also to any polypeptides comprising an antibody variable region. Preferred peptides include
peptides with a molecular weight of 50,000 or more, more preferably 100,000 or more, and still
more preferably 140,000 or more. Since the major metabolic pathway of such peptides is not
renal excretion, it is amply possible to attain the effect of controlling plasma pharmacokinetics in
the present invention. Herein, the impairment (enhancement) of the Coulomb interaction
means a increase (decrease) in the Coulomb force, which is a repulsive force,

The polypeptides of the present invention comprising the FcRn-binding domain are not
limited to IgG antibodies. The polypeptides may be any proteins as long as they can bind to
(have the binding activity or affinity to) Fc receptor (FcRn). Preferably, the polypeptides of the
present invention comprising the FcRn-binding domain are proteins comprising an antibody Fc
domain or an Fe-like domain, but are not limited thereto. The Fe domain may be a modified Fc
domain, for example, an Fe domain described in J Immunol. (1998) 160 (2):1029-35 cited above.
The polypeptides of the present invention comprising the FcRn-binding domain include, for
example, IgG antibodies. Furthermore, modified forms of the antibodies (proteins) are also
included in the polypeptides of the present invention comprising an FcRn-binding domain, as
long as they can bind to FcRn.  The most preferred polypeptides of the present invention
comprising an FcRn-binding domain include, for example, IgG antibodies.

When an IgG antibody is used as the antibody of the present invention, it may be of any
subtype as long as it is an antibody molecule of the IgG type. The antibody may be a
multispecific (for example, bispecific) IgG antibody. Such a bispecific antibody is an antibody
that has specificities to two types of different epitopes, and includes antibodies that recognize

different antigens and those recognize different epitopes in a single antigen. When antibody
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molecules are minibodies such as scI'v and Fab whose major metabolic pathway is renal
excretion, their pharmacokinetics in plasma cannot be regulated by controlling the isoelectric
points as described above. However, the present invention is applicable to any kinds of
antibody molecules as long as they are polypeptides comprising an antibody variable region
whose major metabolic pathway is not renal excretion.  Such polypeptides include, for example,
scFv-Fe, dAb-Fe, and Fe fusion proteins-. Since the major metabolic pathway of these
molecules is not renal excretion, their pharmacokinetics in plasma can be controlled by
modifying isoelectric point using the methods of the present invention. Antibody molecules to
which the present invention is applicable also include antibody-like molecules. “Antibody-like
molecules” refers to molecules that function via binding to their target molecules (Binz HK,
Amstutz P, Pluckthun A. Engineering novel binding proteins from nonimmunoglobulin domains.
Nat Biotechnol. 2005 Oct;23(10):1257-68), and include, for example, DARPins, affibodies, and
avimers.

When an antibody of the present invention is, for example, a bispecific anti-glypican 3
antibody, it can bind specifically not only to glypican 3 but also to an epitope of an antigen other
than glypican 3. Such non-glypican 3 antigens preferably include, for example, surface
antigens that allow for specific binding to NK cells, cytotoxic T cells, LAK cells, and other cells
to recruit these cells. It was reported that in the presence of a bispecific antibody prepared from
antibody MUSE11 which recognizes an adenocarcinoma-related antigen MUC1 and antibody
OKT3 which recognizes a LAK cell surface antigen, LAK cells exerted cytotoxic activity against
bile duct carcinoma (Katayose Y, Kudo T, Suzuki M, Shinoda M, Saijyo S, Sakurai N, Saeki H,
Fukuhara K, Irmai K, Matsuno S. MUC1-specific targeting immunotherapy with bispecific
antibodies: inhibition of xenografted human bile duct carcinoma growth. Cancer Res. (1996)
56(18):4205-12). Glypican 3 antibodies with improved plasma pharmacokinetics, which are
provided by the present invention, can be preferably used instead of the MUSE11 antibody
which recognizes MUC]. Furthermore, bispecific glypican 3 antibodies that recognize
different epitopes on a glypican 3 molecule can also be used as preferred antibodies of the
present invention.

The above-mentioned “bispecific éntibody” may be, for example, an antibody having a
structure in which a heavy chain variable region and a light chain variable region are linked in a
single chain (for example, sc(Fv)2). The bispecific antibody may also be an antibody-like
molecule (for example, scFv-Fc) produced by fusing an scFv (or sc(Fv)2), in which a heavy
chain variable region and a light chain variable region are linked, to an Fe domain (a constant
region lacking the CHI domain). A multispecific antibody consisting of scFv-Fc has an
(scFv)2-Fc type structure with VHI-linker-VL1-Fc as the first polypeptide and
VH2-linker-VL.2-Fc as the second polypeptide. ~ Alternatively, the bispecific antibody may be
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an antibody-like molecule in which a single domain antibody is linked with an Fc domain (Curr.
Opin. Drug Discov. Devel. (2006) 9(2):184-93).

In the present invention, the charge of amino acid residues can be modified through
amino acid substitution. Amino acid substitution can be achieved by the methods described
below. 7

In order to retain antigen-binding activity, as the target of substitution in the present
invention, the exposable amino acid residue on the surface of the CDR region is preferably at
least one amino acid residue selected from amino acid residues at positions 31, 61, 62, 64, and 65
in the heavy chain variable region and at positions 24, 27, 53, 54, and 55, Kabat’s numbering, in
the light chain variable region. Such amino acid substitutions are advantageous in that the
original function (antigen-binding activity or such) of the polypeptides comprising an antibody
variable region before amino acid substitution is retained and that the substitutions can be
achieved regardless of antibody specificity.

Furthermore, the present invention provides methods for controlling pharmacokinetics
of polypeptides comprising an antibody variable region by modifying their isoelectric points.
Polypeptides comprising an antibody vartable region with controlled pharmacokinetics obtained
by such methods are also included in the present invention.

Herein, “controlled plasma pharmacokinetics™ means that when the antibody
pharmacokinetics in plasma is compared before and after modification of amino acids
constituting an antibody, the pharmacokinetics in plasma has been changed in a desired direction.
Specifically, when one desires to prolong the hali-life {in plasma) of an antibody as a drug,
“controlled plasma pharmacokinetics™ means prolongation of the antibody half-life in plasma.
Alternatively, when one desires to shorten the antibody half-life in plasma, “controlled plasma
pharmacokinetics™ means shortening of the antibody half-life in plasma.

In the present invention, whether the antibody pharmacokinetics in plasma has been
changed in a desired direction, that is, whether the pharmacokinetics in plasma has been
controlled as intended can be appropriately assessed by kinetic tests using, for example, mice,
rats, rabbits, dogs, monkeys, or others. In the present invention, “prolongation of the half-life
in plasma” or “shortening of the half-life in plasma” can also be assessed using instead of
half-life in plasma (t1/2), any one of the parameters: mean refention time in plasma, clearance
(CL) in plasma, and area under the concentration curve (AUC) (Pharmacokinetics: Enshuniyoru
Rikai (Understanding through practice). Nanzando). The “controlled plasma kinetics” achieved
according the present invention can be appropriately assessed using the parameters, for example,
by carrying out noncompartmental analysis according to the protocol appended to the in vivo
kinetics analysis software WinNonlin (Pharsight).
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The antibody function can be sustained by controlling the pharmacokinetics in plasma,
For example, the methods of the present invention can be applied to sustain the function of
antibodies having cytotoxicity, and regulate the duration of the functions that the polypeptides
have before modification, such as cytotoxic effect, antagonistic activity, and agonistic activity.

Herein, “exposable amino acid residue on the surface” typically refers to an amino acid
residue located on the surface of a polypeptide constituting an antibody. “Amino acid residue
located on the surface of a polypeptide™ refers to an amino acid residue whose side chain can be
in contact with solvent molecules (which are in general water molecules), However, the whole
side chain is not necessarily in contact with solvent molecules. When at least a portion of the
side chain is in contact with solvent molecules, the amino acid residue 1s defined as an “amino
acid located on the surface”, Those skilled in the art can prepare a homology model for a
polypeptide or antibody by homology modeling or such using commercially available softwares.
Based on the homology model, amino acid residees on the surface of a polypeptide that
constitutes an appropriate antibody can be selected as “amino acid residues on the polypeptide
surface”. __

Herein, the “exposable amino acid residues on the surface” are not particularly limited;
however, the amino acid residues are preferably located in an antibody domain other than the
FcRn-binding domain.  Such preferred FcRn-binding domain includes, for example, Fc domain.

In the present invention, amino acid residues whose charge is to be modified are
preferably amino acid residues that constitute an antibody heavy or light chain variable region.
Specifically, the variable region preferably includes CDR and FR.

Those skilled in the art can suitably select surface amino acid residues in the antibody
variable region using homology models produced by homology modeling and such. For
example, surface amino acid residues in the antibody variable region are preferably selected
from amino acid residues of heavy chain variable regions H1, H3, H5, H8, H10, H12, H13, H15,
H1e6, H19, H23, H25, H26, H31, H39, H42, H43, H44, H46, H61, H62, H64, H65, H68, H71,
H72, H73, H75, H76, H81, H82b, HE3, H85, H86, H105, H108, H110, and H112, Kabat’s
numbering. For example, in the heavy chain FR region of the humanized glypican 3 antibody
of SEQ ID NO: 195, examples of surface amino acids are amino acid residues at positions 1, 3, 5,
8,10,12,13,15, 16,19, 23, 25,26, 39, 42, 43, 44, 46, 69, 72, 73, 74, 76, 77, 82, 85, 87, 89, 90,
107, 110, 112, and 114, without being limited thereto. For the heavy chain CDR region,
surface amino acids can be selected using similar homology models,  Specifically, the amino
acid residue H97, Kabat’s numbering, 1s exposed on the surface of most antibodies, and for
example, Ser at position 101 in the heavy chain CDR of the humanized glypican 3 antibody of
SEQ ID NO: 195 corresponds to that amino acid residue.  Other amino acid residues in the
heavy chain CDR of the humanized glypican 3 antibody of SEQ ID NO: 195 preferably include
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amino acid residues at positions 52, 54, 62, 63, 65, and 66.

‘ ~ In the light chain variable region, surface amino acid residues in the antibody variable
region are preferably selected from amimo acid residues L1, L3, L7, 1.8, L9, L11,L12, L16,L17,
I18,1.20,1.22, 1.24,1.27, L38, 39, L41, 1.42, 1.43, 1.45, 1.46, 1.49, 1.53, 1.54, 155, L57, 140,
L63, L65, 166, 1.68, L.69, .70, .74, 176, L77, 1.79, 1.80, L.81, 1.85, L100, L103, L1035, L106,
and L107, Kabat’s numbering. Amino acid residues at positions 1, 3,7, 8,9, 11, 12, 16, 17, 18, -
20,22, 43, 44, 45, 46, 48, 49, 50, 54, 62, 65, 68, 70, 71, 73, 74, 75, 79, 81, 82, 84, 85, 86, 90,
105, 108, 110, 111, and 112 in the humanized glypican 3 antibody of SEQ [D NO: 195 are
examples of surface amino acids. However, the surface amino acids of the present invention
are not limited thereto. Furthermore, for the light chain CDR region, surface amino acid
residues can be selected using homology models similar to those used for determining surface
amino acid residues in the heavy chain CDR.  Amino acid residues in light chain CDR of the
humanized glypican 3 antibody of SEQ ID NO: 201 preferably include amino acid residues at
positions 24, 27, 33, 55, and 59.

Specifically, in the methods of the present invention, “modification” of an amino acid
residue refers to substitution of a different amino acid residue for an original amino acid residue,
deletion of an original amino acid residue, addition of an extra amino acid residue, and so on.
The “modification” preferably refers to substitution of a different amino acid residue for an
original amino acid residue. Specifically, in the present invention, “modification of the charge
of an amino acid residue” preferably refers to amino acid substitutions.

Such “modification of the charge of an amino acid residue” in a glypican 3 antibody of
the present invention is preferably achieved, for example, by modifying the charge of at least one

amino acid residue selected from the amino acid residues at positions 19, 43, 52, 54, 62, 63, 65,

66, and 107 in the heavy chain variable region constituting the humanized glypican 3 antibody of

SEQ ID NO: 195. Alternatively, the modification is preferably achieved, for exampie, by
modifying the charge of at least one amino acid residue selected from the amino acid residues at
positions 17,24, 27, 33, 55, 59,79, 82, and 105 in the light chain vartable region constituting the
humanized glypican 3 antibody of SEQ ID NO: 201. Of the amino acid residues mentioned
above, it is not necessary to modify amino acid residues other than the ones whose charge has
already been modified, as long as the modification has achieved the intended effect of
controlling the pharmacokinetics in plasma. However, these amino acid residues can be
appropriately modified to be electrically neutral or to have the same type of charge as the
modified amino acid residues.

The above-described “modification of the charge of an amino acid residue™ in the CDR
of an anti-human IL-6 receptor antibody (6R_a H1L1) of the present invention is preferably

achieved while retaining its antigen-binding activity, for example, by modifying at least one
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amino acid residue selected from the amino_ acid residues at positions 31, 64, and 65, Kabat’s
numbering, in the heavy chain variable region constituting anti-human IL-6 receptor antibody of
SEQ ID NO: 221. Alternatively, the modification is preferably achieved, for example, by
modifying the charge of at least one amino acid residue selected from the amino acid residues at
positions 24, 27, 53, and 55, Kabat’s mumbering, in the light chain variable region constituting
the anti-human I1L-6 receptor antibody of SEQ ID NO: 224. Among the amino acid residues
mentioned above, it is not necessary to modify amino acid residues other than the ones whose
charge has already been modified, as long as the modification has achieved the intended effect of
controlling the pharmacokinetics in plasma. However, these amino acid residues can be
appropriately modified to be electrically neutral or to have the same type of charge as the
modified amino acid residues.

The above-described “modification of the charge of an amino acid residue” in the CDR
of an anti-human I1.-6 receptor antibody (6R_b_HI1L1) of the present invention is preferably
achieved while retaining the antigen-binding activity, for example, by modifying the charge of at

least one amino acid residue selected from the amino acid residues  in the heavy chain variable

_region constituting the anti-human IL-6 receptor antibody of SEQ ID NO: 227, for example, the

amino acid residue at position 31, Kabat’s numbering.  Altemnatively, the modification is
preferably achieved, for example, by modifying the charge of at least one amino acid residue
selected from the amino acid residues at positions 24, 53, 54, and 55, Kabat’s numbering, in the
light chain variable region constituting the anti-human I1.-6 receptor antibody of SEQ ID NO:
2259,  Among the amino acid residues mentioned above, it is not necessary to modify amino
acid residues other than the ones whose charge has already been modified, as long as the
modification has achieved the intended effect of controlling the pharmacokinetics in plasma.
However, these amino acid residues can be appropriately modified fo be electrically neutral, or
to have the same type of charge as the modified amino acid residues.

The above-described “modification of the charge of an amino acid residue” in the CDR
of an anti-human GPC3 antibody of the present invention is preferably achieved while retaining
the antigen-binding activity, for example, by modifying the charge of at least one amino acid
residue selected from the amino acid residues at positions 61, 62, 64, and 65, Kabat’s numbering,
in the heavy chain variable region constituting the anti-human GPC3 antibody of SEQ ID NO:
233. Alternatively, the modification is preferably achieved, for example, by modifying the
charge of at least one amino acid residue selected from the amino acid residues at positions 24
and 27, Kabat’s numbering, in the light chain variable region constituting the anti-human GPC3
antibody of SEQ ID NO: 236.  Among the amino acid residues mentioned above, it is not
necessary to modify amino acid residues other than the ones whose charge has already been

modified, as long as the modification has achieved the intended effect of controiling the
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pharmacokinetics in plasma. However, these amino acid residues can be appropriately

modified to be electrically neutral, or to have the same type of charge as the modified amino acid

residues. |
The above-described “modification of the charge of an amino acid residue” in the CDR
of an anti-human IL-31 receptor antibody of the present invention is preferably achieved while
retaining the antigen-binding activity, for example, by modifying the charge of at least one
amino acid residue selected from the amino acid residues at positions 61, 62, 64, and 65, Kabat’s

- numbering, in the heavy chain variable region constituting the anti-human IL-31 receptor

antibody of SEQ 1D NO: 239.  Alternatively, the modification is preferably achieved, for
example, by modifying the charge of at least one amino acid residue selected from the amino
acid residues at positions 24 and 54, Kabat’s numbering, in the light chain variable region
constituting the anti-human IL-31 receptor antibody of SEQ ID NO: 242,  Among the amino
acid residues mentioned above, it 1s not necessary to modify amino acid residues other than the
ones whose charge has already been modified, as long as the modification has achieved the
intended effect of controlling the pharmacokinetics in plasma. However, these amino acid
residues can be appropriately modified to be electrically neutral, or to have the same type of
charge as the modified amino acid residues.

Amino acids are known to include charged amino acids. Generally known amino acids
having positive charge (positively charged amino acids) are lysine (K), arginine (R), and
histidine (H). Known amino acids having negative charge (negatively charged amino acids)
include aspartic acid (D) and glutamic acid (E). Others are known to be non-charged amino
acids,

Preferably, the above-described *“modified amino acid residues” are appropriately
selected from the amino acid residues in either of groups (a) and (b) below:

(a) glutamic acid (E) and aspartic acid (D); and

(b} lysine (K), arginine (R), and histidine (H).

However, the amino acid residues are not limited to these examples.

In a preferred embodiment, amino acid residues are substituted by non-charged amino
acid residues when the original amino acid residues (before modification) already have charge.
Specifically, the modification of the present invention includes: (1) substitution of a non-charged
amino acid for a charged amino acid; (2) substitution of an amino acid having opposite charge
for a charged amino acid; and (3) substitution of a charged amino acid for a non-charged amino
acid.

In the present invention, amino acid residues constituting an antibody are preferably
modified so as to change the isoelectric point of the antibody. When there are multiple amino

acid residues to be modified, they may include a few non-charged amino acid residues.
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Examples of preferred “modification of the charge of an amino acid residue” in a
glypican 3 antibody of the present invention are described below. Modifications to increase the
isoelectric point value include, for example, introduction of at least one substitution selected
from Q43K, D32N, and Q107R in the heavy chain variable region constituting the humanized
glypican 3 antibody of SEQ ID NO: 195. More preferably, the sequence is substituted with the
amino acid sequence of SEQ ID NO: 198. Modifications to increase the isoelectric point value
also include, for example, introduction of at least one substitution selected from E17Q, Q27R,
and Q105R in the light chain variable region constituting the humanized glypican 3 antibody of
SEQ ID NO: 201. More preferably, the sequence is substituted with the amino acid sequence
of SEQ ID NO: 204. Meanwhile, modifications to decrease the isoelectric point value include,
for example, introduction of at least one substitution selected from K19T, Q43E, K638, K65Q,
and G66D in the heavy chain variable region constituting the humanized glypican 3 antibody of
SEQ ID NO: 195. More preferably, the sequence is substituted with the amino acid sequence
of SEQ ID NO: 197. Modifications to decrease the isoelectric point value also include, for
example, introduction of at least one substitution selected from Q27E, K797, and R82S in the
light chain variable region constituting the humanized glypican 3 antibody of SEQ ID NO: 201.
More preferably, the sequence is substituted with the amino acid sequence of SEQ ID NO: 203.

Examples of preferred “modification of the charge of an amino acid residue” in an
anti-human IL-6 receptor antibody (6R_a H1L1) provided by the present invention include
substitutions of at least one amino acid selected from the amino acid substitutions listed in Table
20.

Examples of preferred “modification of the charge of an amino acid residue” in an
anti-human IL-6 receptor antibody (6R_b_HI1L1) provided by the present invention include
substitutions of at least one amino acid selected from the amino acid substitutions listed in Table
22,

Examples of preferred “modification of the charge of an amino acid residue” in an
anti-human GPC3 antibody provided by the present invention include substitutions of at least
one amino acid selected from the amino acid substitutions listed in Table 24.

Examples of preferred “modification of the charge of an amino acid residue” in an
anti-human IL.-31 receptor antibody provided by the present invention include substitutions of at
least one amino acid selected from the amino acid substitutions listed in Table 27.

In the present invention, the number of amino acid residues to be modified is not
particularly limited. For example, when modifying an antibody variable region, it is preferable
to modify a sufficient but minimal number of amino acid residues for achieving controlled
plasma pharmacokinetics as intended to avoid loss of the antigen-binding activity and to prevent

an increase in immunogenicity. Alternatively, amino acid modifications for increasing the
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antigen-binding activity may be appropriately combined with amino acid modifications to
decrease immunogenicity.

The antigen-binding activity of an antibody can be determined using known methods,
for example, enzyme-linked immunosorbent assay (ELISA), enzyme immunoassay (EIA),
radioimmunoassay (RIA), and fluorescence immunoassay. The methods are described in a
standard text, Antibodies A Laboratory Manual (Ed Harlow, David Lane, Cold Spring Harbor
Laboratory, 1988).

Methods for determining the cell-binding activity of an antibody include, for example,
the methods described on pages 359 to 420 in Antibodies A Laboratory Manual (Ed Harlow,
David Lane, Cold Spring Harbor Laboratory, 1988). Specifically, the activity can be assessed
using cells as an antigen based on the principle of Biacore, cell proliferation assay, ELISA, or
FACS (fluorescence activated cell sorting). When ELISA is uéed, the cell-binding activity of
an antibody is quantitatively assessed by comparing the levels of signals generated in the enzyme
reaction. Specifically, a test antibody is added to each ELISA plate immobilized with forced
expression cells, and cell-bound test antibody is detected using an enzyme-labeled antibody that
recognizes the test antibody. Alternatively, when FACS is used, the cell-binding activity of
antibodies can be compared by preparing a dilution series of a test antibody and determining the
titer of binding to forced expression cells for each of the antibodies.

When an antigen is not immobilized on a carrier such as an ELISA plate but is
expressed on the surface of cells suspended in buffer or such, the binding of an antibody to the
antigen can be assayed by using FACS. Flow cytometers that are used in this assay include, for
example, FACSCanto™ II, FACSAria™, FACSArray™, FACSVantage™ SE, and
FACSCalibur™ (all of which are from BD Biosciences); and EPICS ALTRA HyPerSort,
Cytomics FC 500, EPICS X1L-MCL ADC, EPICS XL ADC, and Cell Lab Quanta / Cell Lab
Quanta SC (all of which are from Beckman Coulter).

Preferred methods for determining the antigen-binding activity of an antibody include,
for example, analytical methods which comprise: reacting a test antibody with cells expressing
the antigen, staining the cells with an FITC-labeled secondary antibody that recognizes the test
antibody, assaying the cells using FACSCalibur (BD), and then determining the fluorescence
intensity using CellQuest Software (BD). When FACSCalibur is used for the measurement,
after staining the cells with an FITC-labeled secondary antibody that specifically recognizes the
test antibody bound to the antigen on the surface of the antigen-expressing cells in the methods
described above, the binding can be assessed by comparing the geometric mean value (test
Geo-Mean value) with a control Geo-Mean value obtained using a control antibody. The
geometric mean values are obtained by a method that analyzes fluorescence intensity using

CellQuest Software. A formula to determine the Geo-Mean values (geometric means) is
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described in CellQuest Software User’s Guide (BD Biosciences).

In order to not increase the in vivo immunogenicity in humans administered with an
antibody, the amino acid sequences after modification in the present invention are preferably
human sequences (sequences of a human-derived natural antibody), but are not limited thereto.
Furthermore, in order to turn each of the modified FRs (FRI, FR2, FR3, and FR4) into a human
sequence, mutations are preferably introduced into positions other than those that have been
modified for modification of isoelectric point. The method of replacing each FR with a human
sequence in this manner has been reported in a non-patent document (Ono K, Ohtomo T,
Yoshida K, Yoshimura Y, Kawai S, Koishihara Y, Ozaki S, Kosaka M, Tsuchiva M. The
humanized anti-HM1.24 antibody effectively kills multiple myeloma cells by human effector
cell-mediated cytotoxicity. Mol. Immunol. (1999) 36(6):387-395). Furthermore, to modify the
isoelectric point of an antibody, each FR can be modified into another human FR with a
modified isoelectric point (for example, FR3 can be replaced with another human FR for a lower
isoelectric point).  Such a humanization method has been reported in a non-patent document
(Dall’ Acqua WF, Damschroder MM, Zhang I, Woods RM, Widjaja L, Yu J, Wu H. Antibody
humanization by framework shuffling. Methods. (2005) 36(1):43-60).

Furthermore, when a polypeptide of interest with controlled pharmacokinetics in plasma
cannot be produced by slight modifications to the surface charge, the desired antibody with
controlled pharmacokinetics in plasma can be preferably obtained by repeating modification of
surface charge and evaluation of pharmacokinetics in plasma.

In a non-patent document (J Immunol. (1998) 160(2):1029-35), chimeric EP5C7.g4, a
chimeric anti-E, P-selectin antibody (IgG4), and HuEP5C7.g4, a humanized anti-E, P-selectin
antibody (IgG4) were compared, and their pharmacokinetics in Rhesus monkey plasma were
shown to be comparable to each other. In another non-patent document (Gobburu I'V, Tenhoor
C, Rogge MC, Frazier DE Jr, Thomas D, Benjamin C, Hess DM, Jusko WJ.
Pharmacokinetics/dynamics of 5¢8, a monoclonal antibody to CD154 (CD40 ligand) suppression
of an immune response in monkeys. J Pharmacol Exp Ther, (1998) 286(2).925-30), a chimeric
anti-CD154 antibody, ch5d8, and a humanized anti-CD154 antibody, Hu5¢8 were compared, and
their pharmacokinetics in cynomolgus monkey plasma were revealed to be comparable.
Furthermore, another non-patent document (Kashmiri SV, Shu L, Padlan EA, Milenic DE,
Schlom J, Hand PH., Generation, characterization, and in vivo studies of humanized
anticarcinoma antibody CC49. Hybridoma. (1995) 14 (5):461-73) showed that a chimeric
antibody ¢CC49 and a humanized antibody HuCC49 had comparable pharmacokinetics in mouse
plasma. In addition, non-patent documents (Graves SS, Goshorn SC, Stone DM, Axworthy DB,
Reno JM, Bottino B, Searle S, Henry A, Pedersen J, Rees AR, Libby RT. Molecular modeling
and preclinical evaluation of the humanized NR-LU-13 antibody. Clin Cancer Res. (1999)
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5(4):899-908; Couto JR, Blank EW, Peterson JA, Ceriani RL. Anti-BA46 monoclonal antibody
Me3: humanization using a novel positional consensus and in vivo and in vitro characterization.
Cancer Res. (1995) 55(8):1717-22) showed that mouse and humanized antibodies exhibited the
same pharmacokinetic characteristics and distribution in mouse plasma. This suggests that the
pharmacokinetics and distribution in plasma of the chimeric antibody and humanized antibody
are comparable because both mouse and human Fcs are cross-reactive to mouse FcRn.  As seen
from these examples, a chimeric antibody and a humanized antibody sharing the same CDR
exhibit the same pharmacokinetic characteristics in plasma. Specifically, when an antibody is
humanized by known methods such as that described in a non-patent document (Nat Biotechnol.
(1997) 15(7):637-40), the pharmacokinetics of the humanized antibody in plasma is comparable
to that of the chimeric antibody; thus, humanized antibodies with controlled pharmacokinetics in
plasma cannot be produced by known methods.

However, with the methods of the present invention, a humanized antibody whose
pharmacokinetics in plasma is controlled (specifically, whose half-life in plasmé is prolonged or
shortened) as compared to the chimeric antibody can be produced by modifying exposable amino
acid residues on the surface of the chimeric antibody in the process of humanization to modify
the isoelectric point of the antibody. Exposable amino acids on the surface of a humanized
antibody may be modified to control its pharmacokinetics in plasma at the time of antibody
humanization. Alternatively, the isoelectric point of a humanized antibody may further be
modified by using a humanized antibody as a starting material and modifying the exposable
amino acid residues on its surface.

In the present invention, the isoelectric point can be determined by isoelectric focusing,
which is known to those skilled in the art. The theoretical isoelectric point can be determined
using gene and amino acid sequence analysis software (GENETYX and the like). This is useful
for the present invention when considerable modification of the isoelectric point is necessary, for
example, for sufficient control of plasma pharmacokinetics or other purposes. It is particularly
preferred when it is necessary to modify the theoretical isoelectric point by 1.0 or more, and is
more preferred when the isoelectric point needs to be modified by 3.0 or more.

In a non-patent document (Adams CW, Allison DE, Flagella K, Presta L, Clarke I,
Dybdal N, McKeever K, Sliwkowski MX. Humanization of a recombinant monoclonal antibody
to produce a therapeutic HER dimerization inhibitor, pertuzumab. Cancer Immunol Immunother.
(2006) 55(6):717-27), three kinds of humanized antibodies, trastuzumab, bevacizumab, and
pertuzumab, which were produced vig humanization using a same human antibody FR sequence,
showed nearly comparable pharmacokinetics in plasma.  Specifically, when produced via
humanization using a same FR sequence, antibodies exhibit nearly comparable pharmacokinetics

in plasma. In addition to the process of humanization described above, the methods of the
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present invention enable to control the concentration of an antibody (in plasma) as a drug by

. modifying the isoelectric point of the antibody through modification of exposable amino acid

residues on the surface of the antibody.

The methods of the present invention are also applicable to human antibodies. Human
antibodies whose plasma pharmacokinetics is controlied (specifically, half-life in plasma is
prolonged or shortened) as compared to the original human antibodies prepared in the first step
can be produced by modifying their isoelectric points through modification of exposable amino
acid residues on the surface of human antibodies prepared from human antibody libraries, human
antibody-producing mice, or such.

The antibody half-life in plasma is prolonged when its isoelectric point value is
decreased. Conversely, the antibody half-life in plasma is shortened when its isoelectric point
value is increased. Higher isoelectric points are known to improve the transfer of antibodies
into tissues (Vaisitti T, Deaglio S, Malavasi F. Cationization of monoclional antibodies: another
step towards the “magic bullet™?, J Biol Regul HomeostAgents. (2005) 19(3-4):105-12;
Pardridge WM, Buciak J, Yang J, Wu D. Enhanced endocytosis in cultured human breast
carcinoma cells and in vive biodistribution in rats of a humanized monoclonal antibody after
cationization of the protein. (1998) 286(1):548-54). However, such antibodies exhibit
increased immunogenicity and cell internalization activity, and hence further improvement is
needed to yield effective antibodies for cancer therapies that are based on mechanisms such as
cytotoxic activities, ADCC and CDC, which are inhibited by cell internalization activity.

Specifically, it is not understood whether an increase or decrease of the isoelectric point value

“enhances the antitumor effect of antibodies effective for cancer therapies that are based on

mechanisms such as cytotoxic activities, ADCC and CDC, which are inhibited by cell
internalization activity. In the present invention, modified antibodies with decreased or
increased isoelectric point were produced from humanized antibodies and their antitumor effects
were compared to see which modification gives a stronger antitumor effect.  Surprisingly, the
result showed that humanized antibodies with reduced isoelectric point exerted a more supertor
effect on liver cancer.

Antibodies produced by further modification of the above-described antibodies with
modified charge of amino acid residues as a starting material by substitution, deletion, addition,
and/or insertion of amino acid residues are included in the “antibodies” of the present invention.
Antibodies produced by further modification of the charge of the amino acid residues of
antibodies whose amino acid sequence has been modified by amino acid substitution, deletion,
addition and/or insertion of amino acid residues, or chimerization, humanization, or such are also
included in the “antibodies™ of the present invention.

Preferred modifications for improving the characteristics of antibodies provided by the
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present invention include, for example, modifications to improve antibody stability (hereinafter
referred to as “modification of stability”’). In an aqueous solution, an antibody exists in
equilibrium between two states, namely, native state and inactive denaturation state. As seen
from the second law of thermodynamics (AG = AH - TAS), the stability of the native state
depends on the Gibbs free energy change AG in the system, as well as the balance between
enthalpy change AH (reflecting changes in hydrophobic interaction, hydrogen bonding, and the
like in the polypeptide chain) and entropy change AS (reflecting changes in solvation and degree
of conformational freedom), both of which contribute to Gibbs free energy change. Positive
AG values imply that a protein is more stable in the native state than in the denaturation state.
The greater the positive value of AG is, the more stable the protein is in the native state. In
order to denature a protein, it is necessary to remove forces that contribute to this stability. For
example, when a protein solution is exposed to high temperature, conformational freedom is
increased, resulting in impairment of factors that contribute to protein stability. This leads to
protein thermal denaturation. The term -TAS is dominant in such denaturation. The AH for
protein unfolding caused by thermal denaturation can be directly determined by differential
scanning calorimetry (DSC), as specifically described in the Examples herein. A DSC curve
for the protein thermal denaturation process gives an endothermic peak at a temperature called
denaturation midpoint (Tm), which is intrinsic to individual test proteins. The denaturation
enthalpy is determined by integrating the peak. The Tm value generally serves as an indicator
for thermal stability. The thermal capacity change (ACp) in protein denaturation can also be
determined by DSC. The thermal capacity change associated with thermal denaturation is
primarily caused by hydration of amino acid residues not exposed on the molecular surface in the
native state but exposed to solvent molecules as a result of protein denaturation.

As described above, the “modification™ of amino acid residues in the methods provided
by the present invention specifically means substitution of a different amino acid residue for an
original amino acid residue, deletion of an original amino acid residue, addition of an extra
amino acid residue, and the like. The preferred modification is substitution of a different amino
acid residue for an original amino acid residue.  Specifically, in the present invention,
modification by amino acid substitution is preferred for modification of antibody stability.
Stability modification achieved by modifying amino acid residues of an antibody increases the
Tm value of the antibody. Specifically, the Tm value is preferably used as an indicator for
modification of antibody stability.

For a glypican 3 antibody provided by the present invention, “stability modification” is
preferably achieved, for example, by modifying at least one amino acid residue selected from the
amino acid residues at positions 37, 40, 48, and 51 in the heavy chain variable region
constituting the humanized glypican 3 antibody of SEQ ID NO: 195,  Alternatively, “stability
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modification™ is preferably achieved, for example, by modifying at least one amino acid residue
selected from the amino acid residues at positions 2, 25, 42, 48, 50, 83, and 84 in the light chain
variable region constituting the humanized glypican 3 antibody of SEQ ID NO: 201. Ofthe
above-mentioned amino acid residues, it is not necessary to modify amino acid residues other
than those already underwent stability modification, as long as the desired Tm is achieved.
However, these amino acid residues can be appropriately modified 1o have a comparable or
higher Tim than the humanized glypican 3 antibody before modification.

Stability modification can be carried out by randomly modifying each amino acid
residue constituting the humanized antibody to be modified. Alternatively, stability
modification can be carried out by substifuting a portion of the amino acid sequence constifuting
a humanized anﬁbody to be modified with the amino acid sequence of a known antibody with
high Tm that structurally corresponds to the portion of the amino acid sequence of the
humanized antibody to be modified. Positions of amino acid residues to be modified are not
particularly limited; however, amino acid residues in the FR region can be preferably modified.
Alternatively, amino acid residues in the CDR region can also be appropriately modified as long
as the modification does not impair the antigen-binding activity. Furthermore, the number of
amino acid residues to be modified is not particularly limited, and a particular segment within
the FR region may be substituted with a desired segment. All of the segments in the FR region,
FRI, FR2, FR3, and FR4, or a combination of one or more of the segments may be modified.

Preferred FR region segments for modification include, for example, FR2 regions of the
heavy chain and light chain. Specifically, the preferred modification includes, for example,
modification of amino acid residues to modify the FR2 of the heavy chain of a humanized
glypican 3 antibody of the VH1b subclass, which is shown in SEQ ID NO: 195, to an FR2 of the
VH4 subclass, namely, V371 which is substitution of isoleucine for valine at position 37, and
similarly modifications of A40P, M481, and L511.  Alternatively, the preferred modification
includes, for example, modification of the light chain FR2 region of a humanized glypican 3
antibody of the VK2 subclass, which is shown in SEQ ID NO: 201, to an. FR2 of the VK3
subclass, namely, modifications of L42Q, S48 A, and Q30R, as well as modification of V21
which corresponds to modification of FR1 to a germ-line sequence.

Amino acid sequence modifications such as amino acid substitutions, deletions,
additions, and/or insertions, and humanization and chimerization can be preferably achieved by
methods known to those skilled in the art.  When the antibodies of the present invention are
prepared as recombinant antibodies, likewise, the amino acid sequences of the antibody variable
and constant regions may also be preferably modified by amino acid substitutions, deletions,
additions, and/or insertions.

Antibodies derived from any animal, such as mouse, human, rat, rabbit, goat, or camel



10

i5

20

25

30

35

47

antibodies, are preferably used in the present invention. Furthermore, modified antibodies that
include amino acid substitutions in their sequence, such as chimeric antibodies and in particular
humanized antibodies can be preferably used.  Antibody modification products linked with
various molecules can also be preferably used.

“Chimeric antibodies™ are antibodies prepared by combining sequences derived from
different animals. A preferred example is an antibody having heavy and light chain variable
regions from a mouse antibody and heavy and light chain constant regions from a human
antibody. Chimeric antibodies can be prepared by known methods. For example, a DNA
encoding an antibody variable region and a DN A encoding a human antibody constant region are
fused in frame, the resulting recombinant DNA is inserted info a commonly used expression
vector, a host introduced with the vector is cultured, and a chimeric antibody is appropriately
obtained or isclated from the cell culture.

“Humanized antibodies™ are also referred to as reshaped human antibodies, and can be
obtained by linking the CDR of a nonhuman mammalian antibody, for example mouse antibody,
and the FR of a human antibody. A DNA sequence encoding a humanized antibody can be
synthesized by overlap PCR, using several oligonucleotides as templates. Materials and
methods for overlap PCR is described in W0O98/13388 or the like. A DNA encoding the
variable region of a humanized antibody of the present invention can be obtained by overlap
PCR using several oligonucieotides designed to include oligonucleotide sequences that overlap
with each other, and they are ligated in frame with a DNA encoding the human antibody constant
region to form a codon sequence. The DNA thus ligated is then inserted into an expression
vector in an expressible manner, and introduced into a host.

Methods for identifying CDRs are known (Kabat ef al., Sequence of Proteins of
Immunological Interest (1987), National Institute of Health, Bethesda, Md.; Chothia et al.;
Nature (1989) 342:877). General genetic recombination technigues suitable for this purpose are
also known (see European Patent Application Publication EP 125023; and W(09%6/02576). For
example, the CDR of a nonhuman animal antibody such as a mouse antibody can be determined,
and a DNA is prepared such that it encodes an antibody in which the CDR is ligated with the FR
of a human antibody. Human antibody FRs linked via CDRs are selected such that the CDRs
form a suitable antigen binding site. If required, amino acid residues in the FRs of an antibody
variable region may be modified so that the CDRs of the reshaped human antibody can form a
suitable antigen binding site (Sato, K. ef @/, Cancer Res. (1993) 53:851-856). Modifiable
amino acid residues in the FRs include residues that directly bind to an antigen vig non-covalent
bonds (Amit ef al., Science (1986} 233:747-53), residues that have some impact or effect on the
CDR structure (Chothia ef al., J. Mol. Biol. (1987) 196:901-17), and residues involved in the

interaction between heavy chain variable region and light chain variable region (Patent
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Publication EP 239400).

A commonly used éxpression vector inserted with the DNA is transformed or
transduced into a host cell, and the humamzed antibody encoded by the DNA is produced and
isolated from the cell culture by culturing the host cell. _

When the antibodies of the present invention are humanized or human antibodies, the
constant regions of these antibodies are preferably derived from human antibodies. For
example, Cy1, Cy2, Cy3, and Cy4 can be used for the heavy chain constant region, while Cx and
CA can be preferably used for the light chain constant region. The human antibody constant
region may be modified as required to improve antibody or its production stability. A chimeric
antibody of the present invention preferably includes a variable region of an antibody derived
from a nonhuman mammal and a constant region of a human antibody. A humanized antibody
preferably includes CDRs of an antibody derived from a nonhuman mammal and FRs and
constant regions of a human antibody. A human antibody preferably includes CDRs of an
antibody derived from human and I'Rs and constant regions of a human antibody. The constant
regions of the human antibodies include specific amino acid sequences that correspond to the
isotype of IgG (IgG1, IgG2, Ig(G3, and IgG4), IgM, IgA, IgD, and IgE. The constant regions of
the humanized antibodies provided by the present invention may be the constant regions of
antibodies of any isotype. Without being limited thereto, a constant region of human IgG is
preferably used. The FRs of a human antibody to be used as FRs of the humanized and human
antibodies are not particularly limited, and may be derived from an antibody of any isotype.

In order to reduce immunogenicity, a germ-line sequence can be substituted for all or
some of the amino acid residues constituting the FR region using a method similar to the one
described in a non-patent document (Mol Immunol. (1999) 36(6):387-395). This is based on
the rational prediction that germ-line sequences have lower immunogenicity, The amino acid
sequence constituting the FR region of a humanized antibody is aligned and compared with
germ-line amino acid sequences (Abhinandan K. R. and Martin C. R., J. Mol. Biol. (2007)
369:852-862). Amino acid residues constituting an FR region of a humanized antibody that are
found to be different in the above comparison can be substituted with germ-line amino acid
residues, as long as the substitution does not result in the loss of antigen-binding activity.
Specifically, such substitutions include, for example, substitutions of I for L at position 70, R for
T at position 87, and A for T at position 97, which are the amino acid residues that constitute the
heavy chain variable region of SEQ ID NO: 195. Furthermore, the substitutions also include
substitution of A for S at position 235, in which is the amino acid residue that constitutes the light
chain variable region of SEQ ID NO: 201.

One or more of the amino acids constituting the variable and constant regions of

modified chimeric, human, or humanized antibodies of the present invention may be modified by
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deletion, substitution, insertion, and/or addition, as long as the antibodies exhibit binding
specificity to an antigen. o

Since the immunogenicity of chimeric, humanized, and human antibodies cornprising
human-derived sequences in the human body has been attenuated, they are expected to be useful
when administered to humans for therapeutic purposes or such.

Known sequences can be used for the genes encoding the heavy chain or light chain of
antibodies before introduction of mutations by methods of the present invention. Alternatively,
new sequences for antibody genes can be obtained by methods known to those skilled in the art.
For example, they may be preferably obtained from an antibody library. The genes can also be
cloned from monoclonal antibody-producing hybridomas by a known method such as RT-PCR
using their mRNA as template.

Regarding antibody libraries, many antibody libraries are already known. Since
methods for producing antibody libraries are also known, those skilled in the art can
appropriately obtain or produce antibody libraries. Examples include antibody phage libraries
disclosed by Clackson ef al., Nature (1991) 352:624-8; Marks ef al., J. Mol. Bioi. (1991)
222:581-97; Waterhouses ef al., Nucleic Acids Res. (1993) 21:2265-6; Griffiths ef al., EMBO J.
(1994) 13:3245-60; Vaughan et al., Nature Biotechnology (1996) 14:309-14; and Japanese
Patent Kohyo Publication No. (JP-A) H20-504970 (unexamined Japanese national phase
publication corresponding to a non-Japanese international publication). In addition, known
methods such as methods that use eukaryotic cells in preparing libraries (W095/15393
pamphlet) and ribosome display methods may be preferably used. Furthermore, techniques for
obtaining human antibodies by panning using human antibody libraries are also known. - For
example, single chain antibodies (scFvs) obtained by fusing human antibody heavy and light
chain variable regions in frame are expressed on the surface of phages using phage display
methods. Then, phages that bind to antigens are selected to isolate genes encoding
antibody-binding scFv from the phages. The DNA sequences encoding the variable regions of
heavy and light chains of antibodies that bind to the antigens can be determined by sequencing
the genes. A human antibody can be appropriately obtained by inserting an antibody gene
comprising the sequences into suitable expression vectors, and expressing the gene in suitable
host cells as described later. These methods are already well known, and one can refer to
W092/01047, W092/20791, W093/06213, WO93/11236, W(O93/19172, W095/01438, and
WO095/15388.

Basically, known techniques are nsed for methods for obtaining genes encoding
antibodies from monoclonal antibody-producing hybridomas. The details will be described
later; briefly, antibody genes are preferably obtained by immunizing an animal with a desired

sensitizing antigen according to conventional immunization methods, fusing the immune cells
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obtained from the animal with known parent cells by common cell fusion methods, screening
monoclonal antibody-producing cells (hybridomas) by common screening methods, synthesizing
cDDNAs of antibody variable regions from mRINAs of the obtained hybridomas as template using
reverse transcriptase, and linking them with DNAs encoding the desired antibody constant
regions in inflame.

More specifically, preferable examples are shown below, but are not particularly limited
thereto. Sensitizing antigens for obtaining the antibodies provided by the present invention
include both complete antigens with immunogenicity and incomplete antigens composed of
haptens and such that do not show immunogenicity. For example, full length proteins, and their
partial polypeptides and peptides may be preferably used. The soluble GPC3 core protein of
SEQ ID NO: 207 is a suitable example. -In addition, it is known that substances composed of
polysaccharides, nucleic acids, lipids, and such may act as antigens. Thus, there are no
particular limitations on antigens of the antibodies of the present invention. Antigens can be
prepared by methods known to those skilled in the art, and they can be prepared, for example, by
the following methods using baculoviruses (for example, W098/46777). When the
immunogenicity of an antigen is low, it can be preferably linked to a macromolecule that has
immunogenicity, such as albumin, and then used to immunize animals. When transmembrane
molecules are used as antigens, extracellular polypeptide fragments of the molecules can be used
as a preferable sensitizing antigen. Alternatively, cells expressing the molecules on their
surface may also be used as a sensifizing antigen. When sensitizing antigens are insoluble
molecules, the molecules may be solubilized by linking with water-soluble molecules, and the
solubilized binding molecules are preferably used as a sensitizing antigen.

Antibody-producing cells can be preferably obtained by immunizing animals using
suitable sensitizing antigens described above.  Alternatively, antibody-producing cells can be
prepared by in vitro immunization of lymphocytes that can produce antibodies. Various
vertebrate animals and mammals can be used as the animals for immunization. In particular,
rodents, lagomorphas, and primates are generally used. Examples of such animals include mice,
rats, and hamsters for rodents, rabbits for Jagomorphas, and monkeys including the cynomolgus
monkey, rhesus monkey, hamadryas, and chimpanzees for primates. In addition, transgenic
animals carrying human antibody gene repertoires are also known, and human antibodies can be
preferably obtained by using these animals (see W096/34096; Mendez et al., Nat. Genet. (1997)
15:146-56). Instead of using such transgenic animals, desired human antibodies having binding
activity against antigens can be obtained by, for example, in vitro sensitization of human
lymphocytes with desired antigens or cells expressing the desired antigens, and then fusing the
sensitized lymphocytes with human myeloma cells such as U266 (see Japanese Patent

Application Kokoku Publication No. (JP-B) H1-59878 (examined, approved Japanese patent
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application published for opposition)). Furthermore, desired human antibodies can be
preferably obtained by immunizing transgenic animals carrying on their genomes a complete
repertoire of human antibody genes with desired antigens (see W093/12227, W092/03918,
W094/02602, W096/34096, and WO96/33735).

Animal immunization can be carried out by appropriately diluting and suspending a
sensitizing antigen in Phosphate-Buffered Saline (PBS), physiological saline, or such, and
forming an emulsion by mixing an adjuvant if necessary, and then intraperitoneally or
subcutaneously injecting the sensitizing antigen into animals.  After that, the sensitizing antigen
mixed with Freund’s incomplete adjuvant is preferably administered several times every 4 to 21
days. Production of antibodies against the sensitizing antigen in the immunized animals can be
confirmed by measuring the antibody titer in animal sera using conventional methods, for
example, known methods such as enzyme-linked immunosorbent assay (ELISA) and flow
cytometry (FACS). o

Antibody-producing celis obtained from lymphocytes or animals immunized with a
destred antigen can be fused with myeloma cells to generate hybridomas using conventional
fusing agents (for example, polyethylene glycol) (Goding, Monoclonal Antibodies: Principles
and Practice, Academic Press, 1986, 59-103). Hybridomas can be preferably produced, for
example, by the methods of Milstein ef al. (G. Kohler and C. Milstein, Methods Enzymol. (1981)
73:3-46). Monoclonal antibodies that specifically bind to an antigen protein produced by the
hybridomas can be obtained by culturing and growing the hybridomas thus obtained. The
binding specificity of the monoclonal antibodies to the antigen proteins can be appropriately
measured using known analysis methods, such as immunoprecipitation, radioimmunoassay
(RIA), and enzyme-linked immunosorbent assay (ELISA), and flow cytometry (FACS).
Thereafter, hybridomas that produce antibodies of interest whose specificity, affinity, or activity
has been determined can be subcloned by methods such as limiting dilution if necessary.
Finally, the monoclonal antibodies produced by the hybridomas can be isolated.

Next, genes encoding the selected antibodies can be cloned from hybridomas or
antibody-producing cells (sensitized lymphocytes and such) using probes that may specifically
bind to the genes (for example, oligonucleotides complementary to sequences encoding the
antibody constant regions). Cloning by RT-PCR is also possible by using the mRNA obtained
from hybridomas or antibody-producing cells (sensitized lymphocytes and such) as template.
Immunoglobulins are classified into five different classes, IgA, IgD, IgE, IgG, and IgM
according to their structures and functions. These classes are further divided into several
isotypes (for example, IgG1, 1gG2, 1gG3, and IgG4; IgAl and IgA2; and such). The class and
subclass of antibodies provided by the present invention are not particularly limited and may be

any of these classes or subclasses; however, IgG is a particularly preferred class.
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It is possible to modify genes encoding amino acid sequences constituting heavy cham
and light chain using genetic engineering technigues. Genetically modified antibodies such as
chimeric antibodies and humanized antibodies that have been artificially modified for the
purpose of decreasing heterologous antigenicity against humans and such can be appropriately
produced for antibodies such as mouse antibodies, rat antibodies, rabbit antibodies, hamster
antibodies, sheep antibodies, and camel antibodies by modifying nucleic acid residues that
encode the amino acid sequences constituting the antibodies. Chimeric antibodies are
antibodies composed of the heavy chain and light chain variable regions derived from a
nonhuman mammalian antibody, for example, mouse antibody, and the heavy chain and light
chain constant regions of a human antibody. They can be obtained by ligating the DNA
encoding a variable region of a mouse antibody to the DNA encoding a constant region of a
human antibody, incorporating them into an expression vector, and introducing the vector into a
host for production of the antibody. A humanized antibody, which is also called a reshaped
human antibody, is an antibody in which a human antibody FR is ligated in frame with the CDR
of a nonhuman mammalian antibody, for example, mouse antibody, to form a codon sequence.
A DNA sequence encoding this humanized antibody can be obtained by overlap PCR using
several oligonucleotides as templates. The materials and methods for overlap PCR are
described in WO98/13388 or the like.

A DNA encoding the variable region of a recombinant antibody of the present invention
can be obtained by overlap PCR using several oligonucleotides designed to include
oligonucleotide sequences that overlap with each other, and they are ligated in frame with a
DNA encoding the human antibody constant region to form a codon sequence. The DNA thus
ligated can be incorporated into an expression vector in an expressible manner, and the vector
can be introduced into a host.  An antibody encoded by the DNA is expressed by culturing the
host. Expressed antibodies are obtained by suitably purifying the culture solution of the host or
such (see EP239400 and W096/02576). Human antibody FRs to be ligated via the CDR are
selected when the CDR forms a favorable antigen-binding site against the antigen. If necessary,
amino acid residues in the FR of an antibody variable region may be substituted such that the
CDR. of the reshaped human antibody forms an appropriate antigen-binding site against the
antigen (K. Sato et al., Cancer Res. (1993) 53:851-856).

In addition to the humanization described above, antibodies may be modified to
improve their biological properties such as binding activity to an antigen recognized by the
antibody. In the present invention, such modifications can be carried out using methods such as
site-directed mutagenesis (see for example, Kunkel Proc. Natl. Acad. Sci. USA (1985) 82:488),
PCR mutagenesis, and cassette mutagenesis. In general, mutant antibodies whose biological

properties have been improved show amino acid sequence 1dentity and/or similarity of 70% or
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higher, more preferably 80% or higher, and even more preferably 90% or higher (for example,
95% or higher, 97%, 98%, 99%, etc.), when compared to the amino acid sequence of the
antibody to be modified (namely, an antibody from which the modified antibody is prepared).
Herein, sequence identity and/or similarity is defined as the ratio of amino acid residues that are
homologous (same residues) or similar (amino acid residues classified into the same group based
on the general properties of amino acid side chains) to the amino acid residues of an antibody
from which the modified antibody is prepared, after the sequence identity value has been
maximized by sequence alignment and gap introduction, if necessary. Generally,
naturally-occurring amino acid residues are classified into groups based on the characteristics of
their side chains: (1) hydrophobic: alanine, isoleucinegl valine, methionine, and leucine; (2)
neutral hydrophilic: asparagine, glutamine, cysteine, threonine, and serine; (3) acidic: aspartic
acid and glutamic acid; (4) basic: arginine, histidine, and lysine; (5) residues that affect the
orientation of the chain: glycine and proline; and (6) aromatic: tyrosine, tryptophan, and
phenylalanine.

In a preferred embodiment, modifications that are aimed at enhancing antibody
functions preferably include, for example, enhancement of the cytotoxic activity of antibodies
inchuding humanized antibodies. Such preferred cytotoxic activities include, for example,
ADCC and CDC. Herein, CDC refers to cytotoxic activity of the complement system. When
a specific antibody binds to an antigen on the target cell surface, cells carrying Fey receptor
(immune cells and others) bind to the Fc via Fey receptor, and the cytotoxic activity exerted
against target cells is referred to as ADCC.  Whether a test antibody has ADCC or CDC can be
assessed by known methods (for example, Current protocols in Immunology, Chapter 7.
Immunologic studies in humans, Editor, John E, Coligan ef al., John Wiley & Sons, Inc.,
(1993)). _

Specifically, first, effector cells, complement solutions, and target cells are prepared.
(1) Preparation of effector cells ' | o

Spleens are excised from CBA/N mice or the like, and then spleen cells are separated in
RPMI1640 medium (Invitrogen). Effector cells can be prepared by washing the cells with the
same medium containing 10% fetal bovine serum (FBS, HyClone) and then adjusting the cell
concentration to 5 x 10° cells/ml.

{2) Preparation of complement solution

Complement solutions can be prepared by 10x dilution of Baby Rabbit Complement
(CEDARLANE) in a medium (Invitrogen) containing 10% FBS.

(3) Preparation of target cells

Target cells expressing the antigen protein to which a test antibody binds can be
radio-labeled by incubating them with 0.2 mCi of [*'Cr] sodium chromate (GE Healthcare
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Bioscience) in DMEM supplemented with 10% FBS at 37°C for one hour. Cells expressing the
antigen protein to which a test antibody binds include cells transformed with the gene encoding
the antigen protein to which a test antibody binds, ovary cancer cells, prostate cancer cells, breast
cancer cells, uterine cancer cells, liver cancer cells, lung cancer cells, pancreatic cancer cells,
stomach cancer cells, urinary bladder cancer cells, and colon cancer cells. The target cells can
be prepared by washing the radio-labeled cells three times with RPMI11640 medium
supplemented with 10% FBS and adjusting the cell concentration to 2 x 10° cells/ml.

ADCC and CDC can be determined by the method described below. ADCC assay is
carried out by adding 50 ul/well each of target cells and test antibody into a 96-well
round-bottomed plate (Becton Dickinson) and incubating it on ice for 15 minutes. Then, 100 ul
of the effector cells is added, and the resulting reaction mixture is incubated in a carbon dioxide
gas incubator for four hours. The test antibody can be appropriately used at a final
concentration in a range of 0 to 10 pg/ml.  After incubation, 100 pl of supernatant is sampled
and its radioactivity is determined using a gamma counter (COBRAII AUTO-GAMMA,
MODEL D5005, Packard Instrument Company). The cytotoxic activity (%) can be calculated
from the obtained radioactivity value according to the following formula:

(A-Cy/ (B-C)x 100

where A represents the radioactivity (cpm) of each test antibody sample, B represents the
radioactivity (cpm) of a sample containing 1% NP-40 (Nacalai Tesque), and C represents the
radioactivity (cpm) of a sample containing target cells alone.

CDC assay is carried out by adding 50 pl/well each of target cells and test antibody into
a 96-well flat-bottomed plate (Becton Dickinson) and incubating it on ice for 15 minutes. Then,
100 ul of the complement solution is added, and the resulting reaction mixture is incubated in a
carbon dioxide gas incubator for four hours. The test antibody can be appropriately used at a
final concentration in a range of 0 to 3 ug/ml.  After incubation, 100 ul of supernatant is
sampled and its radioactivity 1s determined using a gamma counter. The cytotoxic activity can
be calculated by the same method used for ADCC determination.

The cytotoxic activity of the antibody conjugate is determined by adding 50 ul/well
each of target cells and test antibody conjugate in a 96-well flat-bottomed plate (Becton
Dickinson) and incubating it on ice for 15 minutes. The plate is incubated in a carbon dioxide
gas incubator for one to four hours. The antibody can be appropriately used at a final
concentration in a range of 0 to 3 pg/ml.  After incubation, 100 pl of supematant is sampled
and its radioactivity is determined using a gamma counter. The cytotoxic activity can be
calculated by the same method used for ADCC determination.

As described above, the heavy chain and light chain variable regions of an antibody
generally consist of three CDRs and four FRs.  In a preferred embodiment of the present
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invention, amino acid residues to be subjected to “modification” can be appropriately selected,

for example, from amino acid residues constituting a CDR or FR.

By using public databases such as Kabat, those skilled in the art can readily obtain an
amino acid sequence constituting an antibody variable region FR that actually exists in an
organism such as human or mouse.

In a preferred embodiment, the present invention provides humanized antibodies whose
pharmacokinetics in plasma is controlled by the methods of the present invention. Such
humanized antibodies include, for example, humanized antibodies comprising nonhuman
animal-derived CDR, human-derived FR, and human constant region, and whose
pharmacokinetics in plasma is controlled relative to a chimeric antibody sharing the same
constant region, in which at least one exposable amino acid residue on the surface of the
antibody CDR or FR has opposite charge to the amino acid residue at the corresponding position
in the CDR or FR of the original antibody.

In another preferred embodiment, the present invention provides human antibodies
whose pharmacokinetics in plasma is controlled by the methods of the present invention. Such
human antibodies include, for example, human antibodies comprising the human-derived CDR,
human-derived FR, and human constant region, and whose pharmacokinetics in plasma is
controlled relative {o a chimeric antibody sharing the same constant region, in which at least one
exposable amino acid residue on the surface of the antibody CDR or FR has opposite charge to
the amino acid residue at the corresponding position in the CDR or FR of the original antibody.

The human constant region preferably refers to a region comprising the wild-type
human Fc domain; however, modified Fc can also be preferably used. The “modified Fc”
includes Fc in which amino acid residues constituting the Fc are modified, and Fe in which
modification of the Fc domain is altered. Specifically, such alteration of modification
preferably includes, for example, modification of the type of glycosylation in the Fc domain. A
specific preferred example is the “antibody with reduced content of fucose linked to the antibody
Fe domain” specifically disclosed in the Reference Experimental Exémples herein.

The “antibody with reduced content of fucose linked to the antibody Fc domain™ refers
to an antibody whose fucose content is significantly reduced relative to a confrol antibody,
preferably one with undetectable fucose. In general, fucose is added to the N-glycoside linkage
sugar chains linked at two sites in the Fc domains of two molecules of heavy chain constituting a
single antibody molecule. Herein, the “antibody with reduced content of fucose linked to the
antibody Fc domain” refers to an antibody, which when compared to such a common antibody as
control, has a fucose content of 50% or less, preferably 25% or less, more preferably 10% or less,
still more preferably 0% of the total sugar chain content in the control antibody. Fucose content

can be determined by the specific analytical methods described below in the Reference
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Experimental Examples. Methods for preparing such antibodies with reduced fucose content
are described in the Reference Experimental Examples herein.  Such methods also preferably
include, for example, the preparation methods using animal cells that are deficient in fucosyl
transferase (Biotechnol Bioeng. (2004) 87(5):614-22) and preparation methods using animal
cells with altered complex-type branched sugar c¢hain modification (Biotechfaol Bioeng. (2006)
93(5):851-61). Furthermore, the preparation methods also preferably include those that use
non-animal cells such as plant cells (Nature Biotechnology (2006) 24:1591-7) or yeast cells
{Nature Biotechnology (2006) 24:210-5) as host cells.

In a preferred embodiment, the present invention relates to a method for producing a
polypeptide comprising an antibody variable region with a modified isoelectric point, which
comprises:

(a) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one
exposable amino acid residue on the surface of the CDR region of the polypeptide;

(b) culturing a host cell to express the nucleic acid; and

(c) collecting the polypeptide comprising an antibody variable region from the host cell culture.

In another preferred embodiment, the present invention relates to a method for
producing a polypeptide comprising an antibody variable region with controlled
pharmacokinetics in plasma, which comprises:

(a) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one
exposable amino acid residue on the surface of the CDR region of the polypeptide;

(b) culturing a host cell to express the nucleic acid; and

(¢} collecting the polypeptide comprising an antibody variable region from the host cell culture.

Furthermore, the polypeptides comprising an antibody variable region with controlled
plasma pharmacokinetics produced by the methods are also included in the present invention.

The present invention provides methods for producing multispecific polypeptides
comprising a first polypeptide and a second polypeptide each comprising an antibody variable
region. In addition, the present invention provides multispecific polypeptides produced by the
methods. A preferred embodiment of the production methods of the present invention is a
method comprising modifying both or either one of a nucleic acid encoding the amino acid
residues of a first polypeptide and a nucleic acid encoding the amino acid residues of a second
polypeptide, so as to increase the difference between the isoelectric points of the first
polypeptide and second polypeptide. That is, multispecific antibodies can be produced based
on difference in isoelectric points, and the difference can be increased by modifying the charges
of the amino acid residues in the first polypeptide and second polypeptide. More specifically, a
preferred production method comprises the following steps of:

(a) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one
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exposable amino acid residue on the surface of the CDR region of the first polypeptide and
second polypeptide, specifically modifying both or either one of a nucleic acid encoding the
amino acid residues of a first polypeptide and a nucleic acid encoding the amino acid residues of
a second polypeptide, so as to increase the difference between the isoelectric points of the first
polypeptide and second polypeptide when compared to before modification;

(b} culturing host cells to express the nucleic acids; and

(¢} collecting a multispecific antibody from the host cell culture.

In the present invention, “polypeptides™ generally refers to peptides and proteins whose
length is approximately ten amino acids or longer. Polypeptides are generally derived from
organisms, but are not particularly limited thereto, and for example, they may be composed of an
artificially designed sequence. They may also be naturally derived polypeptides, synthetic
polypeptides, recombinant polypeptides, or such. Additionally, fragments of the
above-mentioned polypeptides are also included in the polypeptides of the present invention.

In the present invention, “multispecific polypeptides comprising a first polypeptide and
a second polypeptide each comprising an antibody variable region” refers to a polypeptide
comprising a variable region of an antibody that binds to two or more types of different epitopes,
or different epitopes in a single antigen. Polypeptides comprising an antibody variable region
include, for example, the antibodies, minibodies, and scaffold proteins mentioned above.

In the present invention, the phrase “the difference between the isoelectric points of the
polypeptides is increased” means that the isoelectric points of two or more polypeptides are
made unequal by modifying the charges of the amino acids on the surface of each polypeptide, or
increasing the difference between the isoelectric points of two or more polypeptides. The
difference in the isoelectric points can be observed, for example, by using a technique such as
isoelectric focusing. In the present invention, the isoelectric points are preferably changed
without altering the structure and function (activity) of the polypeptides.

That is, the present invention provides a method for producing a multispecific
polypeptide comprising a first polypeptide and a second polypeptide, wherein the method
comprises the steps of:
(a) modifying both or either one of a nucleic acid encoding the amino acid residues of the first
polypeptide and a nucleic acid encoding the amino acid residues of the second polypeptide, so
that the difference between the isoelectric point of the first polypeptide and that of the second
polypeptide will be 1.0 or more, preferably 1.2 or more, and more preferably 1.5 or more;
(b) culturing host cells to express the nucleic acids; and
(c) collecting the multispecific antibody from the host cell culture.

Furthermore, the present invention provides a method of modifying multispecific

polypeptides for purification of multispecific antibodies comprising the first polypeptide and
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second polypeptide. A preferred embodiment of the purification method of the present
invention is a method comprising the step of modifying both or either one of a nucleic acid
encoding the amino acid residues of a first polypeptide and a nucleic acid encoding the amino
acid residues of a second polypeptide, so as to increase the difference between the isoelectric
points of the first polypeptide and second polypeptide. That is, the difference in isoelectric
points is introduced into the polypeptides by modifying the charges of the amino acid residues of
the first polypeptide and second polypeptide. Multispecific antibodies can be purified using
this difference in isoelectric points. . More specifically, a purification method comprises the
following steps of:

(a2) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least one
exposable amino acid residue on the surface of the CDR region of the first polypeptide and
second polypeptide, specifically modifying both or either one of a nucleic acid encoding the
amino acid residues of the first polypeptide and a nucleic acid encoding the amino acid residues
of the second polypeptide, so as to increase the difference between the isoelectric points of the
first polypeptide and second polypeptide when compared to before modification;

(b) culturing host cells to express the nucleic acids; and

(c) purifying said multispecific antibody from the host cell culture by standard chromatography.

Methods for producing multispecific antibodies which comprise the purification steps of
the above-mentioned purification methods are also included in the present invention.

In the methods of the present invention, the phrase “modification of nucleic acids”
refers fo modifying nucleic acid sequences to form codons corresponding to the amino acid
residues that are introduced by “modification” of the present invention. More specifically, the
phrase refers to modifyving nucleic acids constituting codons 1o be modified to codons encoding
amino acid residues infroduced by the modification. Usually, the phrase means gene
manipulation or mutagenesis that modifies at least one nucleotide of a codon to produce a codon
that encodes an amino acid residue of interest.  More specifically, a codon encoding the original
amino acid residue is replaced by a codon encoding the amino acid residue to be introduced by
the modification. Such nucleic acid modifications can be carried out appropriately by those
skilled in the art using known techniques, for example, site-directed mutagenesis or PCR
mutagenesis.

The nucleic acids of the present invention are generally cloned (inserted) into suitable
vectors and then introduced into host cells. These vectors are not particularly limited as long as
the inserted nucleic acids are stably maintained. For example, when Escherichia coli (E. coli)
is used as a host, the cloning vectors are preferably pBluescript vectors (Stratagene) and such,
while various commercially available vectors may be used. When vectors are used for the

purpose of producing the polypeptides of the present invention, expression vectors are
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particularly useful. There is no particular limitation on expression vectors, so long as they can
express polypeptides in test tubes, E. coli, cultured cells; or individual organisms. For example,
preferred vectors include pBEST vector (Promega) for expression in test tubes, pET vector
(Invitrogen) in E. coli, the pME18S-FL3 vector (GenBank Accession No. AB009864) in cultured
cells, and the pME18S vector (Mol. Cell Biol. (1998) 8:466-472) in individual organisms.
Insertion of the DNAs of the present invention into vectors can be performed, for example, by
standard methods such as ligase reactions using restriction enzyme sites (Current protocols in
Molecular Biology edit. Ausubel et al., (1987) Publish. John Wiley & Sons. Section 11.4-11.11).

There is no particular limitation on the above-mentioned host cells, and various host
cells are used depending on the purpose. Cells used for expressing polypeptides include
bacterial cells (for example, Streptococcus, Staphylococceus, E. coli, Streptomyces, and Bacillus
subtilis), fungal cells (for example, yeast and Aspergillus), insect cells (for example, Drosophila
S2 and Spodoptera SF9), animal cells (for example, CHO, COS, Hel.a, C127, 3T3, BHK,

HEK 293, Bowes melanoma cell), and plant cells. Vectors can be introduced into host cells
using known methods, such as the calcium phosphate precipitation method, elec’iroporatidn
method (Current protocols in Molecular Bioiogy edit. Ausubel ef al., (1987) Publish. John Wiley
& Sons. Section 9.1-9.9), lipofection method, and microinjection method.

For secreting host cell-expressed polypeptides (antibodies) into the lumen of the
endoplasmic reticulum, periplasmic space, or extracellular environment, suitable secretion
signals can be incorporated into the antibodies of interest. These signals may be intrinsic or
foreign to the polypeptides (antibodies) of interest.

When the polypeptides (antibodies) of the present invention are secreted into culture
media, the polypeptides (antibodies) produced by the above-mentioned methods can be
harvested by collecting the media. When the antibodies of the present invention are produced
inside cells, the cells first are lysed, and then these antibodies are collected.

The antibodies of the present invention can be preferably collected and purified from
recombinant cell cultures using known methods, including ammonium sulfate or ethanol
precipitation, acidic extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, hydrophobic interaction chromatography, affinity chromatography,
hydroxyapatite chromatography, and lectin chromatography.

In the present invention, polypeptides with nucleic acid modification are preferably a
homomultimer of a first polypeptide, a homomultimer of a second polypeptide, and a
heteromultimer of the first polypeptide and second polypeptide. Examples of the
homomultimer of a first polypéptide, the homomultimer of a second polypeptide, and the
heteromultimer of the first polypeptide and second polypeptide include those described in

Examples, but are not limited thereto.
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Examples of standard chromatography in the present invention include cation exchange
chromatography, anion exchange chromatography, hydrophobic chromatography, hydroxyapatite
chromatography, hydrophobic charge interaction chromatography, and chromatofocusing, but
are not limited thereto.

In the above-mentioned methods of the present invention, a first polypeptide and a
second polypeptide preferably comprise a heavy chain variable region. The variable region
may comprise, for example, a CDR and an FR.

Furthermore, in the above-mentioned methods of the present invention, a variable
region of a multispecific antibody preferably comprises a light chain variable region.

Additionally, in the above-mentioned methods of the present invention, a first
polypeptide and a second polypeptide preferably comprise heavy chain constant regions. Such
heavy chain constant regions preferably generate difference between the isoelectric points of the
first polypeptide and second polypeptide. Examples of such heavy chain constant regions
include heavy chain constant regions of antibodies having different isoelectric points.  The
isoelectric point difference can be introduced into the first polypeptide and the second
polypeptide using the heavy chain constant regions of IgG1, 1gG2, IgG3, or Ig(G4 which have
isoelectric points that are originally different from each other. Alternatively, the amino acids in
the heavy chain constant regions of the first polypeptide and the second polypeptide that cause
differences in isoelectric point among these subclasses can be modified alone, or in combination
with adjacent amino acids that do not have any effect on the isoelectric points to generate
non-wild-type human constant regions, and isoelectric point difference can be introduced into the
two constant regions. Examples of positions to be modified for introducing isoelectric point
difference into the constant regions include, for example, positions 137, 196, 203, 214, 217, 233,
268, 274,276,297, 355, 392, 419, and 435, EU numbering, in the heavy chain constant region.

Furthermore, since removal of sugar chains from a heavy chain constant region
generates isoelectric point difference, position 297, which is a glycosylated site, is another
example of a position to be modified for introducing isoelectric point difference.

For methods that comprise the above-mentioned first polypeptide and second
polypeptide comprising a heavy chain constant region, metheds that combine with the method in
which the above-mentioned first polypeptide and second polypeptide comprise a heavy chain
variable region, and/or the method in which the multispecific antibody comprises a third
polypeptide comprising a light chain variable region, and a first polypeptide and a second
polypeptide that each forms a multimer with the third polypeptide, are included in the present
invention.

Multispecific polypeptides produced by the above-mentioned methods are also included

in the present invention.
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Furthermore, in an embodiment, when the first polypeptide in the multispecific antibody
provided by the present invention comprises a heavy chain variable region, at least one amino
acid residue at positions 31, 61, 62, 64, and 65, Kabat’s numbering, in the heavy chain variable
region is made to carry a charge so that “the difference of isoelectric points will be increased”.
In another embodiment, when the polypeptide comprises a light chain variable region, at least
one amino acid residue at positions 24, 27, 53, 54, and 55, Kabat’s numbering, in the light chain
variable region is made to carry a charge so that “the difference of isoelectric points will be
increased”. Of the amino acid residues of the first polypeptide indicated by the
above-mentioned numbering, amino acid residues other than the charged amino acid residue may
have the same type of charge as that of the charged amino acid residue, or may be uncharged, or
may have the opposite charge of that of the charged amino acid residue, as long as the isoelectric
point of the first polypeptide and that of the second polypeptide are different.

The above-mentioned multispecific antibodies of the present invention comprise a
second polypeptide that preferably has the opposite charge of that of the charged amino acid
residue in the first polypeptide, or is uncharged. More specifically, the second polypeptide in
the multispecific antibodies comprises a heavy chain variable region, and at least one amino acid
residue at positions 31, 61, 62, 64, and 65, Kabat’s numbering, in the region is uncharged or has
the opposite charge of that of the amino acid residue selected to carry a charge in the variable
region in the first polypeptide. In addition, when the second polypeptide comprises a light
chain variable region, at least one amino acid residue at positions 24, 27, 53, 54, and 55, Kabat’s
numbering, in the light chain variable region is uncharged or has the opposite charge of that of
the amino acid residue selected to carry a charge in the variable region in the first polypeptide.
Of the amino acid residues of the second polypeptide indicated by the above-mentioned
numbering, amino acid residues other than the charged amino acid residue may have the same
type of charge as that of the charged amino acid residue, or may be uncharged, or may have the
opposite charge of that of the charged amino acid residue, as long as the isoelectric point of the
first polypeptide and that of the second polypeptide are different.

To lower isoelectric points in multispecific antibodies comprising an antibody constant
region, it is desirable to apply, for example, an IgG2 or IgG4 sequence to position 137, an IgGl,
IgG2, or IgG4 sequence to position 196, an 1gG2 or IgG4 sequence to position 203, an IgG2
sequence to position 214, an IgG1, IgG3, or IgG4 sequence to position 217, an IgG1, 1gG3, or
IgG4 sequence to position 233, an 1gG4 sequence to position 268, an 1gG2, 1gG3, or IgG4
sequence to position 274, an IgG1, IgG2, or IgG4 sequence to position 276, an IgG4 sequence to
position 355, an Ig(G3 sequence to position 392, an Ig(G4 sequence to position 419, and an 1gGI,
IgG2, or IgG4 sequence to position 435.  To increase isoelectric points, it is desirable to apply, -
for example, an IgG1 or IgG3 sequence to position 137, an IgG3 sequence to pdsition 196, the
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IgG1 or IgG3 sequence to position 203, an IgG1, 1gG3, or IgG4 sequence to position 214, an
IgG2 sequence to position 217, an IgG2 sequence to position 233, an IgG1, IgG2, or IgG3
sequence to position 268, an IgG1 sequence to position 274, an IgG3 sequence to position 276,
an IgG1, 1gG2, or IgGG3 sequence to position 355, an IgGl, IgGZ, or IgG4 sequence to position
392, an IgG1, IgG2, or IgG3 sequence to position 419, and an IgG3 sequence to position 435,

It is not necessary to apply all of these sequences, as long as there is sufficient
difference between the isoelectric points of the two heavy chains.

Regarding the above-mentioned antibodies, the phrase “having the same type of charge”
means, for example, that the above-mentioned amino acid residue in the heavy chain variable
region according to Kabat’s numbering and the above-mentioned amino acid residue in the
heavy chain constant region according to EU numbering both carry an amino acid residue
included in either of the groups (2) and (b) below.”

(&) glutamic acid (E) and aspartic acid (D); and
(b) lysine (K), arginine (R), and histidine (H).

The phrase, “having the opposite charge™ means that, for example, at least one of the
above-mentioned amino acid residues, by Kabat’s numbering or EU numbering, in the second
polypeptide comprising a heavy chain variable region and/or a heavy chain constant region is
included in either one of the above-mentioned groups (a).or (b), and its correspending amino
acid residue at a position in the heavy chain variable region and/or heavy chain constant region
comprised in the first polypeptide is included in the other group.

More specifically, the present invention provides multispecific antibodies, in which the
above-mentioned amino acid residues having the same type of charge are selected from the
amino acid residues included in either one of the above-mentioned group (a) or (b).

In a preferred embodiment of the present invention, if the original amino acid residue
(before modification) is already charged, it may be modified to be an uncharged amino acid
residue.

In the present invention, an amino acid residue is preferably modified such that the
difference between the isoelectric points of the first polypeptide and that of the second
polypeptide will be increased. Furthermore, when multiple amino acid residues are introduced
by modification, a few uncharged amino acid residues may be included in these amino acid
residues.

Furthermore, the present invention relates to compositions {(agents) comprising a
polypeptide with controlled plasma pharmacokinetics in the present invention (for example, an
IgG antibody) and a pharmaceutically acceptable carrier. _

" In the present invention, “pharmaceutical compositions” generally refers to agents for

treating or preventing, or testing and diagnosing diseases.
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The pharmaceutical compositions of the present invention can be preferably formulated
by methods known to those skilled in the art.  For example, such pharmaceutical compositions
can be used parenterally in the form of injections, which are sterile solutions or suspensions
prepared with water or another pharmaceutically acceptable liquid. For example, such
compositions may be formulated by appropriately combining with a pharmaceutically acceptable
carrier or medium, specifically, sterile water, physiological saline, vegetable oil, emulsifier,
suspension, surfactant, stabilizer, flavoring agent, excipient, vehicle, preservative, binder, or
such, and mixed in a unit dose form that meets the generally accepted requirements for
preparation of pharmaceuticals. In such preparations, the amount of active ingredient is
adjusted such that a suitable amount within a specified range is obtained.

Sterile compositions for injection can be formulated using vehicles such as distilled
water for injection, according to standard protocols for formulation.

Aqueous solutions for injection include, for example, physiological saline and isotonic
solutions containing glucose or other adjuvants (for example, D-sorbitol, D-mannose,
D-mannitol, and sodium chloride). Appropriate solubilizers, for example, alcohols (ethanol and
such), polyaicohols (propylene glycol, polyethylene glycol, and such), and non-ionic surfactants
(polysorbate 80™, HCO-50, and such) may be used in combination.

Oils include sesame and soybean eils. Benzyl benzoate and/or benzy! alcohol.can be
used as solubilizers in combination. Buffers (fbr example, phosphate buffer and sodium acetate
buffer), soothing agents (for example, procaine hydrochioride), stabilizers (for example, benzyl
alcohol and phenol), and/or antioxidants can also be combined. Prepared injections are
generally filled into appropriate ampules.

The pharmaceutical compositions of the present invention are preferably administered
parenterally. For example, the compositions may be in the form of injections, transnasal agents,
transpulmonary agents, or transdermal agents. For example, such compositions can be
administered systemically or locally by intravenous injection, intramuscular injection,
intraperitoneal injection, subcutaneous injection, or such.

The administration methods can be appropriately selected in consideration of a patient’s
age and symptoms. The dosage of a pharmaceutical composition comprising an antibody or a
polynucleotide encoding an antibody may be set, for example, within the range of 0.0001 to
1,000 mg/kg weight for each administration. Alternatively, the dosage may be, for example,
from 0.001 to 100,000 mg per patient. However, in the present invention, the dosage is not
necessarily limited to the ranges described above. Although the dosage and administration
method vary depending on a patient’s weight, age, symptoms, and such, those skilled in the art
can select appropriate dosage and administration methods in consideration of the factors

described above.
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The present invention also provides nucleic acids encoding antibodies with conirolled
pharmacokinetics in plasma (for example, humanized glypican 3 antibodies). Furthermore,
vectors that carry these nucleic acids are also included in the present invention.

The present invention also provides host cells carrying the above-described nucleic
acids. The host cells are not particularly limited and include, for example, bacterial cells such
as E. coli and various animal cells. The host cells may be preferably used, for example, asa
production system to produce and express the antibodies of the present invention. More
specifically, the present invention provides a productibn system for the production of antibodies
using the host cells. In vitro and in vivo systems for production of polypeptides are preferably
used. Eukaryotic cells or prokaryotic cells are preferable examples used in an in vitro
production system.

Eukaryotic cells that are used as host cells include, for example, animal cells, plant cells,
and fungal cells. Animal cells include: mammalian cells, for example, CHO (J. Exp. Med.
(1995) 108:945), COS, HEK293, 3T3, myeloma, BHK (baby hamster kidney), HeLa, and Vero;
amphibian cells such as Xenopus laevis oocytes (Valle, ef al., Nature (1981) 291:338-340); and
insect cells such as S9, Sf21, and Tn5. For expressing the antibodies of the present invention,
CHO-DG44, CHO-DX11B, COS7 cells, HEK293 cells, and BHK cells can be suitably used.
Of the animal cells, CHO cells are particularly preferable for large-scale expression. Vectors
can be introduced into a host cell by, for example, calcium phosphate methods, DEAE-dextran
methods, methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation
methods, or lipofection methods. _

It is known that plant cells such as Nicotiana tabacum-derived cells and Lemna minor
cells are protein production systems, and these cells can be used to produce antibodies of the
present invention by methods that culture calluses from these cells. Protein expression systems
that use fungal cells including yeast cells, for example, cells of the genus Saccharomyces
(Saccharomyces cerevisiae, Saccharomyces pombe, etc.), and cells of filamentous fungi, for
example, the genus Aspergillus (Aspergillus niger, etc.) are known, and these cells can be used
as a host to produce antibodies of the present invention.

When prokaryotic cells are used, production systems that use bacterial cells are
preferably used. Production systems that use bacterial cells including Bacillus subtilis as well
as E. coli described above are known, and they can preferably be used to produce antibodies of
the present invention. .

When an antibody is produced using a host cell of the present invention, a
polynucleotide encoding an antibody of the present invention may be expressed by culturing the
host cell transformed with an expression vector comprising the polynucleotide.  Culturing can

be preferably performed according to known methods. For example, when animal cells are
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used as a host, DMEM, MEM, RPMI 1640, or IMDM may be preferably used as the culture
medium. - The culture medium may be preferably used with serum supplement solutions such as
FBS or fetal calf seram (FCS). Alternatively, cells can be cultured in serum-free cultures.

The preferred pH is about 6 to 8 during the course of culturing, although it depends on the host
cell. Incubation is carried out typically at about 30°C to 40°C for about 15 to 200 hours.
Medium is exchanged, aerated, or agitated, as necessary.

Meanwhile, as systems for producing antibodies ir vivo, for example, those using
animals and those using plants may be preferably used. A polynucleotide encoding an antibody
of the present invention is introduced into an animal or plant to produce a glypican 3 antibody in
the body of the animal or the plant, and then the antibody is collected. The “host” of the
present invention includes such animals and plants.

When animals are used as a host, production systems that use mammals or insects are
available. Mammals such as goat, pig, sheep, mouse, and cattle may be preferably used (Vicki
Glaser, SPECTRUM Biotechnology Applications (1993)). When mammals are used,
transgenic animals may be used. 7

For example, a polynucleotide encoding an antibody of the present invention may be
prepared as a fusion gene with a gene encoding a polypeptide specifically produced in milk, such
as goat B-casein. Next, polynucleotide fragments containing this fusion gene are injected into
goat embryos, which are then introduced back into female goats. The antibody of interest can
be obtained from milk produced by the transgenic goats, which are born from the goats that
received the embryos, or by their offspring.  Appropriate hormones may be administered to the
transgenic goats to increase the volume of milk containing the antibody produced by the
transgenic goats (Ebert et al., Bio/Technology (1994) 12:699-702).

Insects such as silkworms may be used for producing antibodies of the present invention.
When silkworms are used, baculoviruses carrying a polynucleotide encoding an antibody of
interest can be used to infect silkworms, so that a glypican 3 antibody of interest can be obtained
from the body fluids of these silkworms (Susumu ef al., Nature (1985) 315:592-594).

Plants used for producing antibodies of the present invention include, for example,
tobacco. When tobacco is used, a polynucleotide encoding an antibody of interest is inserted
into a plant expression vector, for example, pMON 530, and then the vector is introduced into a
bacterium such as Agrobacterium tumefaciens. The bacteria are then used to infect tobacco
such as Nicotiana tabacum, and the desired glypican 3 antibody can be obtained from the
infected leaves of the tobacco (Ma et al., Eur. J. Immunol. (1994) 24:131-138).  Alternatively,
the same bacteria can be used to infect Lemna minor, and after cloning, the desired glypican 3
antibody can be obtained from the infected cells of Lemna minor (Cox K.M. ef al., Nat.
Biotechnol. 2006 Dec;24(12):1591-1587).
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The antibody thus obtained may be isolated from the inside or outside (such as the
medium and milk) of host cells, and purified as a substantially pure and homogenous antibody.
Methods used for separating and purifying an antibody are not limited, and methods used in
standard polvpeptide purification may be applied. Antibodies may be isolated and purified by
appropriately selecting or combining, for example, chromatographic columns, filtration,
ultrafiltration, salting-out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis,
recrystallization, and such. |

Chromatographies include, for example, affinity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filtration chromatography, reverse-phase
chromatography, and adsorption chromatography (Strategies for Protein Purification and
Characterization: A Laboratory Course Manual. Ed Daniel R. Marshak ef al., (1996) Cold Spring
Harbor Laboratory Press). These chromatographies can be carried out using liquid phase
chromatography such as HPLC and FPLC. Examples of columns for affinity chromatography
include protein A columns and protein G columns. Examples of the columns that use protein A
include Hyper D, POROS, and Sepharose F. F. (Pharmacia).

Another preferred embodiment of the present invention includes a method for producing
an antibody with controlled plasma pharmacokinetics in the present invention, wherein the
method comprises the steps of culturing the host cells of the present invention as described above
and collecting the glypican 3 antibody from the cell culture.

The present invention provides pharmaceutical compositions comprising
second-generation molecules that are more superior to the humanized anti-IL-6 receptor IgG1
antibody TOCILIZUMARB, and have been improved to exhibit enhanced drug efficacy and
retention in plasma, and thus produce a prolonged therapeutic effect even when the frequency of
administration is reduced. They have also been improved to have reduced immunogenicity and
improved safety and physical properties, by modifying amino acid sequences of the variable and
constant regions of TOCILIZUMAB; and methods for producing such pharmaceutical
compositions. The present invention also provides antibody constant regions that are suitable
for pharmaceuticals.

The present invention relates to anti-11-6 receptor antibodies exhibiting superior
antigen-binding activity, neutralizing activity, retention in plasma, stability, and/or homogeneity,
and reduced immunogenicity risk.

Preferably, the anti-IL-6 receptor antibody is a humanized PM-1 antibody
(TOCILIZUMAB). More specifically, the present invention provides humanized PM-1
antibodies with enhanced antigen-binding activity, humanized PM-1 antibodies with enhanced

neutralizing activity, humanized PM-1 antibodies showing improved retention in plasma,
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humanized PM-1 antibodies with reduced immunogenicity risk, humanized PM-1 antibodies
with improved stability, and humanized PM-1 antibodies with improved homogeneity, all of
which have been achieved through amino acid substitution.

Humanized PM-1 antibodies bind to the human IL-6 receptor, and thus inhibit the
binding between human IL-6 and the human IL-6 receptor. Herein, SEQ IDs in the Sequence
Listing correspond to the amino acid sequences of humanized PM-1 antibodies shown below.
Heavy chain amino acid sequence: SEQ ID NO: 15
Light chain amino acid sequence: SEQ ID NO: 16
Heavy chain variable region amino acid sequence: SEQ ID NO: 17
Light chain variable region amino acid sequence: SEQ ID NO: 18
Heavy chain CDR1 (HCDRI) amino acid sequence: SEQ ID NO: 1
Heavy chain CDR2 (HCDR2) amino acid sequence: SEQ ID NO: 2
Heavy chain CDR3 (HCDR3) amino acid sequence: SEQ ID NO: 3
Heavy chain FR1 (HFR1) amino acid sequence: SEQ ID NO: 7
Heavy chain FR2 (HFR2) amino acid sequence: SEQ IP NO: 8
Heavy chain FR3 (HFR3) amino acid sequence: SEQ ID NO: 9
Heavy chain FR4 (HFR4) amino acid sequence: SEQ ID NO: 10
Light chain CDR1 (LCDRI) amino acid sequence: SEQ ID NO: 4
Light chain CDR2 (LCDR2) amino acid sequence: SEQ ID NO: 5
Light chain CDR3 (LCDR3) amino acid sequence: SEQ ID NO: 6
Light chain FR! (LFR1) amino acid sequence: SEQ ID NO: 11
Iight chain FR2 (LFR2) amino acid sequence: SEQ ID NG: 12
Light chain FR3 (LFR3) amino acid sequence: SEQ ID NO: 13
Light chain FR4 (LFR4) amino acid sequence: SEQ ID NO: 14
<Antibodies with enhanced affinity and neutralizing activity>

The present invention provides anti-human IL-6 receptor antibodies exhibiting strong
human JL-6 receptor-binding and/or neutralizing activity. More specifically, the present
invention provides the following antibodies of (a) to (v), and methods for producing the
antibodies:

(a) An anti-human IL-6 receptor antibody comprising a heavy chain CDR1 in which Ser at
position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Trp (RD_68), Thr (RD_37), Asp (RD_8), Asn (RD_11), Arg (RD_31), Val
(RD_32), Phe (RD_33), Ala (RD_34), GIn (RD_35), Tyr (RD_36), Leu (RD_38), His (RD_42),
Gla (RD_45), or Cys (RD_46) is preferred.
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A sequence resulting from the substitution of Trp for Ser at position ! in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 26.

A sequence resulting from the substitution of Thr for Ser at position 1 in the amino acid
sequence of SEQ ID'NQ: 1 is shown in SEQ ID NO: 27.

A sequence resulting from the substitution of Asp for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 28.

A sequence resulting from the substitution of Asn for Ser at position | in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 29.

A sequence resulting from the substitution of Arg for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 30.

A sequence resulting from the substitution of Val for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 31.

A sequence resulting from the substitution of Phe for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 32.

A sequence resulting from the substitution of Ala for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 33.

A sequence resulting from the substitution of Glin for Ser at position [ in the amino acid
sequence of SEQ [D NO: 1 is shown in SEQ ID NO: 34, '

A sequence resulting from the substitution of Tyr for Ser at position 1 in the amino acid
sequence of SEQ [D NO: 1 is shown in SEQ ID NO: 35,

A sequence resulting from the substitution of Leu for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 36.

A sequence resulting from the substitution of His for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 37.

A sequence resulting from the substitution of Glu for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 38.

A sequence resulting from the substitution of Cys for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 39.
(b) An anti-human IL.-6 receptor antibody comprising a heavy chain CDR1 in which Trp at
position 5 in the amino acid sequence of SEQ ID NO: 1 (HCDRI) has been substituted with
another amino acid.

The type of amino acid after substitution s not particularly limited; however,
substitution to Ile (RD_9) or Val (RD_30) is preferred.

A sequence resulting from the substitution of Hle for Trp at position 5 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 40,

A sequence resulting from the substitution of Val for Trp at position 5 in the amino acid
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sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 41,
(c) An anti-human [L-6 receptor antibody comprising a heavy chain CDR2 in which Tyr at
position 1 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with
another amino acid. |

The type of amino acid after substitution is not particularly limited; however,
substitution 10 Phe (RD_82) is preferred. ‘

A sequence resulting from the substitution of Phe for Tyr at position 1 in the amino acid
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 42,
(d) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which Thr at
position 8 in the amino acid sequence of SEQ 1D NO: 2 (HCDR2) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Arg (RD_79) is preferred.

A sequence resulting from the substitution of Arg for Thr at position 8 in the amino acid
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 43,
(e) An anti-human I1-6 receptor antibody comprising a heavy chain CDR2 in which Thr at
position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with
another amino acid. ,

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser (RD_12) or Asn (RD_61) is preferred.

A sequence resulting from the substitution of Ser for Thr at position 9 in the amino acid
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 44,

A sequence resulting from the substitution of Asn for Thr at position 9 in the amino acid
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 45.
(f) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ser at
position 1 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however, =
substitution to Ile (RD_2), Val (RD_4), Thr (RD_80), or Leu (RD_5) is preferred.

A sequence resulting from the substitution of Ile for Ser at positidn 1 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 46.

A sequence resulting from the substitution of Val for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 47,

A sequence resulting from the substitution of Thr for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ IID NO: 48.

A sequence resulting from the substitution of Leu for Ser at position 1 in the amino acid
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sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 49,

{g) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which ieu at
position 2 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Thr (RD_84) is preferred. - _

A sequence resulting from the substitution of Thr for Leu at position 2 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 50.

(h) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Thr at
position 5 in the amino acid sequence of SEQ IID NO: 3 (HCDR3) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala (RD_3) or lle (RD_83) is preferred. In addition, the substitution of Ser
(RDC_14H) for Thr at position 5 is also preferred.

A sequence resulting from the substitution of Ala for Thr at position 5 in the amino acid
sequence of SEQ ID NO- 3 is shown in SEQ ID NO: 51.

A sequence resulting from the substitution of He for Thr at position 5 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 52.

A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 53.

(i) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ala at
position 7 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser (RD_81) or Val (PF_3H) is preferred.

A sequence resulting from the substitution of Ser for Ala at position 7 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ 1D NO: 54.

A sequence resulting from the substitution of Val for Ala at position 7 in the amino acid
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 55.

(1) An anti-human I1.-6 receptor antibody comprising a heavy chain CDR3 in which Met at
position 8 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with
another amino acid. |

The type of amino acid after substitution is not particularly limited; however,
substitution to Leu (P¥_4H) is preferred.

A sequence resulting from the substitution of Leu for Met at position 8 in the amino
acid sequence of SEQ ID NO: 3 is shown in SEQ 1D NO: 56.
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(k) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ser at
posiﬁon 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) have
been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Leu for Ser at position 1 and Ala for Thr at position 5 (RD_6) are preferred.
Other preferred substitutions include: substitutions of Val for Ser at position 1 and Ala for Thr at
position 5 (RDC_2H); substitutions of Ile for Ser at position 1 and Ala for Thr at position 5
(RDC_3H), substitutions of Thr for Ser at position 1 and Ala for Thr at position 5 (RDC_4H};
substitutions of Val for Ser at position 1 and Ile for Thr at position 5 (RDC_5H); substitutions of
Ile for Ser at position 1 and lle for Thr at position 5 (RDC_6H); substitutions of Thr for Ser at
position 1 and Ile for Thr at position 5 (RDC_7H); and substitutions of Leu for Ser at position 1
and lle for Thr at position 5 (RDC_8H).

A sequence resulting from the substitutions of Leu for Ser at position 1 and Ala for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 57.

A sequence resulting from the substitutions of Val for Ser at position 1 and Ala for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 3 1s shown in SEQ ID NO: 58.

A sequence resulting from the substitutions of Ile for Ser at position 1 and Ala for Thr at
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 59.

A sequence resulting from the substitutions of Thr for Ser at position 1 and Ala for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 60.

A seguence resulting from the substitutions of Val for Ser at position 1 and Ile for Thr at
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 61.

A sequence resulting from the substitutions of Ile for Ser at position 1 and Ile for Thr at
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 62.

A sequence resulting from the substitutions of Thr for Ser at position 1 and Ile for Thr at
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 63.

A sequence resulting from the substitutions of Leu for Ser at position 1 and Iie for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 64.

(1) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Leu at
position 2, Ala at position 7, and Met at position 8 in the amino acid sequence of SEQ ID NO: 3
(HCDR3) have been substituted with other amino acids. '

The type of amino acid after substitution is not particularly limited; however,
substitutions of Thr for Leu at position 2, Val for Ala at position 7, and Leu for Met at position 8
(RD_78) are preferred. '

A sequence resulting from the substitutions of Thr for Leu at position 2, Val for Ala at
position 7, and Leu for Met at position 8 in the amino acid sequence of SEQ ID NO: 3 is shown
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in SEQ ID NO: 65.
{m) An anti-human [L-6 receptor antibody comprising a light chain CDR1 in which Arg at
position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Phe (RD_18) is preferred.

A sequence resulting from the substitution of Phe for Arg at position ! in the amino acid
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 66.
(n) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Gln at
position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDRI) has been substituted with
another amino acid. '

The type of amino acid after substitution is not particularly limited; however,
substitution to Arg (RD_26) or Thr (RD_20) is preferred.

A sequence resulting from the substitution of Arg for Gln at position 4 in the amino acid
sequence of SEQ ID NO: 4 1s shown in SEQ 1D NO: 67.

A sequence resulting from the substitution of Thr for Gln at position 4 in the amino acid
sequence of SEQ ID NO: 4 1s shown in SEQ ID NO: 68.
(o) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Tyr at
position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with
another amino acid. _ |

The type of amino acid after substitution is not particularly limited; however,
substitution to Phe (RD_73) is preferred.

A sequence resulting from the substitution of Phe for Tyr at position 9 in the amino acid
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 69.
(p) An anti-human IL-6 receptor antibody comprising a light chain CDRI in which Asn at
position 11 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser (RD_27) is preferred.

A sequence resulting from the substitution of Ser for Asn at position 11 in the amino
acid sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 70. |
{q)} An anti-human IL.-6 receptor antibody comprising a light chain CDR2 in which Thr at
position 2 in the amino acid sequence of SEQ ID NO: 5 (.CDR2) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,

substitution to Gly is preferred.
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A sequence resulting from the substitution of Gly for Thr at position 2 in the amino acid
sequence of SEQ ID NO: § is shown in SEQ IID NO: 71.

{r) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gln at
position 1 in the amino acid sequence of SEQ ID NO: 6 (I.CDR3) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however
substitution to Gly (RD_28), Asn (RD_29), or Ser (RDC_15L} is preferred.

A sequence resulting from the substitution of Gly for Gln at position 1 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 72.

A sequence resulting from the substitution of Asn for Gln at position 1 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 73.

A sequence resulting from the substitution of Ser for Gln at position 1 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 74,

(s) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gly at
position 3 in the amino acid sequence of SEQ 1D NO: 6 has been substituted with another amino
acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser is preferred.

A sequence resulting from the substitution of Ser for Gly at position 3 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 75.

(t) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Tyr at
position 9 in the amino acid sequence of SEQ ID NO: 4 (I.CDR1) has been substituted with
another amino acid, and a light chain CDR3 in which Gly at position 3 in the amino acid
sequence of SEQ ID NO: 6 (LCDR3) has been substituted with another amino acid.

The type of amino acid after substitution is not particularly limited; however, Tyr at
position 9 in the amino acid sequence of SEQ 1D NO: 4 (LCDR1) is preferably substituted with
Phe, while Gly at position 3 i the amino acid sequence of SEQ ID NO: 6 (LCDR3) is preferably
substituted with Ser (RD_72).

(1) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Thr at
position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) has been substituted with |
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Arg (RD_23) or Ser is preferred.

A sequence resulting from the substitution of Arg for Thr at position 5 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 76.

A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid
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sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 77.

(v) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gln at
position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) have
been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Gly for Gin at position 1 and Ser for Thr at position 5 (RD_22) are preferred.
Other preferred substitutions include substitutions of Gly for Gln at position 1 and Arg for Thr at
position 5 (RDC_11L).

A sequence resulting from the substitutions of Gly for Gln at position 1 and Ser for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 78.

A sequence resulting from the substitutions of Gly for GiIn at position 1 and Arg for Thr
at position 5 in the amino acid sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 79.

(w) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which Thr at
position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with
another amino acid, and a heavy chain CDR3 in which Ser at position 1 and Thr at position 5 in
the amino acid sequence of SEQ ID NO: 3 (HCDR3) have been substifuted with other amino
acids.

Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) is preferably
replaced with Asn. Furthermore, preferred combinations of amino acids for substitutions of Ser
at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3)
include: Leu and Ala (RDC 27H); Val and Ala (RDC 28H); lle and Ala (RDC_30H); Thr and
Ala (RDC_4H); Val and Ile (RDC_29H); lle and Ile (RDC_32H); Thr and Ile (RDC_7H); and
Leu and Tle (RDC 8H).

(x) An antibody that comprises a variable region comprising the heavy chain CDR3 of (k) and a
variable region comprising the light chain CDR3 of (v).
(v) The antibody of (x), which further comprises the heavy chain CDR2 of (e).

The present invention provides antibodies comprising at least the amino acid
substitution of any one of (a) to (y) described above and methods for producing the antibodies.
Thus, the antibodies of the present invention can also comprise other amino acid substitutions in
addition to the amino acid substitution of any one of (2) to (y) described above. Furthermore,
the antibodies of the present invention also include antibodies comprising a combination of any
amino acid substitutions of (a) to (y) described above. The amino acid substitutions of (a) to
(v) described above include substitutions of the CDR amino acid sequences described above to
other amino acids. Amino acid substitutions other than those of (&) to (y) described above
include, for example, amino acid sequence substitutions, deletions, additions, and/or insertions in

other CDR regions. Such substitutions also include amino acid sequence substitutions,
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deletions, additions, and/or insertions in the FR regions. Such substitutions further include
substitutions, deletions, additions, and/or insertions in the constant regions.

Furthermore, the antibodies of the present invention also include antibodies in which a
high affinity CDR discovered in the present invention is grafted into any framework other than a
humanized PM-1 antibody. The antibodies of the present invention also include antibodies in
which the loss of affinity as a result of grafting a high affinity CDR discovered in the present
invention into any framework other than a humanized PM-1 antibody has been compensated by
mutations introduced into the FR to restore the original affinity (see, for example, Curr. Opin.
Biotechnol. 1994 Aug;5(4):428-33), and antibodies in which the loss has been compensated by
mutations introduced into the CDR region to restore the original affinity (see, for example, US
2006/0122377).

In the present invention, the amino acid substitution of any one of (a) to (y) described
above is preferably introduced into a humanized PM-1 antibody. Humanized PM-1 antibodies
introduced with the amino acid substitution of any one of (a) to (v) described above have strong
IL-6 receptor-neutralizing activity. Humanized PM-1 antibodies introduced with the amino
acid substitution of any one of (2) o (y) described above are effective as therapeutic agents for
IL-6-associated inflammatory diseases such as rheumatoid arthritis.

Antibodies comprising the amino acid substitution of any one of (a) to (y) described
above can also be referred to as, for example, (1) or (2) described below. An example of
antibody comprising the substitution of (a) is described here; other antibodies comprising the
substitution of any one of (b) to (¥) can also be referred to in the same way.

(1) An antibody that comprises a heavy chain variable region comprising CDR1 comprising an
amino acid sequence in which Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 has
been substituted with another amino acid

(2) An antibody that comprises a heavy chain comprising CDR1 comprising an amino acid
sequence in which Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 has been
substituted with another amino acid

<Antibodies with enhanced binding activity>

The present invention further provides anti-IL-6 receptor antibodies with strong IL-6
receptor-binding activity. Herein, “anti-IL-6 receptor antibodies with strong IL-6
receptor-binding activity” typically refers to antibodies whose affinity is measured to be 1 nM or
less at 37°C under physiological conditions, preferably 0.1 nM or less, and more preferably 0.04
nM orless.  Such anti-IL-6 receptor antibodies with strong IL-6 receptor binding activity are
assumed to have an enhanced activity of neutralizing the biological activity of the antigen.

There is no limitation on the type of amino acid substitutions introduced to the present

invention’s anti-IL-6 receptor antibodies with strong IL-6 receptor binding activity. Such
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amino acid substitutions include, for example, the above-described amino acid substitutions.

The type of IL-6 receptor is not particularly limited; however, human IL-6 receptor is
preferred.' |

The binding activity can be determined by methods known {o those skilled in the art, for
example, using Biacore or such, based on surface plasmon resonance (SPR).
<Antibodies having a CDR sequence with reduced immunogenicity risk>

The present invention also provides anti-IL-6 receptor antibodies with reduced
immunogenicity, in particular, humanized PM-1 antibodies. The immunogenicity is assumed to
be enhanced when the sequence of an antibody contains a T-cell epitope that binds to HLA.
Thus, the immunogenicity risk for an antibody can be reduced by removing the T-cell epitope
from the antibody sequence through sequence substitution.

The present invention provides light chain variable regions of humanized anti-human
11.-6 receptor antibodies with reduced immunogenicity, in particular, those of humanized PM-1
antibodies, from which T-cell epitopes have been removed through substituting other amino
acids in the antibody amino acid sequences, in particular, CDR sequences. The present
invention also provides antibodies comprising such light chain variable regions.

More specifically, the present invention provides light chain CDR2 in which Thr at
position 2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) has been substituted with
another amino acid. The present invention also provides light chain variable regions
comprising such light chain CDR2. The present invention also provides anti-IL-6 receptor
antibodies comprising such light chain variable region. The amino acid sequence after
substitution is not particularly limited; however, substitution to Gly is preferred. A sequence
comprising the substitution of Gly for Thr at position 2 in the amino acid sequence of SEQ ID
NO: 5 is shown in SEQ ID NO: 71.  The amino acid substitution is preferably introduced into a
light chain variable region of a humanized PM-1 antibody.
<FR and CDR of H53/L28>

The present invention also provides anti-human J1-6 receptor antibodies with improved
plasma pharmacokinetic, increased stability, and/or reduced immunogenicity.  The half-lives of
IgGs sharing the same Fe domain in plasma have been found to be correlated to isoelectric points
with a high correlation coefficient. Then, the present inventors tried modifying the isoelectric

points of the variable regions of two antibodies against different antigens, and successfully

“controlled their half-lives in plasma without modifying their Fc domains irrespective of the

antigen specificity. The rate of non-specific antibody uptake by endothelial cells is assumed to
depend on the physicochemical Coulomb interaction between IgG and negatively charged cell
surface. Lowering the isoelectric point of IgG impairs the Coulomb interaction, which reduces

the non-specific uptake by endothelial cells, and as a result, the metabolism in endothelial cells is
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reduced. This can prolong the retention in plasma.

 Specifically, the present invention provides anti-human IL-6 receptor antibodies with
reduced isoelectric point and improved retention in plasma, by substituting amino acids in the
amino acid sequence of an anti-IL-6 receptor antibody, in particular, a humanized PM-1 antibody.
Specifically, the humanized PM-1 antibody is modified to reduce its isoelectric point by
substituting other amino acids at H13 (amino acid at position 13 in SEQ ID NO: 7), H16 (amino
acid at position 16 in SEQ ID NO: 7), H43 (amino acid at position 8 in SEQ ID NO: 8), H8!
{amino acid at position 16 1n SEQ ID NO: 9), H105 (amino acid at position 3 in SEQ ID NO: 10),
L18 (amino acid at position 18 in SEQ ID NO: 11), 145 (amino acid at position 11 in SEQID
NO: 12), L79 (amino acid at position 23 in SEQ ID NO: 13), L107 (amino acid at position 10 in
SEQ ID NO: 14), H31 (amino acid at position 1 in SEQ ID NO: 1), L24 (amino acid at position
1in SEQ ID NO: 4), and/or 1.53 (amino acid at position 4 in SEQ ID NO: 5), Kabat’s numbering
(Kabat EA er al., 1991 Sequences of Proteins of Immunological Interest. NIH). These
substitutions can lower the isoelectric point of a humanized PM-1 antibody without affecting its
binding activity and stability. Some amino acid residues originated from the mouse sequence
remain unsubstituted in the humanized PM-1 antibody to maintain its binding activity even after
humanization of the mouse sequence. More specifically, amino acids at H27 (amino acid at
position 27 in SEQ ID NO: 7), H28 (amino acid at position 28 in SEQ ID NO: 7), H29 (amino
acid at position 29 in SEQ ID NO: 7), H30 (amino acid at position 30 in SEQ ID NO: 7}, and
H71 in the humanized PM-1 antibody (positions are numbered according to Kabat’s numbering
system described above) are of the mouse sequence. HFRI can be converted into a human
sequence by substituting H13, H16, H23, and H30, which enables to produce an antibody whose
immunogenicity risk is lower than that of the humanized PM-1 antibody. Furthermore, since
the humanized PM-1 antibody is an antibody humanized by CDR grafting, its stability may be
further improved. Antibodies can be stabilized, for example, by substituting hydrophilic amino
acids for amino acid residues exposed on the surface of the antibody variable region.
Alternatively, antibodies can also be stabilized by modifying the CDR sequence to a consensus
sequence. The humanized PM-1 antibody can be stabiiized by a substitution of Ile for Met at
H69 (amino acid position 4 in SEQ ID NO: 9) (stabilization of the hydrophobic core), Ser for
Leu at H70 (amino acid at position 5 in SEQ ID NO: 9) (conversion of the surface-exposed
residue to a hydrophilic residue), Asn for Thr at H58 (amino acid at position 9 in SEQ ID NO: 2)
(modification of the heavy chain CDR2 to a consensus sequence), Gly for Ser at H65 (amino
acid at position 16 in SEQ ID NO: 2) (substitution of Gly in the p turn region and modification
of the heavy chain CDR2 to a consensus sequence), or Ser for Thr at 1.93 (amino acid at position
5 in SEQ ID NQO: 6) (conversion of the surface-exposed residue to a hydrophilic residue)

(positions are numbered according to Kabat’s numbering system described above).
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Alternatively, in silico-predicted T-cell epitopes can be removed by substituting Gly for Thr at
L.51 at position 2 in LCDR2 (SEQ ID NO: 5) described above, and this can reduce the
immunogenicity risk without affecting the binding activity and stability. Anti-IL-6 receptor
antibodies with improved stability and antibody pharmacokinetics in plasma, as well as reduced
immunogenicity can be obtained by using these amino acid substitutions in combination.

Such antibodies include, for example, the antibodies of (1) to (37) below.
(1) An antibody that comprises a heavy chain variable region comprising FR1 in which Arg at
position 13 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Lys is preferred.

A sequence resulting from the substitution of Lys for Arg at position 13 in the amino
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 80.
(2) An antibody that comprises a heavy chain variable region comprising FR1 in which Gln at
position 16 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid. .

The type of amino acid after substitution is not particularly limited; however,
substitution of Ghu is preferred.

A sequence resulting from the substitution of Glu for Gln at position 16 in the amino
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 81.
(3) An antibody that comprises a heavy chain variable region comprising FR1 in which Thr at
position 23 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred.

A sequence resulting from the substitution of Ala for Thr af position 23 in the amino
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 82.
(4} An antibody that comprises a heavy chain variable region comprising FR1 in which Thr at
posttion 30 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another
arnino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser is preferred.

A sequence resulting from the substitution of Ser for Thr at position 30 in the amino
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 83.
(5) An antibody that comprises a heavy chain variable region comprising FR1 in which Arg at
position 13, Gln at position 16, Thr at position 23, and Thr at position 30 in the amino acid
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sequence of SEQ ID NO: 7 have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Lys for Arg at position 13, Glu for Gin at position 16, Ala for Thr at position 23,
and Ser for Thr at position 30 are preferred.

A sequence resulting from the substitutions of Lys for Arg at position 13, Glu for Gln at
position 16, Ala for Thr at position 23, and Ser for Thr at position 30 in the amino acid sequence
of SEQ ID NQ: 7 is shown in SEQ ID NO: 84. |
(6) An antibody that comprises a heavy chain variable region comprising FR2 in which Arg at
position 8 in the amino acid sequence of SEQ ID NO: 8 has been substituted with another amino
acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ghu is preferred.

A sequence resulting from the substitution of Glu for Arg at position 8 in the amino acid
sequence of SEQ ID NO: 8 is shown in SEQ ID NO: 85.

(7) An antibody that comprises a heavy chain variable region comprising FR3 in which Met at
position 4 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino
acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ile is preferred.

A sequence resulting from the substitution of Ile for Met at position 4 in the amino acid
sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 86.

(8) An antibody that comprises a heavy chain variable region comprising FR3 in which Leu at
position 5 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino
acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser is preferred.

A sequence resulting from the substitution of Ser for Leu at position 5 in the amino acid
sequence of SEQ ID NO: 9 is shown in SEQ 1D NO: 87.

(9) An antibody that comprises a heavy chain variable region comprising FR3 in which Arg at
position 16 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another
amino acid. _

The type of amino acid after substitution is not particularly limited; however,
substitution to Lys is preferred.

A sequence resulting from the substitution of Lys for Arg at position 16 in the amino
acid sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 88.

(10) An antibody that comprises a heavy chain variable region comprising FR3 in which Val at
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position 27 in the amino acid sequence of SEQQ ID NO: 9 has been substituted with another
armnino acid. |

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred.

A sequence resulting from the substitution of Ala for Val at position 27 in the amino
acid sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 89.

(11) An antibody that comprises a heavy chain variable region comprising FR3 in which Met at
position 4, Leu at position 5, Arg at position 16, and Val at position 27 in the amino acid
sequence of SEQ ID NO: 9 (HFR3) have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ile for Met at position 4, Ser for Leu at position 5, Lys for Arg at position 16,
and Ala for Val at position 27 are preferred.

A sequence resulting from the substitutions of Ile for Met at position 4, Ser for Leu at
position 5, Lys for Arg at position 16, and Ala for Val at positioh 27 in the amino acid sequence
of SEQ ID NO: 9 is shown in SEQ ID NO: 90. .

(12) An antibody that comprises a heavy chain variable region comprising FR4 in which Gln at
position 3 in the amino acid sequence of SEQ 1D NO: 10 (HFR4) has been substituted with
another amino acid. &

The type of amino acid after substitution is not particularly limited; however,
substitution to Glu is preferred.

A seguence resulting from the substitution of Glu for Gln at position 3 in the amino acid
sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 91.

(13) An antibody that comprises a light chain variable region comprising FR1 in which Arg at

position 18 in the amino acid sequence of SEQ ID NO: 11 (LFR1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ser is preferred.

A sequence resulting from the substitution of Ser for Arg af position 18 in the amino
acid sequence of SEQ ID NO: 11 15 shown in SEQ ID NO: 92,
(14) An antibody that comprises a light chain variable region comprising FR2 in which Lys at
position 11 in the amino acid sequence of SEQ ID NO: 12 (LFR2) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Glu is preferred.

A sequence resulting from the substitution of Glu for Lys at position 11 in the amino
acid sequence of SEQ ID NO: 12 is shown in SEQ ID NO: 93,
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. (15) An antibody that comprises a light chain variable region comprising FR3 in which Gln at

position 23 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Glu is preferred. |

A sequence resulting from the substitution of Glu for Gln at position 23 in the amino
acid sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 94.

(16) An antibody that comprises a light chain variable region comprising FR3 in which Pro at
position 24 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred.

A sequence resulting from the substitution of Ala for Pro at position 24 in the amino
acid sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 95.

(17) An antibody that comprises a light chain variable region comprising FR3 in which Ile at
position 27 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred.

A sequence resulting from the substitution of Ala for Ile at position 27 in the amine acid
sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 96.

(18) An antibody that comprises a light chain variable region comprising FR3 in which Gln at
position 23, Pro at position 24, and e at position 27 in the amino acid sequence of SEQ ID NO:
13 (LFR3) have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Glu for Gln at position 23, Ala for Pro at position 24, and Ala for Ile at position
27 are preferred.

A sequence resulting from the substitutions of Glu for Gln at position 23, Ala for Pro at
position 24, and Ala for Ile at position 27 in the amino acid sequence of SEQ ID NO: 13 is
shown in SEQ ID NO: 97.

(19) An antibody that comprises a light chain variable region comprising FR4 in which Lys at
position 10 in the amino acid sequence of SEQ ID NO: 14 (LFR4) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ghu is preferred.

A sequence resulting from the substitution of Glu for Lys at position 10 in the amino
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acid sequence of SEQ ID NO: 14 is shown in SEQ ID NO: 98.

(20) An antibody that comprises a heavy chain variable region comprising FR4 in which Ser at
position 5 in the amino acid sequence of SEQ ID NO: 10 (HFR4) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Thr is preferred.

A sequence resulting from the substitution of Thr for Ser at position 5 in the amino acid
sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 132.

(21) An antibody that comprises a heavy chain variable region comprising FR4 in which Gin at
position 3 and Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 (HFR4) have been
substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Glu for Gln at position 3 and Thr for Ser at position 5 are preferred.

A sequence resulting from the substitutions of Glu for Gin at position 3 and Thr for Ser
at position 5 in the amino acid sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 133.

(22) An antibody that comprises a heavy chain variable region of a humanized PM-1 antibody
comprising the amino acid substitutions of (5), {(6), (11), and (21).

(23) An antibody that comprises a light chain variable region of a humanized PM-1 antibody
comprising the amino acid substitutions of (13), (14), (18), and (19).

(24) An antibody that comprises the heavy chain variable region of (22) and the light chain
variable region of (23). _

(25) An antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at
position 1 in the amino acid sequence of SEQ ID NO: I (HCDRI1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution of Asp is preferred.

A sequence resulting from the substitution of Asp for Ser at position 1 in the amino acid
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 28. ‘
(26) An antibody that comprises a heavy chain variable region comprising CDR2 in which Ser at
position 16 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another
amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution of Gly is preferred.

A sequence resuiting from the substitution of Gly for Ser at position 16 in the amino
acid sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 99.

(27) An antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at
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position 9 and Ser at position 16 in the amino acid sequence of SEQ IID NO: 2 (HCDR2) have
been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Asn for Thr at position 9 and Gly for Ser at position 16 are preferred.

A sequence resulting from the substitutions of Asn for Thr at position 9 and Gly for Ser
at position 16 in the amino acid sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 100.
(28) An antibody that comprises a light chain variable region comprising CDR1 in which Arg at
position 1 in the amino acid sequence of SEQ ID NO: 4 (LLCDR1) has been substituted with
another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution of Gln is preferred. |

A sequence resulting from the substitution of Gln for Arg at position 1 in the amino acid
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 101.
(29) An antibody that comprises a light chain variable region comprising CDR2 in which Arg at
position 4 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino
acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Glu is preferred.

A sequence resulting from the substitution of Glu for Arg at position 4 in the amino acid
sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 102.
(30) An antibody that comprises a light chain variable region comprising CDR2 in which Thr at
position 2 and Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) have
been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Gly for Thr at position 2 and Glu for Arg at position 4 are preferred.

A sequence resulting from the substitutions of Gly for Thr at position 2 and Glu for Arg
at position 4 in the amino acid sequence of SEQ 1D NO: 5 is shown in SEQ ID NO: 103,
(31) An antibody that comprises a light chain variable region comprising CDR3 in which Thr at
posttion 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) has been substituted with
another amino acid.

The type of amino acid afier substitution is not particularly limited; however,
substitution to Ser is preferred.

A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 77.
(32) An antibody that comprises a heavy chain variable region comprising the amino acid
substitutions of (25) and (27).
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{33) An antibody that comprises a light chain variable region comprising the amino acid
substitutions of (28), (30), and (31).

(34) An antibody that comprises the heavy chain variable region of (32) and the light chain

variable region of (33).

(35) An antibody that comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 104 (heavy chain variable region of H53/L.28).

(36) An antibody that comprises a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 105 (light chain variable region of H53/L.28).

(37) An antibody that comprises the heavy chain variable region of (35) and the light chain
variable region of (36).

Any amino acid substitutions of (1) to (37} described above are preferably introduced
into a humanized PM-1 antibody. The present invention provides antibodies comprising at
least the amino acid substitution of any one of (1) to (37) described above and methods for
producing those antibodies. Thus, the antibodies of the present invention also include
antibodies comprising other amino acid substitutions in addition to the amino acid substitution of
any one of (1) to (37) described above. The antibodies of the present invention also include
antibodies comprising combinations of multiple amino acid substitutions of (1) to (37) described
above. The amino acid substitutions of (1) to (37) described above include, for example,
substitutions in the amino acid sequences of FR and CDR described above.  Amino acid
substitutions other than those of (1) to (37) described above include other substitutions, deletions,
additions, and/or insertions in FR and CDR sequences than those described above. The amino
acid substitutions also include substitutions, deletions, additions, and/or insertions in the amino
acid sequences of constant regions.

Furthermore, in addition to those described above, amino acid modifications that result
in a lower isoelectric point without loss of the activity of anti-IL-6 receptor antibody, include, for
example, substitutions of Lys at position 15 and/or Ser at position 16 in the amino acid sequence
of SEQ ID NO: 2 with other amino acids. The type of amino acid after substitution is not
particularly limited; however, substitutions of Gin for Lys at position 15 and Asp for Ser at
position 16 are preferred. A sequence comprising the substitutions of Gln for Lys at position 15
and Asp for Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 is shown in SEQ ID
NO: 121. Alternatively, such amino acid substitutions may also be introduced into the amino
acid sequence of SEQ ID NO: 100. A sequence comprising the substitutions of Gln for Lys at
position 15 and Asp for Gly at position 16 in the amino acid sequence of SEQ ID NO: 100 is
shown in SEQ ID NO: 122. Thus, the present invention provides antibodies that comprise a
heavy chain variable region comprising CDR?2 in which Lys at position 15 and/or Ser at position
16 in the amino acid sequence of SEQ ID NO: 2 or 100 have been substituted with other amino
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acids.

Other modifications that result in a lower isoelectric point include substitution of Gln at
position 4 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino
acid. The type of amino acid after substitution is not particularly limited; however, substitution
to Glu is preferred.  An amino acid sequence comprising the substitution of Glu for Gln at
position 4 in the amino acid sequence of SEQ 1D NO: 4 is shown in SEQ ID NO: 123.
Alternatively, this amino acid substitution may also be introduced into the amino acid sequence
of SEQ ID NO: 101. An amino acid sequence comprising the substitation of Glu for Gln at
position 4 in the amino acid sequence of SEQ ID NO: 101 is shown in SEQ ID NO: 124, Thus,
the present invention provides antibodies that comprise a light chain variable region comprising
CDR1 in which Gln at position 4 in the amino acid sequence of SEQ ID NO: 4 or 101 has been
substituted with another amino acid. _

Other modifications that result in a lower isoelectric point include substitution of His at
position 6 in the amino acid sequence of SEQ ID NO: 5 with another amino acid. The type of
amino acid after substitution is not particularly limited; however, substitution to Glu is preferred.
An amino acid sequence comprising the substitution of Glu for His at position 6 in the amino
acid sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 125, Alternatively, this amino acid
substitution may also be introduced into the amino acid sequence of SEQ ID NO: 103. An
amino acid sequence comprising the substitution of Glu for His at position 6 in the amino acid
sequence of SEQ ID NO: 103 is shown in SEQ ID NO: 126. Thus, the present invention

- provides antibodies that comprise a light chain variable region comprising CDR2 in which His at

position 6 in the amino acid sequence of SEQ ID NO: 5 or 103 has been substituted with another
amino acid.

Furthermore, modifications that result in reduced immunogenicity risk include
substitution of Val for Ala at position 27 (H89, Kabat’s numbering) in the amino acid sequence
of heavy chain FR3 of SEQ ID NO: 90. An amino acid sequence comprising the substitution of
Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 is shown in SEQ ID
NO: 127. Thus, the present invention provides antibodies that comprise a heavy chain variable
region comprising FR3 in which Val has been substituted for Ala at position 27 in the amino acid
sequence of SEQ ID NO: 90.

The only mouse sequence that remains in the amino acid sequences of heavy chain FR3
of SEQ ID NO: 9 and 90 is Arg at position 6 (H71, Kabat’s numbering). Anti-human IL-6
receptor antibodies having a framework consisting entirely of human sequences can be produced
by using as a FR3 sequence, the human sequence of human VH1 subclass (SEQ ID NO: 128) or
human VH3 subclass (SEQ ID NO: 129) where Arg is conserved at H71. Thus, the present

invention provides antibodies that comprise a heavy chain variable region comprising the FR3 of
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SEQID NO: 128 or 129.

Furthermore, modifications that improve stability include substitution of He for Ser at
position 5 (H107, Kabat’s numbering) in the amino acid sequence of heavy chain FR4 of SEQ
IDNO: 10.  An amino acid sequence comprising the substitution of Ie for Ser at position 5 in
the amino acid sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 130. Alternatively, this
amino acid sequence may also be introduced into the amino acid sequence of SEQ ID NO: 91.
An amino acid sequence comprising the substitution of lle for Ser at position 5 in the amino acid
sequence of SEQ ID NO: 91 is shown in SEQ ID NO: 131. Thus, the present invention
provides antibodies that comprise a heavy chain variable region comprising FR4 in which Ile has
been substituted for Ser at position S in the amino acid sequence of SEQ ID NO: 10 or 91.

Such amino acid substitutions are preferably introduced into the humanized PM-1
antibody, H53/1.28 (an antibody comprising the heavy chain variable region of SEQ ID NO: 104
and the light chain variable region of SEQ ID NO: 105), or PF1 antibody (an antibody
comprising the heavy chain variable region of SEQ ID NO: 22 and the light chain variable
region of SEQ ID NO: 23). The present invention provides antibodies comprising at least such
amino acid substitutions and methods for producing the antibodies. Thus, the antibodies of the
present invention include antibodies comprising, in addition to such amino acid substitutions, the
amino acid substitution of any one of (1) to (37) described above and/or other amino acid
substitutions than those of (1) to (37) described above. Amino acid substitutions other than
those of (1) to (37) described above include other substitutions, deletions, additions, and/or
insertions in FR and CDR sequences than those described above. The amino acid substitutions
also include substitutions, deletions, additions, and/or insertions in the amino acid sequences of
constant regions.
<Anti-human 11.-6 receptor antibodies with low isoelectric point>

The present invention also provides anti-1L-6 receptor antibodies with a low isoelectric
point. The antibodies of the present invention with low isoelectric point include antibodies in
which the measured isoelectric point of the whole antibody is low and antibodies in which the
theoretical isoelectric point of the variable region (VH/VL) is low.

Herein, “anti-IL-6 receptor antibodies in which the measured isoelectric point of the
whole antibody is low” typically refers to antibodies in which the measured isoelectric point is
7.5 or less, preferably 7.0 or less, and more preferably 6.0 or less. The measured isoelectric
point can be determined by methods known to those skilled in the art, for example,
non-denaturation ge!l isoelectric focusing or capillary isoelectric focusing.

Herein, “anti-IL-~6 receptor antibodies in which the theoretical isoelectric point of the
variable region is low” typically refers to antibodies in which the theoretical isoelectric point is

5.5 or less, preferabiy 5.0 or less, and more preferably 4.0 or less. The theoretical isoelectric
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point can be determined by methods known to those skilled in the art.  For example, the
theoretical isoelectric points of heavy chain variable region and light chain variable region of a
variable region can be computed by using software such as GENETYX (GENETYX
CORPORATION).

There is no limitation on the type of amino acid substitution to be introduced to obtain
anti-IL-6 receptor antibodies of the present invention with low isoelectric point.  Such amino
acid substitutions include, for example, the amino acid substitutions described above. Such
anti-IL-6 receptor antibodies with low isoelectric point are assumed to show prolonged retention
in plasma.

The type of 11.-6 receptor is not particularly limited; however, human IL-6 receptor is
preferred.
<Anti-human IL-6 receptor antibodies that are stable at high concentrations>

Furthermore, the present invention provides anti-IL-6 receptor antibodies that are stable
at high concentrations. |

_ Herein, “stable at high concentrations™ means that the increase in the proportion of
aggregates of anti-IL-6 receptor antibody ([peak area for aggregate in gel filtration
chromatogram]}/{total peak area in gel filtration chromatogram] x 100) generated in a
high-concentration antibody solution (100 mg/ml} at 25°C in one month is 0.3% or less,
preferably 0.2% or less, and more preferably 0.1% or less when the antibody is in a buffer of pH
6.5 to 7.0 properly selected for subcutaneous administration, for example, 20 mM histidine-HCI,
150 mM NaCl. The concentration of anti-IL-6 receptor antibody may be 100 mg/ml or higher,
for example, 200 or 300 mg/ml.

There is no limitation on the anti-IL-6 receptor antibodies of the present invention that
are stable at high concentrations. The antibodies can be prepared, for example, with the
above-described amino acid substitutions or such.

The type of IL-6 receptor is not particularly limited; however, human IL-6 receptor is
preferred.

The present invention also provides humanized PM-1 antibodies comprising any one of
the amino acid substitutions of (1) to (37) described above and further comprising any of the
amino acid substitutions of (a) to {y) described above to improve their binding activity and/or
neutralizing activity. In an embodiment, such antibodies include those comprising a heavy
chain variable region comprising the amino acid sequence of SEQ ID NO: 22 (PF1_H)and a
light chain variable region comprising the amino acid sequence of SEQ ID NO: 23 (PF1_L)
(PF1), but are not limited thereto.

Furthermore, the present invention provides anti-IL-6 receptor antibodies of any of the

following:
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(A) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of
SEQ ID NO: 165 (CDR1 of VH5-M83), CDR2 comprising the amino acid sequence of SEQ ID
NO: 166 (CDR2 of VH5-M83), and CDR3 comprising the amine acid sequence of SEQ ID
NO: 167 (CDR3 of VH5-M83); ‘

(B) a light chain variable region that comprises CDR1 comprising the amino acid sequence of

SEQ ID NO: 101 (CDR1 of VL5), CDR2 comprising the amino acid sequence of SEQ ID NO:

168 (CDR2 of VL5), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3

of VL5); |

(C) an antibody that comprises the heavy chain variable region of (A) and the light chain

variable region of (B);

(D) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of

SEQ ID NO: 169 (CDR1 of VH3-M73), CDR2 comprising the amino acid sequence of SEQ ID

NO: 170 (CDR2 of VH3-M73), and CDR3 comprising the amino acid sequence of SEQ ID NO:

171 (CDR3 of VH3-M73);

(E) a light chain variable region that comprises CDR1 comprising the amino acid sequence of

SEQ ID NO: 172 (CDR1 of VL3), CDR2 comprising the amino acid sequence of SEQ ID NO:

173 (CDR2 of VL3), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3

of VL3);

(F) an antibody that comprises the heavy chain variable region of (D) and the light chain variable

region of (E);

(G) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of

SEQ ID NO: 169 (CDR1 of VH4-M73), CDR2 comprising the amino acid sequence of SEQ ID

NO: 174 (CDR2 of VH4-M73), and CDR3 comprising the amino acid sequence of SEQ D NO:

171 (CDR3 of VH4-M73);

(H) a light chain variable region that comprises CDR1 comprising the amino acid sequence of

SEQ ID NO: 175 (CDR1 of VL1), CDR2 comprising the amino acid sequence of SEQ ID NO:

173 (CDR2 of VL1), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3

of VL1); and

(1) an antibody that comprises the heavy chain variable region of (G) and the light chain variable

region of (H).

Furthermore, the present invention provides anti-IL-6 receptor antibodies of any of the
following:

(a) an antibody that comprises a heavy chain variable region comprising the amino acid sequence

of SEQ ID NO: 159 (1196-1gG1 variable region);

(b) an antibody that comprises a heavy chain variable region in which at least one of amino acids

of Trp at position 35, Tyr at position 51, Ser at position 63, Lys at position 65, Gly at position 66,
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Val at position 99, Ile at position 103, Tyr at position 108, Glu at position 111, and Thr at
position 113 in the amino acid sequence of SEQ ID NO: 159 (H96-IgG1 variable region) has

‘been substituted with another amino acid;

(c) an antibody that comprises a heavy chain variable region comprising an amino acid sequence
in which Lys at position 65, Gly at position 66, Val at position 99, Ile at position 103, Glu at
position 111, and Thr at position 113 in the amino acid sequence of SEQ ID NO: 159 (H96-1gG1
variable region) have been substituted with other amino acids;

(d) an antibody that comprises a heavy chain variable region comprising an amino acid sequence

~ in which Trp at position 35, Tyr at position 51, Ser at position 63, Lys at position 65, Gly at

position 66, Val at position 99, Ile at position 103, and Tyr at position 108 in the amino acid
sequence of SEQ ID NO: 159 (H96-IgG1 variable region) have been substituted with other
amino acids;

(e) an antibody that comprises a heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 160 (F2H-IgG1 variable region);

(f) an antibody that comprises a heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 161 (VH5-MS3 variable region);

(g) an antibody that comprises a light chain variable region comprising an amino acid sequence
in which Gln at position 27 and/or His at position 55 in the amino acid sequence of SEQ ID NO:
23 (PF1L) have been substituted with other amino acids;

{h) an antibody that comprises a light chain variable region comprising the amino acid sequence
of SEQ ID NO: 162 (L39 variable region);

(i) an antibody that comprises a light chain variable region comprising the amino acid sequence
of SEQ ID NO: 163 (VL5-kappa variable region);

(i) an antibody that comprises a heavy chain variable region comprising the aminé acid sequence
of SEQ ID NO: 176 (VH3-M73 variable region);

(k) an antibody that comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 178 (VH4-M73 variable region);

(1) an antibody that comprises a light chain variable region comprising the amino acid sequence
of SEQ ID NO: 177 (VL3-kappa variable region);

{m) an antibody that comprises a light chain variable region comprising the amino acid sequence
of SEQ ID NO: 179 (VLI1-kappa variable region);

(n) an antibody that comprises the heavy chain variable region of (e} and the light chain variable
region of (h);

(0) an antibody that comprises the heavy chain variable region of (f) and the light chain variable
region of (1) (combination of FV5-M83 variable regions);

{p) an antibody that comprises the heavy chain variable region of (j) and the light chain variable
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region of (1) {combination of FV4-M73 variable regions); and
(g) an antibody that comprises the heavy chain variable region of (k) and the light chain variable
region of {m) (combination of FV3-M73 variable regions).

The type of amino acid after substitution is not particularly limited in the amino acid
substitution of the heavy chain variable regions of (a) to (d) above; however, substitutions of Val
for Trp at position 33, Phe for Tyr at position 51, Thr for Ser at position 63, Gln for Lys at |
position 65, Asp for Gly at position 66, Leu for Val at position 99, Ala for Ile at position 103,
Val for Tyr at position 108, Gln for Glu at position 111, lle for Thr at position 113 are preferred.
Alternatively, the tvpe of amino acid after substitution is not particularly limited in the amino
acid substitution of the light chain variable region of (g) above; however, substifutions of Glu for
Gln at position 27 and Glu for His at position 55 are preferred. Amino acid substitutions,
deletions, insertions, and/or additions other than the amino acid substitution described above
may be inciuded.

The antibody constant regions of the present invention are not particularly limited, and
any constant regions may be used. For example, constant regions comprising a natural
sequence such as IgG1, IgG2, and IgG4 and modified constant regions prepared by infroducing
amino acid substitutions, deletions, additions, and/or insertions into a constant region comprising
a natural sequence can be used. The examples of such modified constant regions include the
constant regions described below.

The examples of antibodies using the variable regions of the present invention
mentioned above include:

(1) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NO: 134 (H96-1gG1);

(2) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NG: 135 (F2H-1gG1);

(3) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NO: 137 (VH5-1gG1);

(4) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NO: 135 (VH5-M83);

(5) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NO: 136 (L39);

(6) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NO: 138 (VL5-kappa);

(7) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID
NOG: 180 (VH3-M73);

(8) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID



10

15

20

25

30

35

91

NO: 182 (VH4-M73);
(9) an antibody that comprises a light chain comprising the amino acid sequence of SEQ ID NO:
181 (VL3-kappa);
(10) an antibody that comprises a light chain comprising the amino acid sequence of SEQ ID
NO: 183 (VL1-kappa);
(11) an antibody that comprises the heavy chain of (2) and the light chain of (5);
(12) an antibody that comprises the heavy chain of (3) and the light chain of (6);
(13) an antibody that comprises the heavy chain of (4) and the light chain of (6) (FV5-M&3);
(14) an antibody that comprises the heavy chain of (7) and the light chain of (9) (FV4-M73);
(15) an antibody that comprises the heavy chain of (8) and the light chain of (10) (FV3-M73};
and
(16) an antibody having an activity equivalent to that of any of the antibodies of (1) to (15).
Herein, “having equivalent activity” means that the antigen-binding activity and/or
neutralizing activity are equivalent. “Equivalent activity” in the present invention does not
necessarily mean completely identical activity, but may be, for example, 50% or more of the
activity, preferably 70% or more, and more preferably 90% or more.
Furthermore, the present invention provides CDR and FR of any of the following:
(1) a heavy chain FR1 that comprises the amino acid sequence of SEQ ID NO: 84 (heavy chain
FR1 of VII5);
(ii) a heavy chain FR1 that comprises the amino acid sequence of SEQ ID NO: 186 (heavy chain
FR1 of VH3 and VH4);
(iii} a heavy chain FR2 that comprises the amino acid sequence of SEQ ID NO: 85 (heavy chain
FR2 of VI3, VH4, and VHS5);
(iv) a heavy chain FR3 that comprises the amino acid sequence of SEQ ID NO: 184 (heavy chain
FR3 of VH3, VH4, and VHS5);
(v) a heavy chain FR4 that comprises the amino acid sequence of SEQ ID NO: 133 (heavy chain
FR4 of VH3, VH4, and VH5);
(vi) a light chain FR1 that comprises the amino acid sequence of SEQ ID NO: 92 (light chain
FR1 of VL1, VL3, and VL5);
(vii) a light chain FR2 that comprises the amino acid sequence of SEQ ID NO: 93 (light chain
FR2 of VL1, VL3, and VL5);
(viil) a light chain FR3 that comprises the amino acid sequence of SEQ ID NO: 97 (light chain
FR3 of VL1, VL3, and VL5);
(ix) a light chain FR4 that comprises the amino acid sequence of SEQ ID NO: 98 (light chain
FR4 of VL1, VL3, and VL5);
(x) a heavy chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 169 (heavy



10

15

20

25

30

35

92

chain CDR1 of VH3 and VH4);

(xi) a heavy chain CDRI that comprises the amino acid sequence of SEQ ID NO: 165 (heavy
chain CDR1 of VHS5);

(xii) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 170 (heavy
chain CDR2 of VH3);

(xiii) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 174 (heavy
chain CDR2 of VH4);

(xiv) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 166 (heavy
chain CDR2 of VHS);

(xv) a heavy chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 171 (heavy
chain CDR3 of VH3 and VH4);

(xvi) a heavy chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 167 (heavy
chain CDR3 of VHS5);

(xvii) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 175 (light
chain CDR1 of VL1); _ ' .

(xviii) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 172 (light
chain CDR1 of VL3);

(xix) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 101 (light
chain CDR1 of VL5);

(xx) a light chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 173 (light chain
CDR2 of VL1 and VL3);

(xxi) a light chain CDR?2 that comprises the amino acid sequence of SEQ ID NO: 168 (light
chain CDR2 of VL5); and

(xxii) a light chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 79 (light chain
CDR3 of VL1, VL3, and VLS).

The antibodies of the present invention also include fragments and processed products
of antibodies comprising any of the amino acid substitutions described above.  Such antibody
fragments include, for example, Fab, F(ab’)2, Fv, single chain Fv (scFv) in which heavy and
light chains are linked together via an appropriate linker, single domain heavy chain and single
domain light chain (for example, Nat. Biotechnol. 2005 Sep;23(9):1126-36), Unibody
(W02007/059782 A1), and SMIP (W0O2007/014278 A2). The origin of antibodies is not
particularly limited. The antibodies include human, mouse, rat, and rabbit antibodies. The
antibodies of the present invention may be chimeric, humanized, completely humanized
antibodies, or such.

Specifically, such antibody fragments are obtained by treating antibodies with an

enzyme, for example, papain or pepsin, or by constructing genes to encode such antibody
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fragments, inserting them into expression vectors, and then expressing them in appropriate host
cells (see, for example, Co, M. S. et al., J. Immunol. (1994) 152:2968-2976; Better, M. and
Horwitz, A. H. Methods in Enzymology (1989) 178:476-496; PHickthun, A.; Skerra, A.,
Methods in Enzymology (1989) 178:497-515; Lamoyi, E., Methods in Enzymology (1989)
121:652-663; Rousseaux, J. ef al., Methods in Enzymology (1989) 121:663-66; Bird, R. E. ef al.,
TIBTECH (19°1) 9:132-137).

scFv is obtained by linking variable regions of antibody heavy and light chains. In
such scFv, the heavy chain variable region is linked to the light chain variable region via a linker,
preferably a peptide linker (Huston, J. S. et al., Proc. Natl. Acad. Sci. USA (1988)
85:5879-5883). The heavy chain and light chain variable regions in an scFv may be derived
from any of the antibodies described above. The peptide linker to link the variable regions
includes, for example, arbitrary single chain peptides of 12 to 19 amino acid residues.
<Antibody constant regions> . _

The present invention also provides the antibody constant regions of (i) to (xx1)
described below, which have been improved through amino acid substitution. The constant
region refers to IgG1, IgG2, or [gG4 type constant region.  The amino acid sequences of human
1gG1, IgG2, and 1gG4 constant regions are known (human IgG1 constant region, SEQ ID NO:
19; human IgG2 constant region, SEQ ID NO: 20; and human IgG4 constant region, SEQ 1D
NO: 21). The sequence of the human IgG4 constant region has been modified to improve the
stability of the hinge region (Mol. Immunol. 1993 Jan;30(1):105-8). The present invention also
provides antibodies that comprise such an amino acid substitution-containing antibody constant
region. The antibody constant regions are preferably human antibody constant regions.

The amino acid substitution-containing antibody constant regions of the present
invention may comprise other amino acid substitutions or modifications as long as they comprise
the amino acid substitution of any one of (i) to (xxi) described below. Therefore, IgG2 constant
regions comprising the amino acid substitutions of the present invention in the IgG2 constant
region comprising the amino acid sequence of SEQ ID NO: 20 include IgG2 constant regions
that comprise one or more amino acid substitutions and/or modifications in the amino acid
sequence of SEQ ID NO: 20 and further comprise the amino acid substitutions of the present
invention, as well as IgG2 constant regions that comprise the amino acid substifutions of the
present invention and further comprise one or more amino acid substitutions and/or
modifications. The same applies to IgG1 constant regions comprising the amino acid sequence
of SEQ ID NO: 19 and IgG4 constant regions comprising the amino acid sequence of SEQ ID
NO: 21.

Furthermore, the sugar chain at position 297 in the EU numbering system (see

sequences of proteins of immunological interest, NIH Publication No.91-3242) may be of any
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sugar-chain structure, or there may not be any sugar chain linked at this site (for example,
constant regions produced in host cells where glycosylation does not occur, such as . coli).
(i) Improvement of the stability of IgG2 constant region at acidic conditions

In an embodiment, the IgG2 constant region of the present invention comprising amino
acid substitutions includes IgG2 constant regions in which Met at position 276 (position 397 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 has been substituted
with another amino acid.  The type of amino acid after substitution is not particularly limited;
however, substitution to Val is preferred. The antibody stability under acidic conditions can be
improved by substituting Met at position 276 (position 397 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20 with another amino acid.
(ii) Improvement of the heterogeneity of IgG2 constant region

In an embodiment, the IgG2 constant region of the present invention comprising amino
acid substitutions includes IgG2 constant regions in which Cys at position 14 (position 131 in the
EU numbering system), Arg at position 16 (position 133 in the EU numbering system), and Cys
at position 102 (position 219 in the EU numbering system) in the amino acid sequence of SEQ
ID NO: 20 have been substituted with other amino acids. The type of amino acid after
substitution is not particularly limited; however, substitutions of Ser for Cys at position 14
(position 131 in the EU numbering system), Lys for Arg at position 16 (position 133 in the EU
numbering system), and Ser for Cys at position 102 (position 219 in the EU numbering system)
(IgG2-SKSC) are preferred.

These substitutions can reduce the heterogeneity originated from the hinge region of
IgG2. The IgG2 constant regions of the present invention comprising amino acid substitutions
include IgG2 constant regions comprising at least one of the three types of amino acid
substitutions described above; however, the IgG2 constant regions preferably comprise
substitutions of Cys at position 14 and Cys at position 102 with other amino acids or all three
types of the amino acid substitutions described above.
(iil) Impairment of the binding of IgG2 constant region to FeyR

In an embodiment, the present invention also provides IgG2 constant regions
comprising an amino acid sequence in which Ala at position 209 (EU330), Pro at position 210
(EU331), and/or Thr at position 218 (EU339) of the amino acid sequence of SEQ ID NO: 20
have been substituted with Ser, Ser, and Ala, respectively. The substitutions for Ala at position
209 (EU330) and for Pro at position 210 (EU331) have already been reported to enable the
impairment of the Fcy receptor binding (Eur. J. Immunol. 1999 Aug;25(8):2613-24).  From the
perspective of immunogenicity risk, howevér, these modifications are not preferred because they
result in generation of nonhuman derived peptides that can become T-cell epitopes. However,

the Fey receptor binding of 1gG2 can be reduced by substituting Ala for Thr at position 218
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(EU339) at the same time, and the 9-12 amino acid peptides which can become T-cell epitopes
are derived from human only.

The IgG2 constant regions of the present invention comprising amino acid substitutions
comprise at least one of the three types of amino acid substitutions described above; however,
the 1gG2 constant regions preferably comprise all three types of the amino acid substitutions
described above. In a preferred embodiment, the 1gG2 constant regions of the present invention
comprising amino acid substitutions include IgG2 constant regions comprising an amino acid
sequence in which Ala at position 209 (EU330), Pro at position 210 (EU331), and Thr at position
218 (EU339) in the amino acid sequence of SEQ ID NO: 20 have been substituted with Ser, Ser,
and Ala, respectively.

(iv) Improvement of the C-terminal heterogeneity of IgG2 constant region

The present invention provides IgG2 constant regions comprising an amino acid
sequence in which Gly at position 325 (position 446 in the EU numbering system) and Lys at
position 326 (position 447 in the EU numbering system) have been deleted in the amino acid
sequence of SEQ ID NO: 20. The hsterogeneity originated from the C terminus of antibody
heavy chain can be reduced only when both of the amine acids are deleted.

(v) Improvement of the retention in plasma by modifying IgG2 constant region

An embodiment of the IgG2 constant regions with amino acid substitutions of the
present invention includes IgG2 constant regions in which His at position 147 (position 268 in
the EU numbering system), Arg at position 234 (position 355 in the EU numbering system), and
Gin at position 298 (position 419 in the EU numbering system) in the amino acid sequence of
SEQ ID NO: 20 have been substituted with other amino acids. These amino acid substitutions
enable to improve antibody retention in plasma. The type of amino acid after substitution is not
particularly limited; however, substitutions of Gln for His at position 147 (position 268 in the EU
numbering system), Gln for Arg at position 234 (pesition 355 in the EU numbering system), and
Glu for Gln at position 298 (pbsition 419 in the EU numbering system) are preferred. The IgG2
constant regions with amino acid substitutions of the present invention include IgG2 constant
regions comprising at least one of the three types of the amino acid substitutions described
above; however, the IgG2 constant regions preferably comprise all three types of the amino acid
substitutions described above.

(vi) Improvement of the stability of 1gG4 constant region at acidic conditions

The present invention provides IgG4 constant regions comprising an amino acid
sequence in which Arg at position 289 (position 409 in the EU numbering system) of the amino
acid sequence of SEQ ID NO: 21 has been substituted with another amino acid. The type of
amino acid after substitution is not particularly limited; however, substitution to Lys 1s preferred.

The antibody stability under acidic conditions can be improved by substituting Arg at position
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289 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 21

with another amino acid.

| (vii) Improvement of the C-terminal heterogeneity of IgG4 constant region

The present invention provides [gG4 constant regions comprising an amino acid

‘sequence in which Gly at position 326 (position 446 in the EU numbering system) and Lys at

position 327 (position 447 in the EU numbering system) have been deleted in the amino acid
sequence of SEQ ID NO: 21.  The heterogeneity originated from the C terminus of antibody
heavy chain can be reduced only when both of the amino acids are deleted.
(viii) Improvement of the C-terminal heterogeneity of Ig(G1 constant region

* The present invention provides IgG1 constant regions comprising an amino acid
sequence in which Gly at position 329 (position 446 in the EU numbering system) and Lys at
position 330 (position 447 in the EU numbering system) have been deleted in the amino acid
sequence of SEQ ID NO: 19.  The heterogeneity originated from the C terminus of antibody
heavy chain can be reduced only when both of the amino acids are deleted.
(ix)

The present invention provides IgG1 constant regions comprising an amino acid
sequence in which Asn at position 317 (position 434 in the EU numbering system) in the amino
acid sequence of SEQ ID NO: 19 has been substituted with another amino acid.

The type of amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred.

(x)

The present invention provides [gG2 constant regions comprising an amino acid
sequence in which Ala at position 209 (position 330 in the EU numbering system), Pro at
position 210 (position 331 in the EU numbering system), Thr at position 218 (position 339 in the
EU numbering system), Met at position 276 (position 397 in the EU numbering system), Cys at
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at
position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted
with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209, Ser for Pro at position 210, Ala for Thr at position
218, Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, Ser for
Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are preferred.

(xi)

The present invention provides [gG2 constant regions comprising an amino acid
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sequence in which Ala at position 209 (position 330 in the EU numbering system), Pro at
position 210 (position 331 in the EU numbering system), Thr at position 218 (position 339 in the
EU numbering system), Met at position 276 (position 397 in the EU numbering system), Cys at
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at
position 20 (p'ositioﬁ 137 in the EU numbering system), and Ser at position 21 (position 138 in
the EU numbering system) have been substituted with other amino acids, and simultaneously
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ 1D NO:
20.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209, Ser for Pro at position 210, Ala for Thr at position
218, Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, Ser for
Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are preferred.

(xii)

The present invention provides IgG2 constant regions comprising an amino acid
sequence in which Met at position 276 (position 397 in the EU numbering system), Cys at
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at
position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted
with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16,
Ser for Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are
preferred.

(xiii)

The present invention provides IgG2 constant regions comprising an amino acid
sequence in which Met at position 276 (position 397 in the EU numbering system), Cys at
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at
position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in
the EU numbering system) have been substituted with other amino acids, and simultaneously
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO:
20.
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The type of amino acid after substitution is not particularly limited; however,
substitutions of Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16,
Ser for Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are
preferred.

(xiv)

The present invention provides IgG2 constant regions comprising an aﬁzino acid
sequeﬁce in which Cys at position 14 (position 131 in the EU numbering system), Arg at position
16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU
numbering system), Glu at position 20 (position 137 in the EU numbering system), Ser at
position 21 (position 138 in the EU numbéring system), His at position 147 (position 268 in the
EU numbering system), Arg at position 234 (position 355 in the EU numbering system), and Gln
at position 298 (position 419 in the EU numbering system) have been substituted with other
amino acids, and simultaneously Gly at position 325 (position 446 in the EU numbering system)
and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the
amino acid sequence of SEQ ID NO: 20.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102,
Gly for Glu at position 20, Gly for Ser at position 21, Gin for His at position 147, Gln for Arg at
position 234, and Glu for Gln at position 298 are preferred.

(xv)

The present invention provides Ig(G2 constant regions comprising an amino acid
sequence in which Cys at position 14 (position 131 in the EU numbering system), Arg at position
16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU
numbering system), Glu at position 20 (position 137 in the EU numbering system), Ser at
position 21 (position 138 in the EU numbering system), His at position 147 (position 268 in the
EU numbering system), Arg at position 234 (position 355 in the EU numbering system), Gln at
position 298 (position 419 in the EU numbering system), and Asn at position 313 (position 434
in the EU numbering system) have been substituted with other amino acids, and simultaneously
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO:
20.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102,
Gly for Glu at position 20, Gly for Ser at position 21, Gln for His at position 147, Gln for Arg at
position 234, Glu for Gln at position 298, and Ala for Asn at position 313 are preferred.

(xvi)
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The present invention provides IgG4 constant regions comprising an amino acid
sequence in which Arg at position 289 (position 409 in the EU numbering system}, Cys at
position 14, Arg at position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at

position 100, Tyr at position 102, Gly at positiori 103, Pro at position 104, and Pro at position

105 (positions 131, 133, 137, 138, 214, 217, 219, 220, 221, and 222 in the EU numbering system,
respectively), Glu at position 113, Phe at position 114, and Leu at position 115 (positions 233,
234, and 235 in the EU numbering system, respectively) have been substituted with other amino
acids, and simultaneously Gly at position 116 (position 236 in the EU numbering system) has
been deleted in the amino acid sequence of SEQ ID NO: 21.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU
numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102
(position 219 in the EU numbering system), Cys for Gly at position 103 {position 220 in the EU
numbering system), Val for Pro at position 104 (position 221 in the EU numbering system), Glu
for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113
(position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and
Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred.

(xvil)

The present invention provides IgG4 constant regions comprising an amino acid
sequence in which Arg at position 289 (position 409 in the EU numbering system), Cys at
position 14, Arg at position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at
position 100, Tyr at position 102, Gly at position 103, Pro at position 104, and Pro at position
105 (positions 131, 133, 137, 138, 214, 217, 219, 220, 221, and 222 in the EU numbering system,
respectively), Glu at position 113, Phe at position 114, and Leu at position 115 (positions 233,
234, and 235 in the EU numbering system, respectively) have been substituted with other amino
acids, and simultaneously Gly at position 116 (position 236 in the EU numbering system), Gly at
position 326 (position 446 in the EU numbering system), and Lys at position 327 {(position 447
in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO: 21.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU
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numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102
(position 219 in the EU numbering system), Cys for Gly at position 103 (position 220 in the EU
numbering system), Val for Pro at position 104 (position 221 in the EU numbering system), Glu
for Pro at position 105 (position 222 in the EU numbering systém), Pro for Glu at position 113
(position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and
Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred.

(xviii) _

The present invention provides IgG1 constant regions comprising an amino acid
sequence in which Asn at position 317 (position 434 in the EU numbering system) has been
substituted with another amino acid, and simultaneously Gly at position 329 (position 446 in the
EU numbering system) and Lys at position 330 (position 447 in the EU numbering system) have
been deleted in the amino acid sequence of SEQ ID NO: 19.

The type of amino acid after substitution of Asn at position 317 (position 434 in the EU
numbering system) is not particularly limited; however, substitution to Ala is preferred.

(xix)

Below is a preferred embodiment of IgG2 of the present invention, which has reduced
heterogeneity in the hinge region and/or reduced Fey receptor-binding activity.

Antibodies comprising an IgG2 constant region comprising an amino acid sequence in
which Ala at position 209, Pro at position 210, Thr at position 218, Cys at position 14, Arg at
position 16, Cys at position 102, Glu at position 20, and Ser at position 21 in the amino acid
sequence of SEQ ID NO: 20 have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser
for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering system), and Gly for Ser at position 21 (position 138 in the
EU numbering system) are preferred.

Such IgG?2 constant regions include, for example, IgG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 191 (M86).

In another preferred embodiment, IgG2 constant regions of the present invention
include IgG2 constant regions resulting from the deletion of Gly at position 325 and Lys at

position 326 in the above-described IgG2 constant regions to reduce C-terminal heterogeneity.
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Such antibodies include, for example, IgG?2 that comprises a constant region comprising the
amino acid sequence of SEQ ID NO: 192 (M86AGK).
(xx)

Below is another preferred embodiment of the IgG2 constant regions of the present
invention, which have reduced heterogeneity in the hinge region.

JgG2 constant regions comprising an amino acid sequence in which Cys at position 14,
Arg at position 16, Cys at position 102, Glu at position 20, and Ser at position 21 in the amino
acid sequence of SEQ ID NO: 20 have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102
(position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)-
are preferred.

Such IgG2 constant regions include, for example, IgG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 193 (M40).

In another preferred embodiment, the IgG2 constant regions of the present invention
include IgG2 constant regions further comprising the deletion of Gly at position 325 and Lys at
position 326 in the above-described IgG2 constant regions.  Such antibodies include, for
example, 1gG2 constant regions comprising the amino acid sequence of SEQ ID NO: 194
(M40AGK).

(xxi) M14AGK, M17AGK, M11AGK, M31AGK, M58, M73, M86AGK, and M40AGK

The present invention also provides an antibody constant region comprising the amino
acid sequence of SEQ ID NO: 24 (MI4AGK). The present invention also provides an antibody
constant region comprising the amino acid sequence of SEQ ID NO: 116 (M17AGK). The
present invention also provides an antibody constant region comprising the amino acid sequence
of SEQ ID NO: 25 (M11AGK). The present invention further provides an antibody constant
region comprising the amino acid sequence of SEQ ID NO: 118 (M31AGK)). The present
invention further provides an antibody constant region comprising the amino acid sequence of
SEQ ID NO: 151 (M58). The present invention further provides an antibody constant region
comprising the amino acid sequence of SEQ ID NO: 153 (M73). The present invention further
provides an antibody constant region comprising the amino acid sequence of SEQ ID NO: 164
(M83). The present invention further provides an antibody constant region comprising the
amino acid sequence of SEQ ID NO: 192 (MB86AGK). The present invention further provides
an antibody constant region comprising the amino acid sequence of SEQ ID NO: 194
(M40AGK). These antibody constant regions have been optimized to have reduced Fey
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receptor binding activity, reduced immunogenicity risk, improved stability under acidic
conditions, reduced heterogeneity, improved retention in plasma, and/or higher stability in
preparations in comparison with the IgG1 constant region.

The present invention provides antibodies comprising the antibody constant region of
any one of (i) to (xxi) described above. There is no limitation on the type of antigen and origin
of antibody, as long as the antibodies comprise an antibody constant region described above.
The preferred antibodies include, for example, antibodies that bind to IL-6 receptor.
Alternatively, the preferred antibodies include, for example, bumanized antibodies. Such
antibodies include, for example, antibodies comprising the variable region of humanized PM-1
antibody.  Such a variable region of humanized PM-1 antibody may comprise any of the
above-described amino acid substitutions, or other amino acid substitutions, deletions, additions,
and/or insertions. Specifically, the substitutions include, for example, modifications that
improve the affinity of (a) to (y) described above; modifications that lower the isoelectric point
of (i) to (viii) described above, modifications that improve the stability of () to (&) described
below; and modifications that reduce immunogenicity, but are not limited thereto.

In one embodiment, such antibodies include antibodies that comprise a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 113 (PF_1+M14AGK) and
a light chain variable region comprising the amino acid sequence of SEQ ID NO: 23 (PF1_L)
(the light chain constant region may be kappa or lambda, or a modified form thereof) (PF1), but
are not limited thereto.

Alternatively, the antibody constant regions described above and/or antibody molecules
comprising an antibody constant region described above can be linked as a form of Fc fusion
molecule to antibody-like binding molecule (scaffold molecules), bioactive peptides, binding
peptides, or such.

The antibodies of the present invention can also be obtained by, for example, the
following methods in addition to those described in the Examples. In one embodiment to
obtain antibodies of the present invention, one or more amino acid residues are first substituted
with amino acids of interest in at least one region selected from the group consisting of CDR, FR,
and constant regions of an anti-IL-6 receptor antibody known to those skilled in the art.
Methods for obtaining anti-IL-6 receptor antibodies known to those skilled in the art are not
limited. Methods for substituting one or more amino acid residues with amino acids of interest
in at least one region selected from the group consisting of the CDR, FR, and constant regions
include, for example, site-directed mutagenesis (Hashimoto-Gotoh, T., Mizuno, T., Ogasahara,
Y., and Nakagawa, M. An oligodeoxyribonucleotide-directed dual amber method for
site-directed mutagenesis. Gene (1995) 152:271-275; Zoller, M. J., and Smith, M.
Oligonucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. Methods
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Enzymol. (1983) 100:468-500; Kramer, W., Drutsa, V., Jansen, H. W., Kramer, B., Pflugfelder,
M., and Fritz, H. J. The gapped duplex DNA approach to oligonucleotide-directed mutation
construction. Nucleic Acids Res. (1984) 12:9441-9456; Kramer W., and Fritz H. J. _
Oligonucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol.
(1987) 154:350-367; Kunkel, T. A. Rapid and efficient site-specific mutagenesis without
phenotypic selection. Proc. Natl. Acad. Sci. USA (1985) 82:488-492). These methods can be
used to substitute target amino acids in antibodies with amino acids of interest. Methods for
substituting amino acids include library technologies such as framework shuffling (Mol.
Immunol. 2007 Apr;44(11):3045-60) and CDR repair (US2006/0122377). Using these
methods, amino acids can be substituted into appropriate frameworks and CDRs.

In another embodiment to obtain antibodies, an antibody that binds to IL-6 receptor is
first prepared by methods known to those skilled in the art.  When the prepared antibody is
derived from a nonhuman animal, it can be humanized. Then, the prepared antibody is tested to
assess whether it has neutralizing activity by using methods known to those skilled in the art.
The binding activity and neutralizing activity of antibodies can be determined, for example, by
the methods described in the Examples; however, such methods are not limited thereto. Next,
one or more amino acid residues in at least one selected from the group consisting of CDR, FR,
and constant regions of antibody are substituted with amino acids of interest.

More specifically, the present invention relates to methods for producing antibodies
with improved neutralizing activity, binding activity, or stability, or reduced immunogenicity,
which comprise the steps of:

(a) expressing a DNA encoding a heavy chain in which one or more amino acid residues in at
least one region selected from the group consisting of CDR, FR, and constant regions are
substituted with amino acids of interest, and a DNA encoding a light chain in which one or more
amino acid residues in at least one region selected from the group consisting of CDR and FR
regions are substituted with amino acids of interest; and

(b) collecting the expression products of step (a).

The first step of the production methods of the present invention is expressing a DNA
encoding a mutant anti-IL-6 receptor antibody heavy chain in which one or more amino acid
residues in at least one region selected from the group consisting of CDR, FR, and constant
regions are substituted with amino acids of interest, and a DNA encoding an anti-IL-6 receptor
antibody light chain in which one or more amino acid residues in at least one region selected
from the group consisting of CDR and FR regions are substituted with amino acids of interest,
A DNA encoding a heavy chain in which one or more amino acid residues in at least one region
selected from the group consisting of CDR, FR, and constant regions are substituted with amino
acids of interest can be prepared, for example, by obtaining a DNA encoding the CDR, FR, or
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constant region of a wild type heavy chain, and introducing an appropriate substitution so that a
codon encoding a particular amino acid in at least one selected from the group consisting of the
CDR, FR, and constant regions encodes an amino acid of interest.  Furthermore, a DNA -
encoding a light chain in which one or more amino acid residues in at least one selected from the
group consisting of CDR and FR regions are substituted with amino acids of interest can be
prepared, for example, by obtaining a DNA encoding the CDR and/or FR regions of a wild type
light chain and introducing an appropriate substitution so that a codon encoding a particular
amino acid in the CDR and/or FR regions encodes an amino acid of interest.

Alternatively, a DNA encoding a heavy chain in which one or more amino acid residues
in at least one selected from the group consisting of CDR, FR, and constant regions are
substituted with amino acids of interest can also be prepared by designing and then chemically
synthesizing a DNA encoding a protein in which one or more amino acid residues in at least one
selected from the group consisting of CDR, FR, and constant regions of the wild type heavy
chain are substituted with amino acids of interest. Furthermore, a DNA encoding a light chain
in which one or more amino acid residues in the CDR and/or FR regions are substituted with
amino acids of interest can also be prepared by designing and then chemically synthesizing a
DNA encoding a protein in which one or more amino acid residues in the CDR and/or FR
regions of a wild type light chain are substituted with amino acids of interest.

The type of amino acid substitution includes the substitutions described herein, but is
not limited thereto.

Alternatively, 2 DNA encoding a heavy chain in which one or more amino acid residues
in at least one region selected from the group consisting of CDR, FR, and constant regions are
substituted with amino acids of interest can also be prepared as a combination of partial DNAs.
Such combinations of partial DNAs include, for example, the combination of a DNA encoding a
variable region and a DNA encoding a constant regjon, and the combination of a DNA encoding
an Fab region and a DNA encoding an Fc domain, but are not limited thereto. A DNA
encoding a light chain can also be prepared as a combination of partial DNAs.

Methods for expressing the above-described DNAs include the methods described
below. For example, a heavy chain expression vector is constructed by inserting 2 DNA
encoding a heavy chain variable region into an expression vector along with a DNA encoding a
heavy chain constant region. Likewise, a light chain expression vector is constructed by
inserting a DNA encoding a light chain variable region into an expression vector along with a
DNA encoding a light chain constant region.  Alternatively, these heavy and light chain genes
may be inserted into a single vector. Expression vectors include, for example, SV40
virus-based vectors, EB virus-based vectors, and BPV (papilloma virus)-based vectors, but are

not lintted thereto.
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Host cells are co-transformed with an antibody expression vector constructed by the
methods described above.  Such host cells include the above-described cells such as CHO
(Chinese hamster ovary) cells as well as microorganisms such as £. coli, yeast, and Bacillus
subtilis, and plants and animals (Nature Biotechnology (2007) 25:563-565; Nature
Biotechnology (1998) 16:773-777; Biochemical and Biophysical Research Communications
(1999) 255:444-450; Nature Biotechnology (2005) 23:1159-1169; Journal of Virology (2001)
75:2803-2809; Biochemical and Biophysical Research Communications (2003) 308:94-100).
The transformation can be preferably achieved by using electroporation, the lipofectin method (R.
W. Malone ef al., Proc. Natl. Acad. Sci. USA (1989) 86:6077; P. L. Felgner et al., Proc. Natl.
Acad. Sci. USA (1987) 84:7413), calcium phosphate method (F. L. Graham & A. J. van der Eb,
Virology (1973) 52:456-467), DEAE-Dextran method, and the like.

In the next step of antibody production, the expression products obtained in step (a) are
collected. The expression products can be collected, for example, by culturing the
transformants and then separating the products from the transformed cells or culture media.
Separation and purification of antibodies can be achieved by an appropriate combination of
methods such as centrifugation, ammonium sulfate fractionation, salting out, ultrafiltration,
columns of 1q, FcRn, Protein A, and Protein G, affinity chromatography, ion exchange
chromatography, and gel filtration chromatography.

Those skilled in the art can appropriately prepare the constant regions of the present
invention according to the methods for preparing antibodies.

The present invention further relates to methods for enhancing the activity of an
anti-1L-6 receptor antibody to bind or neutralize an IL-6 receptor, which comprise at least one
step selected from the group consisting of:

(A) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDRT) with
another amino acid;

(B) substituting Trp at position 5 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) with
another amino acid;

(C) substituting Tyr at position 1 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with
another amino acid;

(D) substituting Thr at position 8 in the amino acid sequence of SEQ ID NO: 2 (HCDRZ2) with
another amino acid;

(F) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with
another amino acid;

(F) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with

another amino acid;

(G) substituting Leu at position 2 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with
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another amino acid;
(H) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with
another amino acid; _
(I) substituting Ala at position 7 in the amino acid sequence of SEQ 1D NO: 3 (HCDR3) with
another amine acid;
(J) substituting Met at position 8 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with
another amino acid;
(K) substituting Ser at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID
NO: 3 (HCDR3) with other amino acids;
(L) substituting Leu at position 2, Ala at position 7, and Met at position 8 in the amino acid
sequence of SEQ ID NO: 3 (HCDR3) with other amino acids;
(M) substituting Arg at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with
another amino acid;
(N) substituting Gln at position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with
another amino acid;
(O) substituting Tyr at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with
another amino acid;
(P) substituting Asn at position 11 in the amino acid sequence of SEQ ID NO: 4 (LCDRI) with
another amino acid;
(Q) substituting Thr at position 2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) with
another amino acid;
(R) substituting Gln at position 1 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with
another amino acid;
(S) substituting Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with
another amino acid; '
(T) substituting Tyr at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) and Gly
at position 3 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with other amino acids;
(U) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with
another amino acid;
(V) substituting Gln at position 1 and Thr at position 5 in the amino acid sequence of SEQ 1D
NO: 6 (LCDR3) with other amino acids; and
(W) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2), and
Ser at position 1 and Thr at position 3 in the amino acid sequence of SEQ ID NO: 3 (HCDR3)
with other amino acids; or
(X) a step comprising (V) and (W).

In (A) described above, the type of amino acid after substitution is not particularly
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limited as long as the affinity 1s improved; however, substitution to Trp, Thr, Asp, Asn, Arg, Val,
Phe, Ala, Gln, Tyr, Leu, His, Glu, or Cys is preferred.

In (B} described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ile or Val is preferfed.

In (C) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Phe is preferred.

In (D) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Arg is preferred.

In (E) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ser or Asn is preferred.

In (F) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ile, Val, Thr, or Leu is
preferred.

In (G) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Thr is preferred.

In (t)-described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ala, Ile, or Ser is preferred.
Other preferred substitutions include substitution of Ser for Thr at position 5.

In (1) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ser or Val is preferred.

In (I) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Leu is preferred.

- In (K) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitutions of Leu for Ser at position 1
and Ala for Thr at position 5 are preferred.  Other preferred substitutions include those of Val
for Ser at position 1 and Ala for Thr at position 5; lle for Ser at position 1 and Ala for Thr at
position 5; Thr for Ser at position 1 and Ala for Thr at position 5; Val for Ser at position ! and
Ile for Thr at position 5; Ile for Ser at position 1 and Ile for Thr at position 5; Thr for Ser at
position 1 and Ile for Thr at position 5; and Leu for Ser at position 1 and Ile for Thr at position 5.

In (1) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution of Thr for Leu at position 2, Val
for Ala at position 7, and Leu for Met at position 8 are preferred. |

In (M) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Phe is preferred.

In (N) described above, the type of amino acid after substitution is not particularly

limited as long as the affinity is improved; however, substitution to Arg or Thr is preferred.
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In (O) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Phe is preferred.

In (P) described above, the type of amino acid after substitution is not particularly
limited as Jong as the affinity is improved; however, substitution to Ser is preferred.

In (Q) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Gly is preferred.

In (R) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Gly, Asn, or Ser is preferred.

In (S) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Ser is preferred.

In (T) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitutions of Phe for Tyr in the amino
acid sequence of SEQ ID NO: 4 (LCDR1) and Ser for Gly in the amino acid sequence of SEQ ID
NO: 6 (LCDR3) are preferred.

In (U) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitution to Arg or Ser is preferred.

In (V) described above, the type of amino acid after substitution is not particularly
limited as long as the affinity is improved; however, substitutions of Gly for Gln at position 1
and Ser for Thr at position 5 are preferred.  Other preferred substitutions include those of Gly
for Gln at position 1 and Arg for Thr at position 5.

In (W) described above, substitution of Asn for Thr at position 9 in the amino acid
sequence of SEQ ID NO: 2 (HCDR2) is preferred. The preferred combinations of amino acids
after substitution for Ser at position 1 and Thr at position 5 in the amino acid sequence of SEQ
ID NO: 3 (HCDR3) include Leu and Ala, Val and Ala, lle and Ala, Thr and Ala, Val and Ile, Tle
and Ile, Thr and lle, and Leu and [le. _

In the steps of (A) to (¥X) above, the method for amino acid substitution is not
particularly limited. The substitution can be achieved, for example, by site-directed
mutagenesis described above or a method described in the Examples. When an amino acid is
substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain
variable region before substitution is preferably an amino acid sequence of the heavy chain
variable region of a humanized PM-1 antibody. Alternatively, when an amino acid 18
substituted in a light chain variable region, the original amino acid sequence of the light chain
variable region before substitution is pfeferably an amino acid sequence of the light chain
variable region of a humanized PM-1 antibody. Furthermore, it is preferable to introduce the
amino acid substitutions of steps (A) to (X) described above into the humanized PM-1 antibody.

The methods of the present invention for enhancing the binding or neutralizing activity
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of an anti-IL-6 receptor antibody comprise at Jeast any one of the steps of (A) to (X) described
above. Specifically, the methods of the present invention may comprise two or more of the
steps of (A) to (X) described above. Furthermore, the methods of the present invention may
comprise other steps (for example, amino acid substitutions, deletions, additions and/or
insertions other than those of (A) to (X) described above) as long as they comprise any one of
the steps of (A) to (X) described above. Furthermore, for example, FR may comprise amino
acid substitutions, deletions, additions and/or insertions, and the constant region may comprise
amino acid substitutions, deletions, additions and/or insertions. It is preferable to introduce the
amino acid substitutions described above into the humanized PM-1 antibody.

<Methods for reducing the immunogenicity risk of an anti-IL-6 receptor antibody>

The present invention also relates to methods for reducing the immunogenicity of an
anti-IL-6 receptor antibody, which comprise the step of substituting Gly for Thr at position 2 in
the amino acid sequence of SEQ ID NO: 5 (LCDR2).  The methods of the present invention for
reducing the immunogenicity of an anti-[L-6 receptor antibody may comprise other steps of
amino acid substitution, as long as they comprise the step of substituting Gly for Thr at position
2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2).  The method for amino acid
substitution is not particularly limited. The substitution can be achieved, for example, by
site-directed mutagenesis described above or a method described in the Examples.

It is preferable to introduce the amino acid substitutions described above into the
humanized PM-1 antibody or a variant thereof comprising substitutions, deletions, and/or
insertions. _
<Methods for lowering the isoelectric point of an anti-IL-6 receptor antibody>

The present invention also relates to methods for lowering the isoelectric point of an
anti-IL-6 receptor antibody, which comprise at least one step selected from the group consisting
of
(i) substituting Gln at position 16 in the amino acid sequence of SEQ ID NO: 7 (HFR1) with
another amino acid;

(ii) substituting Arg at position 8 in the amino acid sequence of SEQ ID NO: 8 (HFRZ) with
another amino acid;

(iii) substituting Arg at position 16 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with
another amino acid;

(iv) substituting Giin at position 3 in the amino acid sequence of SEQ ID NO: 10 (HFR4) with
another amino acid,;

(v) substituting Arg at position 18 in the amino acid sequence of SEQ ID NO: 11 (LFRI) with
another amino acid;

(vi) substituting Lys at position 11 in the amino acid sequence of SEQ ID NO: 12 (LFR2) with
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another amino acid;
(vii) substituting Gln at position 23 in the amino acid sequence of SEQ 1D NO: 13 (LFR3) with
another amino acid;
(viii) substituting Lys at position [0 in the amino acid sequence of SEQ ID NO: 14 (LFR4) with
another amino acid;
(ix) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) with
another amino acid;
(x) substituting Arg at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with
another amino acid;
(xi) substituting Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) with
another amino acid;
(xii) substituting Arg at position 13 in the amino acid sequence of SEQ ID NO: 7 (HFR1) with
another amino acid; :
(xiii) substituting Lys at position 15 and/or Ser at position 16 in the amino acid sequence of SEQ
ID NO: 2 (HFR1) or 100 with other amino acids;
(xiv) substituting Gln at position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) or
101 with another amino acid; and
(xv) substituting His at position 6 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) or 103
with another amino acid.

In (i) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (ii) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (iii) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Lys is preferred.

In (iv) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (v) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Ser is preferred.

In (vi) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (vii) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (viii) described above, the type of aminc acid afier substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (ix) described above, the type of amino acid after substitution is not particularly
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limited as long as the isoelectric point is lowered; however, substitution to Asp is preferred.

In (x) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Gln is preferred.

In (xi) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (xii) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Lys is preferred.

In (xiii) described above, the type of#ming acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitutions to Gln for Lysat-
position 15 and Asp for Ser at position 16 are preferred.

- In (xiv) described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In (xv} described above, the type of amino acid after substitution is not particularly
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred.

In the steps of (1) to (xv) described above, the method for amino acid substitution is not
particularly limited. The substitution can be achieved, for example, by site-directed
mutagenesis described above or a method described in the Examples. When an amino acid is
substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain
variable region before substitution is preferably an amino acid sequence of the heavy chain
variable region of a humanized PM-1 antibody. Alternatively, when an amino acid is
substituted in a light chain variable region, the original amino acid sequence of the light chain
variable region before substitution is preferably an amino acid sequence of the light chain
variable region of a humanized PM-1 antibody. Furthermore, it is preferable to introduce the
amino acid substitutions of the steps of (i) to (xv) described above into the humanized PM-1
antibody.

The methods of the present invention for lowering the isoelectric point of an anti-IL-6
receptor antibody comprise at least any one of the steps of (i) to (xv) described above.
Specifically, the methods of the present invention may comprise two or more of the steps of (i)
to (xv) described above.  Furthermore, the methods of the present invention may comprise other
steps (for example, amino acid substitutions, deletions, additions and/or insertions other than
those of (i) to (xv) described above) as long as they comprise any one of the steps of (1) to (xv)
described above. Furthermore, for example, the constant region may comprise amino acid
substitutions, deletions, additions and/or insertions.
<Methods for improving the stability of an anti-IL-6 receptor antibody>

The present invention also relates to methods for increasing the stability of an anti-[L-6

receptor antibody, which comprise at least one step selected from the group consisting of:
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(o) substituting Met at position 4 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with
another amino acid;

(B) substituting Leu at position 5 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with
another amino acid;

(v) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with
another amino acid;

(3) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with
another amino acid;

(g) substituting Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with
another amino acid; and

() substituting Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 (FR4) with
another amino acid. )

In (@) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Ile is preferred.

In (B) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Ser is preferred.

In (y) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Asn is preferred.

In (8) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Ser is preferred.

In (g) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Gly is preferred.

In (£) described above, the type of amino acid after substitution is not particularly
limited as long as the stability is improved; however, substitution to Ile is preferred.

In the steps of (o) to (£) described above, the method for amino acid substitution is not
particularly limited. The substitution can be achieved, for example, by site-directed
mutagenesis described above or a method described in the Examples. When an amino acid is
substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain
variable region before substitution is preferably an amino acid sequence of the heavy chain
variable region of a humanized PM-1 antibody. Alternatively, when an amino acid is
substituted in a light chain variable region, the original amino acid sequence of the light chain
variable region before substitution is preferably an amino acid sequence of the light chain
variable region of a hurnanized PM-1 antibody. Furthermore, it is preferable to introduce the
amino acid substitutions of (o) to (£) described above into the humanized PM-1 antibody.

The methods of the present invention for improving the stability of an anti-IL-6 receptor

antibody comprise at least any one of the steps of (o) to (£) described above. Specifically, the
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methods of the present invention may comprise two or more of the steps of (o) to (£) described
above. Furthermore, the methods of the present invention may comprise other steps (for
example, amino acid substitutions, deletions, additions and/or insertions other than those of (o)
to (C) described above) as long as they comprise any one of the steps of (o) to () described
above. Furthennore, for example, the constant region may comprise amino acid substitutions,
deletions, additions and/or insertions.

<Methods for reducing the immunogenicity of an anti-IL-6 receptor antibody>

| The present invention also relates to methods for reducing the immunogenicity of an
anti-IL-6 receptor antibody, in particular, a humanized PM-1 antibody, which comprise the step
of substituting Lys for Arg at position 13, Glu for Gln at position 16, Ala for Thr at position 23,
and/or Ser for Thr at position 30 in the amino acid sequence of SEQ ID NO: 7 (HFR1). The
methods of the present invention for reducing the immunogenicity of an anti-IL-6 receptor
antibody may comprise other steps of amino acid substitution, as long as they comprise the step
of substituting Ser for Thr at position 30 in the amino acid sequence of SEQ ID NO: 7 (HFR1).

The present invention further relates to methods for reducing the immunogenicity of an
anti-1L.-6 receptor antibody, in particular, a humanized PM-1 antibody, which comprise the step
of substituting Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 (HFR3).
The methods of the present invention for reducing the immunogenicity of an anti-IL-6 receptor
antibody may comprise other steps of amino acid substitution, as long as they comprise the step
of substituting Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 (HFR3).

The method for amino acid substitution is not particularly limited. The substitution
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.

The present invention further relates to methods for reducing antibody immunogenicity,
which comprise converting the FR3 of an anti-IL-6 receptor antibody, in particular, a humanized
PM-1 antibody, H53/1.28, or PF1 antibody, into an FR3 comprising the amino acid sequence of
SEQIDNO: 128 or 129.
<Methods for improving antibody stability under acidic conditions™>

The present invention also relates to methods for improving antibody stability under
acidic conditions, which comprise the step of substituting Met at position 276 (position 397 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 (1gG2) with another
amino acid. The methods of the present invention for improving antibody stability under acidic
conditions may comprise other steps of amino acid substitution, as long as they comprise the step
of substituting Met at position 276 (position 397 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 (IgG2) with another amino acid. The type of amino acid after
substitution is not particularly limited; however, substitution to Val ig preferred. The method
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for amino acid substitution is not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples.
The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody
or a variant thereof comprising substitutions, deletions, and/or insertions.
<Methods for reducing the heterogeneity originated from the hinge region of IgG2 constant
region>
The present invention also relates to methods for reducing antibody heterogeneity,
which comprise the step of substituting Cys at position 14 (position 131 in the EU numbering
system), Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position

- 102 (position 219 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 20

(IgG2) with other amino acids. The type of amino acid after substitution is not particularly
limited; however, substitutions of Ser for Cys at position 14, Lys for Arg at position 16, and Ser
for Cys at position 102 are preferred. The methods of the present invention for reducing
antibody heterogeneity may comprise other steps of amino acid substitution, as long as they
comprise the step of substituting Cys at position 14 (position 131 in the EU numbering system),
Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position 102
(position 219 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 20
(IgG2). The method for amino acid substitution is not particularly limited. The substitutions
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples. In the amino acid substitution, all of the three amino acids
described above may be substituted or one or two (for example, positions 14 and 102) of them
may be substituted.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody
or a variant thereof comprising substitutions, deletions, and/or insertions.
<Methods for reducing the heterogeneify originated from deletion of C-terminal amino acids in
an IgG2 constant region>

The present invention also relates to methods for reducing antibody heterogeneity,
which comprise the step of deleting Gly at position 325 (position 446 in the EU numbering
system) and Lys at position 326 (position 447 in the EU numbering system) in an IgG2 constant
region comprising the amino acid sequence of SEQ ID NO: 20. The methods of the present
invention for reducing antibody heterogeneity may comprise other steps of amino acid
substitution, as long as they comprise the step of deleting Gly at position 325 (position 446 in the
EU numbering system) and Lys at position 326 (position 447 in the EU numbering system) in an
IeG?2 constant region comprising the amino acid sequence of SEQ ID NO: 20.  The method for
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amino acid substitution is not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL 6 receptor antibody, more preferably a humnanized PM-1 antibody
or a variant thereof comprlsmg substitutions, deletions, and/or insertions.
<Methods for reducing the FcyR binding while maintaining the human sequence in the IgG2
constant region> _

The present invention also relates to methods for reducing the FeyR binding of an
antibody, which comprise the step of substituting Ser for Ala at position 209 (EU330), Ser for
Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2 constant region
comprising the amino acid sequence of SEQ ID NO: 20.  The methods of the present invention
for reducing the FeyR binding of an antibody may comprise other steps of amino acid
substitution, as long as they comprise the step of substituting Ser for Ala at position 209 (EU330),
Ser for Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2
constant region comprising the amino acid sequence of SEQ ID NO: 20. . The method for amino
acid substitution is not particularly limited. The substitution can be achieved, for example, by
site-directed mutagenesis described above or a method described in the Examples.
<Methods for improving the retention in plasma by substituting amino acids of IgG2 constant
region>

The present invention also relates to methods for improving the retention in plasma of
an antibody, which comprise the step of substituting His at position 147 (EU268), Arg at position
234 (EU355), and/or Gln at position 298 (EU419) in an IgG2 constant region comprising the
amino acid sequence of SEQ ID NO: 20. The methods of the present invention for improving
the retention in plasma of an antibody may comprise other steps of amino acid substitution, as
long as they comprise the above-described step.  The type of amino acid after substitution is not
particularly limited; however, substitutions of Gin for His at position 147 (EU268), Gin for Arg
at position 234 (EU3535), and Glu for Gln at position 298 (EU419) are preferred.

The present invention also relates to methods for improving the retention in plasma of
an antibody, which comprise the step of substituting Asn at position 313 (EU434) in an [gG2
constant region comprising the amino acid sequence of SEQ ID NO: 20 or 151 (M58). The
type of amino acid after substitution is not particularly limited; however, substitution to Ala is
preferred. The methods of the present invention for improving the retention in plasma of an |
antibody may comprise other steps of amino acid substitution, as long as they comprise the
above-described step.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody
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or a variant thereof comprising substitutions, deletions, and/or insertions.
The present invention also relates to methods for reducing antibody heterogeneity

originated from the hinge region of IgG2, methods for improving antibody stability under acidic

* conditions, methods for reducing antibody heterogeneity originated from C-terminus, and/or

methods for reducing the FeyR binding of an antibody, all of which comprise in an IgG2
constant region comprising the amino acid sequence of SEQ ID NO: 20 (M14AGK), the steps of:
(a) substituting Ser for Ala at position 209 (position 330 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(b) substituting Ser for Pro at position 210 (position 331 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(¢) substituting Ala for Thr at pesition 218 (position 339 in the EU numbering system) in the
amino acid sequence of SEQ 1D NO: 20;

(d) substituting Val for Met at position 276 (position 397 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20; -

(e) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(f) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20,

(g) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the

- amino acid sequence of SEQ ID NO: 20;

(h) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(i) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20; and

(j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.

The kind of target antibody is not particularly limited; however, it is preferably an
anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody or a variant
thereof comprising substitutions, deletions, and/or insertions.

The present invention also relates to methods for reducing the heterogeneity originated

from the hinge region of IgG2, methods for improving antibody stability under acidic conditions,
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and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which
comprise in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20
(M31AGK), the steps of:

(a) substituting Val for Met at position 276 (position 397 in the EU numbering system)in the
amino acid sequence of SEQ ID NO: 20;

(b) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(¢) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(d) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(e) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(f) substituting Gly for Ser at position 21 (position 138 in the EU mumbering system) in the
amino acid sequence of SEQ ID NO: 20; and

(g) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The present invention also relates to methods for reducing antibody heterogeneity
originated from the hinge region of IgG2, methods for improving antibody retention in plasma,
and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which
comprise in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20
(M58), the steps of: .

(a) substituting Ser for Cys at position 14 (position 131 in the EU numbermg system) in the
amino acid sequence of SEQ ID NO: 20;

(b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;

() substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the
amino acid sequence of SEQ 1D NO: 20;

(f) substituting Gin for His at position 147 (position 268 in the EU numbering system) in the
amino acid sequence of SEQ 1D NO: 20;

(g) substituting Gln for Arg at position 234 (position 355 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
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(h) substituting Glu for Gln at position 298 (position 419 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20; and

(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The present invention also relates to methods for reducing antibody heterogeneity
originated from the hinge region of Ig(G2, methods for improving antibody retention in plasma,
and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which
comprise in an Ig(G2 constant region comprising the amino acid sequence of SEQ ID NO: 20
(M73), the steps of:
(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ 1D NO: 20; '
(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(e) substituting Gly fbr Ser at position 21 {position 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
() substituting Gln for His at position 147 (position 268 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(g) substituting Gln for Arg at position 234 (position 355 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(h) substituting Glu for Gln at position 298 (position 419 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20;
(i) substituting Ala for Asn at position 313 (position 434 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 20; and
(j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The present invention also relates to methods for reducing the heterogeneity originated

from the hinge region of 1gG2, methods for reducing antibody heterogeneity originated from

C-terminus, and/or methods for reducing the FcyR binding of an aﬁtibody, all of which comprise,

in an Ig(G2 constant region comprising the amino acid sequence of SEQ ID NO: 20 (M86AGK),
the steps of: _
(2) substituting Ala at position 209 (position 330 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;
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(b) substituting Pro at position 210 (position 331 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(c) substituting Thr at position 218 (position 339 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(d) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid, |

(e) substituting Arg at position 16 (position 133 in the EU numbering systém) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(f) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(g) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(h) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid; and

(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser
for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering system), and Gly for Ser at position 21 (position 138 in the
EU numbering system) are preferred.

The present invention further relates to methods for reducing the heterogeneity
originated from the hinge region of IgG2 and/or methods for reducing antibody heterogeneity
originated from C-terminus, which comprise in an IgG2 constant region comprising the amino
acid sequence of SEQ ID NO: 20 (M40AGK), the steps of:

(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(c) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;

(d) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid;
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(e) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 20 with another amino acid; and

(f) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 {(position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102
(position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)
are preferred. :

The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples. _

The kind of target antibody is not particularly limited; however, it is preferably an
anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody or a variant
thereof comprising substitutions, deletions, and/or insertions.
<Methods for improving the stability of an IgG4 constant region under acidic conditions>

The present invention also relates to methods for improving antibody stability under
acidic conditions, which comprise the step of substituting Arg at position 289 (positioﬁ 409 in
the EU numbering system) of an IgG4 constant region comprising the amino acid sequence of
SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(1):105-8) with another amino acid. The methods
of the present invention for improving antibody stability under acidic conditions may comprise
other steps of amino acid substitution, as long as they comprise the step of substituting Arg at
position 289 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID
NO: 21 (human IgG4 constant region) with another amino acid. The type of amino acid after
substitution is not particularly limited; however, substitution to Lys is.preferred. The method
for amino acid substitution is not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human [L-6 receptor antibody, more preferably a humanized PM-1 antibody
or a variant thereof comprising substitutions, deletions, and/or insertions.
<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in
an IgGG4 constant region>

The present invention also relates to methods for reducing the heterogeneity of an
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antibody, which comprise the step of deleting Gly at position 326 (position 446 in the EU
numbering system) and Lys at position 327 (position 447 in the EU numbering system) in an.
1gG4 constant region comprising the amino acid sequence of SEQ ID NO: 21 (Mol. Immunol.
1993 Jan;30(1):105-8). The methods of the present invention for reducing the heterogeneity
may comprise other steps of amino acid substitution, as long as they comprise the siep of
deleting Lys at position 327 (position 447 in the EU numbering system) and/or Gly at position
326 (position 446 in the EU numbering system) in an IgG4 constant region comprising the
amino acid sequence of SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(1):105-8). The method
for amino acid substitution is not particularly limited. _The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples.
The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody

or a variant thereof comprising substitutions, deletions, and/or insertions.

The present invention also relates to methods for improving the stability under acidic
conditions, methods for reducing the heterogeneity originated from C-terminus, and/or methods
for reducing the FcyR binding of an antibody, all of which comprise in an IgG4 constant region
comprising the amino acid sequence of SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(1):105-8)
(M11AGK), the steps of:

(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(c) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(d) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(e) substituting Thr for Arg at position 97 (position 214 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(f) substituting Arg for Ser at position 100 (position 217 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(g) substituting Ser for Tyr at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(h) substituting Cys for Gly at position 103 {position 220 in the EU numbering system) in the
amino acid sequence of SEQ D NO: 21;

(i) substituting Val for Pro at position 104 (position 221 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;
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(j) substituting Glu for Pro at position 105 (position 222 in the EU numbering system) in the
amino acid sequence of SEQ 1D NO: 21;

(k) substituting Pro for Glu at position 113 (position 233 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21; "

(1) substituting Val for Phe at position 114 (position 234 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(m) substituting Ala for Leu at position 115 (position 235 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21;

(n} deleting Gly at position 116 (position 236 in the EU numbering system) in the amino acid
sequence of SEQ ID.NO: 21;

(o) substituting Lys for Arg at position 289 (position 409 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 21; and

(p) deleting Gly at position 236 and Lys at position 237 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 21.

The methods of the present invention may comprise other steps, such as amino acid
substitution and deletion, as long as they comprise the sieps described above. The method for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody
or a variant thereof comprising substitutions, deletions, and/or insertions.
<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in
an [gG1 constant region>

The present invention also relates to methods for reducing antibody heterogeneity,
which comprise the step of deleting Gly at position 329 (position 446 in the EU numbering
system) and Lys at position 330 (position 447 in the EU numbering system) in an IgG1 constant
region comprising the amino acid sequence of SEQ ID NO: 19.  The methods of the present
invention for.reducing antibody heterogeneity may comprise other steps of amino acid
substitutions, as long as they comprise the step of deleting Lys at position 330 (position 447 in
the EU numbering system) and Gly at position 329 (position 446 in the EU numbering system)
in an IgG1 constant region comprising the amino acid sequence of SEQ ID NO: 19, The
method for amino acid substitution is not particularly limited. The substitution can be achieved,
for example, by site-directed mutagenesis described above or a method described in the
Examples. : |

<Methods for improving the retention in plasma by substituting amino acids of IgG1 constant
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region>

The present invention relates to methods for improving the antibody retention in plasma,
which comprise the step of substituting Asn at position 317 (EU434) in an IgG1 constant region
comprising the amino acid sequence of SEQ ID NO: 19 with another amino acid. The type of
amino acid after substitution is not particularly limited; however, substitution to Ala is preferred.
The methods of the present invention for improving the retention in plasma may comprise other
steps of amino acid substitution, as long as they comprise the above-described step.

The present invention also relates to methods for improving the retention in plasma
and/or methods for reducing the heterogeneity originated from C-terminus, both of which
comprise, in an [gG1 constant region comprising the amino acid sequence of SEQ ID NO: 19
(MB83), the steps of:

(a) substituting Ala for Asn at position 317 (EU 434) in the amino acid sequence of SEQ ID NO:
19; and

(b) deleting Lys at position 330 (position 447 in the EU numbering system) and Gly at position
329 (position 446 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 19.

The kind of target antibody is not particularly limited; however, the antibody is
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody
or a variant thereof comprising substitutions, deletions, and/or insertions.

The constant regions of the present invention described above can be combined with
any antibody variable regions, and preferably with variable regions derived from antibodies
against human IL-6 receptor. Variable regions of antibodies against human IL-6 receptor
include, for example, variable regions of a humanized PM-1 antibody. The variable regions of
a humanized PM-1 antibody may not comprise any amino acid substitutions or may comprise
substitutions such as those described above.

The present invention provides pharmaceutical compositions comprising an antibody of
the present invention. The pharmaceutical compositions of the present invention are useful in
treating diseases associated with IL-6, such as rheumatoid arthritis.

The pharmaceutical compositions of the present invention can be formulated, in
addition to the antibodies, with pharmaceutically acceptable carriers by known methods. For
example, the compositions can be used parenterally, when the antibodies are formulated in a
sterile solution or suspension for injection using water or any other pharmaceutically acceptable
iiqhid. ~ For example, the compositions can be formulated by appropriately combining the
antibodies with pharmaceutically acceptabie' carriers or media, specifically, sterile water or
physiological saline, vegetable oils, emulsifiers, suspending agents, surfactants, stabilizers,
flavoring agents, excipients, vehicles, preservatives, binding agents, and such, by mixing them at

a unit dose and form required by generally accepted pharmaceutical implementations. The
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content of the active ingredient in such a formulation is adjusted so that an appropriate dose
within the required range can be obtained.

Sterile compositions for injection can be formulated using vehicles such as distilled
water for injection, according to standard protocols.

Aqueous solutions used for injection include, for example, physiological saline and
isotonic solutions containing glucose or other adjuvants such as D-sorbitol, D-mannose,
D-mannitol, and sodium chloride. These can be used in conjunction with suitable solubilizers
such as alcohol, specifically ethanol, polyaleohols such as propylene glycol and polyethylene
glycol, and non-ionic surfactants such as Polysorbate 80™ and HCO-50.

Oils include sesame oils and soybean oils, and can be combined with solubilizers such
as benzyl benzoate or benzyl alcohol. These may also be formulated with buffers, for example,
phosphate buffers or sodium acetate buffers; analgesics, for example, procaine hydrochloride;
stabilizers, for example, benzy! alcohol or phenol; or antioxidants. The prepared injections are
typically aliquoted into appropriate ampules.

The administration is preferably carried out parenterally, and specifically includes
injection, intranasal administration, intrapulmonary administration, and percutaneous
administration. For example, injections can be administered systemically or locally by
intravenous injection, intramuscular injection, intraperitoneal injection, or subcutaneous
injection.

Furthermore, the method of administration can be appropriately selected according to
the age and symptoms of the patient. A single dose of the pharmaceutical composition
containing an antibody or a polynucleotide encoding an antibody can be selected, for example,
from the range of 0.0001 fo 1,000 mg per kg of body weight.  Alternatively, the dose may be,
for example, in the range of 0.001 to 100,000 mg/person. However, the dose is not limited to
these values. The dose and method of administration vary depending on the patient’s body
weight, age, and symptoms, and can be appropriately selected by those skilled in the art.

As used herein, the three-letter and single-letter codes for respective amino acids are as
follows:

Alanine: Ala (A)
Arginine: Arg (R)
Asparagine: Asn (N)
Aspartic acid: Asp (D)
Cysteine: Cys (C)
Glutamine: Gln (Q)
Glutamic acid: Glu (E)
Glycine: Gly (G)
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Histidine: His (H)
Isoleucine: Ile (I)
Leucine: Leu (L)
Lysine: Lys (K)
Methionine: Met (M)
Phenylalanine: Phe (F)
Proline: Pro (P)
Serine: Ser (8)
Threonine: Thr (T)
Tryptophan: Trp (W)
Tyrosine: Tyr (Y)
Valine: Val (V)

All prior art documents cited herein are incorporated by reference in their entirety.

Examples
Herein below, the present invention is specifically described with reference to the

Examples, but it is not to be construed as being limited thereto.

{Example 1] Improvement of antigen-binding activity through CDR modification using affinity

maturation technology

Preparation of SR344

A CHO cell line constitutively expressing a sequence of N-terminal 1 to 344™ gmino
acids of soluble human IL-6R (hereinafter “SR344”) reported in J. Biochem. (1990) 108:673-676
(Yamasaki ef al., Science (1988) 241:825-828 (GenBank #X12830)) was prepared.

SR344 was purified from the culture supernatant of SR344-expresssing CHO cells using

three types of column chromatography: Blue Sepharose 6 FF column chromatography, affinity
chromatography with an SR344-specific antibody-immobilized column, and gel filtration
column chromatography.

The culture supernatant was directly loaded onto a Blue Sepharose 6 FF column (GE
Healthcare Bio-Sciences) equilibrated with 20 mM Tris-HCI buffer (pH 8.0), and the
non-adsorbed fraction was thoroughly washed off using the same buffer. Then, the column was
washed with the same buffer containing 300 mM KCI. The adsorbed protein was then eluted
using the same buffer in the presence of 300 mM KCI with a linear concentration gradient of 0 to
0.5 MKSCN. Fractions eluted with the KSCN concentration gradient were analyzed by
Western blotting using an SR344-specific antibody, and fractions containing SR344 were
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collected.

The SR344-specific antibody-immobilized column Wasl pre-equilibrated with
Tris-buffered saline (TBS). The SR344 fraction obtained in the first step was concentrated by
ultrafiltration using Amicon Ultra-15 (Millipore; molecular weight cut-off of 10 kDa), and
diluted two fold with TBS before it was loaded onto the column.  After the column was washed
with TBS, the adsorbed protein was eluted with 100 mM glycine-HCl buffer (pH 2.5). The
eluted fractions were neutralized by adding 1 M Tris (pH 8.1).  The obtained fractions were
analyzed by SDS-PAGE to collect SR344-containing fractions.

The fraction obtained in the second step was concentrated using Amicon Ultra-15
(molecular weight cut-off of 10 kDa) and loaded onto a Superdex 200 column (GE Healthcare
Bio-Sciences) equilibrated with PBS.  The fraction eluted as the major peak was used as the
final purified sample of SR344.

Establishment of a human gpl130-expressing BaF3 cell line

A BaF3 cell line expressing human gp130 was established by the procedure described
below, to obtain a cell line that proliferates in an IL-6-dependent manner.

A full-length human gp130 cDNA (Hibi ef al., Cell (1990) 63:1149-1157 (GenBank
#NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo to
construct pCOS2Zeo/gp130. pCOS2Zeo is an expression vector constructed by removing the
DHFR gene expression region from pCHOI (Hirata ef al., FEBS Letter (1994) 356:244-248) and
inserting the expressién region of the Zeocin resistance gene. The full-length human IL-6R
cDNA was amplified by PCR and cloned into pcDNA3.1(+) (Invitrogen) to construct
hiL-6R/peDNA3.1(+).

10 pg of pCOS2Zeo/gp130 was mixed with BaF3 cells (0.8 x 107 cells) suspended in
PBS, and then pulsed at 0.33 kV and 950 pFD using Gene Pulser (Bio-Rad). The BaF3 cells
having the gene introduced by electroporation were cultured for one whole day and night in
RPMI 1640 medium (Invitrogen) supplemented with 0.2 ng/ml mouse interleukin-3 (Peprotech)
and 10% FBS (HyClone), and selected by adding RPMI 1640 medivm supplemented with 100
ng/ml human interleukin-6 (R&D systems), 100 ng/ml human interleukin-6 soluble receptor
(R&D systems), and 10% FBS to establish a human gp130-expressing BaF3 cell line (hereinafter
“BaF3/gp130™). This BaF/gp130 proliferates in the presence of human interleukin-6 (R&D
systems) and SR344, and thus can be used to assess the growth inhibition activity (or IL-6
receptor neutralizing activity) of an anti-IL-6 receptor antibody.

Construction of a library of modified CDRs
First, a humanized PM-1 antibody (Cancer Res. 1993 Feb 15;53(4):851-6) was
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converted into scFv. The heavy chain variable region and light chain variable region regions
were amplified by PCR to prepare a humanized PM-1 HL scFv having the linker sequence
GGGGSGGGGSGGGGS (SEQ ID NO: 106) between heavy chain variable region and light
chain variable region.

Two types of libraries were constructed by PCR using the prepared humanized PM-1
HL scFv-encoding DNA as a template. One was a target library where one of the amino acids
in a CDR is designed as X, and the other was a library where only the hot spot sequences in a
CDR. are substituted with random sequences. The target library where one of the amino acids
in each CDR is designed as X was constructed as follows. The library portion was constructed
by PCR using a primer containing NNS for the amino acids to be incorporated into the library,
while the remaining was prepared by standard PCR.  The two were linked together by assembly
PCR. Inthis construction, only one CDR was diversified as a library (see J. Mol. Biol. (1996)
256:77-88). Likewise, the library where only the hot spot sequences were substituted with
random sequences was constructed by PCR using a primer containing NNS for all hot spot
amino acids. In this construction, two libraries were constructed: one was a library where only
the hot spot in heavy chain variable region was diversified, and the other was a library where
only the hot spot in light chain variable region was diversified (see Nature Biotechnology 1999
June;17:568-572).

A ribosome display library was constructed using the above-described libraries
according to J. Immunological Methods (1999) 231:119-135.  To perform in vitro translation
based on the cell-free E. coli system, an SDA sequence (ribosome binding site) and T7 promoter
were attached to the 5° end and a partial gene3 sequence was ligated as a ribosome display linker
to the 3° end using Sfil.

Selection of high affinity scFv by ribosome display
Ribosome display-based panning was carried out (Nature Biotechnology 2600

Dec:18:1287-1292). The prepared SR344 was biotinylated using NHS-PEO4-Biotin (Pierce)
and then used as an antigen. Off-rate selection was performed to obtain high affinity scFv with
high efficiency (JBC (2004) 279(18):18870-18877).  The concentrations of biotinylated antigen
and competitor antigen were 1 nM and 1 uM, respectively. The time of competition in the
fourth round was 10 O/N.

scFv: insertion into phagemid, antigen-binding activity and sequence analysis

PCR was performed to reconstruct HL scFv using the template DINA pool obtained in
the fourth round and specific primers.  After digestion with SfIl, the fragment was inserted into
the phagemid vector pELBG lacl predigested with §fil.  XL1-Blue (Stratagene) was
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transformed with the resulting construct.  Using the yielded colonies, antigen-binding activity
was assessed by phage ELISA and the HL scFv sequence was analyzed. The phage ELISA was
carried out using plates coated with SR344 at 1 pg/ml (J. Mol. Biol. (1992) 227:381-388).
Clones exhibiting SR344 binding activity were analyzed for their sequences using specific

primers.

Conversion of scFv into IgG. and expression and purification of IgG

IgG expression was conducted using animal cell expression vectors. Clones enriched
with a particular mutation were subjected to PCR to amplify their light chain variable regions
and heavy chain variable regions. After Xhol/Nhel digestion and EcoRI digestion, the

‘amplified DNAs were inserted into an animal cell expression vector. The nucleotide sequence

of each DNA fragment was determined using a DNA sequencer (ABI PRISM 3730xI. DNA
Sequencer or ABI PRISM 3700 DNA Sequencer (Applied Biosystems)) using the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems) according to the method described in

the attached instruction manual,

Expression of IgG-converted antibodies
Antibody expression was performed by the method described below. Human

embryonic kidney cancer-derived HEK293H cells (Invitrogen) were suspended in DMEM -
(Invitrogen) supplemented with 10% FBS (Invitrogen). The cells (10-ml/plate; cell density of 5
to 6 x 10° cells/ml) were plated on dishes for adherent cells (10 cm in diameter; CORNING) and
cultured in a CO; incubator (37°C, 5% CO,) for one whole day and night. Then, the medium
was removed by aspiration, and 6.9 ml of CHO-S-SFM-II medium (Invitrogen) was added.

The prepared plasmid DNA mixture (13.8 pg in total) was combined with 20.7 pl of 1 pg/ml
Polyethylenimine (Polysciences Inc.) and 690 pl of CHO-S-SFMIl medium. The resulting
mixture was incubated at room temperature for 10 minutes, and then added to the cells in each
dish. The cells were incubated in a CO; incubator (at 37°C under 5% COy) for four to five
hours. Then, 6.9 ml of CHO-S-SFM-II medium (Invitrogen) was added to the dishes, and the
cells were incubated in a CO incubator for three days. The culture supernatants were collected
and centrifuged (approx. 2,000 g, five minutes, room temperature) to remove the cells, and
sterilized through 0.22-pm filter MILLEX®-GV (Millipore). The samples were stored at 4°C

until use,

Purification of IgG-converted antibodies

50 ul of rProtein A SepharoseTM Fast Flow (Amersham Biosciences) suspended in TBS

was added to the obtained culture supernatants, and the combined solutions were mixed by
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inversion at 4°C for four hours or more. The solutions were transferred into 0.22-pm filter cups
of Ultrafree®-MC (Millipore). After washing three times with 500 pl of TBS, the rProtein A

Sf:pirlrslroseTM

resin was suspended in 100 pl of 50 mM sodium acetate (pH 3.3) aqueous solution,
and the mixture was incubated for two minutes to elute the antibody. Immediately, the eluate
was neutralized by adding 6.7 pl of 1.5 M Tris-HCI (pH 7.8). Elution was carried out twice,
yielding 200 pl of purified antibody. The absorbance at 280 nm was determined using
ND-1000 Spectrophotometer (NanoDrop) or spectrophotometer DU-600 (Beckman) using 2 or
50 pl of the antibody solution, respectively. The antibody concentration was calculated from
the obtained value according to the following formula:

[ Antibody concentration (mg/ml)] = (absorbance x dilution fold) / 14.6 x 10

Assessment of the JoG-converted clones for human I1.-6 receptor-neutralizing activity

The IL-6 receptor neutralizing activity was assessed using BaF3/gp130 which
proliferates in an IL-6/IL-6 receptor-dependent manner. Afier three washes with RPMI1640
supplemented with 10% FBS, BaF3/gp130 cells were suspended at 5 x 10° cells/ml in
RPMI1640 supplemented with 60 ng/ml human interleukin-6 (TORAY), 60 ng/ml recombinant
soluble human TL-6 receptor (SR344), and 10% FBS. The cell suspensions were dispensed (50
pl/well) into 96-well plates (Corning).  Then, the purified antibodies were diluted with
RPMI1640 containing 10% FBS, and added to each well (50 pl/well). The cells were cuitured
2t 37°C under 5% CO, for three days. WST-8 Reagent (Cell Counting Kit-8; Dojindo
Laboratories) was diluted two-fold with PBS.  Immediately after 20 ul of the reagent was added
to each well, the absorbance at 450 nm (reference wavelength: 620 nm) was measured using
SUNRISE CLASSIC (TECAN).  After culturing for two hours, the absorbance at 450 nm
(reference wavelength: 620 nm) was measured again. The IL-6 receptor neutralizing activity
was assessed using the change of absorbance during two hours as an indicator.

As a result, a number of antibodies whose activities were higher than.that of the
humanized PM-1 antibody (wild type (WT)) were obtained. Mutations in the antibodies whose
activities were higher than that of WT are shown in Fig. 4. For example, as shown in Fig. 1, the
neutralizing activity of RD_6 was about 50 times higher than WT in terms of 100% inhibitory

concentration.

Biacore-based affinity analvsis of the lgG-converted clones

The clones whose activities were higher than that of the wild type were analyzed for
antigen-antibody reaction kinetics using Biacore T100 (Biacore). The antigen-antibody
interaction was measured by immobilizing 1,800 to 2,600 RU (resonance units) of rec-Protein A

(Zymed) (hereinafter “Protein A™) onto a sensor chip, binding various antibodies onto the chip,
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and then flowing the antigen over the chip as an analyte. Various concentrations of
recombinant human IL-6R sR (R&D systems) (hereinafter “rhIL-6sR”) were used as the antigen.
All measurements were carried out at 25°C.  The kinetic parameters, association rate constant
k. (1/Ms) and dissociation rate constant kq (1/s) were calculated from the sensorgrams obtained
by measurement. Then, Kp (M) was determined based on the rate constants. The respective
parameters were determined using Biacore T100 Evaluation Software (Biacore).

As a result, a number of antibodies exhibiting higher affinity than the humanized PM-1
antibody (wild type (WT)) were obtained. ~As an example, sensorgrams of the wild type (WT)
and RD _6 are shown in Figs. 2 and 3, respectively. The result of kinetic parameter analysis
revealed that RD 6 had about 50 times higher affinity than WT (Table 1). In addition to RD_6,
antibodies exhibiting affinity dozens of times higher than WT were also obtained. Mutations
that result in higher affinity than W are shown in Fig. 4.

Table 1
SAMPLE  k, (1/Ms)  ky (1/s) Ky (W)
Wi 2. 8E+6 1. 8E-3 6. 5E-10
RD 6 2. 3E+6 2. 8E-b 1. 2E-11

[Example 2] Improvement of antigen-binding activity through various combinations of CDR
modifications
Mutations associated with strong activity or high affinity were combined to create

antibodies with stronger activity and higher affinity.

Production, expression, and purification of modified antibodies

Amino acids at selected sites were modified to produce modified antibodies.
Specifically, mutations were introduced into the prepared H(WT) variable region (H(WT), SEQ
ID NO: 107) and L{(WT) variable region (L{WT), SEQ ID NO: 108) using the QuikChange
Site-Directed Mutagenesis Kit (Stratagene) by the method described in the attached instruction
manual. After it was confirmed that the antibody heavy chain gene fragment inserted into a
plasmid was the humanized antibody variable region gene sequence of interest, the plasmid was
digested with Xhol and NosI. A plasmid containing the antibody light chain gene fragment as
an insert was digested with EcoRIL.  Then, the reaction mixtures were subjected to
electrophoresis in 1% agarose gel. A DNA fragment of the expected size (about 400 bp) was
purified using the QlAquick Gel Extraction Kit (QIAGEN) by the method described in the
attached instruction manual. The DNA was eluted with 30 pl of sterile water. Then, the
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antibody heavy chain gene fragment was inserted into an animal cell expression vector to
construct the heavy chain expression vector of interest. An expression vector for the light chain
was also constructed in the same way. Ligation was carried out using the Rapid DNA Ligation
Kit (Roche Diagnostics). The E. coli strain DH5a (Toyobo) was transformed with the plasmids.
The nucleotide sequence of each DNA fragment was determined with a DNA sequencer (ABI
PRISM 3730xI. DNA Sequencer or ABI PRISM 3700 DNA Sequencer (Applied Biosystems))
using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) according to the
method described in the attached instruction manual. The antibodies were expressed using the

constructed expression vectors and purified by the method described in Example 1.

Assessment for the activity of neutralizing human IL-6 receptor

The purified antibodies were assessed for their neutralizing activity by the method
described in Example 1. The neutralizing activity was assessed using 600 ng/ml human
interleukin-6 (TORAY). A number of novel antibodies with stronger activity than WT were

“obtained. The CDR sequences of the antibodies are shown in Fig. 5. Of them, the antibody

with the strongest activity (referred to as RDC_23) has RDC_5H as a heavy chain and RDC_11L
as a light chain. The neutralizing activity of RDC_23 is shown in Fig. 6. The activity of
RDC_23 was demonstrated to be about 100 times higher than WT in terms of 100% inhibitory
concentration. Improved neutralizing activity was observed not only in RDC_23, which is an
antibody having RDC_5H as a heavy chain and RDC_11L as a light chain, but also in antibodies
RDC 2,RDC 3,RDC_4,RDC_5,RDC_6,RDC_7, RDC_8,RDC_27, RDC 28, RDC 29,
RDC 30, and RDC_32, which all have L(WT) as a light chain, and RDC_2H, RDC_3H,

RDC 4H, RDC_5H, RDC_6H, RDC_7H, RDC_8H, RDC_27H, RDC_28H, RDC_29H,

RDC 30H, and RDC 32H as a heavy chain, respectively, as well as in an antibody referred to as
RDC 11, which has H{WT) and RDC_11L as heavy and light chains, respectively. It was thus
shown that antibodies having stronger neutralizing activity could be obtained by combining
mutations discovered by affinity maturation. Furthermore, since antibodies containing such a
combination of mutations had improved neutralizing activity, they were also expected to have

improved affinity.

Biacore-based affinity analysis using Protein A
Thus, of the antibodies with improved neutralizing activity, RDC_2, RDC_3, RDC_4,
RDC_5,RDC 6,RDC_7, RDC_8, RDC_11, and RDC_23 were analyzed for antigen-antibody

reaction kinetics using Biacore T100 (Biacore). The antigen-antibody interaction was

measured by immobilizing 4,400 to 5,000 RU of rec-Protein A (Zymed) immobilized onto a

sensor chip by the amine coupling method, binding various antibodies onto the chip, and then
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flowing the antigen over the chip as an analyte. For the antigen, various concentrations of
rhlL-6sR were used. All measurements were carried out at 25°C.  The kinetic parameters,
association rate constant k, (1/Ms) and dissociation rate constant ke (1/s) were calculated from
the sensorgrams obtained by measurement. Then, K, (M) was determined based on the rate
constants. The respective parameters were determined using Biacore T100 Evaluation
Software (Biacore). The result showed that RDC_2, RDC_3, RDC_4,RDC_5, RDC_6,
RDC 7,RDC_8,RDC 11, and RDC_23, all of which contained a combinatien of mutations,
had a smaller Kp value than RD 28 which contains a single mutation (Table 2). The
sensorgram for RDC_23 which has a higher affinity than others is shown in Fig. 7.

Table 2
saMPLE  ka (1/Ms) kd (1/s) KD (M}
RD 28 8. 4E+0h 1.1E-04 1.72E-10
RDC 2 1.1E+0B 2.6E-0h Z.ZE-11
RDC_3 1.0E+06 3.7E-05  3.7E-1}
RDC_4 1.1E+CB 2.8E-06 2.7E-1
ROC 5 1.2E+08B ?2.8E-05 2.2E-11
ROC_B 1.2E+086 3.5E-0b  2.8E-11
ROC_7 1.1E+08 4.2E-05 3.BE~11
RCC B 1.4E+06 3.6E-0b 2.BE-11
RDC 11 1.1E+06 7.0E~05 6.BE-11
RDC 23 1, Z2E+0B 3.1E-05 2.bE-11

This finding suggests that these antibodies have higher affinities than the parental
antibodies that do not have the combinations of mutations. As in the case of the neutralizing
activity, this indicates that antibodies having greater affinity can be obtained by combining
mutations discovered by affinity maturation. The amino acid sequences of variants having
higher activity or affinity than WT are shown below (mutations relative to WT are underlined).
(HCDR2)

SEQ ID NO: 45 YISYSGITNYNPSLKS
(HCDR3)

SEQ ID NO: 57 LLARATAMDY

SEQ ID NO: 58 VLARATAMDY

SEQ ID NO: 59 [LARATAMDY

SEQ ID NO: 60 TLARATAMDY

SEQ ID NO: 61 VLARITAMDY

SEQ ID NO: 62 ILARITAMDY

SEQ ID NO: 63 TLARITAMDY
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SEQ ID NO: 64 LLARITAMDY
(LCDR3)
SEQ ID NO: 79 GOQGNRLPYT

Specifically, an anti-I1-6 receptor antibody with markedly improved affinity and
neutralizing activity as compared to WT can be produced by designing the antibody to have Asn
at amino acid position 9 in HCDR2, Leu, Val, Ile, or Thr at amino acid position 1 in HCDR3,
Ala or Ile at amino acid position 5 in HCDR3, Gly at amino acid position 1 in LCDR3, and Arg
at amino acid position 5 in LCDR3.

Biacore-based affinity analvsis using Protein A/G

WT and RDC 23 were analyzed for antigen-antibody reaction kinetics using Biacore
T100 (Biacore). The antigen-antibody interaction was measured by immobilizing purified
Recomb Protein A/G (Pierce) (hereinafter “Protein A/G”) onto a sensor chip, binding various
antibodies onto the chip, and then flowing the antigen as an analyte over the chip. Various
concentrations of rhIL-6sR (R&D systems) and recombinant soluble IL-6 receptor (SR344
prepared in Example 1) were used as the antigen.  The sugar chain structure of rhIL-6sR
produced by baculovirus-infected insect cells is of high-mannose type. On the other hand, the
sugar chain structure of SR344 produced by CHO cells 15 assumed to be of the complex sugar
chain type with sialic acid at its end.  Since the sugar chain structure of soluble IL-6 receptor in
an actual human body is assumed to be of the complex sugar chain type with sialic acid at its end,
SR344 is expected to have a structure closer to that of soluble IL-6 receptor in the human bedy.
Thus, a comparison test between rhIL-6sR and SR344 was carried out in this experiment.

The kinetic parameters, association rate constant k, (1/Ms) and dissociation rate
constant kq (1/s) were calculated from the sensorgrams obtained by measurement. Then, Kp
(M) was determined based on the rate constants. The respective parameters were determined
using Biacore T100 Evaluation Software (Biacore).

A sensor chip was prepared by immobilizing about 3,000 RU of Protein A/G onto CM5
(Biacore) with the amine coupling method.  The kinetics of the interaction between the two
types of soluble IL-6 receptors (rhIL-6sR and SR344) and the antibodies (WT and RDC_23)
bound to Protein A/G was analyzed using the prepared sensor chip. The running buffer used
was HBS-EP+, and the flow rate was 20 (/min. Each antibody was prepared so that about 100
RU of the antibody was bound to Profein A/G. For the analyte, thiL-6sR was prepared at 0,
0.156, 0.313, and 0.625 ng/ml using HBS-EP+, while SR344 was adjusted to 0, 0.0654, 0.131,
and 0.261 pug/ml. In the first step of the measurement, the antibodies of intefest, WT and
RDC_23, were bound to Protein A/G, and an analyte solution was added thereto.  After three

minutes of interaction, the solution was switched with HBS-EP+ (Biacore), and the dissociation
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phase was monitored for ten minutes. After measurement of the dissociation phase, the sensor
chip was regenerated by washing with 10 pl of 10 mM glycine-HCI (pH 1.5).  The association,
dissociation, and regeneration constituted one analytic cycle. All experiments were carried out
at 37°C.

WT and RDC_23 were measured according to the above cycle. The resulting
sensorgrams for the two types of soluble IL-6 receptors, thIL-6sR and SR344, are shown in Figs.
8,9,10,and 11, The obtained sensorgrams were kinetically analyzed using Biacore T100
Evaluation Software, which is a data analysis software specific for Biacore (Table 3).  The
result showed that when comparing rhIL-6sR and SR344, the affinities of both WT and RDC_23
for SR344 were two- to three-fold weaker For both rhIL-6sR and SR344, RDC_23 had -
affinities that are about 40 to 60 times improved as compared to WT. Thus, it was
demonstrated that because of the combination of respective CDR modifications obtained by
affinity maturation, RDC_23 also had a markedly higher affinity than WT for SR344 whose
structure is presumabiy close to that of soluble IL-6 receptor in the human body. All
measurements described hereinafter in the Examples were carried out at 37°C to kinetically

analyze the antigen-antibody reaction using SR344 and protein A/G.

Table 3
SAMPLE ANALYTE k, (1/Ms) ky (1/5) K, (W)
W rhiL-6sR 1. 3E+6 1. 5E-3 1. 2E-9
SR344 4. 9F+5 2. 0E-3 _ 4. OE-9
RDC_23 rhiL-6sR 1. 6E+6 4. BE-5 2. BE-11
SR344 6. 4E+5 4. 3F-5 6. 7E-11

[Example 3] Generation of H53/L28 with improved plasma retention and reduced
immunogenicity risk through modifications of CDR and framework

The antibody obtained by humanizing a mouse PM-1 antibody (hereinafter referred to
as “wild type” or “WT”; the WT heavy and light chains are referred to as “H(WT)” and
“L{WT)”, respectively) as described in Cancer Res. 1993 Feb 15;53(4):851 -6, was modified to
improve the retention in plasma, reduce the immunogenicity risk, and increase the stability.
The modifications are described below. For the purpose of improving the retention in plasma,
the heavy and light chain variable region sequences of WT were modified to lower the isoelectric

point.

Creation of a three-dimensional structure model for the humanized PM-1 antibody
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First, to identify amino acid residues exposed on the surface of the variable regions of
the humanized PM-1 antibody (H(WT)/L{(WT)), a model for the Fv domain of the antibody
obtained by humanizing a mouse PM-1 antibody was created by homology modeling using the
MOE software (Chemical Computing Group Iﬁc.).

Selection of modification sites to reduce the isoelectric point of the humanized PM-1 antibody

A detailed analysis of the model created suggested that of the surface exposed amino
acids in the FR sequence, H16, H43, H81, H105,L18, L.45, L.79, and 1.107 (Kabat’s numbering;
Kabat EA ef al., 1991, Sequences of Proteins of Immunological Interest, NIH), and of those in
the CDR sequence, H31, H64, H65, 1.24, 1.27, 153, and L35, were potential candidates for the

sites of modification to reduce the isoelectric point without decreasing the activity or stability.

Removal of remaining mouse sequences from the humanized PM-1 antibody

The humanized PM-1 antibody is an antibody whose sequence was obtained by
humanizing the mouse PM-1 antibody (Cancer Res. 1993 Feb 15;53(4):851-6). The heavy
chain of the humanized PM-1 antibody was obtained by grafting CDR onto the NEW framework
which is a human antibody variable region. However, mouse sequences remain at H27, H28,
H29, H30, and 171 in the heavy chain to maintain the activity. From the perspective of
immunogenicity risk, the best result is expected when the number of mouse sequences 18
minimized. Thus, the present inventors searched for sequences for converting H27, H28, H29,

and H30 into human sequences.

Selection of modification sites to improve the stability of the humanized PM-1 antibody

The present inventors speculated that it might be possible to improve the stability of the
humanized PM-1 antibody (H(WTYL{WT)) by substituting glycine for serine at H63
(stabilization of the turn structure; stabilization through conversion into an HCDR2 consensus
sequence), isoleucine for methionine at H69 (stabilization of the hydrophobic core structure),
serine for leucine at H70 (stabilization through replacement of the surface exposed residue with a
hydrophilic residue), asparagine for threonine at H58 (stabilization through conversion into an
HCDR2 consensus sequence), serine for threonine at 1.93 (stabilization through replacement of
the surface exposed residue with a hydrophilic residue), and isoleucine for serine at H107
(stabilization of the  sheet) in its variable regions, and considered these modifications as

candidates for increasing stability.

Removal of in silico predicted T-cell epitopes from the humanized PM-1 antibody
First, the variable regions of the humanized PM-1 antibody (H(WTY/L{WT)) were
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analyzed using TEPITOPE (Methods 2004 Dec;34(4):468-75).  The result showed that the light
chain CDR2 contained many T-cell epitopes that bind to HLA. Thus, TEPITOPE analysis was
carried out to find modifications that would reduce the immunogenicity risk of the light chain
CDR2 without decreasing the stability, binding activity, or neutralizing activity. The result
demonstrated that HLA-binding T-cell epitopes can be removed without decreasing the stability,
binding activity, or neutralizing activity by substituting glycine for threonine at L51 in the light
chain CDR2.

Selection of respective framework sequences

. Homology search can be performed for the individual frames by using a database
constructed with the data of human antibody amino acid sequences available from the public
databases: Kabat Database (ftp://ftp.ebi.ac.uk/pub/databases/kabat/) and IMGT Database
(hitp://imgt.cines.fr/). From the perspectives of reducing the isoelectric point, removing
remaining mouse sequences, and improving the stability, human frameworks were selected by
searching the database for human framework sequences containing the modifications described
above. The result showed that the modified antibody H53/L28 met the requirements described
above without decreasing the binding activity or neutralizing activity when its respective
frameworks were constituted of the sequences indicated below. SOURCE indicates origins of
the human sequences. Underlined amino acid residues in each sequence represent modified

amino acids relative to WT.

Table 4

H53 SOURCE SEQUENCE

FR1 |Germline: MGT_hvH_4_b CVOLOFSGPGLYKPSETLSLTCAVSGY SIS
FR2 |Bicod 1896 2B 46204629 WVROPPGEGLEWIG

FR3 Gemmline ! IMGT_hVH_4_p (EXCEPT BOLD_'S?;%A:% RV TISRDTSKNGQFSLKL SSYTAADTARYYCAR
FR4 L IMMURNOL 142: 4027-4033 (1868) WGEEGTLVTVSS

128 SOURCE SEQUENCE

FR1 jmmunclogy. 1988 Aug;84(4):573-2 DIGMTQSPSSLSASYEDSVTITC

FRZ |Germine: MGT_nvk_1D_8 WY QUKPGKAPELLYY

FR3 |Germine: IMGT_hvk_BD_41 GVPSRFSGSGSGTDFTFTISSLEAEDAATYYC
FR4 |J. Exp, Med, 1997 185: 1435-1446 FGQGTKVEE

Furthermore, the above-described FR3 of H33 contains a nonhuman sequence; thus, it is

preferable to further reduce the immunogenicity risk. A possible modification for reducing the
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immunogenicity risk is a sequence substitution resulting in an exchange of Ala at H89 to Val
(SEQ ID NO: 127). Moreover, since Arg at H71 in FR3 of H53 is important for the binding
activity (Cancer Res. 1993 Feb 15;53(4):851-6), anti-human IL-6 receptor antibodies containing
heavy and light chains whose frameworks consist of a fully human sequence may be produced
by using an FR3 sequence of the human VH]I subclass (SEQ ID NO: 128) or the human VH3
subclass (SEQ ID NO: 129) where Arg at H71 is conserved.

Selection of respective CDR sequences

The respective CDR sequences of H53/L28 were selected as shown below, from the
perspectives of reducing the isoelectric point, improving the stability, and removing T-cell

epitopes, and most importantly, not decreasing the binding activity or neutralizing activity.

Table 5

H53 SEQUENCE
CDR1 |DDHAWS

CDR2 [YISYSGITNYNPSLKG
CDR3 |SLARTTAMDY

L28 SEQUENCE
CDR1 |QASQDISSYLN
CDR2 |YGSELHS
CDR3 |QQGNSLPYT

Construction of expression vector for modified antibody. expression and purification of the

antibody
An expression vector for modified antibody was constructed, and the antibody was

expressed and purified by the method described in Example 1. The humanized mouse PM-1
antibody was successively modified to have the framework and CDR sequences selected for
mutagenesis vectors for H(WT) and L(WT) of the antibody. Using the finally obtained
H53/1.28-encoding animal cell expression vector (antibody amino acid sequences: H53, SEQ ID
NO: 104: and 128, SEQ ID NO: 105) having the selected framework and CDR sequences,

H53/L28 was expressed and purified, and then used in the assessment described below.

Assessment of modified antibody H53/L28 for the isoelectric point by isoelectric focusing

WT and the modified antibody H53/1.28 were analyzed by isoelectric focusing to assess
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the change in the isoelectric point of the whole antibody caused by the amino acid modifications
in the variable regions. The procedure of isoelectric focusing is described below. Using
Phastsystem Cassette (Amersham Biosciences), Phast-Gel Dry IEF gel (Amersham Biosciences)

was rehydrated for about 30 minutes in the rehydration solution indicated below.

Milli-Q water 1.5 ml
Pharmalyte 5-8 for IEF (Amersham Biosciences) 50l
Pharmalyte 8-10.5 for IEF (Amersham Biosciences) 50 ul

Electrophoresis was carried out in PhastSystem (Amersham Biosciences) using the
rehydrated gel according to the program indicated below. The samples were loaded onto the

gel in Step 2. Calibration Kit for pl (Amersham Biosciences) was used as the pl markers.

Step1: 2000V 2.5 mA 3.5W 15°C  75Vh
Step2: 200V 2.5 mA 35W 15°C  15Vh
Step 3: 2,000V 2.5 mA 35W 15°C  4i10Vh

After electrophoresis, the gel was fixed with 20% TCA, and then silver-stained using
the Silver Staining Kit, protein (Amersham Biosciences), according to the protocol attached to
the kit. After staining, the isoelectric point of the sample (the whole antibody) was calculated
from the known isoelectric points of pI markers. The result showed that the isoelectric point of
WT was about 9.3, and the isoelectric point of the modified antibody H53/1.28 was about 6.5 to
6.7. The amino acid substitution in WT yielded H53/1.28 whose isoelectric point is about 2.7
lowered. The theoretical isoelectric point of the variable regions of H53/L.28 (heavy chain
variable region and light chain variable region sequences) was calculated by GENETYX
(GENETYX CORPORATION). The determined theoretical isoelectric point was 4.52.
Meanwhile, the theoretical isoelectric point of WT was 9.20.  Thus, the amino acid substitution
in WT yielded H53/1.28 having a variable region whose theoretical isoelectric point is about 4.7

lowered.

Assessment of H53/L.28 for the human IL-6 receptor-neuiralizing activity

WT and H53/L.28 were assessed by the method described in Example 1.  The result is
shown in Fig. 12. The activity of modified antibody H53/L28 to neutralize Bal/gp130
improved several fold in comparison to WT. Specifically, the comparison of H53/L28 with

WT revealed that the isoelectric point could be reduced while improving the neutralizing

activity.

Biacore-based analysis of H53/1.28 for the affinity for human -6 receptor
The affinities of WT and H53/1.28 for human IL-6 receptor were assessed by kinetic

analysis using Biacore T100 (Biacore). The antigen-antibody interaction was measured by




10

15

20

25

30

139

immobilizing purified Recomb Protein A/G (Pierce) (hereinafter “Protein A/G”) onto a sensor
chip, binding various antibodies onto the chip, and then flowing the antigen over the chip as an
analyte. Various concentrations of recombinant soluble IL-6 receptor (SR344) were used as the
antigen. The measurement conditions were the same as described in Example 2.

The sensorgrams obtained for WT and H53/L.28 are shown in Fig. 13.  Kinetic analysis
was carried out using Biacore-specific data analysis software Biacore T100 Evaluation Software.
The result is shown in Table 6. The result showed that Kp in H53/1.28 was reduced about
six-fold compared to WT, and this means the affinity was improved about six-fold.

Specifically, the comparison of H53/1.28 with WT revealed that the affinity could be improved
six-fold while reducing the isoelectric point at the same time. A detailed analysis suggested
that the amino acid mutation that contributed to the affinity improvement was the substitution of
glycine for threonine at L51.  In other words, it is thought that the affinity can be improved by
substituting glycine for threonine at L51.

Table 6
SAMPLE  k, (1/Ms) kg (1/s) K, ()
WT 4. 9E+H 2. OE-3 4. OE-0
H53/L28 7. 6E+b 5. 2E4 6. 8E-10

Prediction of T-cell epitopes in H53/L.28 using TEPITOPE
H53/128 was analyzed by TEPITOPE (Methods. 2004 Dec;34(4):468-75). The result
showed that the number of potential HLA-binding peptides was significantly reduced in

H53/L.28 as compared to WT. This suggests reduction of the immunogenicity risk in human.

[Example 4] Assessment of the plasma retention of H53/L28

Assessment of the modified antibody H53/L28 for its plasma pharmacokinetics in normal mice

To assess the retention in plasma of the modified antibody H53/L.28 with reduced
isoelectric point, the plasma pharmacokinetics was compared between WT and the modified
antibody H53/L.28 using normal mice.

A single dose of WT or H53/1.28 was intravenously or subcutaneously administered at 1
mg/kg to mice (C57BL/6J; Charles River Japan, Inc.). The blood was collected before
administration and 15 minutes, 2 hours, 8 hours, 1 day, 2'days, 5 days, 7 days, 14 days, 21 days,
and 28 days after administration. Note that the blood was collected at 15 minutes after

administration only from the intravenous administration groups. The collected blood was
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immediately centrifuged at 4°C and 15,000 rpm for 15 minutes to obtain plasma. The separated
blood plasma was stored until use in a freezer at -20°C or below.

The concentration in the mouse plasma was determined by ELISA.  First,
Recombinant Human IL-6 sR (R&D Systems) was biotinylated using EZ-Link™
Sulfo-NFS-Biotinylation Kit (PIERCE). The biotinylated human-siL-6R was dispensed into
Reacti-Bind Streptavidin High Binding Capacity (HBC) Coated Plates (PIERCE), and then
incubated at room temperature for one hour or more.  Thus, human-siL-6R-immobilized plates
were prepared as described above. Mouse plasma samples and standard samples (plasma
concentrations: 3.2, 1.6, 0.8, 0.4, 0.2, 0.1, and 0.05 pg/ml) were prepared and dispensed into thé
human-sIL-6R-immobilized plates. The samples were incubated at room temperature for one
hour, and then anti-human IgG-AP (Sigma) was added for reaction.  After color development
using the BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry
Laboratories) as a substrate, the absorbance at 650 nm was measured with a microplate reader.
The plasma concentrations in the mice were determined based on the absorbance of the
calibration curve using the analytical software SoftMax Pro (Molecular Devices). The time
courses for the plasma concentrations of WT and H53/L28 after intravenous administration and
subcutaneous administration are shown in Figs. 14 and 15, respectively.

The obtained plasma concentration-time data were evaluated by a model-independent
analysis using the pharmacokinetic analysis software WinNonlin (Pharsight) to estimate
pharmacokinetic parameters (AUC, clearance (CL), and half-life (T1/2)).  T1/2 was estimated
from the plasma concentrations at the last three points or those in the terminal phase
automatically selected by WinNonlin. BA was calculated from the ratic of AUC after
subcutaneous administration versus AUC after intravenous administration. The determined

pharmacokinetic parameters are shown in Table 7.

Table 7
iv 1]
CL T1/2 CL/F T1/2 BA
mL/h/kg day | mL/hkg day %o
WT 0.177 185 | 0.180 147 113
H53/1.28| 0.102 23.5 0.086 29.7 121

The half-life (T1/2) of H53/1.28 in plasma after intravenous administration was
prolonged to about 1.3 times that of WT, while the clearance was reduced about 1.7 times.
T1/2 of H53/1.28 after subcutaneous administration was profonged to about twice that of WT,
while the clearance was reduced about 2.1 times. Thus, the retention of H53/1.28 in plasma
could be significantly improved by lowering the isoelectric point of WT.
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F53/1.28 is a humanized anti-IL-6 receptor antibody with improved binding activity and
neutralizing activity, reduced immunogenicity risk, and significantly improved retention in
plasnia as compared to the humanized PM-1 antibody (WT). Therefore, the modifications used
to create H53/L28 may be very useful in the development of pharmaceuticals.

[Example 5] Preparation of the PF1 antibody

Construction of expression and mutagenesis vectors for the humanized PM-1 antibody

A total of four CDR mutations discovered in Example 2 which improved the affinity of
RDC 23 (two each in the heavy and light chains) were introduced into H53/L28 created in
Example 4. The heavy and light chains obtained by introducing the mutations of RDC_23 into
1153/1.28 were named PF1_H and PF1_L, respectively. The modified antibody was prepared,
expressed, and purified by the method described in Example 1. The amino acid sequences of
PF1 _Hand PF1_L are shown in SEQ ID NOs: 22 and 23, respectively.

Assessment for the human IL-6 receptor-neutralizing activity

The neutralizing activity of the purified PF1 antibody was assessed by the method
described in Example 1. The neutralizing activity assessment was carried out using 600 ng/ml
human interleukin-6 (TORAY). The neutralizing activities of WT and PI'1 are shown in Fig.
16. PF1 was demonstrated to have an activity about 100 to 1,000 times higher than WT in

terms of 100% inhibitory concentration.

Biacore-based analysis of the PF1 antibody for the affinity for human I1.-6 recepter

This measurement was carried out under the same conditions described in Example 2.
The running buffer used was HBS-EP-, and the flow rate was 20 pl/min. Each antibody was
prepared so that about 100 RU of the antibody was bound to Protein A/G.  SR344 was prepared
at 0, 0,065, 0.131, and 0.261 pg/ml using HBS-EP+ and used as an analyte. In the first step of
the measurement, the antibody in solution was bound to Protein A/G, and the analyte solution
was allowed to interact therewith. After three minutes of interaction, thg solution was switched
to HBS-EP+, and the dissociation phase was monitored for 10 or 135 minﬁtes. After
measurement of the dissociation phase, the sensor chip was regenerated by washing with 10 pl of
10 mM glycine-HCI (pH 1.5).  The association, dissociation, and regeneration constitute one
analysis cycle. Each antibody was measured according to this cycle.

The obtained sensorgram for PF1 is shown in Fig. 17. - The sensorgram was kinetically
analyzed using the Biacore-specific data analysis software, Biacore T100 Evaluation Software.
The result is shown along with those for WT and H53/L28 in Table 8. The result showed that
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the affinity of PF1 was about 150 times improved as compared to WT. RDC_23 has a high
affinity as a result of combination through affinity maturation, and H53/L.28 has a prolonged
retention in plasma and improved affinity. Through combination of both, PF1 obtained a
higher affinity than RDC_23 or H53/L28 by an additive effect.

Table 8
SAMPLE ke (1/Hs) ke (1/8) Ky (i)
41 4 .9E+05 2.0E-08  4.0E-09
BDC 73 B .4E+05 4.3E-05  B.TE-T1
H53/L28 1.BE+05 5.2E-04 B.BE-10
PF1 1.3E+06 3.5E-0F  Z.7E-11

Assessment of the PF1 antibody for thermal stability by DSC

To assess the thermal stability of the PF1 antibody, the midpoint of thermal denaturation
(Tm value) was determined by DSC.  The purified antibodies of WT and PF1 were dialyzed
against a solution of 20 mM sodium acetate, 150 mM Na(l, pH 6.0 (EasySEP, TOMY). DSC

measurement was carried out at a heating rate of 1°C/min from 40°C to 100°C at a protein

concentration of about 0.1 mg/ml. The result showed that the Tm of the WT Fab domain was
about 94°C and that of the PF1 Fab domain was 91°C.  The Tm of the Fab domain of an [gG1
type antibody molecule is generally within the range of about 60°C to 85°C (Biochem. Biophys.
Res. Commun. 2007 Apr 13;355(3):751-7; Mol Immunol. 2007 Apr;44(11):3049-60).  Thus,
the observed thermal stability of the PF1 antibody was extremely high as compared to those of
typical IgG1 molecules,

Assessment of the PF1 antibody for stability at high concentrations

The PF1 antibody was assessed for stability in high concentration formulations.
Purified WT and PY1 antibodies were dialyzed against a solution of 20 mM histidine chloride,
150 mM NaCl, pH 6.5 (EasySEP, TOMY), and then concentrated by ultrafilters. The
antibodies were tested for stability at high concentrations. The conditions were as follows.

Antibodies: WT and PF1

Buffer: 20 mM histidine chloride, 150 mM NaCl, pH 6.0

Concentration: 145 mg/ml

Storage temperature and time period: 25°C for two weeks, 25°C for four weeks, or 25°C
for seven weeks

Aggregation assessment method:
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System: Waters Alliance

Column: G3000SWx1 (TOSCH)

Mobile phase: 50 mM sodium phosphate, 300 mM KCL, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm

100 times diluted samples were analyzed

The contents of aggregate in the initial formulations (immediately after preparation) and
formulations stored under various conditions were evaluated by the gel filtration chromatography
described above. Differences (amounts increased) in the content of aggregate relative to the
initial formulations are shown in Fig. 18.  As a result, the following findings were obtained: (1)
both WT and PF1 were very stable; (2) the amount of aggregate increased during seven weeks at
25°C was about 0.7% for WT and about 0.3% for PF1, which means that the amount of
aggregate increased per month at 25°C was about 0.4% and about 0.17%, respectively; and (3)
PF1 was markedly stable at high concentrations. WO 2003/039485 has disclosed data on the
stability of Daclizumab, which is available as a high concentration IgG formulation on the
market, at 25°C in a 100 mg/m] preparation. The amount of aggregate increased per month at
25°C-is about 0.3% in the formulation of 100 mg/ml Daclizumab. Even when compared to
Daclizumab, PF1 exhibits an excellent stability at high concentrations. The increase of the
number of aggregates is very problematic in developing high-concentration liquid formulations
as pharmaceuticals. The increase of PF1 antibody aggregate was demonstrated to be very small
even when the concentration of the PF1 antibody was high.

PFlisa molecule resulting from modification of WT. The purposes of the
modification include improvement of the antigen-binding activity, improvement of the retention
in plasma by lowering its isoelectric point, reduction of the immunogenicity risk by removing
T-cell epitopes and remaining mouse sequences, and improvement of the stability. Indeed, the
stability of PF1 in 100 mg/ml or higher concentration preparations was demonstrated to be very
high even when compared to WT. Stable and highly convenient high-concentration

formulations for subcutaneous administration can be provided by using such molecules.
[Example 6] PK/PD test of the PF1 antibody using human IL-6 receptor transgenic mice

Test for pharmacokinetics (in vivo kinetics) using human JL-6 receptor {ransgenic mice

WT and PF1 prepared in Example 5 were assessed for their pharmacokinetics (in vive
kinetics) in human IL-6 receptor transgenic mice (hIL-6R tg mice; Proc. Natl. Acad. Sci. US A.
1995 May 23;92(11):4862-6) and their human soluble IL-6 receptor-neutralizing activity in vivo.
WT and PF1 were intravenously administered once at 10 mg/kg into hiL-6R tg mice. Blood

was collected before administration and 15 minutes, two, four, and eight hours, one day, two,
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four, and seven days after administration. The blood collected was immediately centrifuged at
4°C and 15,000 rpm for 15 minutes to obtain blood plasma. The separated plasma was stored
in a freezer at -20°C or below until use. '

The concentrations in the mouse plasma were determined by ELISA. Standard
samples were prepared at 6.4, 3.2, 1.6, 0.8, 0.4, 0.2, and 0.1 pg/ml as concentrations in plasma.
Mouse plasma samples and standard samples were dispensed into immunoplates (Nunc-Immuno
Plate, MaxiSorp (Nalge Nunc International)) immobilized with Anti-human IgG (y-chain
specific) F(ab’)2 (Sigma). The samples were incubated at room temperature for one hour, and
then Goat Anti-Human IgG-BIOT (Southern Biotechnology Associates) and
Streptavidin-alkaline phosphatase conjugate (Roche Diagnostics) were subsequently added for
reaction. After color development using the BluePhos Microwell Phosphatase Substrates
System (Kirkegaard & Perry Laboratories) as a substrate, the absorbance at 650 nm was
measured with a microplate reader. The concentrations in the mouse plasma were determined
based on the absorbance of the calibration curve using the analytical software SoftMax Pro
(Molecular Devices). The time courses for the plasma concentrations of WT and PF1 are
shown in Fig. 19. The plasma PF1 concentration four days after administration was about five
times higher than WT. This suggests that the retention of PF1 in the plasma of human IL-6
receptor transgenic mice is improved as compared to WT.

The human IL-6 receptor transgenic mice have been demonstrated to produce plasma
circulating human soluble IL-6 receptor.  Thus, the human soluble IL-6 receptor-neutralizing
efficacy in plasma can be assessed by administering anti-human IL-6 receptor antibodies to
hurman I1-6 receptor transgenic mice.

The concentration of free human soluble IL-6 receptor in mouse plasma was determined
to assess the degree of neutralization of human soluble IL-6 receptor by administration of WT or
PF1. 6 i of the mouse plasma was diluted two-fold with a dilution buffer containing BSA.
The diluted plasma was loaded onto an appropriate amount of rProtein A Sepharose Fast Flow
resin (GE Healthcare) dried in 0.22-um filter cup (Millipore), and all IgG type antibodies (mouse
IgG, anti-human IL-6 receptor antibody, and anti-human IL-6 receptor antibody-human soluble
1L-6 receptor complex) in the plasma were adsorbed by Protein A.  Then, the solution in the
cup was spinned down using a high-speed centrifuge to collect the solution that passed through.
Since the solution that passed through does not contain Protein A-bound anti-human IL-6
receptor antibody-human soluble IL-6 receptor complex, the concentration of free soluble IL-6
receptor can be determined by measuring the concentration of human soluble IL-6 receptor in the
passed solution. The concentration of soluble IL-6 receptor was determined using Quantikine
Human JL-6 sR (R&D Systems). The concentration of free soluble IL-6 receptor in mice was
measured 4, 8, 24, 48, 96, and 168 hours after administration of WT or PF] according to the
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attached instruction manual. _

The result is shown in Fig. 20. In both cases of WT and PF1, the concentration of free
soluble 1L.-6 recepior was 10 ng/ml or less, four hours and up to eight hours after intravenous
administration of a single dose of WT or PF1 at 10 mg/kg, indicating that the human soluble
TL-6 receptor was neutralized. However, while the concentration of free sohuble IL-6 receptor
was about 500 ng/ml 24 hours after WT administration, it was 10 ng/ml or less after PF1
administration. This indicates that PF1 neutralizes human soluble IL-6 receptor in a more
sustainable way than WT.

PF1 was created by combining RDC 23 discovered through affinity maturation and
H53/1.28 exhibiting improved properties such as prolonged retention in plasma, and thus
predicted to be able to exhibit prolonged retention in plasma and high neutralizing activity in
vive. Indeed, as compared to WT, PF1 was demonstrated to be more sustainable in plasma and
to exhibit a prolonged neutralizing effect in human IL-6 receptor transgenic mice producing
human solubie I[L.-6 receptor. |

~ PF1 is more superior than WT (humanized PM-1 antibody) in terms of immunogenicity
risk and stability in high concentration preparations, as well as retention in plasma and IL-6
receptor-neutralizing effect in human IL-6 receptor transgenic mice. Thus, the modifications

made to create PF1 may be very useful in the development of pharmaceuticals.
[Example 7] Improvement of the stability of IgG2 and Ig(G4 under acidic condition

Construction of expression vectors for IeG2- or IeG4-converted humanized IL-6 receptor

antibodies and expression of the antibodies

To reduce the Fey receptor-binding activity, the constant region of humanized PM-1
antibody (Cancer Res. 1993 Feb 15;53(4):851-6), which is of the IgG1 isotype, was substituted
with IgG2 or IgG4 (Mol. Immunol. 1993 Jan;30(1):105-8) to generate molecules WT-IgG2
(SEQ ID NO: 109) and WT-IgG4 (SEQ ID NO: 110). . An animal cell expression vector was
used to express the IgGs.  An expression vector, in which the constant region of humanized
PM-1 antibody (IgG1) used in Example 1 was digested with Nhel/NofI and then substituted with
the IgG2 or IgG4 constant region by ligation, was constructed. The nucleotide sequence of
each DNA fragment was determined with a DNA sequencer (ABI PRISM 3730xL DNA
Sequencer or ABI PRISM 3700 DNA Sequencer (Applied Biosystems)) using the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems) according to the attached instruction
manual. Using the WT light chain, WT-IgG1, WT-IgG2, and WT-IgG4 were expressed by the
method described in Example 1.

(1) Humanized PM-1 antibody (WT-IgG1) heavy chain, SEQ ID NO: 15 (amino acid sequence)
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(2) WT-IgG2 heavy chain, SEQ ID NO: 109 (amino acid sequence)
(3) WT-IgG4 heavy chain, SEQ ID NO: 110 (amino acid sequence)

Purification of WT-IgG1l, WT-IgG2. and WT-1gG4 through elution from Protein A using
hvdrochloric acid

50 pl of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS
was added to the obtained culture supernatants, and the combined solutions were mixed by

inversion at 4°C for four hours or more. The solutions were transferred into 0.22-um filter cups
of Ultrafree™-MC (Millipore). After washing three times with 500 pl of TBS, the rProtein A
Sepharose™ resins were suspended in 100 pl of 10 mM HCL/150 mM NaCl (pH 2.0) and the
mixtures were incubated for two minutes to elute the antibodies (hydrochloric acid elution).
Immediately, the eluates were neutralized by adding 6.7 ul of 1.5 M Tris-HCI (pH 7.8). The
elution was carried out twice, yielding 200 ul of purified antibodies.

Gel filtration chromatography analysis of WT-IgGl, WT-IgG2, and WT-1g(G4 purified by

hydrochloric acid elution

The contents of aggregate in the purified samples obtained by hydrochloric acid elution
were assessed by gel filtration chromatography analysis.
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxl (TGSOH)
Mobile phase: 50 mM sodium phesphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
The result is shown in Fig. 21.- While the content of aggregate in WT-1gG1 after
purification was about 2%, those of WT-IgG2 and WT-IgG4 after purification were about 25%.
This suggests that IgG1 is stable to acid during hydrochloric acid elution, and by contrast, IgG2
and JgG4 are unstable and underwent denaturation/aggregation. Thus, the stability of 1gG2 and
IgG4 under acidic condition was demonstrated to be lower than that of IgG1. Protein A has
been frequently used to purify IgG molecules, and the IgG molecules are eluted from Protein A
under acidic condition. In addition, virus inactivation, which is required when developing IgG
molecules as pharmaceuticals, is generally carried out under acidic condition. It is thus
desirable that the stability of IgG molecules under acidic condition is higher. However, the
stability of IgG2 and IgG4 molecules under acidic condition was found to be lower than that of
IgG1, and suggests for the first time that there is a problem of denaturation/aggregation under

- acidic condition in developing IgG2 and IgG4 molecules as pharmaceuticals. It is desirable that

this problem of denaturation/aggregation be overcome when developing them as pharmaceuticals.
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“To date, however, no report has been published on a method for solving this problem through

amino acid substitution,

Preparation and assessment of WT-IgG2 and WT-IgG4 having a modified CH3 domain

The stability of IgG2 and IgG4 molecules under acidic condition was demonstrated to
be lower than that of IgG1. Thus, modified forms of IgG2 and IgG4 molecules were tested to
improve the stability under acidic condition. According to models for the constant regions of
1gG2 and IgG4 molecules, one of the potential destabilizing factors under acidic condition was
thought to be the instability at the CH3-CH3 domain interface. As a result of various
examinations, methionine at position 397 in the EU numbering system in IgG2, or arginine at
position 409 in the EU numbering system in IgG4 was thought to destabilize the CH3/CH3
interface. Then, modified IgG2 and 1gG4 antibodies were prepared. A modified IgG2
antibody comprises the substitution of valine for methionine at position 397 in the EU
numbering system (IgG2-M397V, SEQ ID NO: 111 (amino acid sequence)) and a modified
oG4 antibody comprises the substitution of lysine for arginine at position 409 in the EU
numbering system (IgG4-R409K, SEQ ID NO: 112 (amino acid sequence)).

The methods used for constructing expression vectors for the antibodies of interest, and
expressing and purifying the antibodies, were the same as those used for the hydrochloric acid
clution described above. Gel filtration chromatography analysis was carried out to estimate the
contents of aggregate in the purified samples obtained by hydrochloric acid elution from Protein
A.

Aggregation assessment method:
System: Waters Alliance
Column: G3000SWx1 (TOSOH)
Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm

The result is shown in Fig. 21.  While the content of aggregate in WT-IgG1 after
purification was about 2%, those in WT-IgG2 and WT-IgG4 after purification were about 25%.
By contrast, the contents of aggregate in variants with modified CH3 domain, IgGl—MBQ'?V and
IgG4-R409K, were comparable (approx. 2%) to that in [gG1. This finding demonstrates that
the stability of an IgG2 or IgG4 antibody under acidic condition can be improved by substituting
valine for methionine of IgG2 at position 397 in the EU numbering system or lysine for arginine
of IgG4 at position 409 in the EU numbering system, respectively. Furthermore, the midpoint
temperatures of thermal denaturation of WT-IgG2, WT-IgG4, 1gG2-M397V, and IgG4-R409K
were determined by the same method as described in Example 5. The result showed that the
T value for the modified CH3 domain was higher in IgG2-M397V and 1gG4-R409K as
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compared to WT-IgG2 and WT-Ig(G4, respectively.  This suggests that [gG2-M397V and
1pG4-R409K are also superior in terms of thermal stability as compared to WT-IgG2 and
WT-IgG4, respectively.

IgG?2 and IgG4 are exposed to acidic condition in virus inactivation process and in the
purification process using Protein A.  Thus, denaturation/aggregation in the above processes
was problematic. However, it was discovered that the problem could be solved by using
1gG2-M397V and IgG4-R409K for the sequences of IgG2 and IgG4 constant regions.  Thus,
these modifications were revealed to be very useful in developing IgG2 and IgG4 antibody
pharmaceuticals. Furthermore, the usefulness of IgG2-M397V and IgG4-R409K was also
demonstrated by the finding that they are superior in thermal stability.

[Example 8] Improvement of heterogeneity derived from disulfide bonds in IgG2

Purification of WT-IgG1, WT-IgG2, and WT-IgG4 through acetic acid elution from Protein A
50 pl of rProtein A Sepharose ™ Fast Flow (Amersham Biosciences) suspended in TBS

was added to the culture supernatants obtained in Example 7, and the combined solutions were
mixed by inversion at 4°C for four hours or more. The solutions were transferred into 0.22-pm
filter cups of Ultrafree®™-MC (Millipore). After washing three times with 500 ul of TBS, the
rProtein A Sepharose " resins were suspended in 100 i of aqueous solution of 50 mM sodium
acetate {pH 3.3} and the mixtures were incubated for two minutes to elute the antibodies.
Immediately, the eluates were neutralized by adding 6.7 ul of 1.5 M Tris-HCI (pH 7.8). The

elution was carried out twice, yielding 200 ul of purified antibodies.

Analysis of WT-IgG1, WT-IgG2, and WT-1g(G4 by cation exchange chromatography (IEC)
Purified WT-IgG1, WT-IgG2, and WT-IgG4 were analyzed for homogeneity by cation
exchange chromatography.

Assessment method using IEC:

System: Waters Alliance

Column: ProPac WCX-10 (Dionex)

Mobile phase A: 25 mM MES-NaOH, pH 6.1

B: 25 mM MES-NaOH, 250 mM Na-Acetate, pH 6.1
Flow rate, wavelength: 0.5 ml/min, 280 nm
Gradient B: 50%-75% (75 minutes) in the analysis of WT-IgG1
B: 30%-55% (75 minutes) in the analysis of WT-1gG2 and WT-1gG4
The result is shown in Fig. 22. WT-IgG2 showed more than one peak in the ion

exchange analysis while WT-1gG1 and WT-IgG4 exhibited a single peak. This suggests that
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the IgG2 molecule is more heterogeneous as compared to IgG1 and IgG4.  Indeed, IgG2
isotypes have been reported to have heterogeneity derived from disulfide bonds in the hinge
region (Chu GC et al., Pharm. Res. 2007 Mar 24;24(6):1145-56). Thus, the hetero-peaks of
IgG2 shown in Fig. 22 are also assumed to be desired substance/related substances derived from
the disulfide bonds. It is difficult to produce antibody pharmaceuticals on a large scale while
maintaining the difference in the heterogeneity of a desired substance/related substances between
productions, and thus, antibody molecules to be developed as pharmaceuticals are desirably
substances that are as homogeneous (Jess heterogeneous) as possible. For wild typé IgG2, there
is a problem of homogeneity which is important in developing antibody pharmaceuticals.

Indeed, US20060194280 (A1) has shown that natural IgG2 gives various hetero-peaks as a result
of the disulfide bonds in ion exchange chromatography analysis, and that the biological activity
varies among these peaks. US20060194280 (A1) reports refolding in the purification process
as a method for combining the hetero-peaks into a single one, but use of such a process in the
production is costly and complicated. Thus, a preferred method for combining the hetero-peaks
into a single one is based on amino acid substitution.  Although the heterogeneity originated
from disulfide bonds in the hinge region should be overcome to develop IgG2 as
pharmaceuticals, no report has been published to date on a method for solving this problem

through amino acid substitution.

Preparation and assessment of modified WT-IgG2 CH1 domain and hinge region

As shown in Fig. 23, there are various potential disulfide bond patterns for an 1gG2
molecule. Possible causes of the heterogeneity derived from the hinge region of IgG2 were
differential pattern of disulfide bonding and free cysteines. IgG2 has two cysteines (at positions
219 and 220 in the EU numbering system) in the upper hinge region, and cysteines adjacent to
the two upper-hinge cysteines include cysteine at position 131 in the EU numbering system in
the heavy chain CH1 domain and light chain C-terminal cysteine, and two corresponding
cysteines in the heavy chain upper hinge of the dimerization partner. Specifically, there are
eight cysteines in total in the vicinity of the upper hinge region of IgGG2 when the antibody is in
the associated form of H2L2. This inay be the reason for the various heterogeneous patterns
due to wrong disulfide bonding and free cysteines.

The hinge region sequence and CH! domain of Ig(G2 were modified to reduce the
heterogeneity originated from the IgG2 hinge region. Examinations were conducted to avoid
the heterogeneity of [gG2 due to differential pattern of disulfide bonding and free cysteines.
The result of examining various modified antibodies suggested that the heterogeneity could be
avoided without decreasing the thermal stability by substituting serine and lysine for cysteine

and arginine at positions 131 and 133 in the EU numbering system, respectively, in the heavy
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chain CHI domain, and substituting serine for cysteine at position 219, EU numbering, in the
upper hinge of heavy chain of the wild type Ig(G2 constant region sequence (hereinafter
“IgG2-SKSC”) (1gG2-SKSC, SEQ ID NO: 120). These substitutions would enable
Ig(G2-SKSC to form a homogenous covalent bond between heavy and light chains, which is a
disulfide bond between the C-terminal cysteine of the light chain and cysteine at position 220 in
the EU numbering system (Fig. 24).

The methods described in Example 1 were used to construct an expression vector for
I2(G2-SKSC and to express and purify [gG2-SKSC. The purified 1gG2-SKSC and wild type
IgG2 (WT-Ig(G2) were analyzed for homogeneity by cation exchange chromatography.
Assessment method using IEC:

System: Waters Alliance
Column: ProPac WCX-10 (Dionex)
Mobile phase A: 25 mM MES-NaOH, pH 5.6
B: 25 mM MES-NaOH, 250 mM Na-Acetate, pH 5.6
Flow rate, wavelength: 0.5 ml/min, 280 nm
Gradient B: 50%-100% (75 minutes)

The result is shown in Fig. 25. As expected above, IgG2-SKSC was shown to be
eluted at a single peak while WT-IgG2 gave multiple peaks. This suggests that the
heterogeneity derived from disulfide bonds in the hinge region of IgG2 can be avoided by using
modifications such as those used to generate 1gGG2-SKSC, which allow formation of a single
disulfide bond between the C-terminal cysteine of the light chain and cysteine at position 220 in
the EU numbering system. The midpoint temperatures of thermal denaturation of WT-IgGl,
WT-IgG2, and IgG2-SKSC were determined by the same methods as described in Example 5.
The result showed that WT-IgG2 gave a peak for Fab domain which has a lower Tm value than
WT-IgG1, while [gG2-SKSC did not give such a peak. This suggests that JgG2-SKSC is also
superior in thermal stability as compared to WT-IgG2.

Although wild type 1gG2 was thought to have a homogeneity problem which is
important in developing antibody pharmaceuticals, it was found that this problem could be
solved by using 1gG2-SKSC for the constant region sequence of IgG2. Thus, IgG2-SKSC is
very useful in developing IgG2 antibody pharmaceuticals. Furthermore, the usefulness of
IgG2-SKSC was also demonstrated by the finding that it is superior in thermal stability.

{Example 9] Improvement of C-terminal heterogeneity in IgG molecules

Construction of an expression vector for heavy chain C-terminal AGK antibody from WT-1gG1

There is a report on the heterogeneity of antibody C-terminal sequence, which results



10

15

20

25

30

35

151

“from the deletion of C-terminal amino acid lysine residue and the amidation of the C-terminal

amino group due to deletion of the two C-terminal amino acids glycine and lysine (Johnson KA
et al., Anal. Biochem. 2007 Jan 1;360(1):75-83). The absence of such heterogeneity is
preferred when developing antibody pharmaceuticals. Actually, in humanized PM-1 antibody
TOCILIZUMARB, the major component is the sequence that lacks the C-terminal amino acid
lysine, which is encoded by the nucleotide sequence but deleted in post-translational
modification, and the minor component having the lysine also coexists as heterogeneity. Thus,
the C-terminal amino acid sequence was modified to reduce the C-terminal heterogeneity.
Specifically, the present inventors modified the nucleotide sequence of wild type IgG1 to delete
the C-terminal lysine and glycine from the heavy chain constant region of the IgG1, and assessed
whether the amidation of the C-terminal amino group could be suppressed by deleting the two
C-terminal amino acids glycine and lysine.

Mutations were introduced into the C-terminal sequence of the heavy chain using
pB-CH vector encoding the humanized PM-1 antibody (WT) obtained in Example 1. The
nucleotide sequence encoding Lys at position 447 and/or Gly at position 446 in the EU
numbering system was converted into a stop codon by introducing a mutation using the
QuikChange Site-Directed Mutagenesis Kit (Stratagene) according to the method described in
the attached instruction manual. Thus, expression vectors for antibody engineered to lack the
C-terminal amino acid lysine (position 447 in the EU numbering system) and antibody
engineered to lack the two C~terminal amino acids glycine and lysine (positions 446 and 447 in
the EU numbering system, respectively) were constructed. Heavy chain C-terminal AK and
AGK antibodies were obtained by expressing the engineered heavy chains and the light chain of
the humanized PM-1 antibody. The antibodies were expressed and purified by the method
described in Example 1.

Purified heavy chain C-terminal AGK antibody was analyzed by cation exchange
chromatography according to the following procedure. The effect of the C-terminal deletion on
heterogeneity was assessed by cation exchange chromatography analysis using the purified
heavy chain C-terminal AGK antibody according to the method described below. The
conditions of cation exchange chromatography analysis are described below. Chromatograms
for humanized PM-1 antibody, heavy chain C-terminal AK antibody, and heavy chain C-terminal
AGK antibody were compared.

Column: ProPac WCX-10, 4 x 250 mm (Dionex)
Mobile phase A: 25 mmol/l MES/NaOH, pH 6.1
B: 25 mmol/l MES/NaOH, 250 mmol/l NaCl, pH 6.1
Flow rate: 0.5 ml/min
Gradient: 25% B (5 minutes) — (105 minutes) — 67% B — (1 minute)
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— 100% B (5 minutes)
Detection: 280 nm

The analysis result for the non-modified humanized PM-1 antibody, heavy chain
C-terminal AK antibody, and heavy chain C-terminal AGK antibody is shown in Fig. 26.
According to Chu GC et al., Pharm Res. 2007 Mar 24;24(6):1145-56, a basic peak with more
prolonged retention time than that of the main peak contains a heavy chain C terminus with Lys
at position 449 and a heavy chain C terminus with amidated Pro at position 447. The intensity
of the basic peak was significantly reduced in the heavy chain C-terminal AGK antibody, while
no such significant reduction was observed in the heavy chain C-terminal AKX antibody. This
suggests that the C-terminal heterogeneity of the heavy chain can be reduced only when the two
C-terminal amino acids are deleted from the heavy chain.

The temperature of thermal denaturation of the heavy chain C-terminal AGK antibody
was determined by DSC to assess the effect of the deletion of the two residues at the heavy chain
C terminus on thermal stability. For the DSC measurement, the antibody was dialyzed against
20 mM acetic acid buffer (pH 6.0) containing 150 mM NaCl to change the buffer. After
thorough deaeration, the humanized PM-1 antibody and heavy chain C-terminal AGK antibody
solutions, and the reference solution {outer dialysate) were enclosed in calorimetric cells, and

thoroughly thermally equilibrated at 40°C. Then, the samples were scanned at from 40°C to

- 100°C with a rate of about 1K/min. The resulting denaturation peaks were assigned (Rodolfo ef

al., Immunology Letters, 1999, p 47-52).  The result showed that the C-terminal deletion had no
effect on the thermal denaturation temperature of CH3 domain.

Thus, the heterogeneity originated from the C-terminal amine acid can be reduced
without affecting the thermal stability of antibody by deleting the C-terminal lysine and glycine
from the heavy chain constant region at the nucleotide sequence level. Since all of the constant
regions of human antibodies IgG1, IgG2, and Ig(G4 contain Gly and Lys at positions 446 and 447
in the EU numbering system in their C-terminal sequences, the method for reducing the
C-terminal amino acid heterogeneity discovered in this example and others is also expected to be

applicable to IgG2 and IgG4 constant regions and variants thereof.

[Example 10] Construction of M14AGK with a novel optimized constant region sequence

When an antibody pharmaceutical is aimed at neutralizing an antigen, effector functions
such as ADCC of Fc domain are unnecessary and therefore the binding to Fcy receptor is
unnecessary. The binding to Fcy receptor is assumed to be unfavorable from the perspectives
of immunogenicity and adverse effect (Strand V ef /., Nat. Rev. Drug Discov. 2007
Jan;6(1):75-92; Gessner JE ef al., Ann. Hematol. 1998 Jun;76(6):231-48). The humanized
anti-11-6 receptor IgG1 antibody TOCILIZUMAB does not need to bind to Fey receptor,
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because it only needs to specifically bind to IL-6 receptor and neutralize its biological activity in
order to be used as a therapeutic agent for diseases associated with IL-6, such as rheumatoid
arthritis.

Construction and assessment of M14AGK., a Fey receptor-nonbinding. optimized constant region

A possible method for impairing the Fey receptor binding is to convert the IgG antibody
from IgG1 isotype to 1gG2 or IgG4 isotype (Ann. Hematol. 1998 Jun;76(6):231-48). Asa
method for completely eliminating the binding to Fey receptor, a method of introducing an
artificial modification into Fc domain has been reported.  For example, since the effector
functions of anti-CD3 antibody and anti-CD4 antibody cause adverse effects, amino acid
mutations that are not present in the wild type sequence have been introduced into the Fey
receptor-binding region of Fc domain (Cole MS et al., J. Immunol. 1997 Oct 1;159(7):3613-21;
Reddy MP et al., J. Immunol. 2000 Feb 15;164(4):1925-33), and the resulting Fey
receptor-nonbinding anti-CD3 and anti-CD4 antibodies are under clinical trials (Strand V et al.,
Nat. Rev. Drug Discov. 2007 Jan;6(1):75-92; Chau LA ef gl., Transplantation 2001 Apr
15;71(7):941-50). According to another report (Kim SJ ef al., Mol Cells. 2005 Aug
31;20(1):17-29 Review), Fey receptor-nonbinding antibodies can be prepared by converting the
FcyR-binding domain of IgG1 (at positions 233, 234, 235, 236, 327, 330, and 331 in the EU
numbering system} into the sequence of 1gG2 (at positions 233, 234, 235, and 236 in the EU
numbering system) or IgG4 (at positions 327, 330, and 331 in the EU numbering system).
However, if all of the above mutations are introduced into 1gG1, novel peptide sequences of nine
amino acids, which potentially serve as non-natural T-cell epitope peptides, will be generated,
and this increases the immunogenicity risk. The immunogenicity risk should be minimized in
developing antibody pharmaceuticals.

To overcome the above problem, modifications in the IgG2 constant region were
considered. In the FeyR-binding domain of IgG2 constant region, residues at positions 327,
330, and 331 in the EU numbering system are different from the nonbinding sequence of Ig(G4
while those at positions 233, 234, 235, and 236 in the EU numbering system are amino acids of
nonbinding type. Thus, it i3 necessary to modify the amino acids at positions 327, 330, and 331
in the EU numbering system to the sequence of IgG4 (G2Aa described in Eur. J. Immunol. 1999
Aug;29(8):2613-24). However, since the amino acid at position 339 in the EU numbering
system in IgG4 is alanine while the corresponding residue in IgG2 is threonine, a simple
modification of the amino acids at positions 327, 330, and 331 in the EU numbering system to
the sequence of IgG4 unfavorably generates a novel peptide sequence of 9 amino acids,
potentially serving as a non-natural T-cell epitope peptide, and thus increases the

immunogenicity risk. Then, the present inventors found that the generation of novel peptide
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sequence could be prevented by introducing the substitution of alanine for threonine at position
339 in the EU numbering system in IgG2, in addition to the modification described above.

In addition to the mutations described above, other mutations were introduced, and they
were the substitution of valine for methionine at position 397 in the EU numbering system in

IgG2, which was discovered in Example 7 to improve the stability of IgG2 under acidic

* condition; and the substitution of serine for cysteine at position 131 in the EU numbering system,

the substitution of lysine for arginine at position 133 in the EU numbering system, and the
substitution of serine for cysteine at position 219 in the EU numbering system, which were
discovered in Example 8 to improve the heterogeneity originated from disulfide bonds in the
hinge region. Furthcrmore,- since the mutations at positions 131 and 133 generate a novel
peptide sequence of 9 amino acids, potentially serving as a non-natural T-cell epitope peptide,
and thus generate the immunogenicity risk, the peptide sequence around positions 131 to 139
was converted into a natural human sequence by introducing the substitution of glycine for
glutamic acid at position 137 in the EU numbering system and the substitution of glycine for
serine at position 138 in the EU numbering system. Furthermore, glycine and lysine at
positions 446 and 447 in the EU numbering system were deleted from the C terminus of heavy
chain to reduce the C-terminal heterogeneity. The constant region sequence having all of the
mutations introduced was named M14AGK (M14AGK, SEQ ID NO: 24). Although there is a
mutation of cysteine at position 219 to serine in MI4AGK as a novel 9-amino acid peptide
sequence which potentially serves as a T-cell epitope peptide, the immunogenicity risk was
considered very low since the amino acid property of serine is similar to that of cysteine. The
immunogenicity prediction by TEPITOPE also suggested that there was no difference in
immunogenicity.

An expression vector for the antibody heavy chain sequence whose variable region was
WT and constant region was M14AGK (M14AGK, SEQ ID NO: 24; WT-M14AGK, SEQ ID
NO: 113) was constructed by the method described in Example 1. An antibody having
WT-M14AGK as heavy chain and WT as light chain was expressed and purified by the method
described in Example 1.

Furthermore, WT-M17AGK (M17AGK, SEQ ID NO: 116; WT-M17AGK, SEQ ID NO:
115) was constructed with the same method by introducing mutations into the IgG1 constant
region at positions 233, 234, 235, 236, 327, 330, 331, and 339 in the EU numbering system
{G1Aab described in Eur. J. Immunol. 1999 Aug;25(8):2613-24) to impair the Fcy receptor
binding and by deleting the amino acids at positions 446 and 447 in the EU numbering system to
reduce the C-terminal heterogeneity (Example 9).  An expression ﬁfector for WI-M11AGK
(M11AGK, SEQ ID NO: 25; WI-M11AGK, SEQ ID NO: 114) was constructed. In
WT-M11AGK, mutations were introduced into the IgG4 constant region at positions 233, 234,
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235, and 236 in the EU numbering system (G4Ab described in Eur. J. Immunol. 1999
Aug;29(8):2613-24; this modification newly generates nonhuman sequence and thus increases
the immunogenicity risk) to reduce the Fey receptor binding. In addition to the above
modification, to reduce the immunogenicity fi.sk, mutations were infroduced at positions 131,
133, 137, 138, 214,217, 219, 220, 221, and 222 in the EU numbering system so that the pattern
of disulfide bonding in the hinge region was the same as that of M14AGK; a mutation was
introduced at position 409 in the EU numbering system (Example 7) to improve the stability
under acidic condition; and the amino acids at positions 446 and 447 in the EU numbering
system were deleted (Example 9) to reduce the C-terminal heterogeneity. WT-M17AGK or
WT-M11AGK was used as the heavy chain, and WT was used as the light chain. These
antibodies were expressed and purified by the method described in Example 1.

Assessment of WT-MI4AGK, WT-M17AGK., and WT-M11AGK for Fey receptor-binding

activity
The FeyRI binding was assessed by the procedure described below.  Using Biacore

T100, human-derived Fey receptor I (hereinafter “FcyRI”) immobilized onto a sensor chip was
allowed to interact with IgGl, IgG2, 1gG4, M11AGK, M14AGK, or M1AGK 7 as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FcRIA/CD64 (R&D systems) as human-derived FeyRI, and 1gG1l, 1gG2,
IgG4, M11IAGK, M14AGK, and M17AGK as samples. FeyRI was immobilized onto the sensor
chip CMS (Biacore) by the amine coupling method. - The final amount of immobilized hFcyRI
was about 13,000 RU. The running buffer ised was HBS-EP+, and the flow rate was 20
ul/min. The sample concentration was adjusted to 100 pg/ml using HBS-EP+.  The analysis
included two steps: two minutes of association phase where 10 pl of an antibody solution was
injected and the subsequent four minutes of dissociation phase where the injection was switched
with HBS-EP+.  After the dissociation phase, the sensor chip was regenerated by injecting 20
ul of 5 mM sodium hydroxide. The association, dissociation, and regeneration constitute one
analysis cycle. Various antibody solutions were injected to obtain sensorgrams. As analytes,
1gG4, 1gG2, IgG1, M11, M14, and M17 were injected in this order. This series of injection
was repeated twice. The result of comparison of data on the determined amounts of bound
antibody is shown in Fig. 27. The comparison shows that the amount of bound antibody is
reduced in the order of: IgG1 > IgG4 >> IgG2 = M11AGK = MI4AGK = M17AGK. Thus, it
was revealed that the FcyRI binding of wild type IgG2, MI1AGK, M14AGK, and M17AGK was
weaker than that of wild type IgG1 and 1gG4,

The FeyRIla binding was assessed by the procedure described below. Using Biacore

T100, human-derived Fcy receptor Ha (hereinafter “FeyRIla™) immobilized onto a sensor chip
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was allowed to interact with IgG1, IgG2, IgG4, M11AGK, M14AGK, or M17AGK as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FcRITA/CD32a (R&D systems) as human-denived FeyRIla, and 1gGl,
1G2, 1eG4, M11AGK, M14AGK, and M17AGK as samples. FcyRlIla was immobilized onto
the sensor chip CM5 (Biacore) by the amine coupling method. The final amount of
immobilized FcyRIla was about 3,300 RU. The running buffer used was HBS-EP+, and the
flow rate was 20 ul/min. Then, the running buffer was injected until the baseline was stabilized.
The measurement was carried out after the baseline was stabilized. The immobilized FeyRla
was allowed to interact with an antibody of each IgG isotype (IgGl, IgG2, or [gG4) or antibody
introduced with mutations (M11AGK, M14AGK, or M17AGK) as an analyte. The amount of
bound antibody was observed. The running buffer used was HBS-EP+, and the flow rate was
20 p/min. The measurement temperature was 25°C.  The concentration of each IgG or
modified form thereof was adjusted to 100 pg/ml. 20 pl of an analyte was injected and aliowed
to interact with the immobilized FcyRIla.  After interaction, the analyte was dissociated from
FeyRIlIa and the sensor chip was regenerated by injecting 200 pi of the running buffer. As
analytes, IgG4, 1gG2, IgG1, M11AGK, M14AGK, and M17AGK were injected in this order.
This series of injection was repeated twice. The result of comparison of data on the amounts of
bound antibody determined is shown in Fig. 28. The comparison shows that the amount of
bound antibody is reduced in the order of: 1gG1 > IgG2 = 1gG4 > M11AGK = M14AGK =
MITAGK. Thus, it was revealed that the FeyRIla binding of M1 1AGK, M14AGK, and
MI17AGK was weaker than that of wild type IgG1, 1gG2, and .IgG/Jf..

The FcyRIIb binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fey receptor 1Ib (hereinafter “FeyR1Ib™) immobilized onto a sensor chip
was allowed to interact with 1gG1, 1gG2, IgG4, M11AGK, MI4AGK, or M17AGK as an analyte,
The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FeRIIB/C (R&D systems) as human-derived FoyRIlb, and IgGl, 1gG2,
IgG4, M11AGK, M14AGK, and M17AGK as samples. FcyRIIb was immobilized onto the
sensor chip CM5 (Biacore) by the amine coupling method. The final amount of immobilized
FeyRIIb was about 4,300 RU.  Then, the running buffer was injected until the baseline was
stabilized. The measurement was carried out after the baseline was stabilized. The
immobilized FeyRIIb was allowed to interact with an antibody of each IgG isotype (IgG1, 1gG2,
or 1g(G4) or antibody introduced with mutations (M11AGK, M14AGK, or M17AGK) as an
analyte. The amount of bound antibody was observed. The running buffer used was
HBS-EP+ (10 mM HEPES, 0.15 M NaCl, 3 mM EDTA, 0.05% v/v Surfactant P20), and the
flow rate was 20 pl/min. The measurement temperature was 25°C.  The concentration of each

IgG or modified form thereof was adjusted to 200 pg/ml. 20 pl of an analyte was injected and
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allowed to interact with the immobilized FcyRIIb. After interaction, the analyte was
dissociated from FeyRIIb and the sensor chip was regenerated by injecting 200 pl of the running
buffer. As analytes, IgG4, IgG2, IgGl, M11AGK, M14AGK, and M17AGK were injected in
this order. This series of injection was repeated twice.” The result of comparison of data on
the amounts of bound antibody determined is shown in Fig. 29. The comparison shows that the
amount of bound antibody is reduced in the order of: IgG4 > IgG1 > IgG2 > M11AGK =
MI4AGK = M17AGK. Thus, it was revealed that the FcyRIIb binding of M11AGK, M14AGK,
and M17AGK was weaker than that of wild type IgGl, IgG2, and IgG4.

The FeyRIlla binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fcy receptor 1lla (hereinafter “FeyRIIla™) immobilized onto a sensor chip
was allowed to interact with IgG1, IgG2, IgG4, M11AGK, M14AGK, or M17AGK as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
hFcyRIIaV-His6 (recombinant hFeyRIIlaV-His6 prepared in the applicants’ company) as
human-derived FeyRIIIa, and IgGl, [gG2, [gG4, M11AGK, MI4AGK, and M17AGK as samples.
FeyRIIIa was immobilized onto the sensor chip CM35 (Biacore) by the amine coupling method.
The final amount of immobilized hFeyRIIIaV-His6 was about 8200 RU.  The running buffer
used was HBS-EP+, and the flow rate was 5 ul/min. The sample concentration was adjusted to
250 pg/ml using HBS-EP+. The analysis included two steps: two minutes of association phase
where 10 pl of an antibody solution was injected and the subsequent four minutes of dissociation
phase where the injection was switched with HBS-EP+.  After the dissociation phase, the
sensor chip was regenerated by injecting 20 ul of 5 mM hydrochloric acid.  The association,
dissociation, and regeneration constitute one analysis cycle. Various antibody solutions were
injected to obtain sensorgrams. As analytes, IgG4, 1gG2, IgG1, M11AGK, M14AGK, and
M17AGK were injected in this order. The result of comparison of data on the determined
amounts of bound antibody is shown in Fig. 30. The comparison shows that the amount of
bound antibody is reduced in the order of: IgG1 >> IgG4 > IgG2 > MI7AGK > M11AGK =
M14AGK. Thus, it was revealed that the FcyRIIla binding of M11AGK, M14AGK, and
M17AGK was weaker than that of wild type IgG1, IgG2, and IgG4. Furthermore, the FeyRIla
binding of M11AGK and M14AGK was found to be weaker than that of M17AGK containing the
mutation G1Aab reported in Eur. J. Immunol. 1999 Aug:29(8):2613-24.

The finding described above demonstrates that the Fey receptor binding of
WT-MI4AGK, WT-M17AGK, and WT-M11AGK is markedly reduced as compared to wild type
IgGl. The immunogenicity risk due to Fey receptor-mediated internalization into APC and
adverse effects caused by the effector function such as ADCC can be avoided by using
WT-MI4AGK, WT-M17AGK, or WT-M11AGK as a constant region. Thus, WT-M14AGK,
WT-M17AGK, and WT-M11AGK are useful as constant region sequence of antibody
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pharmaceuticals aimed at neutralizing antigens.

Assessment of WI-M14AGK, WT-M17AGK, and WT-MI1AGK for stability at high
concentrations

WT-MI4AGK, WT-M17AGK, and WT-M11AGK were assessed for stability at high
concentrations. The purified antibodies of WT-IgG1, WT-M14AGK, WT-M17AGK, and
WT-M11AGK were dialyzed against a solution of 20 mM histidine chloride, 150 mM NaCl, pH
6.5 (EasySEP, TOMY), and then concentrated by ultrafilters. The antibodies were tested for
stability at high concentrations. The conditions were as follows.

Antibodies: WT-IgG1l, WT-M14AGK, WT-M17AGK, and WT-M11AGK

Buffer: 20 mM histidine chloride, 150 mM NaCl, pH 6.5

Concentration: 61 mg/ml

Storage temperature and time period: 40°C for two weeks, 40°C for one month, 40°C
for two months
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxl (TOSOH)
Mobile phase: 50 mM sodium phosphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
100 times diluted samples were analyzed
The contents of aggregate in the initial formulations (immediately after preparation) and
formulations stored under various conditions were estimated by gel filtration chromatography
described above. Differences (amounts increased) in the content of aggregate relative to the
initial formulations are shown in Fig. 31.  The result showed that the amounts of aggregate in
WT-M14AGK, WT-M17AGK, and WT-M11AGK increased only slightly as compared to
WT-IgG1 and were about haif of the content in WT. Furthermore, as shown in Fig. 32, the
amount of increased Fab fragment was comparable between WT-IgG1 and WT-M17AGK, while
the amounts increased in WT-M14AGK and WT-M11AGK were about one quarter of the
amount in WT. Degeneration pathways of IgG type antibody formulations include formation of
agpregate and generation of Fab degradate as described in WO 2003/039485. Based on the two
criteria, aggregation and Fab fragment generation, WT-M14AGK and WT-MI1AGK were
demonstrated to have a superior stability in formulations as compared to WT-IgG1. Thus, even
for antibodies that have an IgG1 constant region with poor stability and could not be prepared as
antibody pharmaceuticals in hi gh-cohoentration liquid formulations, the use of WT-MI14AGK,
WT-M17AGK, or WT-M11AGK as a constant region was expected to allow production of more
stable high-concentration liquid formulations. |
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In particular, M14AGK was expected to be very useful as a novel constant region
sequence that would (1) overcome the instability of the original IgG2 molecule under acidic
condition; (2) improve the hetero geneiﬁf originated from disulfide bonds in the hinge region; (3)
not bind to Fey receptor; (4) have a minimized number of novel peptide sequences of 9 amino
acids which potentially serve as T-cell epitope peptides; and (5) have a better stability than IgG1

in high-concentration formulations.

[Example 11] Preparation of PF1-M14AGK antibody

The variable region of PF1 (whose constant region is IgG1) constructed in Example 5
was excised using Xhol and Nhel. The constant region of M14AGK (whose variable region is
WT) constructed in Example 7 was excised using Nkel and Norl.  The two antibody heavy
chain gene fragments were inserted into an animal cell expression vector to construct an
expression vector for the heavy chain of interest, PF1-M14AGK (PF1_H-M14AGK, SEQ ID
NO:117). The light chain used was PF1_L. The antibody PF1-M14AGK was expressed and
purified by the method described in Example 1.

The antibody PF1-M14AGK was superior in various aspects as compared to WT
(humanized PM-1 antibody) and thus expected to be very useful as anti-IL-6 receptor antibody

pharmaceuticals.

[Example 12] Preparation and assessment of M31AGK
M14AGK prepared in Example 10 was modified by substituting the IgG2 sequence for
the amino acids at positions 330, 331, and 339 in the EU numbering system to construct
M31AGK (M31AGK, SEQ ID NO: 118). An expression vector for a sequence of antibody
heavy chain whose variable region is WT and constant region sequence is M31AGK
(WT-M31AGK, SEQ ID NO: 119) was constructed by the method described in Exampie 1.
Using WT-M31AGK heavy chain and WT light chain, WT-M31 was expressed and purified by
the method described in Example 1. |
In addition to WT-M31, WT-IgG2 and WT-M14AGK were expressed and purified at
the same time, and analyzed by cation exchange chromatography by the procedure described
below. The conditions used in the cation exchange chromatography analysis were as follows.
Chromatograms for WT-IgG2, WT-M14AGK, and WT-M31AGK were compared.
Column: ProPac WCX-10, 4 x 250 mm (Dionex)
Mobile phase A: 25 mmol/l MES/NaOH, pH 6.1
B: 25 mmol/l MES/NaOH, 250 mmol/l NaCl, pH 6.1
Flow rate: 0.5 ml/min
Gradient: 0% B (5 minutes) — (65 minutes) — 100% B — (1 minute)
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Detection: 280 nm
The analysis result for WT-1gG2, WT-M14AGK, and WT-M31AGK 1s shown in Fig. 33.
Like WT-MI4AGK, WT-M31AGK was demonstrated to be eluted as a single peak, while
WT-IgG2 gave multiple peaks. This indicates that the heterogeneity derived from disulfide
bonds in the hinge region of IgG2 can also be avoided in WIT-M31AGK.

[Example 13] Preparation of a fully humanized antibody F2H/L39-1gG1

Complete humanization of the framework sequence of the PF1 antibody

Arginine at position 71 (Kabat’s numbering; Kabat EA ef al., 1991. Sequences of
Proteins of Immunological Interest. NIH) is the only mouse sequence that remains in PF1 H
prepared in Example 5. This is unpreferable from the perspective of immunogenicity. In
general, the residue at position 71 in the heavy chain is an important sequence for the
conformation of HCDR2. In fact, it has been reported that during generation of the humanized
PMI antibody, the residue at position 71 is essential for the binding activity of mouse PM1
antibody. The binding activity was demonstrated to be significantly reduced by substituting
valine at position 71 (Cancer Research (1993) 53:851-856). Meanwhile, PF1_H is classified
into the VH4 family of human germ-line genes, and valine at position 71 is highly conserved in
the VH4 family. The neutralizing activity was also demonstrated to be significantly reduced by
substituting valine for arginine at position 71.

Thus, to completely remove the mouse sequence while maintaining the arginine at
position 71, the present inventors searched among sequences of human germ-line genes and
reported human antibodies for sequences that have arginine at position 71 and share conserved
residues important for the maintenance of antibody tertiary structure. As a result, the inventors -
discovered a candidate sequence which contains important conserved residues although its

homology to PF1_H is low as shown in Table 9.

Table 9

KABAT gL o
OO rNOITOOROOO—NGNNNOSION OGO v N M S0oUrce

NUMBERINGIHD © WO Pt P b s i P e I 20 00 €0 60 60 60 €0 €0 06 03 80 00 (0 O O3 O (O3 Oy

EiL_SDATE RVTISRDTSKNQFSLKLSSVTAADTAAYY CAR|Gemine: MGT_hVH 4 b &XCEFE

sequence IRVT ISRDNSKNTLYLQMNSL RAEDTAVYY C ARMol Immunol, 44(43412-422 (2007)
H96-IgG1 (amino acid sequence of SEQ ID NO: 134) was designed by substituting the
above-described candidate sequence for the region of positions 66 to 94 in PF1_H-IgG1, Kabat’s

numbering. The antibody variable region was prepared by PCR (assembly PCR) using a
combination of synthetic oligo-DNAs. The constant region was amplified from an expression

vector for IgG1 by PCR. The antibody variable region and constant region were linked
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together by assembly PCR, and then inserted into an animal cell expression vector.
H96/PF1L-IgG1 was expressed and purified by the method described in Example 1.

Assessment of H96/PF1L-1pG1, an antibody with fully humanized framework

The Tm of purified H96/PF1L-IgG1 was determined by the method described in
Example 5. The affinity measurement was carried out under essentially the same conditions
used in Example 5. Note that the concentration of SR344 was adjusted to 0, 0.36, and 1.4

pg/ml, and the dissociation phase was monitored for 15 minutes. The result showed that the
Tm and affinity of H96/PF1L-IgG1 were almost the same as those of PF1-IgG1 (Table 10).

Table 10 ‘
Tm (°C) ka (1/Ms) ky(1/8) KD (W)
PF1 ANTIBODY 91.3 1. 4E+06 4. 2E-05 3. 1E-11
H96/PF1L-1gG1 89.8 1. 2E+06 4. 8E-05 3. 9E-11

As described above, the present inventors generated an antibody with a completely
humanized PF1 antibody framework, using H96 for the PF1 antibody heavy chain to completely
remove the remaining mouse sequence from the PF1 antibody while maintaining its Tm and
affinity. Since the framework sequence of H96/PF1L-Ig(G1 has no mouse-derived sequence,
H96/PF1L-IgG1l is expected to be superior, especially from the perspective of immunogenicity.

Construction of F2H/1.39-1e(G1 with lowered isoelectric point and attenuated immunogenicity

risk

As demonstrated in Example 4, the retention in plasma can be prolonged by lowering
isoelectric point through modification of amino acids in the antibody variable region. Thus, the
amino acid substitutions shown below were further introduced into H96-IgG1 constructed above.
To lower isoelectric point, glutamine was substituted for lysine at position 64, and aspartic acid
was substituted for glycine at position.65. Furthermore, to reduce the immunogenicity risk,
glutamine was substituted for glutamic acid at position 105 and isoleucine was substituted for
threonine at position 107. In addition, to achieve affinity enhancement such as that in Example
2, modification was introduced where leucine was substituted for valine at position 95 and
alanine was substituted for isoleucine at position 99. To prepare F2H-IgG1 (amino acid
sequence of SEQ ID NO: 135), these amino acid substitutions were introduced into H36-IgG1 by
the method described in Example 1.

Furthermore, the following amino acid substitutions were introduced into PF1L. | To

lower isoelectric point, glutamic acid was substituted for glutamine at position 27 and glutamic
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acid was substituted for leucine at position 55. To prepare L39 (amino acid sequence of SEQ
ID NO: 136), these amino acid substitutions were introduced into PF1L by the method described
in Example 1. Using F2H-IgG1 as heavy chain and L39 as light chain, F2ZH/L39-IgG1 was
expre'ssed and purified by the method described in Example 1. :

Biacore-based analysis of F2H/1.39-1gG1 for the affinity for human IL-6 receptor
Humanized PMI1 antibody (wild type (WT)), PF1 antibody (constructed in Example 5),

and F2H/L.39-1gG1 were analyzed for affinity.  This measurement was carried out under

essentially the same conditions used in Example 4. Note that the concentration of SR344 was
adjusted to 0, 0.36, and 1.4 pg/ml, and the dissociation phase was monitored for 15 minutes
(Table 11).

Table 11
SAMPLE . k, (1/Ms) kq(1/8) KD (W)
PF1-1gG1 1. BE+06 4, AE-0b 3. OE-11
F2H/L39~-[gG1 1. TE+05 4, GE~-05 5. 2-11

The result showed that F2H/L.39-IgG1 had very strong affinity (maintaining a KD in the
order of 107") but its k, was decreased to about half of that of PF1-IgG1.

Asgessment of F2H/L.39-I1gG1 for its human IL-6 receptor-neutralizing activity
The neutralizing activities of humanized PM1 antibody (wild type (WT)) and
F2H/1.39-1gG1 were assessed by the method described in Example 1. The assessment of

neutralizing activity was carried out using 600 ng/ml human interleukin-6 (TORAY).  As
shown in Fig. 34, F2H/L.39-1gG1 was demonstrated to have a very strong activity, 100 or more
times higher than WT in terms of 100% inhibitory concentration.

Assessment of F2H/L39-IgG1 for its isoelectric point by isoelectric focusing
The isoelectric point of F2H/L.39-1gG1 was determined by the method described in

Example 3. The isoelectric point of F2H/L39-IgG1 was 5.5, suggesting that its retention in
plasma was prolonged due to a lower isoelectric point relative to the PF1 antibody prepared in
Example 5.

The theoretical isoelectric point of the variable regions of F2H/L39 (heavy chain
variable region and light chain variable region sequences) was calculated to be 4.3 by using
GENETYX (GENETYX CORPORATION). Meanwhile, the theoretical isoelectric point of
WT was 9.20. Thus, WT has been converted through amino acid substitution into F2H/L.39
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which has a variable region with a theoretical isoelectric point decreased by about 4.9.

PK/PD test of F2H/L.39-IgG1 using cynomolgus monkeys

The humanized PM1 antibody (wild type (WT)), PF1 antibody, and F2H/1.39-1gG1
were assessed for their pharmacokinetics (PK) and pharmacodynamics (PD) in cynomolgus
monkeys. WT, PF1, and F2H/L39-1gG1 were subcutaneously administered once at 1.0 mg/kg,

and blood was collected before administration and over the time course. The concentration of

each antibody in plasma was determined in the same way as described in Example 6. The
plasma concentration time courses of WT, PF1, and F2H/1.39-IgG1 are shown in Fig. 35. The
efficacy of each antibody to neutralize membrane-bound cynomolgus monkey IL-6 receptor was
assessed. Cynomolgus monkey IL-6 was admimstered subcutaneously in the lower back at 5
ug/kg every day from Day 3 to Day 10 after antibody administration, and the CRP concentration
in each animal was determined 24 hours later. The time courses of CRP concentration after
administration of WT or F2H/L39 are shown 1n Fig. 36. To assess the efficacy of each
antibody to neutralize soluble cynomolgus monkey IL-6 receptor, the concentration of free
soluble cynomolgus monkey IL-6 receptor in the plasma of cynomolgus monkeys was
determined. The time courses of free soluble cynomolgus monkey I1.-6 receptor concentration
after administration of WT or F2H/L39 are shown in Fig. 37.

These results showed that the plasma concentration time courses of WT and PF1 were
comparable to each other; however, the plasma concentration of F2H/1.39-1gG1, which has a
reduced isoelectric point, was maintained higher than that of these two antibodies. Meanwhile,
when compared to WT, F2H/L1.39-IgGG1 which has a high affinity for 1L-6 receptor was found to

maintain lower concentrations of CRP and free soluble cynomolgus monkey IL-6 receptor.
[Example 141 Assessment of the plasma retention of WI-M14

Method for estimating the retention in human plasma

The prolonged retention (slow elimination) of IgG molecule in plasma is known to be
due to the function of FcRn which is known as a salvage receptor of 1gG molecule (Nat. Rev.
Immunol. 2007 Sep;7(9):715-25). When incorporated into endosomes vig pinocytosis, under
the acidic conditions within endosome (approx. pH 6.0), IgG molecules bind to FcRn expressed
in endosomes. While IgG molecules that do not bind to FcRn are transferred and degraded in
lysosomes, those bound to FcRn are transiocated to the cell surface and then released from FcRn
back into plasma again under the neutral conditions in plasma {approx. pH 7.4).

Known IgG-type antibodies include the IgG1, IgG2, IgG3, and IgG4 isotypes. The
plasma half-lives of these isotypes in human are reported to be about 36 days for IgG1 and [gG2;
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about 29 days for IgG3; and 16 days for [gG4 (Nat. Biotechnol. 2007 Dec;25(12):1369-72).

‘Thus, the retention of IgG1 and IgG2 in plasma is believed to be the longest. In general, the

isotypes of antibodies used as pharmaceutical agents are IgG1, IgG2, and IgG4.  Methods '
reported for further prolonging the retention of these IgG antibodies in plasma include methods
for improving the above-described binding activity to human FcRn, and this is achieved by
modifying the sequence of IgG constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J.
Immunol. 2006 Jan 1;176(1):346-56).

There are species-specific differences between mouse FcRn and human FeRn (Proc.
Natl. Acad. Sci. USA. 2006 Dec 5;103(49):18709-14). Therefore, to predict the plasma
retention of IgG antibodies that bave a modified constant region sequence in human, it is
desirable to assess the binding to human FcRn and retention in plasma in human FcRn transgenic
mice (Int. Immunol. 2006 Dec;18(12):1759-69).

Assessment of the binding to human FcRn

FcRn is a complex of FcRn and B2-microglobulin.  Oligo-DNA primers were prepared
based on the human FcRn gene sequence disclosed (J. Exp. Med. (1994) 180(6):2377-2381). A
DNA fragment encoding the whole gene was prepared by PCR using human cDNA (Human '
Placenta Marathon-Ready cDNA, Clontech) as a template and the prepared primers. Using the
obtained DNA fragment as a template, a DNA fragment encoding the extraceliular domain
containing the signal region (Met1-Leu290) was amplified by PCR, and inserted into an animal
cell expression vector (the amino acid sequence of human FcRn as set forth in SEQ ID NO: 140).
Likewise, olige-DNA primers were prepared based on the human 32-microglobulin gene
sequence disclosed (Proc. Natl. Acad. Sci. USA. (2002) 99(26):16899-16903). A DNA
fragment encoding the whole gene was prepared by PCR using human ¢DNA (Hu-Placenta
Marathon-Ready cDNA, CLONTECH) as a template and the prepared primers. Using the
obtained DNA fragment as a template, a DNA fragment encoding the whole $2-microglobulin
containing the signal region (Met1-Met119) was amplified by PCR and inserted into an animal
cell expression vector (the amino acid sequence of human B2-microgiobulin as set forth in SEQ
ID NO: 141).

Soluble human FcRn was expressed by the following procedure. The plasmids
constructed for human FcRn and B2-microglobulin were introduced into cells of the human
embryonic kidney cancer-derived cell line HEK293H (Invitrogen) using 10% FBS (Invitrogen)
by lipofection.  The resulting culture supernatant was collected, and FcRn was purified using
IgG Sepharose 6 Fast Flow (Amersham Biosciences) by the method described in J. Immunol.
2002 Nov 1;169(9):5171-80, followed by further purification using HiTrap Q HP (GE
Healthcare).
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The ‘binding to human FcRn was assessed using Biacore 3000. An antibody was
bound to Protein L or rabbit anti-human IgG Kappa chain antibody immobilized onto a sensor
chip, human FcRn was added as an analyte for interaction with the anfibody, and the affinity
(KD) was calculated from the amount of bound human FeRn.  Specifically, Protein L or rabbit
anti-human IgG Kappa chain antibody was immobilized onto sensor chip CM5 (Biacore) by the
amine coupling method using 50 mM Na-phosphate buffer (pH 6.0) containing 150 mM NaCl as
the running buffer. Then, an antibody was diluted with a running buffer containing 0.02%
Tween20, and injected to be bound to the chip. Human FcRn was then injected and the binding
activity of the human FcRn to antibody was assessed.

The affinity was computed using BlAevaluation Software. The obtained sensorgram
was used to caleulate the amount of hFcRn bound to the antibody immediately before the end of
human FcRn injection.  The affinity of the antibody for human FcRn was calculated by fitting
with the steady state affinity method.

Assessment for the plasma retention in human FcRn transgenic mice

The pharmacokinetics in human FeRn transgenic mice (B6.mFcRn-/- hFeRn Tg line
276 +/+ mice; Jackson Laboratories) was assessed by the following procedure. An antibody
was intravenously administered once at a dose of 1 mg/kg to mice, and blood was collected at
appropriate time points. The collected blood was immediately centrifuged at 15,000 rpm and
4°C for 15 minutes to obtain blood plasma. The separated plasma was stored in a freezer at
-20°C or below until use. The plasma concentration was determined by ELISA.

Predictive assessment of the plasma retention of WT-M14 in human

The activities of WT-IgG1 and WT-M14 to bind to human FcRn were assessed by
Biacore. As shown in Table 12, the result indicated that the binding activity of WT-M14 was
slightly greater than that of WT-IgGl.

Table 12

KD(M)

WT-IgG1 2.07
WT-M14 189

As shown in Fig. 38, however, the retention in plasma was comparable between

WT-IgG1 and WT-M14 when assessed using human FcRn transgenic mice. This finding
suggests that the plasma retention of the M14 constant region in human is comparable to that of

the IgG1 constant region.
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[Example 15] Preparation of WT-M44, WT-M58, and WT-M73 which have improved retention

in plasma

Preparation of the WT-M58 molecule
As described in Example 14, the plasma retention of WT-M14 in human FcRn

transgenic mice was comparable to that of WT-IgG1l. Known methods to improve plasma

retention include those to lower the isoelectric point of an antibody and those to enhance the
binding activity to FcRn. Here, the modifications described below were introduced to impro.ve
the plasma retention of WT-M14. Specifically, the following substitutions were introduced into
WT-M31AGK, which was prepared from WT-M14 as described in Example 4: substitution of
methionine for valine at position 397; substitution of glutamine for histidine at position 268;
substitution of glutamine for arginine at position 355; and substitution of glutamic acid for
glutamine at position 419 in the EU numbering system. These four substitutions were
introduced into WT-M31AGK to generate WT-MS58 (amino acid sequence of SEQ ID NO: 142).
Expression vectors were prepared by the same method described in Example 1. WT-M58 and
L(WT) were used as heavy chain and light chain, respectively. WT-MS38 was expressed and
purified by the method described in Example 1.

Construction of the WT-M73 molecule
On the other hand, WT-M44 (amino acid sequence of SEQ 1D NO: 143) was generated
by introducing into 1gG1 a substitution of alanine for the amino acid at position 434, EUJ

numbering. WT-M83 (amino acid sequence of SEQ ID NO: 185) was also generated by
deletions of glycine at position 446, EU numbering and lysine at position 447, EU numbering to
reduce heavy chain C-terminal heterogeneity. Furthermore, WT-M73 (amino acid sequence of
SEQ ID NO: 144) was generated by introducing into WT-M58 a substitution of alanine at
position 434, EU numbering.

Expression vectors for the above antibodies were constructed by the method described
in Example 1. WT-M44, WT-M58, or WT-M73 was used as heavy chain, while L (WT) was
used as light chain. WT-M44, WT-MS58, and WT-M73 were expressed and purified by the
method described in Example 1.

Predictive assessment of the plasma retention of WT-M44, WT-M58, and WT-M73 in human

The binding activities of WT-IgG1, WT-M44, WT-M58, and WT-M73 to human FcRn
were assessed by Biacore. As shown in Table 13, the result indicates that the binding activities
of WT-M44, WT-M58, and WT-MT73 are greater than WT-IgG1, and about 2.7, 1.4, and 3.8
times of that of WT-IgG1, respectively.
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Table 13
KD(uM)
WT-IgG1 1.62
WT-M44 059
WT-M58 1.17
WT-M73 042

As a result of assessing WT-IgG1, WT-M14, and WT-M58 for their plasma retention in
human FcRn transgenic mice, as shown in Fig. 39, WT-M58 was confirmed to have increased
retention in plasma refative to WT-1gG1 and WT-M14. Furthermore, WT-IgGl, WT-M44,
WT-M58, and WT-M73 were assessed for their plasma retention in human FcRn transgenic mice.
As shown in Fig. 40, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved
retention in plasma relative to WT-IgG1. The plasma retention-improving effect correlated
with the bihding activity to human FcRn. In particular, the plasma level of WT-M73 at Day 28
was improved to about 16 times of that of WT-IgG1. This finding suggests that the plasma
retention of antibodies with the M73 constant region in human is also significantly increased

when compared to antibodies with the IgG1 constant region.

[Example 16] Effect of the novel constant regions M14 and M58 in reducing heterogeneity in
various antibodies

As described in Example 8, it was demonstrated that the heterogeneity originated from
the hinge region of IgG2 could be reduced by converting the IgG2 constant region to M14 in the
humanized anti-IL-6 receptor PM1 antibody (WT). IgQG2 type antibodies other than the
humanized PM1 antibody were also tested to assess whether the heterogeneity can be reduced by
converting their constant regions into M14 or M58,

Antibodies other than the humanized PM1 antibody were: the anti IL-6 receptor
antibody F2H/L39 (the amino acid sequences of F2H/L39_VH and F2H/L.39 light chain variable
region as set forth in SEQ ID NOs: 145 and 146, respectively); anti-IL-31 receptor antibody
HOLO (the amino acid sequences of HOLO_VH and HOLO_VL as set forth in SEQ ID NOs: 147
and 148, respectively); and anti-RANKL antibody DNS (the amino acid sequences of DNS_VH
and DNS_VL as set forth in SEQ ID NOs: 149 and 150, respectively). For each of these
antibodies, antibodies with IgG1 constant region {SEQ ID NO: 19), IgG2 constant region (SEQ
ID NO: 20), or M14 (SEQ ID NO: 24) or M58 (SEQ ID NO: 151) were generated.

The generated antibodies were assessed for heterogeneity by cation exchange
chromatography using an adequate gradient and an appropriate flow rate on a ProPac WCX-10
(Dionex) column (mobile phase A: 20 mM sodium acetate (pH 5.0), mobile phase B: 20 mM
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sodium acetate/1M NaCl (pH 5.0)). The assessment result obtained by cation exchange
chromatography (IEC) is shown in Fig. 41. _

As shown in Fig. 41, conversion of the constant region from an IgG1 type into an IgG2
type was demonstrated to increase heterogeneity not only in the humanized anti-[L-6 receptor
PM1 antibody (WT), but also in the anti-IL.-6 receptor antibody F2H/1.39, anti-IL-31 receptor
antibody HOLO, and anti-RANKL antibody DNS. In contrast, heterogeneity could be decreased
in all of these antibodies by converting their constant region into M14 or M58. Thus, it was
demonstrated that, regardless of the type of antigen or antibody variable region sequence, the
heterogeneity originated from natural IgG2 could be reduced by substituting serines for cysteines
at position 131, EU numbering, in the heavy-chain CH1 domain and at position 219, EU
numbering, in the upper hinge of heavy chain.

[Example 17} Effect of the novel constant region M58 to improve the plasma retention in various
antibodies

As described in Example 15, it was demonstrated that conversion of the constant region
from [gG1 into M358 in the humanized anti-IL-6 receptor PM1 antibody (WT) improved the
binding activity to human FeRn and plasma retention in humean FcRn transgenic mice.  So,
IgG1 type antibodies other than the humanized PM1 antibody were also tested to assess whether
their retention in plasma can be improved by converting their constant region into M58.

Antibodies other than the humanized PM1 antibody (WT) were the anti-IL-31 receptor
antibody HOLO (the amino acid sequences of HOLO VH and HOLO VL as set forth in SEQ ID
NOs: 147 and 148, respectively) and anti-RANKL antibody DNS (the amino acid sequences of
DNS VH and DNS_VL as set forth in SEQ ID NOs: 149 and 150, respectively). For each of
these antibodies, antibodies with IgG! constant region (SEQ ID NO: 19) or M58 (SEQ ID NO:
151) were generated, and assessed for their binding activity to human FcRn by the method
described in Example 14. The result is shown in Table 14.

Table 14

KD (uM)
WT HOLO  DNS
IgG1 142 107 136

M58  1.03 0.91 1.03

As shown in Table 14, it was demonstrated that as a result of conversion of the constant
region from the IgG1 type to M58, as with anti-IL-6 receptor antibody WT, the binding activities
of both the anti-IL-31 receptor antibody HOLO and anti-RANKI. antibody DNS to human FcRn
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were improved. This suggests the possibility that regardless of the type of antigen or sequence
of antibody variable region, the plasma retention in human is improved by converting the

constant region from the IgG1 type to M58.

[Example 18] Effect of cysteine in the CH1 domain on heterogeneity and stability

As described in Example 8, cysteines in the hinge region and CH1 domain of IgG2 were
substituted to decrease the heterogeneity of natural IgG2.  Assessment of various modified
antibodies revealed that heterogeneity could be reduced without decreasing stability by using
SKSC (SEQ ID NO: 154). SKSC (SEQ ID NO: 154) is a modified constant region obtained by
substituting serine for cysteine at position 131 and lysine for arginine at position 133, EU
numbering, in the heavy-chain CH1 domain, and serine for cysteine at position 219, EU
numbering, in the heavy-chain upper hinge of the wild type IgG2 constant region sequence.

Meanwhile, another possible method for decreasing heterogeneity is a single
substitution of serine for cysteine at position 219, or serine for cysteine at position 220, EU
numbering, in the heavy—éhain upper hinge. The modified IgG2 constant region SC (SEQ ID
NO: 155) was prepared by substituting serine for cysteine at position 219 and CS (SEQ ID NO:
156) was prepared by substituting serine for cysteine at position 220, EU numbering, in IgG2.
WT-SC (SEQ ID NO: 157) and WT-CS (SEQ ID NO: 158) were prepared to have SC and CS,
respectively, and compared with WT-IgG1, WT-IgG2, WT-SKSC, and WT-M58 in terms of
heterogeneity and thermal stability. Furthermore, F2H/L.39-1gG1, F2H/L.39-1gG2,
F2H/L39-SC, F2H/L39-CS, F2H/L.39-SKSC, and F2H/1.39-M14, which have the constant region
of TgG1 (SEQ ID NO: 19), 1gG2 (SEQ ID NO: 20), SC (SEQ ID NO: 155), CS (SEQ ID NO:
156), SKSC (SEQ ID NO: 154), or M14 (SEQ ID NO: 24), respectively, were prepared from
F2H/L39 (the amino acid sequences of F2H/1.39 _VH and F2H/L.39_ VL. as set forth in SEQ ID
NOs: 145 and 146, respectively), which is an anti I1.-6 receptor antibody different from WT.
The antibodies were compared with regard to heterogeneity and stability.

WT-1gG1l, WT-1gG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/1.39-1gG1,
F2H/L39-1gG2, F2H/L39~SC? F2H/139-CS, F2H/L39-SKSC, and F2H/L39-M14 were assessed
for heterogeneity by cation exchange chromatography using an adequate gradient and an
appropriate flow rate on a ProPac WCX-10 (Dionex) column (mobile phase A: 20 mM sodium
acetate (pH 5.0), mobile phase B: 20 mM sodium acetate/1M NaCl (pH 5.0)). The assessment
result obtained by cation exchange chromatography is shown in Fig. 42.

As shown in Fig.42, conversion of the constant region from an 1gG1 type to an IgG2
type was demonstrated to increase heterogeneity in both WT and F2ZH/L.39. In contrast,
heterogeneity was significantly decreased by converting the constant region into SKSC and M14

or M58. Meanwhile, conversion of the constant region into SC significantly decreased
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heterogeneity, as in the case of SKSC. However, conversion into CS did not sufficiently
improve heterogeneity.

In addition to low heterogeneity, high stability is generally desired when preparing
stable formulations in development of antibody pharmaceuticals. Thus, to assess stability, the
midpoint temperature of thermal denaturation (Tm value) was determined by DSC (VP-DSC;
Microcal). The midpoint temperature of thermal denaturation (Tm value) serves as an indicator
of stability. In order to prepare stable formulations as pharmaceutical agents, a higher midpoint
temperature of thermal denaturation (Tm value) is preferred (J. Pharm. Sci. 2008
Apr;97(4):1414-26). WT-IgGl, WT-IgG2, WT-SC, WT-CS, WT-SKSC, and WT-MS58 were
dialyzed (EasySEP; TOMY) against a solution of 20 mM sodium acetate, 150 mM NaCl, pH 6.0.
DSC measurement was carried out at a heating rate of 1°C/min in a range of 40°C to 100°C, and
at a protein concentration of about 0.1 mg/ml.  The denaturation curves obtained by DSC are

shown in Fig. 43. The Tm values of the Fab domains are listed in Table 15 below.

Table 15

Tm/°C
WT—-igG1 94.8
WT-1gG2 93.9
WT-5C 86.7
WT-CS 86.4
WT-SKSC 83.7
WT-M58 83.7
The Tm values of WT-IgG1 and WT-1gG2 were almost the same (about 94°C; Tm of
IgG2 was about 1°C lower), Meawhile, the Tm values of WT-SC and WT-CS were about 86°C,
and thus significantly lower than those of WT-IgG1 and WT-1gG2. On the other hand, the Tm
values of WT-MS58 and WT-SKSC were about 94°C, and comparable fo those of WT-IgG1 and
WT-IgG2. This suggests that WT-S5C and WT-CS are markedly unstable as compared to IgG2,
and thus, WT-SKSC and WT-MS358, both of which also comprise substifuion of serine for
cysteine in the CH1 domain, are preferred in the development of antibody pharmaceuticals.
The reason for the significant decrease of Tm in WT-SC and WT-CS relative to IgG2 is thought
to be differences in the disulfide-bonding pattern between WT-SC or WT-CS and IgG2.
Furthermore, comparison of DSC denaturation curves showed that WT-1gG1,
WT-SKSC, and WT-M58 each gave a sharp and single denaturation peak for the Fab domain.

In contrast, WT-SC and WT-CS each gave a broader denaturation peak for the Fab domain.

WT-IgG2 also gave a shoulder peak on the lower temperature side of the Fab domain
denaturation peak. In general, if is considered that a single component gives a sharp DSC

denaturation peak, and when two or more components with different Tm values (namely,
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heterogeneity) are present, the denaturation peak becomes broader. Specifically, the
above-described result suggests the possibility that each of WT-IgG2, WT-SC, and WT-CS
contains two or more components, and thus the natural-IgG2 heterogeneity has not been
sufficiently reduced in WT-SC and WT-CS. This finding suggests that not only cysteines in the
hinge region but also those in the CH1 domain are involved in the wild type-lIgG2 heterogeneity ,
and it is necessary to modify not only cysteines in the hinge region but also those in the CHI
domain to decrease the DSC heterogeneity. Furthermore, as described above, stability
comparable to that of wild type IgG2 can be acheived' only when cyéteines in both the hinge
region and CH1 domain are substituted.

The above finding suggests that from the perspective of heterogeneity and stability, SC
and CS, which are constant regions introduced with serine substitution for only the hinge region
cysteine, are insufficient as constant regions to decrease heterogeneity originated from the hinge
region of IgG2. It was thus discovered that the heterogeneity could be significantly decreased
while maintaining an IgG2-equivalent stability, only when the cysteine at position 131, EU
numbering, in the CH1 domain was substituted with serine in addition to cysteine at hinge region.
Such constant regions include M14, M31, M58, and M73 described above. In particular, M58
and M73 are stable and less heterogeneous, and exhibit improved retention in plasma, and

therefore are expected to be very useful as constant regions for antibody pharmaceuticals.

[Example 19] Generation of fully humanized anti-IL-6 receptor antibodies with improved PK/PD

To generate a fully humanized anti-1L-6 receptor antibody with improved PK/PD, the
molecules described below were created by modifying TOCILIZUMARB (heavy chain, WT-IgG1
(SEQ ID NO: 15); light chain, WT (SEQ ID NO: 105).

To improve the ka of F2H-IgG1, substitutions of valine for tryptophan at position 35,
phenylalanine for tyrosine at position 50, and threonine for serine at position 62, which are the
affinity enhancing substitution obtained in Example 2, were carried out. Furthermore, to lower
isoelectric point without increasing immunogenicity risk, substitutions of valine for tyrosine at
position 102, glutamic acid for glutamine at position 105, and threonine for 1soleucine at position
107 were carried out, and conversion of the constant region from an IgG1 type to an M83 type
was carried out and generated VHS5-M83 (amino acid sequence of SEQ ID NO: 139). In
addition, to improve the ka of L.39, VL5-kappa (amino acid sequence of SEQ ID NO: 181) was
prepared and it comprises a substitufion of glutamine for glutamic acid at position 27.
Furthermore, TOCILIZUMADB variants were prepared by combining two or more of the
mutations in variable and constant regions described in the above examples and newly
discovered mutations. The following fully humanized IL-6 receptor antibodies were discovered
using various screening tests: Fv3-M73 (heavy chain, VH4-M73, SEQ ID NO: 182; light chain,
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V11-kappa, SEQ ID NO: 183), Fv4-M73 (heavy chain, VH3-M73, SEQ ID NO: 180; light chain,
V13-kappa, SEQ ID NO: 181), and Fv5-M83 (heavy chain, VH5-M&3, SEQ ID NO: 139; light
chain, VL5-kappa, SEQ ID NO: 138).

The affinities of prepared Fv3-M73, Fv4-M73, and Fv5-M83 against IL-6 receptor were
compared to that of TOCILIZUMAB. The affinities of these anti- IL-6 receptor antibodies
determined are shown in Table 16. Furthermore, their BaF/gp130-peutralizing activities were
compared to those of TOCILIZUMAR and the control (the known high affinity anti-IL-6
receptor antibody described in Reference Example, and VQ8F11-21 hlgGl described in US
2007/0280945). The results obtained by determining the biological activities of these
antibodies using BaF/gp130 are shown in Fig. 44 (TOCILIZUMAB, the control, and Fv5-M83
with a final IL-6 concentration of 300 ng/ml) and Fig. 45 (TOCILIZUMAB, Fv3-M73, and
Fv4-M73 with a final IL-6 concentration of 30 ng/ml). As shown in Table 16, Fv3-M73 and
Fv4-M73 have about two to three times higher affinity than TOCILIZUMAB, while Fv5-M83
exhibits about 100 times higher affinity than TOCILIZUMARB (since it was difficult to measure
the affinity of Fv5-M83, instead the affinity was determined using Fv5-IgG1, which has an
IgG1-type constant region; the constant region is generally thought to have no effect on affinity).
As shown in Fig. 45, Fv3-M73 and Fv4-M73 exhibit slightly stronger activities than _
TOCILIZUMAB. As shown in Fig. 44, Fv5-M83 has a very strong activity, which is more than
100 times greater than that of TOCILIZUMAB in terms of 50% inhibitory concentration.
Fv5-M83 also exhibits about ten times higher neutralizing activity in terms of 50% inhibitory
concentration than the control (the known high-affinity anti-IL-6 receptor antibody).

Table 16

: ka(1/Ms)  ky(1/s) KD (M)
TOCILIZUMAB 40E+05 1.1E-03 2.7E-09

Fv3-M73 8.5E+05 B.7E-04 1.0E-09
Fv4-M73 7.56+05 1.0E-03 1.4E-09
Fv5-M83 1.1E+06  2.8E-05 2. 5E-11

The isoelectric points of TOCILIZUMARB, the control, Fv3-M73, Fv4-M73, and
Fv5-M83 were determined by isoelectric focusing using a method known to those skilled in the
art. The result showed that the isoelectric point was about 9.3 for TOCILIZUMARB; about 8.4
to 8.5 for the control; about 5.7 to 5.8 for Fv3-M73; about 5.6 to 5.7 for Fv4-M73; and 5.4 t0 5.5
for Fv5-M83. Thus, each antibody had a significantly lowered isoelectric point when compared
to TOCILIZUMAB and the control. Furthermore, the theoretical isoelectric point of the
variable regions VH/VL was calculated by GENETYX (GENETYX CORPORATION). The
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMABRB; 7.79 for the
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control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27 for Fv5-M&3. Thus, each antibody had
a significantly lowered isoelectric point when compared to TOCILIZUMAB and the control.
Accordingly, the plasma retention of Fv3-M73, Fv4-M73, and Fv5-M83 was thought to be
improved when compared to TOCILIZUMAB and the control.

T-cell epitopes in the variable region sequence of TOCILIZUMAB, Fv3-M73, Fv4-M73,
or Fv5-M83 were analyzed using TEPITOPE (Methods. 2004 Dec;34(4):468-75). As aresult,
TOCILIZUMARB was predicted to have T-cell epitopes, of which many could bind to HLA. In
contrast, the number of sequences that were predicted to bind to T-cell epitopes was significantly
reduced in Fv3-M73, Fv4-M73, and Fv3-M83. In addition, the framework of Fv3-M73,
Fv4-M73, or Fv5-MR&3 has no mouse sequence and is thus fully humanized. These suggest the
possibility that immunogenicity risk is significantly reduced in Fv3-M73, Fv4-M73, and
Fv5-M83 when compared to TOCILIZUMAB.

[Example 207 PK/PD test of fully humanized anti-IL-6 receptor antibodies in monkeys

Each of TOCILIZUMARB, the control, Fv3-M73, Fv4-M73, and Fv5-M8&3 was
intravenously administered once at a dose of 1 mg/kg to cynomolgus monkeys to assess the time
courses of their plasma concentrations (see Reference Example for method). The plasma
concentration time courses of TOCILIZUMAR, Fv3-M73, Fv4-M73, and Fv5-M83 after
intravenous administration are shown in Fig. 46. The result showed that each of Fv3-M73,
Fv4-M73, and Fv5-M83 exhibited significantly improved plasma retention in cynomolgus
monkeys when compared to TOCILIZUMAB and the control.  Of them, Fv3-M73 and
Fv4-MT73 exhibited substantially improved plasma retention when compared to
TOCILIZUMAB.

The efficacy of each antibody to neutralize membrane-bound cynomolgus monkey I1.-6
receptor was assessed.  Cynomolgus monkey 11-6 was administered subcutaneously in the
lower back at 5 pg/kg every day from Day 6 to Day 18 after antibody administration (Day 3 to
Day 10 for TOCILIZUMAB), and the CRP concentration in each animal was determined 24
hours later (see Reference Example for method). The time course of CRP concentration after
administration of each antibody is shown in Fig. 47. To assess the efficacy of each antibody to
neutralize soluble cynomolgus monkey IL-6 receptor, the plasma concentration of free soluble
cynomolgus monkey IL-6 receptor in the cynomolgus monkeys was determined and percentage
of soluble IL-6 receptor neutralization were calculated (see Reference Example for method).
The time course of percentage of soluble IL-6 receptor neutralization after administration of each
antibody is shown in Fig. 48.

Each of Fv3-M73, Fv4-M73, and Fv5-M8&3 neutralized membrane-bound cynomolgus

monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP over a
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longer period when compared to TOCILIZUMAB and the control (the known high-affinity
anti-IL-6 receptor antibody). Furthermore, each of Fv3-M73, Fv4-M73, and Fv5-M&3
neutralized soluble cynomolgus monkey IL-6 receptor in a more sustainable way, and suppressed
the increase of free soluble cynomolgus monkey IL.-6 receptor over a longer period when
compared to TOCILIZUMAB and the control.  These findings demonstrate that all of Fv3-M73,
Fv4-M73, and Fv5-M&3 are superior in sustaining the neutralization of membrane-bound and
soluble IL-6 receptors than TOCILIZUMAB and the control.  Of them, Fv3-M73 and Fv4-M73
are remarkably superior in sustaining the neutralization. Meanwhile, Fv5-M83 suppressed CRP
and free soluble cynomolgus monkey IL-6 receptor more strongly than Fv3-M73 and Fv4-M73.
Thus, Fv5-M83 is considered to be stronger than Fv3-M73, Fv4-M73, and the control (the
known high-affinity anti-IL-6 receptor antibody) in neutralizing membrane-bound and soluble
IL-6 recepfors. It was considered that results in in vivo of cynomolgus monkeys reflect the
stronger affinity of Fv5-M83 for IL-6 receptor and stronger biological aétivity.of Fv5-M83 in the
BaF/gp130 assay system relative to the control.

These findings suggest that Fv3-M73 and Fv4-M73 are highly superior in sustaining
their activities as an anti-IL-6 receptor-neutralizing antibody when compared to
TOCILIZUMARB and the control, and thus enabie to significantly reduce the dosage and
frequency of administration. Furthermore, Fv5-M83 was demonstrated to be remarkably
superior in terms of the strength of activity as an anti-IL-6 receptor-neutralizing antibody as well
as sustaining their activity. Thus, Fv3-M73, Fv4-M73, and Fv5-M83 are expected to be nseful

as pharmaceutical IL-6 antagonists.
[Reference Example]

Preparation of soluble recombinant cynomolgus monkey IL-6 receptor (cIL-6R)

Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus
monkey IL-6 receptor (Bimey et al., Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Database
issue):D556-61). A DNA fragment encoding the whole cynomolgus monkey I1.-6 receptor
gene was prepared by PCR using the primers, and as a template, cDNA prepared from the
pancreas of cynomolgus monkey. The resulting DNA fragment was inserted into an animal cell
expression vector, and a stable expression CHO line (cyno.sIL-6R-producing CHO cell line) was
prepared using the vector. The culture medium of cyno.slL-6R-producing CHO cells was
purified using a HisTrap column (GE Healthcare Bioscience) and then concentrated with
Amicon Ultra-15 Ultracel-10k (Millipore). A final purified sample of soluble cynomolgus
monkey IL-6 receptor (hereinafter “cIL-6R”) was obtained through further purification ona
Superdex200pg16/60 gel filtration column (GE Healthcare Bioscience).
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Preparation of recombinant cynomolgus monkev IL-6 (cll-6)

Cynomolgus monkey IL-6 was prepared by the procedure described below. The
nucleotide sequence encoding 212 amino acids deposited under SWISSPROT Accession No.
P79341 was prepared and cloned into an animal cell expression vector. The resulting vector
was introduced into CHO cells to prepare a stable expression cell line (cyno.IL-6-producing
CHO cell line). The culture medium of cyno.IL-6-producing CHO cells was purified using a
SP-Sepharose/FF column (GE Healthcare Bioscience) and then concentrated with Amicon
Ultra-15 Ultracel-5k (Millipore). A final purified sample of cynomolgus monkey IL-6
(hereinafter “cIL-6") was obtained through further purification on a Superdex75pg26/60 gel
filtration column (GE Healthcare Bioscience), followed by concentration with Amicon Ultra-15
Ultracel-Sk (Millipore).

Preparation of a known high-affinity anti-IL-6 receptor antibody

An animal cell expression vector was constructed to express VQ8F11-21 higGl a
known high-affinity anti-IL-6 receptor antibody. VQ8F11-21 higG1 is described in US
2007/0280945 A1 (US 2007/0280945 Al; the amino acid sequences of heavy chain and light
chain as set forth in SEQ ID NOs: 19 and 27, respectively). The antibody variable region was
constructed by PCR using a combination of synthetic oligo DNAs (assembly PCR). IgG1 was
used as the constant region.  The antibody variable and constant regions were combined
together by assembly PCR, and then inserted into an animal cell expression vector to construct
expression vectors for the heavy chain and light chain of inferest.  The nucleotide sequences of
the resulting expression vectors were determined by a method known to those skilled in the art.
The high-affinity anti-II.-6 receptor antibody (hereinafter abbreviated as “control™) was
expressed and purified using the constructed expression vectors by the method described in

Example I.

Biacore-based analysis of binding to IL-6 receptor

Antigen-antibody reaction kinetics was analyzed using Biacore T100 (GE Healthcare).
The SR344-antibody interaction was measured by immobilizing appropriate amounts of anti-IgG
{y-chain specific) F(ab™); onto a sensor chip by amine coupling method, binding antibodies of
interest onto the chip at pH 7.4, and then flowing IL-6 receptor SR344 adjusted to be various
concentrations at pH 7.4 over the chip as an analyte. All measurements were carried out at
37°C. The kinetic parameters, association rate constant k, (1/Ms) and dissociation rate constant
kg (1/s) were calculated from the sensorgrams obtained by measurement. Then, Kp (M) was

determined based on the rate constants, The respective parameters were determined using
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Biacore T100 Evaluation Software (GE Healthcare).

PKJ/PD test to determine the plasma concentrations of antibodies, CRP, and free soluble IL-6

receptor in monkeys

The plasma concentrations in cynomolgus monkeys were determined by ELISA using a.
method known to those skilled in the art.  The concentration of CRP was determined with an
automated analyzer (TBA-120FR; Toshiba Medical Systems Co.) using Cias R CRP (KANTO
CHEMICAL CO., INC.). _

The plasma concentration of free soluble cynomolgus monkey IL-6 receptor in
cynomolgus monkeys was determined by the procedure described below.  All IgG antibodies
(cynomolgus monkey IgG, anti-human IL-6 receptor antibody, and anti-human IL-6 receptor
antibody-soluble cynomolgus monkey IL-6 receptor complex) in the plasma were adsorbed onto

Protein A by loading 30 ul of cynomolgus monkey plasma onto an appropriate amount of

- rProtein A Sepharose Fast Flow resin (GE Healthcare) dried in a 0.22-um filter cup (Millipore).

Then, the solution in cup was spinned down using a high-speed cenirifuge to collect the solution
that passed through. The solution that passed through does not contain Protein A-bound
anti-human IL-6 receptor antibody-soluble cynomolgus monkey IL-6 receptor complex.
Therefore, the concentration of free soluble IL-6 receptor can be determined by measuring the
concentration of soluble cynomolgus monkey IL-6 receptor in the solution that passed through
Protein A. The concentration of soluble cynomolgus monkey IL.-6 receptor was determined
using a method known to those skilled in the art for measuring the concentrations of soluble
human IL-6 receptor.  Soluble cynomolgus monkey IL-6 receptor (cIL-6R) prepared as
described above was used as a standard.

Then the percentage of soluble IL-6 receptor neutralization was calculated by following
formula.
[(Free soluble IL-6 receptor concentration after antibody administration) / (soluble IL-6 receptor
concentration before antibody administration)] x 100

[Example 21]
(1) Preparation of point mutant genes of humanized antibody HOLO

Various point mutant genes were constructed using as a starting material the gene
encoding a glypican 3 antibody comprising the CDR of humanized antibody GC33 disclosed in
WO02006/046751. Oligo DNAs were designed and synthesized based on forward and reverse
sequences containing a mutation site. A number of point mutant genes were prepared using
QuikChange Site-Directed Mutagenesis Kit (Stratagene) available on the market. The genes

comprising point mutations were prepared by PCR under the conditions below. A reaction
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mixture consisting of 10 ng of template plasmid, 10 pmol each of forward and reverse synthetic
oligo DNAs, 10x Buffer appended to the kit, dNTP mix, and Pfu turbo DNA polymerase was
treated by heating at 95°C for 30 seconds, followed by PCR of 18 cycles consisting of: 95°C for
30 seconds, 55°C for one minute, and 68°C for four minutes. Dpnl included in the kit was
added to the reaction mixture, followed by one hour of restriction enzyme digestion at 37°C,

As a result of transforming DHS5o competent cells (TOYOBO) with the reaction mixture,
transformants were obtained. Plasmid DNAs were isolated from the fransformants and then
sequenced. The point mutant genes, which were confirmed to have introduced point mutations
based on the determined nucleotide sequences of the plasmid DNAs, were cloned into expression
vectors that enabled the expression of insert genes in animal cells. The modified genes were
obtained by modifications described below.

Humanized antibody HOLO and its point mutants were transiently expressed using
polyethyleneimine (Polysciences Inc.). HEK293 cells were detached using Trypsin EDTA
(Invitrogen) and plated at 6 x 10° cells/10 ml in 10-cm? culture dishes. On the next day, 4.6 pg
and 9.2 pg of the heavy chain and light chain expression plasmid DNAs, respectively, were
combined with 690 ul of SFMII medium and 20.8 pg of polyethyleneimine. After mixing the
combined materials, the mixture was incubated at room temperature for ten minutes. The
whole mixture was added dropwise to each of the culture dishes where HEK293 cells had been

_ plated as described above, and the culture supernatant was collected after about 72 hours. The

expressed humanized antibody HOLO and its point mutants were purified from the culture
supernatants using rProteinA Sepharose™ Fast Flow (GE Healthcare) according to the appended

protocol.

(1-1) Modification of Tm value of humanized antibody HOLO
Thermal denaturation midpoint temperature (Tm) is defined as the top of denaturation

peak in thermograms (Cp vs T) obtained as a result of heating a test sample solution at a constant
programmed heating rate. To determine the T value of humanized antibody HOLO, a sample
solution for DSC assay was prepared by the following procedure.  First, a solution containing
50 to 100 ug of an antibody was placed into a dialysis membrane and dialyzed for one whole day
and night against 20 mol/] sodium acetate buffer (pH 6.0) containing 150 mmol/l sodium
chloride as the outer dialysate. Then, a sample solution was prepared by adjusting the antibody
concentration to 50 to 100 ng/ml using the outer dialysate, and used as a test sample solution for
DSC assay.

An appropriate DSC device, for example, DSC-II (Calorimetry Sciences Corporation) is
preferably used in this experiment.  After thorough deaeration, the sample solution prepared by

the method described above and the reference solution (outer dialysate) were enclosed in
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calorimetric cells, and thoroughly thermally equilibrated at 40°C. Then, the solutions were
scanned from 40°C to 100°C with a scanning rate of about I K/min. The assay result was
displayed as the top of denaturation peak which is a function of temperature. The peaks for the
Fab domain were assigned to determine the thermal denaturation midpoint temperature for
humanized antibody HOLO, based on a non-patent document (Rodolfo ef al., Immunology Letters
(1999) 47-52).  As a specific example, a DSC chart obtained for the Hspu2.2Lspu2.2
(Hu2.2L.u2.2) antibody is shown in Fig. 49.

According to calculation by the method described above, the Tm value of humanized
antibody HOLO comprising the heavy chain of SEQ 1D NO: 195 and the light chain of SEQ ID
NO: 201 was 76.6°C.  As examples of known antibodies, the Tm values of Synagis and
Herceptin were calculated to be 85.4°C and 81.8°C, respectively. This suggests that the Tm
value of humanized antibody HOLQ is lower than those of known antibodies.

In order to increase the Tm value of humanized antibody HOLO, a modified antibody
was prepared. HI135 (SEQ ID NO: 196) was prepared by modifying FR2 of the HOLO antibody
heavy chain (SEQ ID NO: 195) with modifications V371, A40P, M48], and L511 which
converted the subclass from VH1b to VH4. The Tm value was improved to 79.1°C. 14 (SEQ
1D NO: 202) was prepared by modifying FR2 of the HOLO antibody light chain (SEQ ID NO: |
201) with modifications 142Q, S48A, and Q50R which converted the subclass from VK2 o
VK3, and by substituting V2 of FR1 with a germ-line sequence, I (V21 modification). The Tm
value was improved to 77.2°C.  Antibody H151.4 was prepared by combining these two

modified antibodies, and as a result, the Tm value was improved to 80.5°C.

(1-2) Modification of isoelectric point value of humanized antibody HOLO

The blood half-life of an antibody is prolonged as the isoelectric point value of the
antibody decreases. Conversely, an increase in the antibody isoelectric point value improves
the transfer of the antibody into tissues. It is still remains unknown whether the
tumor-suppressing effect of antibodies that are effective in cancer therapy is potentiated by an
increase or a decrease in the antibody isoelectric point value. Thus, modified antibodies were
prepared from humanized antibody HOLO, one of which had a decreased isoelectric point and the
other had an increased isoelectric point. The tumor-suppressing effect was compared between
the two antibodies to test which modification results in a stronger tumor-suppressing effect.

The isoelectric point value of each antibody was calculated based on the isoelectric
focusing analysis according to the following procedure. Phast-Gel Dry IEF gel (Amercham
Bioscience) was swollen for about 60 minutes in Phastsystem Cassette (Amercham Bioscience)
using a swelling solution with either of the following compositions.

(a) Composition of high isoelectric point swelling solution:
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1.5 ml of 10% glycerol

100 pl Pharmalyte 8-10.5 for IEF {(Amercham Bioscience)
(b) Composition of low isoelectric point swelling solution:

1.5 ml of purified water

20 ul of Pharmalyte 8-10.5 for IEF (Amercham Bioscience)

80 ul of Pharmalyte 5-8 for [EF (Amercham Bioscience)

About 0.5 pg of antibody was loaded onto the swollen gel, and isoelectric focusing was
carried out using programmed PhastSystem (Amercham Bioscience). The samples were added
to the gel at Step 2 in the program indicated below. pl Calibration Kit was used as pl markers
(Amercham Bioscience).

Step 1: 2,000 V, 2.5 mA, 3.5 W, 15°C, 75 Vh

Step 2: 200V, 2.5 mA, 3.5 W, 15°C, 15 Vh

Step 3: 2,000 V, 2.5 mA, 3.5 W, 15°C, 410 Vh

After electrophoresis, the gel was fixed with 20% TCA, and then sliver-stained using
Silver Staining Kit, protein (Amercham Bioscience) .according to the appended protocol. After
staining, the isoelectric point of each antibody as a test sample was calculated based on the
known isoelectric points of the pl markers. Electrophoretic patterns of high pl and low pl
isoelectric focusing are shown in Figs. 50 and 51, respectively.

(a) Modifications resulting in an increase of isoelectric point

Hspu2.2 (Hu2.2) (SEQ ID NO: 200) was prepared by further modifying H15 by Q43K,
D352N, and Q107R.  Lspu2.2 (Lu2.2) (SEQ ID NO: 206) was prepared by further modifying L4
by E17Q, Q27R, and Q105R, as well as S25A (substitution of S25 in CDR2 by A which is
highly frequent in the germ line). The Tm value and isoelectric point value of the
Hspu2.2Lspu2.2 antibody (Hu2.2Lu2.2) consisting of Hspu2.2 (Hu2.2) and Lspu2.2 (Lu2.2)
were determined to be 76.8°C and 9.6, respectively. The isoelectric point value of the HOLO
antibody is 8.9. Thus, the isoelectric point value has been increased by 0.7 in the
Hspu2.2Lspu2.2 antibody (Hu2.2Lu2.2).

(b) Modifications resulting in a decrease of isoelectric point

Hspd1.8 (Hd1.8) (SEQ ID NO: 199) was prepared by further modifying H15 by K19T,
Q43E, K638, K65Q, and G66D. Lspdl.6 (Ld1.6) (SEQ ID NO: 205) was prepared by further
modifying L4 by Q27E, substitution of TISSLQ for KISRVE at positions 79 to 84 in FR3 of L4,
and the same modification S25A as in Lspu2.2 (Lu2.2). The Tm value and isoelectric point
value of the Hspdi.8Lspd1.6 antibody (Hd1.81.d1.6) consisting of Hspd1.8 (Hd1.8) and Lspdl1.6
(Ld1.6) were determined to be 72.6°C and 7.4, respectively. The isoelectric point value of the
HOLO antibody is 8.9. Thus, the isoelectric point value has been decreased by 1.5 in the
Hspd1.8Lspd1.6 antibody (Hd1.8L.d1.6).
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(2 Assessment of antiBodV HOLO point mutants for binding activity by competitive ELISA

The HOLO antibody and its point mutants were purified as described in (1) and assessed
by competitive ELISA. The concentration of soluble GPC3 core polypeptide (SEQ ID NO:
207) was adjusted to 1 pg/ml. 100 pl of the polypeptide solution was added to each well of a
96-well plate. The plate was incubated overnight at 4°C to immobilize the soluble GPC3 core
pelypeptide onto the plate. The plate immobilized with the soluble GPC3 core polypeptide was
washed three times with washing buffer using SkanWasher 400 (Molecular Devices). After
200 pl of blocking buffer was added, the plate was blocked at 4°C overnight or longer. Then,
the plate immobilized with the soluble GPC3 core polypeptide was washed three times with
washing buffer using SkanWasher 400. Next, various concentrations of the HOLO antibody or
its point mutants were mixed with a final concentration of 0.3 pg/mi biotinylated HOLO antibody,
and each mixture was added to the plate at 100 pl/well. The HOLO antibody was biotinylated
using Biotin Labeling Kit (Roche) according to the appended protocol.  The plate was
incubated at room temperature for one hour, and then washed five times with washing buffer
using SkanWasher 400 (Molecular Devices). Goat anti-streptavidin alkaline phosphatase
(Zymed) was 20,000-times diluted with substrate buffer and added to the plate at 100 pl/well.
The plate was incubated at room temperature for one hour, and then washed five times with
washing buffer using SkanWasher 400. The concentration of phosphatase substrate (Sigma)
was adjusted to 1 mg/ml using the substrate buffer, and the solution was added to the plate at 100
ul/well.  The plate was incubated for one hour. The absorbance of reaction mixture at 405 nm
in each well was determined using Benchmark Plus (Bio-Rad). The wavelength of reference
absorbance used was 655 nm.

 Asshown in Fig. 52, the antigen-binding activity of antibody H15L4 was comparable to
that of the HOL.O antibody which was subjected to modification. Furthermore, as shown in Fig.
53, the antigen-binding activity of the Hspu2.2Lspu2.2 antibody (Hu2.2Lu2.2) was comparable
to that of the HOLO antibody which was subjected to modification. In addition, as shown in Fig.
54, the antigen-binding activity of the Hspdl.8Lspdl.6 antibody (}Hd1.8L.d1.6) was comparable
to that of the HOLO antibody which was subjected to modification.

[Reference Experimental Example 22] Disruption of fucose transporter gene in CHO cells

{1} Construction of targeting vectors
(1-1) Construction of KO1 vector

A BamH]I site and a TGCGC sequence were added to the 5° end of the start codon of
hygromycin resistance gene (Hygr) by PCR using pcDNA3. 1/Hygro (Invitrogen) and the
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HygS5-BH and Hyg3-NT primers to make the same as the sequence adjacent to the 5° end of the
start codon of fucose transporter gene. A Norl site was added to the 3° end of the region
containing up to the SV40 polyA addition signal. The resulting Hygr was excised.

Forward primer

Hyg5-BH: 5-GGATCCTGCGCATGAAAAAGCCTGAACTCACC-3" (SEQ ID NO: 208)
Reverse primer

Hyg3-NT: 5’-GCGGCCGCCTATTCCTTTGCCCTCGGACG-3’ (SEQ ID NO: 209)

The fucose transporter targeting vector ver.1 (herein referred to as “KO1 vector”) was
constructed by inserting into pMC1DT-A vector (Yagi T, Proc. Natl. Acad. Sci. USA (1990)
87:9918-22) the 5° (Smal at position 2780 to BamHI at position 4232 in the nucleotide sequence
of SEQ ID NO: 210) and 3’ (from position 4284 to Sacl at position 10934) segments of fucose
transporter, and an Hygr fragment. The characteristic of the KO1 vector is that Hygr is
expressed from the fucose transporter promoter when homologous recombination occurs because
no promoter is attached to the Hygr fragment. However, Hygr 1s nof always expressed
sufficiently to acquire resistance to hygromycin B when only a single copy of the vector is
introduced into a cell by homologous recombination. The KO1 vector was introduced into cells
after NofI digestion. . The fucose transporter was expected to lose 41 base pairs of exon |
including the start codon from introduction of the KO1 vector, which would result in the loss of
its function.

(1-2) Construction of pBSK-pgk-1-Hyer

The mouse pgk-1 gene promoter was excised from a pKJ2 vector (Popo H, Biochemical
Genetics (1990) 28:299-308) with EcoRI and Ps], and cloned into pBluescript (Strzitagene) at
the site between EcoRI and Psl to prepare pB SK-pgk-1. An EcoT22] site and a Kozak
sequence were added to the 5” end of Hygr by PCR using pcDNA3.1/Hygro and the Hyg3-AV
and Hyg3-BH primers. A BamHI site was added to the 3° end of the region containing up to

the SV40 polyA addition signal. The resulting Hygr was excised.
Forward primer
Hyg5-AV: 5°-ATGCATGCCACCATGAAAAAGCCTGAACTCACC-3’ (SEQ ID NO: 211)
Reverse primer
Hyg3-BH: 5°-GGATCCCAGGCTTTACACTTTATGCTTC-3* (SEQ ID NO: 212)

The Hygr (EcoT221-BamH]) fragment was inserted into pBSK-pgk-1 at PsflI-BamHI site
to prepare pBSK-pgk-1-Hygr.

(1-3) Construction of K02 vector

The fucose transporter targeting vector ver.2 (herein referred to as “KO2 vector™) was
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constructed by inserting into a pMCIDT-A vector the 5° (Smal at position 2780 to BamH]I at
position 4232 in the nucleotide sequence of SEQ ID NO: 210} and 3° (from position 4284 to Sacl
at position 10934} segments of fucose fransporter, and a pgk—i-Hygr fragment. Unlike the KO1
vector, the KO2 vector carries Hygr linked to the promoter of pgk-1 gene. Therefore, once a
single copy of the vector is introduced into cells via homologous recombination, the cells acquire
hygromycin B resistance. The KO2 vector was introduced into cells after Nofl digestion. The
fucose fransporter was expected to lose 46 base pairs of exon 1 including the start codon by
introduction of the KO2 vector, which would result in the loss of its function.

(1-4) Construction of nBSK-pgk-1-Puror

A pPUR vector (BD Biosciences) was digested with Psil and BamHI. The excised
fragment (Puror) was inserted into pBSK-pgk-1 at the PstI-BamHI site to prepare
pBSK-pgk-1-Puror.

(1-5) Construction of KO3 vector

The fucose transporter targeting vector ver.3 (herein referred to as “KO3 vector”) was
constructed by inserting into a pMC1DT-A vector the 5° (Smal at position 2780 to BamH]I at
position 4232 in the nucleotide sequence of SEQ ID NO: 210) and 3” (from position 4284 to Sacl
at position 10934) segments of fucose transporter, and a pgk-1-Puror fragment. A sequence for

annealing with the screening primer indicated below was attached to the 3° end of pgk-1-Puror in
advance. The KO3 vector was introduced into cells after NorI digestion. The fucose
transporter was expected to lose 46 base pairs of exon 1 including the start codon from
introduction of the KO3 vector, which would result in the loss of 1its function.
Reverse primer
RSGR-A: 5°-GCTGTCTGGAGTACTGTGCATCTGC-3’ (SEQ D NO: 213)

The fucose transporter gene was knocked out using the three types of targeting vectors

described above.

(2) Introduction of vectors into CHO cells

CHO-8-SFMII HT- (Invitrogen) was supplemented with 1/100 volume of HT
Supplement (100x) (Invitrogen) and penicillin-streptomycin (Invitrogen), and used as a culture
medium (hereinafter referred to as “SFMII(+)™). A CHO cell line DXB11 was passaged using
the medium. SFMIL(+) was also used to culture the cells after gene transfer. 8x 10° CHO

cells were suspended in 0.8 ml of Dulbecco’s phosphate buffered saline (hereinafter abbreviated

as “PBS”; Invitrogen). The cell suspension was combined with 30 pg of a targeting vector, and

transferred into Gene Pulser Cuvette (4 mm) (Bio-Rad). After ten minutes of incubation on ice,



10

15

20

23

30

35

183

the vector was introduced into the cells by electroporation under the conditions of 1.5 kV and 25
uFD using Gene-Pulser II (Bio-Rad).  After vector transfer, the cells were suspended in 200 ml
of SFMII(+) medium and plated in twenty 96-well round-bottomed plates (Iwaki) at 100 pl/well.
The plates were incubated in a CO, incubator at 37°C for 24 hours, and then a drug was added

thereto.

{3) First knockout

The KO1 or KO?2 vector was introduced into CHO cells. Selection was carried out 24

hours after gene transfer using hygromycin B (Invitrogen). Hygromycin B was dissolved at a

concentration of 0.3 mg/ml in SFMII(+), and a 100-pl aliquot was added to each well.

(4) PCR screening for homologous recombinants

{4-1) Preparation of PCR samnples

Homologous recombinants were screened by PCR.  CHO cells used in the screening
were cultured in 96-well flat-bottomed plates.  After removing the culture supernatants, 50 ul of
cell lysis buffer was added to each well and the plates were incubated at 55°C for two hours.
Then, proteinase K was inactivated by heating at 95°C for 15 minutes. ~The resulting samples
were used as PCR templates. The composition of cell lysis buffer per well was: 5 pl of 10x LA
buffer II (appended to Takara LATaq), 2.5 ul of 10% NP-40 (Roche), 4 ul of proteinase K (20
mg/ml; Takara), and 38.5 ul of distilled water (Nacalai Tesque).

(4-2) PCR conditions |

The PCR mixtures consisted of 1 pl of a PCR sample described above, S pl of 10x LA
buffer I1, 5wl of MgCly (25 mM), 5 ul of ANTP (2.5 mM), 2 pl of primers each (10 uM each),
0.5 pl of LA Taq (5 [U/ul), and 29.5 pl of distilled water (50 pl in total). TP-F4 and
THygro-R1 were used as PCR primers in the screening for cells introduced with the KO1 vector,

and TP-F4 and THygro-F1 were used in the screening for cells introduced with the KOZ2 vector .

The PCR conditions used to assess cells introduced with the KO1 vector were:
pre-heating at 95°C for one minute, and 40 amplification cycles of 95°C for 30 seconds, 60°C for
30 seconds, and 72°C for two minutes, followed by heating at 72°C for seven minutes. The
PCR conditions used to assess cells introduced with KO2 vector were: pre-heating at 95°C for
one minute, and 40 amplification cycles of 95°C for 30 seconds and 70°C for three minutes,
followed by heating at 70°C for seven minutes.

The primers are shown below. In cell samples where homologous recombination is
mediated by the KO1 vector, the size of the amplified DNA is about 1.6 kb.  In cell samples
where homologous recombination is mediated by the KO2 vector, the size of the amplified DNA
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is about 2.0 kb.  The TP-F4 primer has been designed to be placed outside the vector and within
the 5’ genomic region of fucose transporter.  The THygro-F1 and THygro-R1 primers have
been designed to be placed within Hygr of the vector.

Forward primers (KO1 and KO2)

TP-F4: 5-GGAATGCAGCTTCCTCAAGGGACTCGC-3" (SEQ ID NO: 214)

Reverse primer (KO1)

THygro-R1: 5’-TGCATCAGGTCGGAGACGCTGTCGAAC-3’ (SEQ ID NO: 215)

Reverse primer (KO2)

THygro-F1: 5’-GCACTCGTCCGAGGGCAAAGGAATAGC-3" (SEQ ID NO: 216)

{3) PCR screening results

918 cells introduced with KO1 vector were analyzed, and only one was assessed tobe a
homologous recombinant cell (the frequency of homologous recombination was about 0.1%).
537 cells introduced with the KO2 vector were analyzed, and 17 cells were assessed to be

homologous recombinant cells (the frequency of homologous recombination was about 3.2%).

(6) Southern blot analvsis

Furthermore, Southern blotting was also used to confirm the recombinant cells. 10 pg

of genomic DNA was prepared from cultured cells according to a conventional method and
analyzed by Southern blotting. A 387-bp probe was prepared from the region of positions 2113
{0 2500 in the nucleotide sequence of SEQ ID NO: 210 by PCR using the pair of primers shown
below, and used in Southern blotting to confirm the recombinant cells. The genomic DNAs
were digested with Bg/ll.

Forward primer

Bgl-F: 5-TGTGCTGGGAATTGAACCCAGGAC-3’ (SEQ ID NO: 217)

Reverse primer

Bgl-R: 5°-CTACTTGTCTGTGCTTTCTTCC-3” (SEQ ID NO: 218)

Bglll digestion yielded an approximately 3.0-kb band of chromosomal fucose
transporter, and approximately 4.6-kb and 5.0-kb bands from chromosomes that have undergone
homologous recombination mediated by the KO1 and KO2 vectors, respectively.  One and
seven cells that had undergone homologous recombination mediated by the KO1 and KO2
vectors, respectively, were used in the experiments.  The only cell line obtained using the KO1
vector was named 5C1. In fact, subsequent analyses revealed that the cell line included
different cell populations. Thus, the cell line was recloned by limiting dilution and then used in

subsequent experiments. One of the cell lines obtained using the KO2 vector was named 6E2.
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(7) Second knockout
A cell line completely deficient in the fucose transporter gene was established using
three types of vectors from a cell line in which the KO1 and KO2 vectors successfully mediated

homologous recombination. The combinations of vector and cell line were as follows.

Method 1, KO2 vector and cell line 5C1 (KO1); Method 2, KO2 vector and cell line 6E2 (KO2);
and Method 3, KO3 vector and cell line 6E2 (K02). The vectors were introduced into cells of
the respective cell lines.  Selection was carried out 24 hours after vector transfer using
hygromycin B and puromycin (Nacalai Tesques). The final concentration of hygromycin B
was 1 mg/ml in Method 1 and 7 mg/ml in Method 2. In Method 3, hygromycin B and

puromycin were added at final concentrations of 0.15 mg/ml and 8 pg/ml, respectively.

{8) PCR screening for homologous recombinants

Samples were prepared by the same method described above. For the screening in
Method 1, both of the PCR methods described above were used to detect cells that had
undergone homologous recombination mediated with the KO1 and KO2 vectors. TPS-F1 and
SHygro-R1 were placed in the regions of positions 3924 to 3950 and 4248 to 4274 in the
nucleotide sequence of SEQ ID NO: 210. These PCR primers were designed for Method 2, and
used to amplify a 350-bp region of the fucose transporter gene that is deficient in the KO2 vector.
Accordingly, when the 350-bp region was not amplified in the PCR screening of Method 2, the
cells were considered to be completely deficient in the fucose transporter gene.  The PCR
conditions used were: pre-heating at 95°C for one minute, and 35 amplification cycles of 95°C
for 30 seconds and 70°C for one minute, followed by heating at 70°C for seven minutes.
Forward primer
TPS-F1: 5°-CTCGACTCGTCCCTATTAGGCAACAGC-3" (SEQ ID NO: 219)

Reverse primer
SHygro-R1: 5’-TCAGAGGCAGTGGAGCCTCCAGTCAGC-3’ (SEQ ID NO: 220)

The forward and reverse primers used in Method 3 were TP-F4 and RSGR-A,
respectively. The PCR conditions used were: pre-heating at 95°C for one minute, and 35
amplification cycles of 95°C for 30 seconds, 60°C for 30 seconds, and 72°C for two minutes,
followed by heating at 72°C for seven minutes. An approximately 1.6-kb DNA is amplified
when the sample is cells that have undergone homologous recombination mediated by the KO3
vector. The PCR was carried out to detect cells that had undergone homologous recombination
mediated by the KO3 vector, as well as to confirm that the homologous recombination
mediated by the KO2 vector remained.

{9} PCR screening results
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616 cells were analyzed by Method 1, and 18 were assessed to be homologous
recombinants (the frequency of homologous recombination was about 2.9%). 524.cells were
analyzed by Method 2, and two were assessed to be homologous recombinants (the frequency of
homologous recombination was about 0.4%). Furthermore, 382 cells were analyzed by Method
3, and seven were assssed to be homologous recombinants (the frequency of homologous

recombination was about 1.8%).

(10) Southern blot analysis
As a result of analysis according to the method described above, one of the analyzed

cell lines was found to be completely deficient in the fucose transporter gene. In the first
knockout, the results of PCR and Southern blot analyses were consistent with each other.

However, the PCR result was not consistent with Southern blotting in the second knockout.

(11) Analysis of fucose expression

Furthermore, 26 cell lines that had been assessed to be homologous recombinants by
PCR were analyzed for fucose expression. 1x 10° cells were stained using 100 pl of PBS
containing 5 ug/ml Lens culinaris Agglutinin, FITC Conjugate (Vector Laboratories), 2.5% FBS,
and 0.02% sodium azide (hereinafier referred to as “FACS lysis solution”) on ice for one hour.
Then, the cells were washed three times with FACS lysis solution, and assayed using
FACSCalibur (Becton Dickinson). The result of Southern blot analysis showed that the
expression level of fucose was reduced only in the FTP-KO cell line which had been assessed to

be completely deficient in the fucose transporter gene.

[Reference Experimental Example 23] Establishment of antibody-producing cells derived from
the FTP-KO line and purification of antibody produced by the cells

Hygromycin B was prepared at a final concentration of 1 mg/ml in SEMII(+) medium.
The fucose transporter-deficient cell line (FT-KO cell; clone name, 3F2) obtained as described in
Example 21 was cultured in this medium. 8 x 10° cells of 3F2 were suspended in 0.8 ml of
Dulbecco’s phosphate buffered saline.  The cell suspension was combined with 25 pg of the
expression vector for humanized glypican 3 antibody, and transferred into a Gene Pulser Cuvette.
After ten minutes of incubation on ice, the vector was introduced into the cells by electroporation
under the conditions of 1.5 kV and 25 u¥FD using Gene Pulser II.  After vector transfer, the cells
were suspended in 40 ml of SFMII(+) medium, and plated onto a 96-well flat-bottomed plate
(Iwaki) in an amount of 100 pl/well.  The plate was incubated at 37°C in a CO; incubator for 24
hours, and then Geneticin (Invitrogen) was added thereto at a final concentration of 0.5 mg/ml.

The levels of antibody produced by the drug-resistant cells were determined to establish
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humanized glypican 3 antibody-producing cell lines.

Supematants were collected from cultures of the antibody-producing cells, and loaded
onto a Hitrap rProtein A (Pharmacia) column using a P-1 pump (Pharmacia). After the column
was washed with binding buffer (20 mM sodium phosphate (pH 7.0)), bound antibody was
eluted with elution buffer (0.1 M glycine-HCl (pH 2.7)). Immediately, the eluates were
neutralized with neutralization buffer (1M Tris-HCl (pH 9.0)). The eluted antibody fractions
were selected by DC Protein Assay (Bio-Rad), and the pooled fractions were concentrated up to
about 2 ml using Centriprep YM 10 (Millipore). Next, the concentrated solutions were
subjected to gel filtration using Superdex 200 26/60 (Pharmacia) equilibrated with 20 mM acetic
acid buffer (pH 6.0) containing 150 mM NaCl. Peak monomer fractions of the eluates were
collected, and concentrated using Centriprep YM 10.  After filtration with MILLEX-GW
0.22-um Filter Unit (Millipore), the concentrated solutions were stored at 4°C.  The
concentrations of purified antibodies were determined by calculation using the molar extinction

coefficient and absorbance at a wavelength of 280 nm.

[Reference Experimental Example 24] Analysis of sugar chains linked to humanized
anti-glypican 3 antibody produced by FT-KO cells
(1) Preparation of 2-aminobenzamide-labeled sugar chains (2-AB-labeled sugar chains)

The antibodies produced by the FT-KO cells of the present invention and antibodies
produced by CHO cells as a control sample were treated with N-glycosidase F (Roche
Diagnostics) to release the sugar chains from the protein (Weitzhandler M. ef al., Journal of
Pharmaceutical Sciences (1994) 83(12):1670-1675).  Afier deproteination using ethanol
(Schenk B. ef al., The Journal of Clinical Investigation (2001) 108(11):1687-1695), the free
sugar chains were concentrated to dryness, and fluorescently labeled with 2-aminopyridine
(Bigge 1. C. et al., Analytical Biochemistry (1995) 230(2):229-238).  The reagent was removed
from the 2-AB-labeled sugar chains by solid phase extraction using a cellulose cartridge. After
concentration by centrifugation, purified 2-AB-labeled sugar chains were obtained for use in the
analyses. Next, the purified 2-AB-labeled sugar chains were treated with B-galactosidase
(Seikagaku Co.) to obtain agalactosyl 2-AB-labeled sugar chains.

(2) Analysis of agalactosyl 2-AB-labeled sugar chains by normal phase HPLC
Agalactosyl 2-AB-labeled sugar chains were prepared by the above method, using as the

starting materials sugar chains freed from antibodies produced by the FT-KO cells of the present
invention or antibodies produced by CHO cells (control). The sugar chains were analyzéd by
normal phase HPLC using an amide column TSKgel Amide-80 (Tosoh Co.), and the
chromatograms were compared to each other. In the antibodies produced by CHO cells, the



10

i5

20

25

30

188

main component of sugar chain was G(0), and G(0)-Fuc which had no fucose was estimated to
account for about 4% of total sugar chains based on the calculation of the peak area ratio. On
the other hand, in the antibodies produced by the FT-KO cells, G{0)-Fuc was the main

_component, and based on the calculation of the peak area ratio, 90% or more of fotal sugar

chains had no fucose in the antibodies produced by any of the antibody-producing cell lines.

Table 17
RELATIVE RATIO OF AGALACTOSYL 2-AB-LABELED SUGAR CHAIN ESTIMATED BY NORMAL PHASE HPLC

SUGAR CHAIN CHO FT-KO-a FT-KO-b FT-KO-c¢
G(0)~Fuc 4.0% 92.4% 92.5% 93.2%
G(0) 96.0% 7.6% 7.5% 6.8%

[Example 25} Establishment of cell lines stably expressing humanized antibody HOLO or its
point mutants

The genes encoding antibodies were cloned into expression vectors. The antibodies
were: Hspu2.2Lspu2.2 (Hu2.21u2.2) and Hspd1.8Lspd1.6 (Hd1.81Ld1.6), which were prepared
as modified antibodies from the HOLO antibody by the method described in Example 21; and the
HOLO antibody, which was used for such modifications. The respective genes encoding the
heavy chain and light chain of each antibody were cloned into different expression vectors to
express the genes. Two types of expression vectors were selected to carry a desired
combination of genes encoding the heavy chain and light chain as described above, and after
digestion with Pvul, they were introduced by electroporation into cells of FTP-KO line produced
as described in Reference Experimental Example 22.

The transformed cell lines stably producing the HOL0 antibody or its modified
antibodies were produced by electroporation using Gene Pulser IT (Bio-Rad). 10 pg each of the
expression plasmid DNAs for the heavy and light chains, which provided a desired combination
of heavy and light chains, were mixed with 0.75 m] of suspension of CHO cells (1 x 10
cells/ml) in PBS. The mixture was incubated on ice for ten minutes, transferred into a Gene
Pulser I1 Cuvette, and then electrically pulsed at 1.5 kV and 25 uFD. The pulsed mixture was
incubated at room temperature for ten minutes, and then suspended in CHO-S-SFMII/1% HT/1%
PS medium. The same medium as used {o prepare 5x, 10x, and 50x dilutions, and the
suspensions were aliquoted (100 pl) into each well of 96-well culture plates. The plates were
incubated under 5% CO; in a CO; incubator for 24 hours. Then, Geneticin (GIBCO) and
Zeocin (Invitrogen) were added at final concentrations of 500 and 600 ug/ml to each well,
respectively. The plates were further incubated for two weeks. Colonies of transformed cells

resistant to both Geneticin and Zeocin were selected by culturing in the same medium
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supplemented with 500 pg/m! Geneticin (GIBCO) and 600 pg/ml Zeocin (Invitrogen). The
antibody concentrations in culture supernatants of transformed cells thus selected were assessed
using BiacoreQ) (Biacore). Accérdingly, transformant lines highly expressing a desired
antibody were established. The antibody concentrations in culture supernatants were

determined according to the protocol appended to BiacoreQ (Biacore).

[Example 26] Drug efficacy test of humanized antibody HOLO and its point mutants by in vive
mode]

(1) Maintenance of cell lines that are subjected to transplantation in an in vivo model

The Hep G2 cell line (ATCC) was used and maintained by culturing in Minimum

'Essential Eagle Medium (Sigma) supplemented with 10% FBS, 1 mmol/l MEM Sodium

Pyruvate (Invitrogen), and 1 mmol/l MEM Non-Essential Amino Acids (Invitrogen) (hereinafter

referred to as “passaging medium™).

(2) Preparation of Hep G2-grafted mouse model

A Hep G2 cell suspension was prepared at 5 x 107 cells/ml using a solution containing
1:1 ratio of the passaging medium and Matrigel Matrix (BD Bioscience). 100 ul of the cell
suspension (5 x 10° cells/head) was transplanted subcutaneously at an abdominal site into SCID
mice (male, five weeks old) (CLEA Japan Inc.). On the day before cell transplantation, 100 pl
of an anti-asialo GM1 antibody (Wako Pure Chemical Industries; the content of one vial was
dissolved in 5 ml of the solution) was administered into the peritoneal cavities of the mice. The
tumor volume was calculated based on the formula:
(Tumor volume) = (major axis) X (minor axis) x (minor axis) / 2.
When the mean tumor volume reached 130 to 330 mmz’, the mouse was assessed to be acceptable

for the model.

(3) Preparation of samples containing each test antibody for administration

On the day of administration, samples for administration were prepared using
physiological saline so that each contained one of antibodies HOLO, Hu2.2Lu2.2, and
Hd1.8Ld1.6 at 0.5 mg/ml (group administrated with an antibody at 5 mg/kg) or 0.1 mg/ml (group
administrated with an antibody at 1 mg/kg). '

(4) Administration of antibody-containing samples for administration
27 days after transplantation of Hep G2 cells to the mouse model prepared as described

above in (2), the samples prepared as described above in (3) were administered at a dose of 10

ml/kg into the caudal vein once a week for three weeks. As a negative control, physiological
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saline was administered in the same way at a dose of 10 ml/kg into the caudal vein once a week
for three weeks. Each group included five mice, and was administered with a sample
containing any one of the respective test antibodies. Almost simultaneously with
administration, venous blood was coliected from three mice in each of the respective groups as
test samples to determine the concentration of each antibody in mouse blood.  Specifically,
blood was collected from the dorsal metatarsal vein at two time points: half an hour after the first
administration and immediately before the second administration. 20 ul of collected blood was

heparinated, and plasma was obtained by centrifugation.

(5) Assessment of test antibodies for antitumor effect

The antitumor effect of each test antibody in a model mouse transplanted with human
liver cancer was assessed by measuring the tumor volume one week after the final administration
of the samples. The result shown in Fig. 55 demonstrates the trendency that the effect is
enhanced with the Hspd1.8Lspd1.6 antibody (Hd1.8L.d1.6), and the effect is impaired with the
Hspu2.2Lspu2.2 antibody (Hu2.2Lu2.2).

{6) Concentration of each test antibody in blood

The concentrations of test antibodies in mouse plasma were determined according to the
ELISA method described in Example 21.  Samples with a plasma concentration of 12.8, 6.4, 3.2,
1.6, 0.8, 0.4, or 0.2 ug/ml were prepared as calibration standards. The standard samples and
test samples of mouse plasma appropriately diluted at a desired concentration were aliquoted into
immunoplates (Nunc-Immuno Plate, MaxiSoup-(Nalge Nunc International)) immobilized with
soluble glypican-3 core (Chugai Pharmaceutical Co. Ltd.). The plates were incubated at room
temperature for one hour. Then, goat anti-human IgG-BIOT (Southern Biotechnology
Associates) and streptavidin-alkaline phosphatase conjugate (Roche Diagnostics) were
sequentially aliquoted, and color development was achieved using as the substrate BluePhos
Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories). The degree of
color development of the reaction mixture in each well was calculated by measuring the
absorbance of the reaction mixture at 650 nm on a microplate reader. The antibody
concentrations in mouse plasma were calculated using analysis software SoftMax Pro (Molecular
Devices) based on the calibration curves prepared from absorbance of the standard samples.

The concentrations in mouse plasma 30 minutes and seven days after administration are
shown in Fig. 56. It was demonstrated that with any antibody dosage, the lower the isoelectric
point of a test antibody, the higher the antibody concentration in plasma seven days after

administration.
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[Example 27] ADCC of each test antibody when human peripheral blood mononuclear cells are
used as effector cells

ADCC of each test antibody was agsayed using human peripheral blood mononuclear
cells (hereinafter referred to as “human PBMC”) as effector cells by the procedure described

below.

{1} Preparation of human PBMC solutions

Using syringes pre-filled with 200 pl of 1,000 units/ml heparin solution (Novo-Heparin

~ 5000 units for Injection; Novo Nordisk), 50 ml of peripheral blood was collected from healthy

volunteers (male adult) affiliated with Chugai Pharmaceutical Co. Ltd. The peripheral blood
was diluted two-fold with PBS(-), and divided into four equal parts, each of which was
transferred into a pre-centrifuged leukocyte separation tube Leucosep (Greiner Bio-One)
containing 15 ml of Ficoll-Paque PLUS. The separation tubes containing an aliquot of the
peripheral blood were centrifuged at 2,150 rpm and room temperature for ten minutes. Then,
the resulting mononuclear cell fractions were collected. The cells in each fraction was washed
once with Dulbecco’s Modified Eagle’s Medium (Sigma) containing 10% FBS (hereinafter
referred to as “10% FBS/D-MEM?”), and then suspended at a density of 5 x 10° cells/ml in 10%
FBS/D-MEM. The cell suspensions were used as human PBMC solutions in the subsequent

experiments.

| (2) Preparation of target cells

Hep G2 cells were detached from dishes, and then plated at 1 x 10 cells/well on 96-well
round-bottomed plates. The plates were incubated under 5% carbon dioxide gas in a CO;
incubator at 37°C overnight. On the next day, 5.55 MBqg of Cr-51 was added to each well of
the plates. Then, the plates were incubated under 5% carbon dioxide gas in a CO; incubator at
37°C for three hours. The Hep G2 cells in the plates were used as target cells in the subsequent
ADCC assay,

(3) Chrome release assay (ADCC)
ADCC is assessed based on specific chrome release rate determined by chrome release

assay. The target cells prepared as described in (2) were washed with medium. 100 pl of the
HOLO, Hu2.2Lu2.2, or Hd1.81d1.6 antibodies was added to the cells at various concentrations (0,
0.004, 0.04, 0.4, 4, and 40 pg/ml). After the plates were incubated at room temperature for 15
minutes, the antibody solutions were removed. Then, 100 pl of culture medium was added to
each well. The plates were incubated under 5% carbon dioxide gas in a CO; incubator at 37°C

for one hour. 100 pl of human PBMC solution prepared as described in (1) was added to each
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well (5 x 10° cells/well). The plates were incubated under 5% carbon dioxide gas in a CO»
incubator at 37°C for four hours, and then centrifuged. 100 ul of culture supernatant in each
well of the plates was measured for radioactivity using a gamma counter. The specific chrome
release rate was determined by the following formula:
[Specific chrome release rate (%)] = (A-C) x 100/ (B-C).

in this formula, “A” represents mean radioactivity (cpm) of 100 pl of culture
supernatant in each well. “B” represents mean radioactivity (cpm} of 100 pl of culture
supernatant in a well containing target cells, 100 pl of 2% NP-40 aqueous solution (Nonidet
P-40; Nacalai Tesques), and 50 pl of 10% FBS/D-MEM.  Furthermore, “C” represents mean
radioactivity (cpm) of 100 pl of culture supernatant in a well containing target cells and 150 pl
of 10% FBS/D-MEM. The test was conducted in triplicate. The mean and standard deviation
of the specific chrome release rate (%) which reflects the ADCC of each test antibody were

calculated based on the assay described above.

{(4) Assessment of ADCC of each test antibody
The test antibody-mediated ADCC of human PBMC was assessed. The result showed
that all the antibodies tested exhibited ADCC. The result is shown in Fig. 57. A significance

test was performed on the specific chrome release rates determined for various concentrations of

cach test antibody. The result showed that the specific chrome release rate was not
significantly different among the respective test antibodies at any antibody concentration. SAS
preclinical package (SAS Institute Inc.) was used for statistical analysis. These results showed
that there was no difference in ADCC among the respective test antibodies with a modified

isoelectric point.

[Example 28] Preparation of anti-human IL-6 receptor antibody, anti-human GPC3 antibody, and
anti-human IL-31 receptor antibody

1. Preparation of anti-human IL-6 receptor antibody

Two types of anti-human IL-6 receptor antibodies were prepared: 6R_a HIL1
consisting of 6R_a H1 (SEQ ID NO: 221) as the heavy chain and 6R_a L1 (SEQ ID NO: 224)
as the light chain, and 6R_b HI1L1 consisting of 6R_b_H1 (SEQ ID NO: 227) as the heavy chain
and 6R_b L1 (SEQ ID NO: 229) as the light chain. Animal cell expression vectors encoding
each amino acid sequence were prepared, and the antibodies were expressed and purified by the

methods described in Reference Examples 1 and 2.

2. Preparation of anti-human GPC3 antibody
An anti-human GPC3 antibody, GPC3_HI1L1, which consists of GPC3_H! (SEQ ID
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NO: 233) as the heavy chain and GPC3_L1 (SEQ ID NO: 236) as the light chain was prepared.
Animal cell expression vectors encoding each amino acid sequence were prepared, and the

antibody was expressed and purified by the methods described in Reference Examples 1 and 2.

3. Anti-human IL.-31 receptor antibody
An anti-human IL-31 receptor antibody 31R_HI1L1 consisting of 31R_HI (SEQ ID NO:
239) as the heavy chain and 31R_L1 (SEQ ID NO: 242) as the light chain was prepared.

Animal cell expression vectors encoding each amino acid sequence were prepared, and the

antibody was expressed and purified by the methods described in Reference Examples 1 and 2.

[Example 29] Reduction of the isoelectric point of anti-human I1.-6 receptor antibody,

anti-human GPC3 antibody, or anti-human IL-31 receptor antibody via amino acid substitution

1. Search for CDR gequences that reduce the isoelectric point without reduction of

antipen-binding activity
WO/2007/114319 describes examples of controlling the isoelectric point by substitution

of amino acids in CDR, where amino acid substitutions were introduced into heavy chain CDR3.
Heavy chain CDR3 is closely associated with antibody-antigen-binding activity; thus, it is
anticipated that for some kinds of antibodies, the isoelectric point could not be reduced by
substituting amino acids at same positions without reducing antigen-binding activity. Therefore,
the present inventors searched for candidate CDR sequences that allow reduction of isoelectric
point without reducing antigen-binding activity regardless of antibody specificity. Such
candidate CDR sequences that allow reduction of isoelectric point without reducing
antigen-binding activity were found to include H31, H52, H61, H62, H64, and H65 ih the heavy
chain variable region, and 124, 1.27, L27a, L53, L54, L55, and L56 in the light chain variable
region (Kabat numbering). Then, some of the candidate CDR sequences were introduced into
the antj-human IL-6 receptor antibody, anti-human GPC3 antibody, and anti-human 1L-31
receptor antibody mentioned below by amino acid substitution, and the resulting antibodies were
tested to assess whether their isoelectric points can be reduced without reducing the

antigen-binding activity.

2. Preparation of anti-human IL-6 receptor antibodies with a reduced isoelectric point. binding

activity assessment. and isoelectric point determination
To construct 6R_a H2 (SEQ ID NO: 222) and 6R_a 1.2 (SEQ ID NO: 225), amino acid

‘substitutions for reducing the isoelectric point and other amino acid substitutions were

introduced into each of 6R_a H1 (SEQ ID NO: 221) and 6R_a L1 (SEQ ID NO: 224)
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constituting the anti-human IL-6 receptor antibody 6R_a HIL1. After vector construction,
6R_a H2L2 was expressed and purified by the methods described in Reference Examples 1 and
2. Furthermore, to construct 6R_a H3 (SEQ ID NO: 223) and 6R_a L3 (SEQ ID NO: 226),
amino acid substitutions for isoelectric point reduction and other amino acid substitutions were
introduced into 6R_a H2L2. Vectors were constructed by the method described in Reference
Example 1, and then 6R_a H313 was expressed and purified.

The dissociation constants (KD) of 6R_a H1L1, 6R_a H2L.2, and 6R_a H3L3 from
their antigen, human IL-6 receptor, were determined by the Biacore T100-based method
described in Reference Example 3. The dissociation constants (KD) of 6R_a_HI1L1,
6R_a H2L2, and 6R_a H3L3 for IL-6 receptor were comparable to each other as shown in
Table 18 below, and the introduced amino acid substitutions did not significantly reduce the

antigen-binding activity.

Table 18

DISSOCTATION

CONSTANT (KD)
6R_a_H! L1 6. 70E-11
ERa H2LZ 3.00E-11
6Ra H3L3 6520E-11

The isoelectric point was determined by isoelectric focusing known to those skilled in
the art.  The isoelectric point of 6R_a H1LI1 was about 9.2, while the isoelectric points of
6R_a H2L2 and 6R_a H31L3 comprising amino acid substitutions for isoelectric point reduction
were about 6.1 and 5.4, respectively. The isoelectric points were reduced by about 3.1 and 3.8
relativeto 6R_a HIL1, fespectively. Furthermore, the theoretical isoelectric point of the
variable region VH/VL was calculated using GENETYX (GENETYX CORPORATION). The
theoretical isoelectric point of 6R_a H1L1 was 9.37, while those of 6R_a_H2L2 and
6R_a H3L3 were 4.63 and about 4.27, respectively. The theoretical isoelectric point was
reduced by 4.74 and 5.10 in 6R_a_H?2L2 and 6R_a H3L3 relative to 6R_a HI1L1, respectively.

These results are summarized in Table 19.
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Table 19
ANT [-HUMAN [L—6 RECEPTOR
ANT I BODY |
6R a H1L1 6R.a H2L2 6R_a H3L3
ACTUAL pl 924 606 5.44
THEORETICAL pl  9.37 4.63 4.27

The amino acid substitutions introduced into the CDR sequence of 6R_a HiL1 are
summarized in Table 20 below. It was revealed that these CDR amino acid substitutions could
reduce the isoelectric point of the 6R_a H1L1 molecule, which is an anti-human 1L-6 receptor
antibody, without significantly reducing its antigen-binding activity.

- Table 20
MODIF [ED H1 AMINO ACID
CLASSIFICATION POSITION SEQUENCE AFTER
(KABAT NO) MODIF ICATION
CDR1 31 S D
CDR2 64 K @
CDR2 65 = D
MODIFIED AMINO ACID

CLASSIFICATION POSITION .. .C]

AFTER
(KABAT Ng) SEQUENCE

MODIFIGATION

CDR1 24 R (3
CDRZ o3 R E
CDRZ 55 R E

Next, to construct 6R_b H2 (SEQ ID NO: 228) and 6R_b_L2 (SEQ ID NO: 230),
amino acid substitutions for isoelectric point reduction and other amino acid substitutions were
introduced into 6R_b_HI (SEQ ID NO: 227) and 6R_b_L1 (SEQ ID NO: 229) constituting
6R_b H1L1, which is another anti-human IL-6 receptor antibody. After vector construction,
6R b H2L2 was expressed and purified by the methods described in Reference Examples 1 and
2. Furthermore, to construct 6R_b 1.3 (SEQ ID NO: 231) and 6R_b 14 (SEQ ID NO: 232),
amino acid substitutions for isoelectric point reduction and other amino acid substitutions were
introduced into 6R_b _H2L2. Vectors were constructed by the method described in Reference
Example 1, and then 6R_b_H2L3 and 6R_b_H2L4 were expressed and purified.

6R b HILI1, 6R b H2L.2, 6R b H213, and 6R_b H2[.4 were assayed using the
method described in Reference Example 4 for their activity to neutralize the antigen, human 1L-6
receptor.  As shown in Fig. 58, the neutralizing activities of 6R_b_HILI, 6R b H2L2,

6R_b H213, and 6R_b H2L4 were comparable to each other. The amino acid substitutions
did
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not significantly reduce the antigen-binding activity.

The isoelectric point was determined by isoelectric focusing known to those skilled in
the art. The isoelectric point of 6R_b_HI1L1 was about 9.3, while the isoelectric point of
6R_b H2I.2 comprising amino acid substitutions for isoelectric point reduction was about 5.9.

5  The isoelectric point of 6R_b_H2L2 was reduced by about 3.4 relative to 6R_b_HI1LI.
Furthermore, the theoretical isoelectric point of the variable region VH/VL was calculated using
GENETYX (GENETYX CORPORATION). The theoretical isoelectric point of 6R_b_H1L1
was 9.20, while those of 6R_ b H2I.2, 6R b H2L3, and 6R_b_H2L4 were 4.52, about 4,46, and
about 4.37, respectively. The theoretical isoelectric point was reduced by 4.68, 4.74, and 4.83

10 in6R b H2L2, 6R b H2L3, and 6R_b H2L4 relative to 6R_b_HI1L1, respectively. These

results are summuarized in Table 21.

Table 21
ANT[-HUMAN 1L-6 REGEPTOR ANTIBODY
6R.b_H1L1 6Rb_H2L2 6R b H2L3 6R b H2l4
ACTUAL pl 9.20 5.94 N.T. N.T.
THEORETICAL pl  9.20 4.52 4.48 4.37
N.T.:Not tested
15 The amino acid substitutions introduced into the CDR sequence of 6R_b_HI1L1 are

summatrized in Table 22 below. It was revealed that these CDR amino acid substitutions could
reduce the isoelectric point of the 6R_b HIL1 molecule, which is an anti-human 1L-6 receptor

antibody, without significantly reducing its antigen-binding activity.
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Table 22
HODIFIED  _~ AWINO ACID
GLASSIFICATION  POSITION _ AFTER
(kaBAT No) SEQUENGE yon i rcaTIoN
CDRI 31 S D
WODIFTED . AMINO AGID
CLASSIFICATION  POSITION AFTER
(KABAT Noy SEQUENCE yonieioaT 10N
CTORY 24 R 0N
CDR2 53 R £
CDR2 R4 L F
ODR2 o) R E

3, Preparation of anti-human GPC3 antibodies with a reduced isoelectric point, binding activity

agsessment. and isoelectric point determination

To construct GPC3_H2 (SEQ 1D NO: 234) and GPC3_L2 (SEQ ID NO: 237), amino
acid substitutions for isoelectric point reduction and other amino acid substitutions were
introduced into GPC3_H1 (SEQ ID NO: 233) and GPC3_1.1 (SEQ ID NO: 236) constituting the
anti-human GPC3 antibody GPC3 HI1L1. After vector construction, GPC3 H21.2 was
expressed and purified by the methods described in Reference Examples 1 and 2.  Furthermore,
to construct GPC3_H3 (SEQ ID NO: 235) and GPC3_1L3 (SEQ ID NO: 238), amino acid
substitutions for isoelectric point reduction and other amino acid substitutions were introduced
into GPC3_H2L.2. Vectors were constructed by the method described in Reference Example 1,
and then GPC3_H3L3 was expressed and purified.

GPC3_HIL1, GPC3 H2L2, and GPC3 H3L3 were assessed by the competitive ELISA
method described in Reference Example 5 for their binding activity to the antigen, human GPC3.

The result is shown in Figs. 59 and 60. The glypican 3 binding activity was comparable
between GPC3-H1L1 and GPC3-H21.2 and between GPC3-H21.2 and GPC3-H3L3. The
amino acid substitutions did not significantly reduce the antigen-binding activity.

The isoelectric point was determined by isoelectric focusing kniown to those skilled in
the art. The isoelectric point of GPC3_HI1L1 was about 9.6, while the isoelectric point of
GPC3_H2L2 comprising amino acid substitutions for isoelectric point reduction was about 8.9.
The isoelectric point of GPC3_H2L2 was reduced by 0.7 relative to GPC3_HIL1. Furthermore,
the isoelectric point of GPC3_H2L2 was about 8.7, while the isoelectric point of GPC3 _H31L3

comprising amino acid substitutions for isoelectric point reduction was about 6.5. The
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isoelectric point of GPC3_H3L3 was reduced by 2.2 relative to GPC3_H2L2. In addition, the
theoretical isoelectric point of GPC3_H1L1 was 9.65, while that of GPC3_H2I.2 was 8.47.
Thus, the theoretical isoelectric point of GPC3_H21.2 was reduced by 1.18 relative to
GPC3_HIL1. Likewise, the theoretical isoelectric point of GPC3_H2L2 was 8.47, while that

5 of GPC3 H3L3 was 4.93. The theoretical isoelectric point of GPC3_H3L3 was reduced by
3.54 relative to GPC3_H2L.2. These results are summarized in Table 23. |

Table 23
ANT {-HUMAN GPC3 ANTIBODY
i HLe
ACTUAL pl 8.9 8.2
THEORET ICAL pl o 65 8.47
ANTI-HUMAN GPC3 ANTIBODY
HZL2 H3L3
ACTUAL pl 8.7 4.5
THEORET ICAL pl 8.47 453
10 The amino acid substitutions introduced into the CDR sequence of GPC3_HI1L1 are

summarized in Table 24 below. It was revealed that these CDR amino acid substitutions could
reduce the isoelectric point of the GPC3_HiL1 molecule, which is an anti-human GPC3

antibody, without significantly reducing its antigen—binding activity.
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Table 24

CLASSIFICATION MODIFIED . AING AGID

POSIT1ON AFTER
(KABAT No) SEQUENCE \on ' e 1cAT 1 ON

CDR2 51 O E

CORZ _ g2 4 )

CHR2 G4 K ]

ChR2 g5 &G D

WODTFIED ~ |, AWINO AGID " -
CLASSIFIGATION POSITION cpoiever  AFTER

(KABAT NO) MODIFIGATION
GDRI 24 R Q
CDR1 27 R Q
CDRI 27 R E

4. Preparation of anti-human [L.-31 receptor antibodies with a reduced isoelectric point, binding

activity assessment, and isoelectric point determination
To construct 31R._H2 (SEQ ID NO: 240) and 31R_L2 (SEQ ID NO: 243), amino acid

substitutions for isoelectric point reduction and other amino acid substitutions were introduced
into 31R_H1 (SEQ ID NO: 239) and 31R_L1 (SEQ ID NO: 242) constituting 31R_HIL1.
After vector construction, 31R_H21.2 was expressed and purified by the methods described in
Reference Examples 1 and 2. Furthermore, to construct 31R_H3 (SEQ ID NO: 241}, amino
acid substitutions for isoelectric point reduction and other amino acid substitutions were
introduced into 31R_H2I1.2, Vectors were constructed by the method described in Reference
Example 1, and then 31R_H31L.2 was expressed and purified.

31R_H2L2 and 31R_H3L2 were assessed for their IL-31-binding affinity by the
Biacore-based method described in Reference Example 6. The result is summarized in Table
25.  As shown in Table 25, the NR10-binding activities of 31R_H2L.2 and 31R_H3L2 were
comparable to that of 31R_H1L1. Thus, the amino acid substitutions did not significantly
reduce the antigen-binding activity.
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Table 25

ka O /Ms) kd (1 /50 KD (WD
J1R_H1 L1 J7E+05 1203 3.3BE08
1R HZLZ 42E+05  1.6B03 3.9E-0B
J1F H3LY 4405 16603  5AE-03

The isoelectric point was determined by isoelectric focusing known to those skilled in
the art. The isoelectric point of 31R_HI1L1 was about 7.76, while the isoelectric points of
31R_H?21.2 and 31R_H3L2 comprising amino acid substitutions for isoelectric point reduction
wete abiout-5°49 and about 5.43, respectively. The isoelectric point was reduced by about 2.27
and about 2.33 relative to 31R_HILI, respectively. Furthermore, the theoretical isoelectric
point of 31R_H1L1 was about 7.76, while the theoretical isoelectric points of 31R_H2L.2 and
31R_H3L2 were 4.63 and about 4.54, respectively. The theoretical isoelectric points were
reduced by about 3.13 and about 3.22 relative to 31R._HIL1. These results are summarized in
Table 26.

Table 26
ANT |-HUMAN [L-31 RECEPTOR ANTIBODY
H1 L1 H2 L2 Hal?Z
ACTUAL pi 776 5.45 543
THEORETICAL pl  7.76 483 454

The amino acid substitutions introduced into the CDR sequence of 31R_HI1L1 are
summarized in Table 27 below. It was revealed that these CDR amino acid substitutions could
reduce the isoelectric point of the 31R_HI1L1 molecule, which is an anti-human I1.-31 receptor

antibody, without significantly reducing the antigen-binding activity.
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Table 27
-MODIFIED H1 AMINO ACID
CLASSIFICATION POSITION SEQUENCE AFTER
(KABAT NO) MODIF1CATION
CDORZ 61 (a W)
CDR2 G2 K Q
CDRZ G4 K @]
O DRZ G5 & [
MODIFIED L1 AMINO ACID
CLASSIFICATION POSITION SEQUENCE - AFTER
(KABAT NO) MOD.IF I CATION
C DRI 24 H ]
CDRZ 54 L E

5. CDR sequences that allow reduction of the isoelectric point of anti-human IT1.-6 receptor

5  antibodies, anti-human GPC3 antibody. or anti-human IL-31 receptor antibody without reducing

their antigen-binding activity
The heavy chain and light chain CDR sequences of the two types of anti-human IL-6
receptor antibodies (6R_a and 6R_b), anti-human GPC3 antibody (GPC3), and anti-human [L-31

receptor antibody (31R) prepared as described in the above assessment sections are shown in

10 Tables 28 and 29, respectively. Amino acid substitutions that reduced the isoelectric point

without reducing the antigen-binding activity are marked.
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Table 28
HCDRI:
31 3232238 34 35/50 51 5252253 54 & 56 57 58 59 60 61 62 63 64 65/%5 36 87 38 89 100 100a100b100c 1004 101 102
SDOHAWS[YIS-YSGITTYNPSLKSIVLARL T A Wby
iﬂEDHAWSYIS-YSGETNYNFSL iYL ARI A T
@DHAWSYIS—YS_G-FTHYNPSLEQ%DL[ARA A H b Y
HAWSIY IS -YSGITTYRPSLKGSLART A H DY
HAWSIY I S -YSGITHNYNPSLKGISEART A W oYy
T ——r" sy |
-Ei\iH_A_IEN%;?KTGDTAY85?Q°5’5K¥ {FYSY - T Y
CCEMHALDPKTEDTAYS qFYsy- T Y|
CEMRATDPKTGDTAYS FYSY - T ¥
| MBILIRPYNGGT S YN DGYDDG P Y T W DY
| | MNILI RPYNGGETSH VYN ; peYopode P YT M DB Y
3IRHI j6-Y |MELiNPYHGGTSYN;_.;___J;,___? AEHDGYDD G P Y T W DY
POSITION
EFFECTIVE
IN
HULTIPLE
ANT {BODIEFS
Table 29
CBR LCDR1: i
Number 27d 27e 2B 2!
BR L1 o .1 8 8 ¥ L Rjv T & 2 G N R L F ¥ T
ER_a.12 3 D - s 5 v & NKivy @ 5 o8 NR L P ¥ T
B8R = L3 s gl o - I 5 § Y L MIY G @ 9 % N R L P Y T
8R.b_L1 s D - s 8 Y L N|lY T a @ 6 N T L P Y T
SR_b_L2 SA s ) - P8 8 Y L H|Y G @ e e NS5 L P YT
BR_b_L3 QL A8 o . . 8 8 Y L OMNlY G oG @ NS L P YT
6R_b_L4 Qi A 8 o] - - i 5 8 Y L NlY ¢ sl &6 ¢ NS L oBoY T
GPC3Ll  [R. A~ 5 IR, © H s N R N T Y L H|K v 8 N R F 818 @ N 7 H v P P T
ecalz PR S S 3Q & H 3 N R N T ¥ L HlX v &8 N B F s|s o N T H v P P T
Grea_Lz EQE A s 5 H 8 N R N T ¥ L H|K v 5 ¥ R F 8l a N 7 H Vv P P T
31R_11 RLT 8 .- Y S F oL oA|N A K THLEAGK{Q K H Y & 5 P L T
2R.AL2 QT 8 I Y 8 F L AIN A Q THEEAIQIQ H H Y E § FP L T
EFFECTIVE IN
mLTIPLE | © o 000
ANTIBGDIES

The above result demonstrates that positions H31, H61, H62, H64, and H6S in the
heavy chain variable region and positions 124, L27, 153, L54, and L55 in the light chain

variable region (Kabat numbering) are common CDR position, regardless of antibody specificity,

where amino acid substitutions for reducing isoelectric point of antibody can be introduced

without significantly reducing antigen-binding activity.
WO/2007/114319 describes that IgG pharmacokinetics can be improved by reducing the
In W0/2007/114319, amino acids were substituted mainly in the

antibody isoelectric point.
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antibody framework of antibody variable region to avoid reduction of antigen-binding activity.
The changes in the measured and theoretical isoelectric points of anti-Factor IXa antibody were
about 0.9 and 1.0, respectively. The changes in the measured and theoretical isoelectric points
of a;nti-_Fac’sor X antibody were about 0.5 and 0.1, respectiveiy.' The isoelectric point changeé
were smail. * |

In the present invention, CDR sequences that do not result in reduction of
antibody-antigen binding activity were discovered, and amino acid substitutions can be
introduced not only into the variable region framework but also into the antibody CDR to reduce
isoelectric point.  As a result, the measured and theoretical isoelectric points were reduced by
about 3.8 and about 5.1, respectively, in the anti-human I1.-6 receptor antibody described above;
the measured and theoretical isoelectric points were reduced by about 3.1 and about 4.7,
respectively, in the anti-human GPC3 antibody; and the measured and theoretical isoelectric
points were reduced by about 3.2 and about 2.3, respectively, in the anti-human IL-31 receptor
antibody. The present invention revealed that amino acid substitutions in the CDR could result
in significant reduction of the isoelectric point as compared to amino acid substitutions in the

framework alone.
[Example 30] Assessment of pharmacokinetics of anti-human IL-6 receptor antibodies,
anti-human GPC3 antibodies, and anti-human IL-31 receptor antibodies with a reduced

isoelectric point

1. Assessment of anti-human IL-6 receptor antibodies for their pharmacolkinetics in cynomolgus

monkeys and mice
6R_a HI1L1, an anti-human IL-6 receptor antibody, and 6R_a_H21.2 and 6R_a H3L3,

anti-human IL-6 receptor antibodies with a decreased isoelectric point, were assessed for their

pharmacokinetics in cynomolgus monkeys. 6R_a HILI or 6R_a H2L2 was intravenously
administered once at 1.0 mg/kg. Blood was collected over time before and after administration.
Furthermore, 6R_a H2I.2 or 6R_a H3L3 was subcutaneously administered once at 1.0 mg/kg.
Blood was collected over time before and after administration.

The plasma concentrations were measured by ELISA.  Appropriate concentrations of
standard samples and test plasma samples were aliquoted into wells of immunoplates
(Nunc-Immuno Plate, MaxiSorp (Nalge Nunc International)) coated with anti-human IgG
(y-chain specific) F(ab’)2 (Sigma). The samples were incubated at room temperature for one
hour, and then Goat Anti-Human IgG-BIOT (Southern Biotechnology Associates) and
streptavidin-alkaline phosphatase conjugate (Roche Diagnostics) were subsequently reacted.

After color development using the BluePhos Microwell Phosphatase Substrates System
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(Kirkegaard & Perry Laboratories) as a substrate, the absorbance at 650 nm was measured with a
microplate reader. The plasma concentrations were determined based on the absorbance of the
calibration curve using the analytical software SoftMax Pro (Molecular Devices). The obtained
plasma concentration-time data were evaluated by model-free analysis using the _
pharmacokinetic analysts software WinNonlin (Pharsight) to estimate clearance (CL). The .
result is shown in Table 30. When administered intravenously, 6R_a H2L2, which has a
reduced isoelectric point, exhibited slower clearance than 6R_a HI1L1. This suggests that the
pharmacokinetics is improved by reducing the isoelectric point.  Furthermore, when
administered subcutaneously, 6R_a H31.3, which has a reduced isoclectric point, exhibited
slower clearance than 6R_a H2L.2. This suggests that the pharmacokinetics is improved by

reducing the isoelectric point.

Table 30
CL {ml/h/kg)
BRa HiLT iv 182
8Ra HL2 iv 091
6R a H2L? sc 143

6R a H3L3 sc 093

Next, 6R_b HIL1, which is another anti-human IL-6 receptor antibody, and
6R_b _H2L2, an anti-human IL-6 receptor antibody with a reduced isoelectric point, were
assessed for their pharmacokinetics in mice (C57BL/6J; Charles River Japan, Inc.). _
6R b H1L1 or 6R_b_H2I2 was intravenously administered once at 1.0 mg/kg. Blood was
collected over time before and after administration. Furthermore, 6R_b HI1L1 or 6R b _H2ZL2
was subcutaneously administered once at 1.0 mg/kg.  Blood was collected over time before and
after administration.

The plasma concentrations were measured by ELISA.  First, Recombinant Human IL-6
sR (R&D Systems) was biotinylated using EZ-Link™ Sulfo-NFS-Biotinylation Kit (Pierce).
The biotinylated human-sIT.-6R was aliquoted into wells of Reacti-Bind Streptavidin High
Binding Capacity (HBC) Coated Plates (Pierce), and incubated at room temperature for one hour
or more to prepare human-sIL-6R-immobilized plates. Appropriate concentrations of standard
samples and mouse test plasma samples were prepared and aliquoted into wells of the
human-sIL-6R-immobilized plates. The samples were incubated at room temperature for one
hour, and then reacted with Anti-human IgG-AP (Sigma). After color developroent using the
BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as a

substrate, the absorbance at 650 nm was measured with a microplate reader. The plasma
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concentrations were determined based on the absorbance of the calibration curve using the
analytical software SoftMax Pro (Molecular Devices). The obtained plasma concentration-time
data were evaluated by model-free analysis using the pharmacokinetic analysis software
WinNonlin (Pharsight) to estimate the clearance (CL). The result is shown in Table 31. In
every case of the intravenous administration and subcutaneous administration, 6R_a_H2L2,
which has a reduced isoelectric point, exhibited slower clearance than 6R_a_HI1L1. This

suggests that the pharmacokinetics can be improved by reducing the isoelectric point.

Table 31
CL (mlL/h/kg)
6R b HILD v 018
6ER b HZLZ v 010
BR b HIL1 sc 018

BR bH21? sc 008

2. Assessment of anti-human GPC3 antibodies for their pharmacokinetics in mice
GPC3_HIL1, an anti-human GPC3 antibody, and GPC3_H2L2 and GPC3_H3L3,

anti-human GPC3 antibodies with a reduced isoelectric point, were assessed for their

pharmacokinetics in C.B-17/Icr scid mice. GPC3_HI1L1, GPC3_H2L2, or GPC3_H3L3 was

intravenously administered once at 5.0 mg/kg.  Blood was collected over time before and after

administration.

The plasma concentrations were measured by ELISA.  Appropriate concentrations of
standard samples, and test samples of mouse plasma appropriately diluted to desired
concentrations were aliquoted into wells of immunoplates (Nunc-Immuno Plate, MaxiSoup
(Nalge Nunc International)) immobilized with the antigen GPC3 (Chugai Pharmaceutical Co.
Ltd.). The plates were incubated at room temperature for one hour, and then Goat Anti-Human
1gG-BIOT (Southern Biotechnology Associates) and streptavidin-alkaline phosphatase conjugate
(Roche Diagnostics) were aliquoted in succession. After color development using the BluePhos
Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as a substrate, the |
absorbance at 650 nm was measured with a microplate reader. The plasma concentrations were
determined based on the absorbance of the calibration curve using the analytical software
SoftMax Pro (Molecular Devices). The obtained plasma concentration-time data were
evaluated by model-free analysis using the pharmacokinetic analysis software WinNonlin
(Pharsight) to estimate clearance (CL). The result is shown in Table 32. GPC3_H2L2, which
has a reduced isoelectric point, exhibited siower clearance than GPC3_HI1L1. Furthermore,
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GPC3_H3L3, which has a further reduced isoelectric point, exhibited slower clearance than
GPC3 _H2L2. This suggests that the pharmacokinetics can be improved by reducing isoelectric

point.
Table 32
CLimL h/kg)
GPC3_HT L 2.34
GPC3_H2L2 - 03B
GPC3 H3L3 022

3. Assessment of anti-human I1.-31 receptor antibodies for their pharmacokinetics in mice
31R_HI1L1, an anti-human I1.-31 receptor antibody, and 31R_H2L2, an anti-human

I1.-31 receptor antibody with a reduced isoelectric point, were assessed for their

pharmacokinetics in mice (C57BL/6J; Charles River Japan, Inc.). 31R_HILI or 31R_H2L2

was intravenously administered once at 1.0 mg/kg. Blood was collected over time before and

after administration.

The plasma concentrations were measured by ELISA. Appropriate concentrations of
standard samples and test plasma samples were aliquoted into wells of immunoplates
(Nunc-Immuno Plate, MaxiSorp (Nalge Nunc International)) immobilized with anti-human 1gG
(Fe-specific) antibody (Sigma). The samples were incubated at room temperature for one hour.
Goat Anti-Human IgG-ALP (Sigma) was reacted at room temperature for one hour.  After color

development using the BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry ™ -

Laboratories) as a substrate, the absorbance at 650 nm was measured with a microplate reader.
The plasma concentrations were determined based on the absorbance of the calibration curve
using the analytical software SoftMax Pro (Molecular Devices).

The obtained plasma concentration-time data were evaluated by model-free analysis
using the pharmacokinetic analysis software WinNonlin (Pharsight) to estimate clearance (CL).
The result is shown in Table 33. 31R_H2L2, which has a reduced isoelectric point, exhibited
slower clearance than 31R_HI1L1. This suggests that the clearance rate i1s decreased by

reducing the isoelectric point.
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Table 33
ClL{mlL/h/ kg
31 R_H1t Lt 015
1R HZLZ 013

3. Conclusions

The present invention revealed that the pharmacokinetics of various antibodies against
different antigens can be improved by reducing their isoelectric points without reducing the
antibody-antigen binding activity through substitution of amino acids in the CDR sequence. It
was shown that among amino acid substitutions in the CDR sequence, those at positions H31,
H61, H62, H64, and H6S5 in the heavy chain variable region, and those at positions 1.24, 1.27,
1.53, L54, and L35 in the light chain variable region (Kabat numbering) are amino acid
substitutions that can be introduced to reduce antibody isoelectric point without significantly
reducing the antigen-binding activity, and can thus improve antibody pharmacokinetics
regardless of the antibody specificity. These mutation positions in the CDR sequence are
considered useful as positions for amino acid substitution to improve antibody pharmacokinetics
regardiess of the antibody specificity, since amino acid substitutions at these positions can
reduce antibody isoelectric point without significantly reducing the antibody-antigen binding

activity.

[Example 31] Separation of homodimer and heterodimer peaks of anti-human IL-6 receptor
antibody, anti-human GPC3 antibody, or anti-human I1.-31 receptor antibody with a decreased

isoelectric point by conventional chromatography

1. Expression of heterodimer of anti-Factor IX antibodv/anti-Factor X antibody
The patent document WO/2007/114325 has reported methods for purifying IgG-type

bispecific antibodies having a common L chain. To express IgG-type bispecific antibodies

having a common L chain, it is necessary to express two types of heavy chains (A chain and B
chain) and a common light chain. In this case, not only A chain-B chain heterodimer, which is
the bispecific antibody of interest, but also A chain homodimer and B chain homodimer are
expressed; thus, the bispecific antibody of interest, A chain-B chain heterodimer, has to be
purified from the mixture of three kinds of antibodies. This patent document also describes that
conventional methods were not able to purify A chain-B chain heterodimer by separating the A
chain-B chain heterodimer peak from the peaks of A chain and B chain homodimers by

conventional chromatography, but the A chain-B chain heterodimer can be purified by separating
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the peaks of A chain-B chain heterodimer, and A chain and B chain homodimers by
conventional cation exchange chromatography when the difference between the isoelectric
points of A chain and B chain homodimers was increased by substituting amino acids in the
variable regions of the two kinds of heavy chains, namely A chain and B chain. In this patent,
amino acids were substituted in the framework alone, because amino acid substitutions in the
variable region CDR were considered to affect the antibody-antigen binding activity. However,
as described above, amino acid substitutions in the framework do not cause significant changes
in isoelectric point. = Thus, to achieve efficient purification of A chain-B chain heterodimer, it is
preferred to further increase the difference between the isoelectric points of A chain and B chain
homodimers. In this context, it was tested whether the peaks of A chain-B chain heterodimer,
A chain homodimer, and B chain homodimer could be separated by introducing the CDR amino
acid substitutions in Example 28 that reduce antibody isoelectric point without significantly

reducing antibody-antigen binding activity.

2. Expression of heterodimer of anti-human IL-6 receptor antibody/anti-human IL-6 receptor

antibody with a reduced isoelectric point

6R _a HIH3L3 (mixture of A chain-B chain heterodimer (6R_a H1/H3/L3), A chain
homodimer (6R_a H1/L3), and B chain homodimer (6R_a H3/1.3)) was expressed and purified
by the method described in Reference Example 2 using 6R_a L3 (SEQ ID NO: 226) as a
common light chain, 6R_a H1 (SEQ ID NO: 221) as an A chain, and 6R_a H3 (SEQ ID NO:
223) as a B chain whose isoelectric point had been reduced without reducing the antigen-binding

activity to increase the difference in isoelectric point when compared to the A chain.

3. Expression of heterodimer anti-human GPC3 antibodv/anti-human GPC3 antibody with a

reduced isoelectric point

GPC3 _H2H3L.3 (mixture of A chain-B chain heterodimer (GPC3_H2/H3/1.3), A chain
homodimer (GPC3 H2/L3), and B chain homodimer (GPC3_H3/L3)) was expressed and
purified by the method described in Reference Example 2 using GPC3_L3 (SEQ ID NO: 238) as
a common light chain, GPC3 H2 (SEQ ID N©: 234) as an A chain, and GPC3_H3 (SEQ ID NO:
235) as a B chain whose isoelectric point had been reduced without reduction of the

antigen-binding activity to increase the difference in isoelectric point when compared to the A

chain.

4. Expression of heterodimer of anti-human I1.-31 receptor antibodv/anti-human I1 -31 recentor

antibody with a reduced isoelectric point '
31R_HlaH2al 2 (mixture of A chain-B chain heterodimer (31R_Hla/H2a/1.2), A chain
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homodimer (31R_H1a/L2), and B chain homodimer (31R_H?2a/1.2)) was expressed and purified
by the method described in Reference Example 2 using 31R_L2 (SEQ ID NO: 243) as a
common light chain, and as a A chain 31R_Hla (SEQ ID NO: 244)lWhiCh was obtained by
modifying the constant region of 31R_HI, and 31R_H2a (SEQ ID NO: 245) as a B chain which
was obtained by modifying the constant region of 31R_H2 whose 1soelectric point had been
reduced without reduction of the antigen-binding activity to increase the difference in isoelectric

point when compared to the A chain.

5. Assessment of expressed antibody by cation exchange chromatography
The differences in the theoretical VH/VL isoelectric point between antibody A chain

and B chain homodimers prepared as described above are summarized in Table 34. By

introducing into not only the heavy-chain framework but also the heavy-chain CDR sequence,
amino acid substitutions that reduce the isoelectric point without loss of binding activity, the
difference in the theoretical isoelectric point can be increased up to 1.56 between A chain and B
chain homodimers. The patent document WO/2007/114325 has reported that the difference in
the theoretical VH/VL isoelectric point between A chain and B chain homodimers can be
increased up to 1.13 by reducing the isoelectric point of the A chain homodimer by amino acid
substitution in its framework alone and simultaneously increasing the isoelectric point of the B
chain homodimer by amino acid substitution in its framework alone. The result of assessment
described herein shows that the difference in the theoretical isoelectric point can be increased up
to 1.536 by introducing amino acid substitutions into not only the framework but also the CDR
sequence even when amino acid substitutions are only introduced into one chain (i.e., only the
isoelectric point of one chain is reduced). Specifically, the present invention demonstrated that
in order to separate A chain and B chain homodimers, the difference in the isoelectric point
between the two kinds of homodimers could be further increased by infroducing amino acid
substitutions into not only the framework but also the CDR sequence without loss of binding
activity. In general, the separation by conventional ion exchange chromatography depends on
the difference in the isoelectric point between the two components to be separated. Thus, the

substitutions described above enable easy separation of the two components.
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Table 34
' THEORET I CAL] THEORET 1GAL
MOLEGULE NAME ol OF VH/VClp! DIFFERENCE

A CHAIN HOMODIMERL 6a H1 L3 - 4.86 0.59

B CHAIN HOMOD!MER| 6a M3 L3 497 '

A CHATN HOWOD INER|GPC3.H2 L3 6.49 56

B CHAIN HoMoDIMERlGPCa HaLal 493 "

A CHAIN HOMODIMERY 31R H1.L2 506 0.43

B GHAIN- HOMODIMER) S1R H2 L2 4.63

6R_a HIH3L3, GPC3 H2H3L3, and 31R_HlaH2al.2 were tested to assess whether
they can be separated individually as peaks of A chain-B chain heterodimer, A chain homodimer,
and B chain homodimer by cation exchange chromatography. ProPac WCX-10 (Dionex) was
used as a column of conventional cation exchange chromatography. The chromatography was
carried out with an appropriate flow rate and gradient using 25 mM MES (pH 5.0) as mobile
phase A and 25 mM MES containing 1 M NaCl (pH 5.0) as mobile phase B. The result of
assessment by cation exchange chromatography is shown in Fig. 61.  All of 6R_a HI1H3L3,
GPC3 H2H3L3, and 31R_HlaH2al.2 were demonstrated to be separated into peaks of A
chain-B chain heterodimer, A chain homodimer, and B chain homodimer.

Regardless of the antibody specificity, amino acid substitutions.at positions of H31, Hé1,
H62, Hé4, and H65 (Kabat numbering) in the heavy chain variable region can reduce antibody
isoelectric point without significantly reducing antibody-antigen binding activity. It was thus
revealed that the amino acid substitutions enabled separation of the heterodimer and homodimers
by cation exchange chromatography. Mutations at these positions in the CDR sequence can
reduce antibody isoelectric point without significantly reducing the antibody-antigen binding
activity regardless of the antibody specificity. Thus, the positions are useful as positions for
amino acid substitution to increase the difference in isoelectric point between the bispecific

antibody heterodimer and homodimers.

[Reference Example 1] Construction of genes for antibody-expression vectors

Each mutant was constructed using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) or by assemble PCR.  When the QuikChange Site-Directed Mutagenests Kit
(Stratagene) was used, mutants were constructed by the method described in the appended
protocol.  Alternatively, assemble PCR was carried out using either of the methods described

below. In the first method, oligo DNAs were synthesized based on forward and reverse
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sequences including modification sites. Two fragments, namely 5’ and 3° fragments, including
modification sites were constructed by PCR using PrimeSTAR (Takara), and combinations of
forward oligo DNA including modification site and reverse oligo DNA that bound to the vector
carrying the gene to be modified, and reverse oligo DNA including modification site and forward
oligo DNA that bound to the vector carrying the gene to be modified. Each mutant was
constructed by linking the two fragments by assemble PCR. In the second method, an
appropriate number of oligo DNAs were prepared so as to cover the entire variable region. The
complete variable region was constructed by linking the oligo DNAs by assemble PCR.

Mutants constructed by the methods described above were inserted into expression vectors
capable of expressing insert genes in animal cells. The nucleotide sequences of the obtained

expression vectors were determined by a method known to those skilied in the art.

[Reference Exaniple 2] Expression and purification of antibodies

Antibodies were expressed by the method described below. Cells of human fetal renal
carcinoma line HEK293H (Invitrogen) were suspended at a density of 5 x 10° to 6 x 10° cells/ml
in DMEM (Invitrogen) supplemented with 10% FBS (Invifrogen), and plated into adhesion cell
dishes (10-cm diameter; Corning) at 10 ml/dish. The cells were cultured in a CO, incubator
(37°C, 5% CQy) for one whole day and night. Then, the medium was removed by aspiration,
and 6.9 ml of CHO-S-SFM-II medium (Invitrogen) was added to the dish. The prepared
plasmids were introduced into cells by lipofection. The supernatants obtained after culturing
were collected, and then the cells were removed by centrifugation (at room temperature and
about 2,000 g for five minutes). The culture supernatants were sterilized by filtration with
0.22-pm filter MILLEX (R)-GV (Millipore). Antibodies were purified from the resulting
culture supernatants using rProtein A Sepharose™ Fast Flow (Amersham Biosciences) by a
method known to those skilled in the art.  The concentrations of the purified antibodies were
determined from the absorbance at 280 nm measured with a spectrophotometer. The antibody
concentrations were calculated from the determined values using extinction coefficient
determined by the PACE method (Protein Science (1995) 4:2411-2423).

[Reference Example 3] Biacore-based method for assessing the affinity of anti-human IL-6
receptor antibody for IL-6 receptor

1. Preparation of soluble human IL-6 receptor

Recombinant human II.-6 receptor, which is the antigen, was prepared by the method
described below. A CHO cell line constitutively expressing the sequence of N-terminal amino
acids 1 to 344 of soluble human I1.-6 receptor (Yamasaki et al., Science (1988) 241:825-828
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(GenBank # X12830)) reported in J. Biochem. (1990) 108:673-676 was prepared. The soluble
human IL-6 receptor was purified from the culture supernatant of soluble human IL-6
receptor-expressing CHO cells using three types of column chromatography: Blue Sepbarose 6
FF column chromatography, affinity chromatography on a column immobilized with a soluble
human IL-6 receptor specific antibody, and gel filiration column chromatography. The fraction

eluted as the major peak was used as the final purified sample.

2. Biacore-based assessment of affinity for soluble human IL-6 receptor

The antigen-antibody reaction kinetics between anti-human IL-6 receptor antibody and
soluble human IL-6 receptor was analyzed using Biacore T100 (GE Healthcare Biosciences).
The antigen-antibody interaction was measured by immobilizing rec-Protein A (Zymed)
(hereinafter “Protein A”) onto a sensor chip, capturing an antibody with the immobilized Protein
A, and then reacting the antibody with the antigen as an analyte using a method known to those
skilled in the art.  The running buffer used was HBS-EP+, and the flow rate was 20 pl/min.
Each antibody was prepared so that about 100 RU of the antibody was bound to Protein A/G.
Soluble human IL-6 receptor was prepared at 0, 0.065, 0.131, and 0.261 pg/ml using HBS-EP+
and used as an analyte. In the first step of the measurement, the antibody in solution was bound
to Protein A/G, and the analyte solution was allowed to interact with the antibody. After three
minutes of interaction, the solution was switched to HBS-EP+, and the dissociation phase was
monitored for 10 or 15 minutes.  After measurement of the dissociation phase, the sensor chip
was regenerated by washing with 10 pl of 10 mM glycine-HCI (pH 1.5).  The association,
dissociation, and regeneration constitute one analysis cycle. Each antibody was measured
according to this cycle. The obtained sensorgrams were kinetically analyzed using the
Biacore-specific data analysis software, Biacore T100 Evaluation Software (GE Healthcare

Biosciences).

[Reference Example 4] Method for assessing the IL-6 receptor-neutralizing activity of
anti-human IL-6 receptor antibody using BaF/6R cells

- Teebtain a cell line that proliferates in an IL-6-dependent manner, a BaF3 cell line
expressing human gpl30 and human IL-6R was established by the procedure described below.
The fuli-length human IL-6R ¢DNA was amplified by PCR and cloned into pcDNA3.1(+)
(Invitrogen) to construct hIL-6R/pcDNA3.1(+). pCOS2Zeo/gpl130 was introduced into BaF3
cells by electroporation. A BaF3 cell line expressing human gp130 (hereinafter “BaF/gp130”)
was established by selection in the presence of human interleukin-6 (R&D systems) and 100
ng/ml human interleukin-6 soluble receptor (R&D systems). Next, the full-length human JL-6R
cDNA was amplified by PCR and cloned into pcDNA3.1(+) (Invitrogen) to construct
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hIL-6R/pcDNA3.1(+). By electroporation, pcDNA3.1(+)/hIL-6R was introduced into the
BaF/gp130 cell prepared described above. A BaF3 cell line expressing human [L-6R
(hereinafter “BakF/6R™) was established by selection in the presence of human interleukin-6
(R&D systems). Since BaF/6R proliferates in the presence of human interleukin-6 (R&D
systems), it can be used to assess the growth inhibition activity of an anti-human IL-6 receptor
antibody (namely, the human IL-6 receptor-neutralizing activity).

The anti-human [L-6 receptor antibody was assessed for its human IL-6
receptor-neutralizing activity using BaF/6R.  After washing three times with RPMI1640
supplemented with 10% FBS, BaF/6R was suspended at 2.5 x 10% to 5.0 x 10* cells/m! in
RPMI1640 containing 10% FBS and 20 ng/m! human interleukin-6 {Toray) (at a final
concentration of 10 ng/ml), and aliquoted (50 jl) into each well of 96 well-plates (Corning).
Then, the anti-human IL-6 receptor antibody was diluted with RPMI1640 containing 10% FBS
and added to each well (50 pl/well). The cells were cultured at 37°C under 5% CQO, for three
days. WST-8 Reagent (Cell Counting Kit-8; Dojindo Laboratories) was diluted two-fold with
PBS. Immediately after 20 pl of the reagent was added to ecach well, the absorbance at 450 nm
(reference wavelength: 620 nm) was measured using SUNRISE CLASSIC (TECAN). After
culturing for two hours, the absorbance at 450 nm (reference wavelength: 620 nm) was measured
again. The human IL-6 receptor-neutralizing activity was assessed using the change of
absorbance during two to four hours as an indicator.

[Reference Example 5] Assessment of modified anti-human GPC3 antibodies for their binding
activity by competitive ELISA

The binding activities of prepared antibodies were determined by competitive ELISA.
The soluble GPC3 core polypeptide (SEQ ID NO: 207) prepared at | ug/ml was added to
96-well plates (100 pl/well). The plates were incubated at 4°C overnight to immobilize the
soluble GPC3 core polypeptide onto the plates. After washing the plates immobilized with the
soluble GPC3 core polypeptide three times with washing buffer using SkanWasher 400
(Molecular Devices), 200 pl of blocking buffer was added thereto. The plates were incubated
at 4°C for 30 minutes or more for blocking. The plateé. immobilized with the soluble GPC3
core polypeptide and blocked were washed three times with washing buffer using SkanWasher
400. Then, 100 pl of various concentrations of antibody GPC3-H2L2 or a different antibody
were combined with 100 pl of biotinylated antibody GPC3-H2L.2 at a final concentration of 0.3
ng/ml, and the resulting mixtures were added to the wells (200 ul/well). The GPC3-H2L2
antibody was biotinylated using a Biotin Labeling kit (Roche) according to the appended
protocol. The plates were incubated at room temperature for one hour, and then washed five

times with washing buffer using SkanWasher 400 (Molecular Devices). 100 l of goat anti
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streptavidiﬁ alkaline phosphatase (Zymed) 20,000-times diluted with substrate buffer was added
to each well. The plates were incubated at room temperature for one hour, and then washed
five times with washing buffer using SkanWasher 400. Phosphatﬁse Substrate (Sigma) was
prepared at 1 mg/ml using substrate buffer, and added to each well (100 pd).  The plates were
incubated for one hour. The absorbance of the reaction mixture in each well was measured at

405 nm with reference absorbance at 655 nm using Benchmark Plus (Bio-Rad).

[Reference Example 6] Biacore-based method for assessing the affinity of anti-human IL-31
receptor antibody for IL-31 receptor

1. Preparation of soluble human IL-31 receptor

_ The extracellular domain of human IL-31 receptor was amplified by PCR using human
IL-31 receptor cDNA as a template. After attaching a FLAG tag sequence to the C-terminal
end, the PCR product was inserted into a mammalian cell expression vector. 10 pg of the
linearized vector was introduced into Chinese hamster ovary cell line DG44 by electroporation
(Bio-Rad Gene Pulser I[; 25 pF, 1.5 kV). A cell line showing high level expression was
obtained. The cell line was cultured on a large scale. Soluble NR10 was purified from the
culture supernatant using anti-FLAG antibody column (Sigma) and gel filtration. The amino
acid sequence of soluble human IL-31 receptor is shown in SEQ ID NO: 246.

2. Biacore-based assessment of the affinity for soluble human II -31 receptor
The antigen-antibody reaction kinetics between anti-human IL-31 receptor antibody and

soluble human I1.-31 receptor was analyzed using Biacore T100 (GE Healthcare Biosciences).
The antigen-antibody interaction was measured by immobilizing rec-Protein A (Zymed)
(hereinafter “Protein A”) onto a sensor chip, capturing an antibody with the immobilized Protein
A, and then reacting the antibody with the antigen as an analyte using a method known to those
skilled in the art. Each antibody was prepared so that an appropriate amount of the antibody
was bound to Protein A/G. Soluble human IL-31 receptor was prepared at 0, 38.5, 77.0, and
154 nM using HBS-EP+ and used as an analyte. In the first step of the measurement, the
antibody in solution was bound to Protein A/G, and the analyte solution was allowed to interact
with the antibody. After three minutes of interaction, the solution was switched to HBS-EP+,
and the dissociation phase was monitored for five minutes. After measurement of the
dissociation phase, the sensor chip was regenerated by washing with 10 pl of 10 mM
glycine-HCI (pH 1.5).  The association, dissociation, and regeneration constitute one analysis
cycle. Each antibody was measured according to this cycle. The obtained sensorgrams

were kinetically analyzed using the Biacore-specific data analysis software, Biacore T100
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Evaluation Software (GE Healthcare Biosciences).

Industrial Applicability
The present invention provides methods for modifying the isoelectric points of

antibodies, methods for purifying multispecific antibodies, and methods for improving antibody
pharmacokinetics in plasma, all of which are based on modification of the charge of at least one
exposable amino acid residue on the surface of the complementarity determining region (CDR)
while retaining antigen-binding activity; pharmaceutical compositions comprising as an active
ingredient an antibody with a modified isoelectric point; and methods for producing the
compositions. Multispecific antibodies can be efficiently purified to high purity by modifying
antibody isoelectric point. Furthermore, antibody pharmacokinetics in plasma can be improved
by modifying antibody isoelectric point. Such antibodies can produce a prolonged
therapeutic effect even when the administration frequency is reduced. It should be noted that

antibodies obtained by the methods of the present invention retain antigen-binding activity.
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CLAIMS

1. A method for controlii:ég the plasma pharmacokinetics otf an IgG antibody while retaining
the antigen-binding activity of the variable region, which comprises modifying the charge
of at least one exposable amino acid residue selected from amino acid residues at
positions 31, 61, 62, 64 and 65 in the heavy chain variable region and positions, 24, 27,
53, 54 and 55 in the light chain variable region according to Kabat’s numbering system.

2. The method of claim 1, wherein the IgG antibody is a chimeric antibody, humanized
antibody, or human antibody. .

3. The method of claim 1, wherein the IgG antibody is a multispecific antibody that binds
to at least two types of antipens. |

4. The method of claim 1, wherein the charge of amino acid residue is modified by amnino

acitd substitution.

5. The method of claim 1, wherein the modification in the charge of amino acid residue

results in a change of 1.0 or more in the theoretical isoelectric point.
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6. The method of claim 1, wherein the modified amino acid is selected from the amino
acid residues in either of groups (a) and (b) below: |

(a) glutamic acid (E) and aspartic acid (D); and

(b) lysine (K), arginine(R) and histidine (H).

7. The method of claim 1, wherein the control of pharmacokinetics refers fo increase or
decrease of any one of the parameters of clearance (CL) in plasma, area under the

concentration curve (AUC), mean retention time in plasma, and half-life in plasma (t1/2).

8. An 1gG antibody whose pharmacokinetics in plasma is controlled, which is obtained by

the method of claim 1.

9. A method for producing an IgG antibody whose pharmacokinetics in plasma is
controlled, which comprises:

(a) modifying a nucleic acid encoding an antibody so as to modify the charge of at least
one amino acid residue selected from amino acid residues at positions 31, 61, 62, 64 and
65 in the heavy chain variable region and positions 24, 27, 53, 54 and 55 in the light
chain variable region according to Kabat’s numbering system;

(b) culturing a host cell to express the nucleic acid; and

(c) collecting the antibody from the host cell culture.

10. The method of claim 9, wherein the IgG antibody is a chimeric antibody, humanized

antibody, or human antibody.

11. The method of claim 9, wherein the IgG antibody is a multispecific antibody that

binds to at least two types of antigens.
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12. The method of claim 9, wherein the charge of amino acid residue is modified by

~amino acid substitution.

13. The method of claim 9, wherein the modification in the charge of amino acid residue

results in a change of 1.0 or more in the theoretical 1soelectric point.
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14, The method of claim 9, wherein the modified amino acid is selected from the amino
acid residues in either of groups (2) and (b) below:

(a) glutamic acid (E) and aspartic acid (D); and

(b) lysine (K), arginine(R) and histidine (H).

15, The method of claim 9, wherein the control of pharmacokinetics refers to increase or
decrease of any one of the parameters of clearance (CL) in plasma, area under the

concentration curve (AUC), mean retention time in plasma, and half-life in plasma (t1/2).

16. An IgG antibody whose pharmacokinetics in plasma is controlled, which is produced
by the method of claim 9.

17. A method for purifying a multispecific antibody comprising a first polypeptide and a
second polypeptide each of which comprises an antibody heavy chain variable region that
binds to different epitopes, which comprises:

(a) modifying a nucleic acid encoding a polypeptide so as to modify the charge of at least
one amino acid residue selected from ‘amino acid residues at positions 31, 61, 62, 64, and
65 in the heavy chain variable region according to Kabat's numbering system of the first
polypeptide and second polypeptide, specifically modifying both or either one of a
nucleic acid encoding the amino acid residues of the first polypeptide and a nucleic acid
encoding the amino acid residues of the second polypeptide, so as to increase the
difference between the isoelectric points of the first polypeptide and second polypeptide
when compared to before modification; |

(b) culturing a host cell to express the nucleic acids; and

(c) purifying a multispecific antibody from the host cell culture by standard
' chromatography, wherein the heteromultimer of the first polypeptide and second
polypeptide are more clearly separated from the homomultimer of the first polypeptide
and the homomultimer of the second polypeptide when compared to those before

modification.
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18. The method of claim 17, wherein the amino acid residue of the first polypeptide 1s

modified tobe charged.

19, The method of claim 18, wherein the amino acid residue of the second polypeptide

is modified to have no charge or have a charge opposite to the charge of the selected

amino acid residue of the first polypeptide.

20. The method of claim 19, wherein the amino acid having a charge and the amino acid
residue having an opposite charge as a combination are each selected from the different
group of: |

{a) glutamic acid (E) and aspartic acid (D); and

(b) lysine (K), arginine(R) and histidine (H).

21. The method of claim17, wherein the multispecific antibody 1s a bispecific antibedy.

22. A multispecific anﬁbody that is purified by the method of claim 17.
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23. A method for producing a humanized antibody comprising a human-derived
fraﬁqework region (FR), a human constant regioﬁ, and a CDR selected from the group
consisting of human-derived CDRs, nonhuman animal-deri\}ed CDRs and synthetic
CDRs, whose pharmacokinetics in plasma is controlled while retaining the antigen-
binding activity, which comprises modifying at least one amino acid residue selected
from amino acid residues at positions 31, 61,62, 64 and 65 in the heavy chain variable
region and positions 24, 27, 53, 54 and 55 in the light chain variable region according to
Kabat’s numbering system, so as to be different in the charge from the amino acid residue

at the corresponding position in the wild type CDR.

24. The method of claim 23, wherein the human constant region comprises a human Fc

domain.

25. The method of claim 23, wherein the modified amino acid is selected from the amino
acid residues in either of groups (a) and (b) below:

{(a) glhutamic acid (E) and aspartic acid (D}; and

(b) tysine (K), arginine (R), and histidine (H).

26. A humanized antibody that is produced by the method of claim 23.



220
27. A composition comprising a pharmaceutically acceptable carrier and the antibody of
any one of claims 8,16, 22 or 26.

28. A nucleic acid encoding a polypeptide that constitutes the antibody of ény one of
claims R, 16, 22 or 26.

29. A host cell comprising the nucleic acid of claim 28.
30. A method for producing the antibody of any one of claims 8, 16, 22 or 26, which

comprises the steps of culturing the host cell of claim 29 and collecting the polypeptide
from the cell culture.
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ABSTRACT

The present inventors provide methods for modifying the isoelectric point of an
antibody while retaining its antigen-binding activity, comprising modifying the charge of at least
one exposable amino acid residue on the surface of the complementarity determining region
(CDR). The present invention also provides methods for purifying multispecific antibodies,
comprising modifying isoelectric point, and methods for improving the plasma pharmacokinetics

of antibodies, comprising modifying isoelectric point. The present invention further provides

" antibodies with a modified isoelectric point, pharmaceutical compositions comprising the

antibodies as an active ingredient, and methods for producing the antibodies and compositions.
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<126>

<130>

<150>
161>

<150>

<1615
<160>
<176>
<210>
\VARDS
212>
213>

<400>

SEQUENCE LISTING

CHUGAt SETYAKU KABUSHIKI KAISHA

Method of modifying isoelectric point of antibody via amino
acid substitution in CDR

C1-A0708P2

JP 2007-250165
2007-09-26

JP 2007-256063
2007-09-28

246

PatentIn version 3.4

1

6

PRT

Mus musculus

Ser Asp His Ala Trp Ser

1

210>
21>
<212>
213>

<400>

5

2

16

PRT

Mus musculus



Tyr lie Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu Lys Ser
1 5 10 15

210> 3

211> 10

<212> PRT

213> Mus musculus

<400> 3

Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10

210> 4

211> 11

212> PRT

<213> Mus musculus

400> 4

Arg Ala Ser GIn Asp lle Ser Ser Tyr Leu Asn
1 5 10

Q210> 5

Qi 7

<212> PRT

<213> Mus musculus

<400> 5

Tyr Thr Ser Arg Leu His Ser
1 5



210> 6

Q211> 9

212> PRT

<213> Mus musculus

<400> 6

Gin GIn Gly Asn Thr Leu Pro Tyr Thr
1 5

210> 7

211> 30

212> PRT

<213> Homo sapiens

400> 7

Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile Thr
20 25 30

210> 8

211> 14

212> PRT

<213> Homo sapiens

<400> 8

Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp lle Gly
i 5 10



210>
AR D
22>
213>

<400>

9

32

PRT

Homo sapiens

Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Arg

1

5

10

15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

<210
Q>
212>
<213

<400>

20

10

11

PRT

Homo sapiens

10

25

Trp Gly GIn Gly Ser Leu Val Thr Val Ser Ser

1

210>
\WARDS
22
<213

<400>

5

11

23

PRT

Homo sapiens

11

10

30

Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5

10

15



Asp Arg Val Thr Ille Thr Cys
20

210> 12

211> 15

<212> PRT

<213> Homo sapiens

<400> 12

Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Iie Tyr
1 5 10 15

210> 13

Q11> 32

<212> PRT

<213> Homo sapiens

<400> 13

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Phe Thr fle Ser Ser Leu Gin Pro Giu Asp tle Ala Thr Tyr Tyr Cys
20 25 30

210> 14
211> 10
212> PRT
<213> Homo sapiens

<400> 14



Phe Gly Gin Gly Thr Lys Val Glu lle Lys
1 5 10

210> 15

<211> 448

212> PRT

213> Artificial

<2205
<223> An artificially synthesized peptide seguence

<400> 15
Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser [le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr Ile Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 85



Ala Arg Ser Leu Ala Arg Thr

Ser

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr
225

100

Leu Val Thr Val
115

lLeu Ala Pro Ser
130

Cys Leu Val Lys

Ser Gly Ala Leu
165

Ser Ser Gly Leu
180

Ser Leu Gly Thr
195

Asn Thr Lys Val
210

His Thr Cys Pro

Ser Ser

Ser Lys
135

Asp Tyr
150

Thr Ser

Tyr Ser

GlIn Thr

Asp Lys
215

Pro Cys
230

Thr Ala Met Asp Tyr Trp Gly Gin Gly

105

Ala Ser Thr Lys Gly Pro
120 125

Ser Thr Ser Gly Gly Thr
140

Phe Pro Glu Pro Val Thr
155

Gly Val His Thr Phe Pro
170

Leu Ser Ser VYal Val Thr
185

Tyr tle Cys Asn Val Asn
200 205

Lys Val Glu Pro Lys Ser
220

Pro Ala Pro Glu Leu Leu
235

110

Ser Val Phe

Ala Ala Leu

Val Ser Trp
160

Ala Val Leu
175

Yal Pro Ser
190

His Lys Pro

Cys Asp Lys

Gly Gly Pro
240



Ser Val Phe

Arg Thr Pro

Pro Glu Val
275

Ala lys Thr
290 |

Val Ser Val
305

Tyr Lys Cys

Thr [le Ser

Leu Pro Pro
355

Cys Leu Val
370

Leu Phe Pro Pro Lys Pro Lys Asp Thr Lesu Met Ile Ser

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

Lys

245

Val Thr Cys

Phe Asn Trp

250 255

Val Val Val Asp Val Ser His Glu
265 270

Tyr Val Asp Gly Val Glu Val His
280 285

Asp

Asn

Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val

295

Thr Val Leu
310

Val Ser Asn
325

Ala Lys Gly

Arg Asp Glu

Gly Phe Tyr
375

300

His Gin Asp Trp Leu Asn Gly Lys
315

Lys Ala Leu Pro Ala Pro ile Glu
330 335

GIn Pro Arg Glu Pro Gln Val Tyr
345 350

l.eu Thr Lys Asn Gln Val Ser Leu
360 365

Pro Ser Asp lle Ala Val Glu Trp
380

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val

Glu
320
Lys
Thr
Thr

Glu

Leu



385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 | 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

210> 16

211> 214

<212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 16
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 b 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu !le
35 40 45



Tyr Tyr Thr
50

Ser Gly Ser
65

Glu Asp [le

Thr Phe Gly

Pro Ser Val
115

Thr Ala Ser
130

Lys Val Gin
145

Glu Ser Val

Ser Thr Leu

Ser

Gly

Ala

Glin

100

Phe

Val

Trp

Thr

Thr
180

Arg

Thr

Thr
85

Gly

fle

Val

Lys

Glu

165

Leu

Ala Cys Giu Val Thr

Leu
Asp
70

Tyr
Thr
Phe
Cys
Val
150
Gin

Ser

His

His
55

Ser

Phe Thr

Tyr Cys

Lys Val

Pro Pro
120

Leu Leu

135

Asp Asn

Asp Ser

Lys Ala

Gin Gly

10

Gly Val Pro

Phe Thr lle
75

Gin Gln Gly
90

Glu fle Lys
105

Ser Asp Glu

Asn Asn Phe

Ala Leu Gin
155

Lys Asp Ser
170

Asp Tyr Glu
185

Leu Ser Ser

Ser
60

Ser

Asn

Arg Phe Ser Gly

Ser Leu GIn Pro

80

Thr Leu Pro Tyr

95

Arg Thr Val Ala Ala

Gin

Tyr

140

Ser

Thr

Lys

Pro

Leu Lys Ser

Gly Asn Ser

Tyr Ser Leu

His Lys Val

Val Thr Lys

110

Gly

Pro Arg Glu Ala

Gin
160

Ser
175

Tyr
190

Ser
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185 200 205

Phe Asn Arg Gly Glu Cys
210

210> 17
211> 119
212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 17
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

lle Gly Tyr |le Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80
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Leu Arg Leu Ser Ser VYal Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ata Met Asp Tyr Trp Gly Gln Gly
100 105 110

Ser Leu Val Thr Val Ser Ser
115

210> 18
211> 107
212> PRT
213> Artificial

<220>
<223> An artificially synthesized peptide sequence

400> 18
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gln Asp lie Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Giy Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
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Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp lle Ala Thr Tyr Tyr Cys Gln Gin Gly Asn Thr Leu Pro Tyr
85 90 85

Thr Phe Gly Gln Gly Thr Lys Val Glu lle Lys
100 105

210> 19

211> 330

212> PRT

<213> Homo sapiens

<400> 19
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Yal Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr



65

Tyr Ile Cys Asn Val
85

Lys Val Glu Pro Lys
100

Pro Ala Pro Glu Leu
115

Lys Pro Lys Asp Thr
130

Val Val Val Asp Val
145

Tyr Val Asp Gly Val
165

Glu Gln Tyr Asn Ser
180

His Gin Asp Trp Leu
195

Lys Afa Leu Pro Ala
210

10

Asn His Lys

Ser Cys Asp

Leu Gly Gly
120

Leu Met llie
135

Ser His Glu
150

Glu VYat His

Thr Tyr Arg

Asn Gly Lys
200

Pro fle Glu
215

14

15

Pro Ser Asn
90

Lys Thr His
105

Pro Ser Val

Ser Arg Thr

Asp Pro Glu
155

Asn Ala Lys
170

Yal Val Ser
185

Giu Tyr Lys

Lys Thr Ile

80

Thr Lys Val Asp Lys
95

Thr Cys Pro Pro Cys
110

Phe Leu Phe Pro Pro
125

Pro Glu Val Thr Cys
140

Val Lys Phe Asn Trp
160

Thr Lys Pro Arg Glu
175

Val Leu Thr Val Leu
190

Cys Lys Val Ser Asn
205

Ser Lys Ala Lys Gly
220



Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro

225

15

230

235

Lett Thr Lys Asn Glin Val Ser Leu Thr Cys Leu

Pro Ser Asp

245

260

Asn Tyr Lys Thr Thr

275

Leu Tyr Ser Lys Leu

290

Yal Phe Ser Cys Ser

305

Gln Lys Ser Leu Ser

<210>
<2115
212
Q21P

<400>

325

20
326
PRT
Homo sapiens

20

250

265

Pro Pro Val Leu Asp
280

fle Ala Val Glu Trp Glu Ser Asn

Ser

Pro Ser Arg Asp Glu
240

Val Lys Gly Phe Tyr
255

Gly GIn Pro Glu Asn
270

Asp Gly Ser Phe Phe
285

Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn

295

Val Met His Glu Ala Leu

310

Leu Ser Pro Gly Lys
330

315

300

His Asn His Tyr Thr
320



Ala Ser Thr
1

Ser Thr Ser

Phe Pro Glu
35

Gly Val His
50

Leu Ser Ser
65

Tyr Thr Gys

Thr Val Glu

Pro Val Ala
115

Thr Leu Met
130

Val Ser His

Gly
5

Lys

Glu
20

Ser

Pro Val

Thr

Phe

Val

Val

Val
85

Asn

Arg Lys

100

Gly Pro

Ser

Ile

Giu Asp

Pro

Thr

Thr

Pro

Thr

10

Asp

Cys

Ser

Arg

Ser Yal Phe

Ala Ala Leu
25

Val Ser Trp
40

Ala Val Leu
55 |

Val Pro Ser

His Lys Pro

Cys Val Glu
105

Val Phe Leu
120

Thr Pro Glu
135

16

Pro Leu
10

Gly Cys

Asn Ser

Gin Ser

Ser Asn

15

Ser Asn
90

Cys Pro

Phe Pro

Val Thr

Pro Giu Val Gin Phe Asn

Ala Pro Cys

Leu Val Lys

30

Gly Ala Leu

45

Ser Gly Leu

60

Phe Gly Thr

Thr Lys

Val

Pro
110

Pro Cys

Pro Lys Pro

125

Cys Val Val

140

Trp Tyr Val

Ser Arg

15

Asp Tyr

Thr Ser

Tyr Ser

GIn Thr
80

Asp Lys

95

Ala Pro

Lys Asp

Val Asp

Asp Giy



145

Val Glu

Ser Thr

Leu Asn

Ala Pro

210

Pro Gin

225

Gin Val

Ala Val

Thr Pro

Leu Thr
290

150

Yal His Asn Ala
165

Phe Arg Val Val
180

Gly Lys Glu Tyr
195

Iie Glu Lys Thr

Val Tyr Thr Leu
230

Ser Leu Thr Cys
245

Giu Trp Glu Ser
260

Pro Met Leu Asp
275

Val Asp Lys Ser

17

155

160

Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn

170

Ser Val Leu Thr Val

185

Lys Cys Lys

200

Ile Ser Lys

215

Pro Pro Ser

Leu Val Lys

Asn Gly Gln

265

Val Ser

Thr Lys

Arg Glu
235

Gty Phe
250

Pro Glu

Ser Asp Gly Ser Phe

280

175

Val His GIn Asp Trp

180

Asn Lys Gly Leu Pro

205

Gly GIn Pro Arg Glu

220

Glu Met Thr Lys Asn

240

Tyr Pro Ser Asp |lle

255

Asn Asn Tyr Lys Thr

270

Phe Leu Tyr Ser Lys

285

Arg Trp GIn GIn Gly Asn Val Phe Ser Cys

295

300
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Ser Val Met His Glu Ala Leu His Asn His Tyr
305 310 315

Ser Leu Ser Pro Gly Lys
325

210> 21

Q11> 327

212> PRT

<213> Homo sapiens

406> 21
Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu

1 5 10

Ser Thr Ser Glu Ser Thr Ata Ala Leu Gly Cys
20 25

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser
- 35 40

Gly Val His Thr Phe Pro Ala Val Leu GlIn Ser
50 55

l.eu Ser Ser Val Val Thr Val Pro Ser Ser Ser
65 70 75

Thr Gin Lys Ser Leu
320

Ala Pro Cys Ser Arg
15

Leu Val Lys Asp Tyr
30

Gly Ala Leu Thr Ser
45

Ser Gly Leu Tyr Ser
60

Leu Gly Thr Lys Thr
80



Tyr Thr Cys Asn Val Asp His
85

Arg Val Glu Ser Lys Tyr Gly
100

Glu Phe Leu Gly Gly Pro Ser
115

Lys

Pro

Val
120

Asp Thr Leu Met ile Ser Arg Thr

130 - 13b

Asp Val Ser Gin Glu Asp Pro
145 150

Gly Val Glu Val His Asn Ala
165

Asn Ser Thr Tyr Arg Val Val
180

Trp Leu Asn Gly Lys Glu Tyr
195

Pro Ser Ser lle Glu Lys Thr
210 215

Glu Pro Gin Val Tyr Thr Leu

Glu

Lys

Ser

Lys

200

Ile

Pro

Pro

Pro

105

Phe

Pro

Val

Thr

Val

185

Cys

Ser

Pro

19

Ser Asn
80

Cys Pro

Leu Phe

Glu Val

Gin Phe
155

Thr

Pro

Pro

Thr

140

Asn

Lys Val

Cys Pro
110

Pro Lys
125

Cys Val

Trp Tyr

Lys Pro Arg Glu Glu

170

Leu Thr

Lys Val

Lys Ala

Val

Ser

Lys
220

Leu His
190

Asn Lys
205

Gly GIn

Asp Lys
95

Ala Pro

Pro Lys

Val Val

Val Asp

160

Gln Phe

175

GIn Asp

Gly Leu

Pro Arg

Ser Gin Glu Glu Met Thr Lys
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225 230 235 240

Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

tle Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser
290 295 300

Gys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

210> 22

211> 19

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide segquence

<400> 22
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Gin Vai GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Ser Asp Asp
20 25 30

His Ala Trp Ser Trp VYal Arg Gln Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

tle Gly Tyr fle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser lLeu
50 55 60

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser
65 10 15 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 95

Ala Arg Val Leu Ala Arg lle Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

210> 23

211> 107

212> PRT

213> Artificial



22

220>
223> An artificially synthesized peptide sequence

<400> 23

Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr {te Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 10 15 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Gliu |le Glu
100 105

210> 24
Q211> 324
<212> PRT
213> Artificial



<220>

23

<223> An artificially synthesized peptide sequence

<400> 24
Ata Ser Thr Lys Gly
1 5

Ser Thr Ser Gly Gly
20

Phe Pro Glu Pro Val
35

Gly Val His Thr Phe
50

Leu Ser Ser Val Val
65

Tyr Thr Cys Asn Val
85

Thr Val Glu Arg Lys
100

Pro Val Ala Gly Pro
115

Pro Ser Val

Thr Ala Ala

Thr Val Ser
40

Pro Ala Val
55

Thr Val Pro
70

Asp His Lys

Ser Cys Val

Ser Val Phe
120

Phe Pro Leu Ala Pro
10

Leu Gly Cys Leu Val
25

Trp Asn Ser Gly Ala
45

Leu Gln Ser Ser Gly
60

Ser Ser Asn Phe Gly
75

Pro Ser Asn Thr Lys
90

Glu Cys Pro Pro Cys
105

l.eu Phe Pro Pro Lys
125

Ser Lys
15

Ser

Lys Asp Tyr

30

Leu Thr Ser

Leu Tyr Ser

Thr Gln Thr

80

Val Asp Lys

95

Pro Ala Pro
110

Pro Lys Asp



Thr Leu Met
130

Val Ser His
145

Val Glu Val

Ser Thr Phe

Leu Asn Gly
195

Ser Ser lle
210

Pro Gln Val
225

Gln Val Ser

Ala Val Glu

fle Ser

Glu Asp

His Asn
165

Arg Val
180

Lys Glu

Glu Lys

Tyr Thr

Leu Thr
245

Trp Glu
260

Arg

Pro

150

Ala

Val

Tyr

Thr

Leu

230

Cys

Ser

Thr Pro
135

Glu Val

Lys Thr

Ser Val

Lys Cys

200

e Ser
215

Pro Pro

Leu Val

Asn Gly

24

Glu Yal Thr

GIn Phe Asn
155

Cys Val Val Val Asp

Trp Tyr Val Asp Gly

160

Lys Pro Arg Giu Glu GIn Phe Asn

170

lLLeu Thr Val
185

Lys Val Ser

Lys Ala Lys

Ser Arg Glu
235

Lys Gly Phe
250

Gin Pro Glu
265

175

Gin Asp Trp
190

Gly Leu Pro

Gly Gin Pro Arg Glu

Thr Lys Asn
240

Ser Asp lie
255

Asn Asn Tyr Lys Thr

270



25

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Glin Gln Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 25

211> 324

212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 25
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Afa Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser
35 40 45



Gty Val
50

Leu Ser

65

Tyr Thr

Thr Val

Pro Val

Thr Leu

130

Val
145

Ser

Val

Glu

Ser Thr

His

Ser

Cys

Glu

Ala

115

Met

Gin

Val

Tyr

Thr Phe Pro Ala Val
55

Val Val Thr Val Pro
70

Asn Val Asp His Lys
85

Arg Lys Ser Cys Val
100

Gly Pro Ser Val Phe
120

lle Ser Arg Thr Pro
135

Glu Asp Pro Glu Val
150

His Asn Ala Lys Thr
165

Arg Val Val Ser Val
180

26

Leu Gin Ser

Ser Ser Ser
75

Pro Ser Asn
80

Glu Cys Pro
105

Leu Phe Pro

Glu Val Thr

GIn Phe Asn
155

Lys Pro Arg
170

Leu Thr Val
185

Ser Gly Leu Tyr Ser

60

Leu Gly Thr Lys Thr

80

Thr Lys Val Asp
95

Lys

Pro Cys Pro Ala Pro

110

Pro Lys Pro Lys
125

Asp

Cys Val Val Val
140

Asp

Gly
160

Trp Tyr Val Asp

Glu Glu Gin Phe Asn
175

Leu His Glin Asp Trp
190



27

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 2170

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 - 310 315 320

Ser Leu Ser Leu

210> 26



211>
VA Vg
AR,

<220>
223>

<400>

28

6

PRT

Artificial

An artificially synthesized peptide sequence

26

Trp Asp His Ala Trp Ser

1

<210>
VAR D
212>
<213

<220>
<223>

<400>

5

27

6

PRT
Artificial

An artificially synthesized peptide sequence

27

Thr Asp His Ala Trp Ser

1

210>
Q21
212>
213>

<220
223>

<400>

5

28

6

PRT
Artificial

An artificially synthesized peptide sequence

28



29

Asp Asp His Ala Trp Ser

1

<210>
AR,
212
<213>

<2205
<223>

<400>

5

29

6

PRT
Artificial

An artificially synthesized peptide sequence

29

Asn Asp His Ala Trp Ser

1

210>
(AR D
Q12>
<2135

220>
<2235

<400>

5

30

6

PRT
Artificial

An artificially synthesized peptide seguence

30

Arg Asp His Ala Trp Ser

1

<210>
AR DS
212>
<213>

5

31

6

PRT
Artificial



30

220>
<223> An artificially synthesized peptide sequence

<400, 31

Val Asp His Ala Trp Ser
1 5

210> 32

211> 6

212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 32

Phe Asp His Ala Trp Ser
1 5

<210> 33

211> 6

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 33

Ala Asp His Ala Trp Ser
i 5



<210
AR
212>
213>

<220>
<223>

<400>

31

34

6

PRT
Artificial

An artificially synthesized peptide sequence

34

Gin Asp His Ala Trp Ser

1

210>
<21
212>
213

<220>
<223>

<400>

5

35

6

PRT
Artificial

An artificially synthesized peptide sequence

35

Tyr Asp His Ala Trp Ser

1

<210>
2115
212>
213>

<220>
<223>

<400>

5

36

6

PRT
Artificial

An artificially synthesized peptide sequence

36



32

Leu Asp His Ala Trp Ser

1

210>
VAR,
212>
213>

<220>
<223>

<400>

5

37

6

PRT
Artificial

An artificially synthesized peptide seguence

37

His Asp His Ala Trp Ser

1

<210>
211>
212>
<213>

<220>
223>

<400>

b

38

6

PRT
Artificial

An artificially synthesized peptide sequence

38

Glu Asp His Ala Trp Ser

1

<2105
(VAR D
<22
QI3

5

39

6

PRT
Artificial



33

<2200
223> MAn artificially synthesized peptide sequence

<400> 39

Cys Asp His Ala Trp Ser
1 5

210> 40

211> 6

212> PRT

213> Artificial

<2205
223> An artificially synthesized peptide sequence

<400> 40

Ser Asp His Ala Ile Ser
1 5

210> 41

Q211> 6

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 41

Ser Asp His Ala Val Ser
1 5



<210>
211>
212>

<13

<220
<223>

<400>

34

42

16

PRT
Artificial

An artificially synthesized peptide sequence

42

Phe |le Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu Lys Ser

1

<2100
Q211
Q12
<213

<220>
<223>

<400>

5 10 15

43

16

PRT
Artificial

An artificially synthesized peptide seguence

43

Tyr Ile Ser Tyr Ser Gly lle Arg Thr Tyr Asn Pro Ser Leu Lys Ser

1

210>
211
212>
213

<220>
223>

5 10 15

44

16

PRT
Artificial

An artificially synthesized peptide sequence



35

<400> 44

Tyr 1le Ser Tyr Ser Gly Ile Thr Ser Tyr Asn Pro Ser Leu Lys Ser
1 5 10 15

<210> 45
Q211> 16
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 45

Tyr Ile Ser Tyr Ser Gly Ile Thr Asn Tvr Asn Pro Ser Leu Lys Ser
i 5 10 15

210> 46
1> 10
212> PRT
213> Artificial

<2200
223> An artificially synthesized peptide sequence

<400> 46

tle Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10

210> 4]
1 10
212> PRT



36

213> Artificial

<2205
<223> An artificially synthesized peptide sequence

<400> 47

Val Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10

210> 48
Qi 10
212> PRT
213> Artificial

{220>
<223> An artificially synthesized peptide sequence

<400> 48

Thr Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10

<216> 49

21> 10

<212> PRT

213> Artificial

<2200
<223> An artificially synthesized peptide sequence

<400> 49

Leu Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10



<210>
211>
212>
<213>

<220>
223>

<400>

37

50

10

PRT
Artificial

An artificially synthesized peptide seguence

50

Ser Thr Ala Arg Thr Thr Ala Met Asp Tyr

1

210>
211>
<212>
213>

<220>
<223>

<400>

5 10

51

10

PRT
Artificial

An artificially synthesized peptide sequence

51

Ser Leu Ala Arg Ala Thr Ala Met Asp Tyr

1

<2106
<21
212>
213>

<2207
223>

5 10

52

10

PRT
Artificial

An artificially synthesized peptide sequence



38

<400> 52

Ser Leu Ala Arg [le Thr Ala Met Asp Tyr
1 5 10

210> 53

Q211> 10

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 53

Ser Leu Ala Arg Ser Thr Ala Met Asp Tyr
1 5 i0

210> 54

<21 10

212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 54
Ser Leu Ala Arg Thr Thr Ser Met Asp Tyr

1 5 10

<210> 55
211> 10



39

<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 55

Ser Leu Ala Arg Thr Thr Val Met Asp Tyr
1 5 10

<210> 56
211> 10
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 56

Ser Leu Ala Arg Thr Thr Ala Leu Asp Tyr
1 5 10

<210> 57

211> 10

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 57

Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr



<210>
211>
212>
213>

<2207
223>

<400>

40

58

10

PRT
Artificial

An artificially synthesized peptide sequence

58

Val Leu Ala Arg Ala Thr Ala Met Asp Tyr

1

210>
\ARD
WAV
213>

220>
223>

<400>

5 10

59

10

PRT
Artificial

An artificially synthesized peptide sequence

59

1e Leu Ala Arg Ala Thr Ata Met Asp Tyr

1

210>
(VAR
212>
213>

<220>

9 10

60

10

PRT
Artificial



41

<223> An artificially synthesized peptide sequence

<400> 60

Thr Leu Ala Arg Ala Thr Ala Met Asp Tyr
1 5 10

210> 61

Q211> 10

<212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 61

Val Leu Ala Arg Ile Thr Ala Met Asp Tyr
1 5 10

210> 62

211> 10

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

400> 62
lle Leu Ala Arg Ile Thr Ala Met Asp Tyr

1 5 10

<210> 863



211>
212>
213>

{2205
<2235

<400>

42

10
PRT
Artificial

An artificially synthesized peptide seguence

63

Thr Leu Ala Arg lle Thr Ala Met Asp Tyr

1

210>
VARV
212>
213

<220>
223>

<400>

9 10

64

10

PRT
Artificial

An artificially synthesized peptide sequence

64

Leu Leu Ala Arg 1le Thr Ala Met Asp Tyr

i

<210
<211
WAVD
<213

<220>
<223>

<400>

5 10

65

10

PRT
Artificial

An artificially synthesized peptide sequence

65



43

Ser Thr Ala Arg Thr Thr Val Leu Asp Tyr
1 5 10

210> 66

211> 11

<212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 66

Phe Ala Ser Glin Asp lle Ser Ser Tyr Leu Asn
1 5 10

210> 67

WALD IR

<212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 67

Arg Ala Ser Arg Asp tle Ser Ser Tyr Leu Asn
1 5 10

<210> 68

(CARDIR B

<212> PRT

213> Artificial



44

220>
223> An artificially synthesized peptide sequence

<400> 68

Arg Ala Ser Thr Asp lle Ser Ser Tyr Leu Asn
1 5 10

210> 69

\WARDR N

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 69

Arg Ala Ser Gin Asp lle Ser Ser Phe Leu Asn
i 5 10

210> 70

211> 1

212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 70

Arg Ala Ser Gin Asp lle Ser Ser Tyr Leu Ser
1 5 10



<210>
<2115
212>
213>

<220>
{223>

<400>

45

11

1

PRT
Artificial

An artificially synthesized peptide seguence

71

Tyr Gly Ser Arg Leu His Ser

1

210>
<2115
<212>
213>

<220>
<223>

<400>

5

12

9

PRT
Artificial

An artificially synthesized peptide sequence

72

Gly GIn Gly Asn Thr Leu Pro Tyr Thr

1

210>
211>
<212>
<213

<220>
<223>

<400>

5

13

9

PRT
Artificial

An artificially synthesized peptide sequence

13



46

Asn Gln Gly Asn Thr Leu Pro Tyr Thr

1

AL
VAR by
<L2>
213>

<2207
<223>

<400>

5

74

9

PRT
Artificial

An artificially synthesized peptide sequence

14

Ser GIn Gly Asn Thr Leu Pro Tyr Thr

1

210>
VAR DS
212>
L2130

<220>
<223>

<400>

5

15

9

PRT
Artificial

An artificially synthesized peptide sequence

15

Gin Gln Ser Asn Thr Leu Pro Tyr Thr

1

<210>
2115
212>
\PARY

5

76

9

PRT
Artificial



47

<2200
223> An artificially synthesized peptide sequence

<400> 76

Gln Gin Gly Asn Arg Leu Pro Tyr Thr
1 5

216> 711

211> 9

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 77

Gln GIn Gly Asn Ser Leu Pro Tyr Thr
1 5

<210> 78

211> 9

<212> PRT

213> Artificial

{220>
223> An artificially synthesized peptide sequence

<400> 78

Gly Gin Gly Asn Ser Leu Pro Tyr Thr
1 5



48

210> 19

211> 9

<212> PRT

<213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 79

Gly GIn Gly Asn Arg Leu Pro Tyr Thr
1 5

<210> 80
211> 30
<212> PRT
213> Artificial

{220>
<223> An artificially synthesized peptide sequence

<400> 80

Gin Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Gys Thr Val Ser Giy Tyr Ser lle Thr
20 25 30

210> 81

211> 30

<212> PRT

213> Artificial



49

220>
223> An artificially synthesized peptide sequence

<400> 81

Gin Val Gin Leu GIn Giu Ser Gly Pro Gly Leu Val Arg Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser {le Thr
20 25 30

210> 82

211> 30

<212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 82

Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Thr
20 25 30

<210> 83

211> 30

<212> PRT

213> Artificial



50

220>
223> An artificially synthesized peptide sequence

<400> 83

Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Ser
20 25 30

210> 84
211> 30
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 84

Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser
20 25 30

210> 85
211> 14
<212> PRT
213> Artificial

<2205



51

223> An artificially synthesized peptide seguence

<400> 85

Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp lle Gly
1 5 10

<210> 86

Q21> 32

212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 86

Arg Val Thr 1le Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Arg
i 5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val Tyr Tyr Cys Ala Arg
20 25 30

210> 87

11> 32

212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 87

Arg Val Thr Met Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Arg



52

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

210>
211>
212>
213>

<220>
<223>

<400>

20 25 30

88

32

PRT
Artificial

An artificially synthesized peptide seguence

88

Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser Leu Lys

1

5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val! Tyr Tyr Cys Ala Arg

210>
<10
212
213>

<220>
<223>

<400>

20 25 30
89
32
PRT
Artificial

An artificially synthesized peptide sequence

89

Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn GIn Phe Ser Leu Arg

1

5 10 15



53

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg

<210>
<2115
212>
213

<220>
<223>

<400>

20 25 30
90
32
PRT
Artificial

An artificially synthesized peptide seguence

90

Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys

1

5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg

<210>
211>
<212>
213>

220>
<223>

<400>

20 25 30
91
11
PRT
Artificial

An artificially synthesized peptide sequence

91

Trp Gly Glu Gly Ser Leu Val Thr Val Ser Ser

1

5 10



54

210> 92
Q21> 23
212> PRT
213> Artificial

<2200
223> An artificially synthesized peptide sequence

<400> 92

Asp Ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr Ile Thr Cys
20

210> 93

Q211> 15

212> PRT

213> Artificial

220> .
<223> An artificially synthesized peptide sequence

<400> 93

Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle Tyr
1 5 10 15

210> 94
211> 32
<212> PRT
<213> Artificial



95

{2200
223> An artificially synthesized peptide sequence

<400> 94

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Phe Thr 1le Ser Ser Leu Glu Pro Glu Asp lle Ata Thr Tyr Tyr Cys
20 25 30

<210> 95

211> 32

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 96

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 , 5 10 15

Phe Thr lle Ser Ser Leu Gin Ala Glu Asp lle Ala Thr Tyr Tyr Cys
20 25 30

<210> 96
211> 32
212> PRI
213> Artificial



56

220>
223> An artificially synthesized peptide seqguence

<400> 96

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Phe Thr 1le Ser Ser Leu Gin Pro Giu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30

<2105 97

211> 32

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 97

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
i 5 10 15

Phe Thr lle Ser Ser Leu Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30

<210> 98

<211> 10

<212> PRY

213> Artificial

<220>



57

223> An artificially synthesized peptide segusnce

<400> 98

Phe Gly Glin Gly Thr Lys Val Glu {le Glu
1 5 10

210> 99
211> 16
212> PRT
213> Artificial

<2202
223> An artificially synthesized peptide sequence

<400> 99

Tyr |ie Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu Lys Gly
1 5 10 15

<210> 100

Q211> 16

212> PRT

213> Artificial

<220
223> An artificially synthesized peptide sequence

<400> 100

Tyr 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu Lys Gly
i 5 10 15

<210> 101



<211>
212>
213>

<220>
{223>

<400>

o8

11
PRT
Artificial

An artificially synthesized peptide sequence

101

Gin Ala Ser Gin Asp lle Ser Ser Tyr Leu Asn

1

210>
211>
212>
213

{220>
<223>

<400>

5 10

102

7

PRT
Artificial

An artificially synthesized peptide seguence

102

Tyr Thr Ser Glu Leu His Ser

1

Q210>
VAR Py
VAY Y
21H

<2207
<223>

<400>

5

103

]

PRT
Artificial

An artificially synthesized peptide sequence

103



59

Tyr Gly Ser Glu Leu His Ser
1 5

210> 104
11> 118
<212> PRT
213> Artificial

220>

223> An artificially synthesized peptide sedquence

<400> 104
Gln Val Gin Leu Gin Glu Ser Gly Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr
20 25

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly
35 40

[{e Gly Tyr ile Ser Tyr Ser Gly lle Thr Asn
50 55

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser
85 70 75

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr
85 90

Val Lys Pro Ser Glu
15

Ser lle Ser Asp Asp
30

Glu Gly Leu Glu Trp
45

Tyr Asn Pro Ser Leu
60

L.ys Asn Gin Phe Ser
80

Ata Ala Tyr Tyr Cys
95



60

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp
100 105

Thr Leu Val Thr Val Ser Ser
115

210> 105
211> 107
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 105
Asp |le Gin Met Thr Gln Ser Pro Ser Ser lLeu Ser Ala

1 5 10

Asp Ser Val Thr lle Thr Gys Gin Ala Ser Gin Asp lie
20 25

Leu Asn Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Glu
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg
50 b5 | 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr !le Ser Ser
65 70 75

Gly Glu Gly
110

Ser Val Gly
15

Ser Ser Tyr
30

Leu Leu tle

Phe Ser Gly

Leu Glu Ala
80



Glu Asp Ala Ala Thr Tyr Tyr Cys Gin GIn Gly Asn Ser Leu Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Giu lle Glu
100 105

<210> 106

211> 15

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 106

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Giy. Ser
1 5 10 15

210> 107
Q211> 414
212> DNA
213> Artificial

<2200
223> An artificially synthesized nucleotide sequence

<400> 107
atgegatgga goetegtateat cotottctts gtagecaacag ctacaggtgt ccactcocag

gtccaactge aggagagegeg tccaggtott gtgagaccta gecagaccct gagectgace

60



62

tgoaccgtet ctggctactc aattaccage gatcatgect ggageteget

cctggacgag gtettpagte gattggatac attagttata gtggaatcac

ccatctetea aatccagagt gacaatgetg agagacacca gcaagaacca

agactcagca gogtgacage cgccgacace geggtitatt attgtgeaag

cggactacgg ctategacta ctggegtcaa ggcagecteg tcacagtetc

<210>
\VARD.
212>
213>

108
378
DNA

<220>

<223>

<400> 108
atgggatgea

atccagatga

acctgtagag

aaggetcceaa

ttcageggta

gacatcgeta

accaaggteg

<210> 109
211> 445

Artificial

gctgtateat

CCCagagces

gcagccagga

agetgetgat

geggtagoegg

cctactactg

aaatcaaa

An artificially synthesized nucleotide sequence

cctettettg gtagcaacag ctacaggtgt

aagcageetg agegecageg tgggtgacag

catcagcagt tacctgaatt ggtaccagcea

ctactacacc tccagactge actectggtet

taccgacttc accttcacca tcageagect

ccaacagggt aacacgettc catacacgtt

tcgecageea

aacctataat

gttcagectsg

atcoctaget

ctea

ccacteogac

agtgacecate

gaagcecagga

gccaagcaga

GCagecagag

GEggccaages

180

240

300

360

414

60

120

240

300

360

378



63

212> PRT
213> Artificial

<220>

<223> An artificially synthesized peptide sequence

<400> 109

GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr
20 25

His Ala Trp Ser Trp Yal Arg GIn Pro Pro Gly
35 40

e Gly Tyr lle Ser Tyr Ser Gly lie Thr Thr
50 55

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser
65 70 75

{eu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr
85 90

Ata Arg Ser Leu Ala Arg Thr Thr Ala Met Asp
100 105

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys

VYal Arg Pro Ser
15

Ser [le Thr Ser
30

Arg Gly Leu Glu
45

Tyr Asn Pro Ser
60

Lys Asn GIn Phe

Ala Val Tyr Tyr
95

Tyr Trp Gly GIn
110

Gly Pro Ser Val

Gin

Asp

Trp

Leu

Ser

80

Cys

Gly

Phe



115

Pro Leu Ala
130

Gly Cys Leu
145

Asn Ser Gly

Gin Ser Ser

Ser Asn Phe
195

Ser Asn Thr
210

Cys Pro Pro
225

Phe Pro Pro

Val Thr Cys

Pro Cys

Val Lys

Ala Leu

165

Gly Leu

180

Gly Thr

Lys Val

Cys

Pro

120

Ser Arg Ser Thr

135

64

Ser Glu

Asp Tyr Phe Pro Glu Pro

150

Thr Ser Gly Val

Tyr Ser Leu Ser

185

Gin Thr Tyr Thr

200

Asp Lys Thr Val

215

Ala Pro Pro Val

230

Lys Pro Lys Asp Thr lLeu

245

Val Val Val Asp Val Ser

260

265

155

His Thr
170

Ser Val

Cys Asn

Glu Arg

Ala Gly
235

et |le
250

His Glu

Ser

140

Val

Phe

Val

Val

Lys

220

Pro

Ser

Asp

125

Thr

Thr

Pro

Thr

Asp

205

Cys

Ser

Arg

Pro

Ala Ala Leu

Val Ser Trp
160

Ala Val Leu
175

Val Pro Ser
190

His Lys Pro

Cys Val Glu

Val Phe Leu
240

Thr Pro Glu
255

Giu Val Gin
270



Phe Asn Trp Tyr
275

Pro Arg Glu Glu
290

Thr Val Val His
305

Val Ser Asn Lys

Thr Lys Gly Gin
340

Arg Glu Glu Met
355

Gly Phe Tyr Pro
370

Pro Glu Asn Asn
385

Ser Phe Phe Leu

Val Asp

Gln Phe

Gin Asp

310

Gly
325

Leu

Pro Arg

Thr Lys

Ser

Asp

Lys
390

Tyr

Tyr Ser

405

65

Gly Val Glu Val His Asn
280

Asn Ser Thr Phe Arg Val
295 300

Trp Leu Asn Gly Lys Glu

315

Pro Ala Pro 1le Glu
330

Lys

Glu Pro Gln Val Tyr
345

Thr

Asn Gin Val Ser Leu Thr

360

Glu
380

{le Ala Val Glu Trp
375

Thr Thr Pro Pro Met
395

Leu

lys Leu Thr Val Asp Lys
410

Ala Lys Thr Lys
285

Val Ser Val Leu

Tyr Lys Cys Lys
320

Thr |le Ser Lys
335

Leu Pro Pro Ser
350

Cvs Leu Val Lys
365

Ser Asn Gly Gin

Asp Ser Asp Gly
400

Ser Arg Trp Gin
415



66

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

Q210> 110
Q11> 446
212> PRT
Q13> Artificial

220>
{223> An artificially synthesized peptide sequence

<400> 110
GIn Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

te Gly Tyr tle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Vai Thr Met Leu Arg Asp Thr Ser Lys'Asn Gln PheVSer
65 70 75 80



Leu

Ala

Ser

Pro

Gly

145

Asn

Gin

Ser

Ser

Arg Leu Ser Ser
85

Arg Ser Leu Ala
100

Leu Val Thr Val
115

Leu Ala Pro Cys
130

Cys Leu Val Lys

Ser Gly Ala Leu
165

Ser Ser Gly Leu
180

Ser Leu Gly Thr
195

Asn Thr Lys Val
210

Val Thr

Arg Thr

Ser Ser

Ser Arg

13b

Asp Tyr
150

Thr Ser

Tyr Ser

Lys Thr

Asp Lys
215

Ala

Thr

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Arg

67

Ala Asp Thr Ala
90

Ala Met Asp Tyr
105

Ser Thr Lys Gly

Thr Ser Glu Ser

140

Pro Glu Pro Val
155

Val His Thr
170

Ser Ser Val
185

Val

Thr Cys Asn Val

Val Glu Ser Lys

220

Val

Trp

Pro

125

Thr

Thr

Thr

Asp
205

Tyr

Tyr Tyr
95

Gly Gin

110

Ser Val

Ala Ala

Val Ser

Phe Pro Ala Val

175

Val Pro
190

His Lys

Gly Pro

Cys

Gly

Phe

Leu

Trp

160

Lau

Ser

Pro

Pro



Cys Pro Pro Cys Pro Ala Pro Glu Phe
225 230

leu Phe Pro Pro Lys Pro Lys Asp Thr
245

Glu Val Thr Cys Val Val Val Asp Val
260 265

Gin Phe Asn Trp Tyr Val Asp Gly Val
275 280

Lys Pro Arg Glu Glu Gin Phe Asn Ser
290 295

Leu Thr Val Leu His Gin Asp Trp Leu
305 310

Lys Val Ser Asn Lys Gly Leu Pro Ser
325

68

Leu

Leu

250

Ser

Glu

Thr

Asn

Ser
330

Gly

235

Met

Gin

Val

Tyr

Gly

315

e

Gly Pro

Ile Ser

Giu Asp

His Asn

285

Arg Val
300

Lys Glu

Glu Lys

Lys Ata Lys Gly GIn Pro Arg Glu Pro Gln Val Tyr Thr

340 345

Ser Gin Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr

355 360

365

Ser Val Phe
240

Arg Thr Pro
255

Pro Glu Val
270

Ata Lys Thr

Val Ser Val

Tyr Lys Cys
320

Thr Ile Ser
335

Leu Pro Pro
350

Cys Leu Val



69

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
370 375 380

Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400

Giy Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His
420 425 430

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
435 440 445

Q2100 111
211> 445
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 111
Gln Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lie Thr Ser Asp
20 25 30



His Ala Trp Ser Trp
35
{le Gly Tyr Ile Ser
50

Lys Ser Arg Val Thr
65

Ser Ser
85

Leu Arg Leu

leu Ala
100

Ala Arg Ser

Ser Leu Val Thr Val

115

Pro Leu Ala
130

Pro Cys

Gly Cys Leu Val Lys

145

Asn Ser Gly Ala Leu

165

10

Val Arg GIn Pro Pro
40

Tyr Ser Gly lle Thr
55

Met Leu Arg Asp Thr
70

Val Thr Ala Ala Asp
90

Arg Thr Thr Ala Met
105

Ser Ser Ala Ser Thr
120

Ser Arg Ser Thr Ser
135

Asp Tyr Phe Pro Glu
150

Thr Ser Gly Val His
170

Gly

Thr

Ser

15

Thr

Asp

Lys

Glu

Pro

Thr

Arg

Tyr

60

Lys

Ala

Tyr

Gly

Ser

140

Val

Phe

Gly Leu Glu
45

Asn Pro Ser

Asn Gln Phe

Val Tyr Tyr
95

Trp Gly Gin
110

Pro Ser Val
125

Thr Ala Ala

Thr Val Ser

Pro Ala Val
175

Trp

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu



11

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val! Vai Thr Val Pro
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Gys Asn Val Asp His Lys
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Va!
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe
225 230 235

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ata Lys Thr
275 280 285

Pro Arg Glu Glu GlIn Phe Asn Ser Thr Phe Arg Val Val Ser Val
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr |le Ser

Ser

Pro

Glu

Leu

240

Glu

Gln

Lys

leu

Lys

320

Lys



325

12

330

Thr Lys Gly Gin Pro Arg Giu Pro Gln Val Tyr

340

Arg Glu Glu Met Thr
355

Gly Phe Tyr Pro Ser
370

Pro Glu Asn Asn Tyr
385

Ser Phe Phe Leu Tyr
405

Gin Gly Asn Val Phe
420

His Tyr Thr Gin Lys
435

210> 112
211> 446
<212> PRT
213> Artificial

2207

345

Lyé Asn Gin Val Ser Leu

360

Asp lle Ala Val Glu Trp

375

Lys Thr Thr Pro Pro Val

395

Ser Lys lLeu Thr Val Asp

410

Ser Cys Ser Val Met His

425

Ser Leu Ser Leu Ser Pro

440

335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly GIn
380

Leu Asp Ser Asp Gly
400

Lys Ser Arg Trp GIn
415

Glu Ala Leu His Asn
430

Gly Lys
445



13

223> MAn artificially synthesized peptide sequence

<400> 112
Gin Val Gin
1

Thr Leu Ser

His Ala Trp
35

ile Gly Tyr
50

Lys Ser Arg
65

Leu Arg Leu

Ala Arg Ser

Ser lLeu Val

115

Pro Leu Ala

Leu Gin Glu Ser Gly Pro Gly Leu
5 10

Leu Thr Gys Thr Val Ser Gly Tyr
20 25

Ser Trp Val Arg Gin Pro Pro Gly
40

|le Ser Tyr Ser Gly lle Thr Thr
55

Yal Thr Met Leu Arg Asp Thr Ser
70 75

Ser Ser Val Thr Ala Ala Asp Thr
85 90

Leu Ala Arg Thr Thr Ala Met Asp
100 105

Thr Val Ser Ser Ala Ser Thr Lys
120

Pro Cys Ser Arg Ser Thr Ser Glu

Val Arg

Ser lle

Arg Gly
45

Tyr Asn
60

Lys ASn

Ala Val

Tyr Trp

Gly Pro

125

Ser Thr

Pro Ser Gln
15

Thr Ser Asp
30

Leu Glu Trp

Pro Ser Leu

Gln Phe Ser
80

Tyr Tyr Cys
95

Gly Gln Gly
110

Ser Val Phe

Ala Ala Leu



Gly
145

Asn

Gin

Ser

Ser

Cys

225

Leu

Glu

130

Cys

Ser

Ser

Ser

Asn

210

Pro

Phe

Val

Leu VYal Lys

Gly Ala Leu
165

Ser Gly Leu
180

Leu Gly Thr
195

Thr Lys Val

Pro Cys Pro

Pro Pro Lys
245

Thr Cys Val
260

Gin Phe Asn Trp Tyr

275

Asp

150

Thr

Tyr

Lys

Asp

Ala

230

Pro

Val

Vali

135

Tyr Phe Pro

Ser Gly Val

Ser Leu Ser
185

Thr Tyr Thr
200

Lys Arg Val
215

Pro Glu Phe

Lys Asp Thr

Val Asp Val
265

Asp Gly VYal
280

74

Glu Pro
155

His Thr
170

Ser Val

Cys Asn

Glu Ser

Leu Gly

235

Leu Met
250

Ser Gin

Glu Val

140

Val

Phe

Val

Val

Lys

220

Gly

Ile

Giu

His

Thr

Pro

Thr

Asp

205

Tyr

Pro

Ser

Asp

Asn
285

Val Ser Trp
160

Ala Val Leu
175

Val Pro Ser
190

His Lys Pro

Gly Pro Pro

Ser Val Phe
240

Arg Thr Pro
255

Pro Glu Val
270

Ala Lys Thr



Lys Pro Arg Glu Glu
290

Leu Thr Val Leu His
305

Lys Val Ser Asn Lys
325

Lys Ala Lys Gly Gin
340

Ser Gin Glu Glu Net
355

Lys Gly Phe Tyr Pro
370

Gin Pro Glu Asn Asn
385

Gly Ser Phe Phe Leu
405

Gin Glu Gly Asn Val
420

Gin Phe Asn Ser
295

Gin Asp Trp Leu
310

Gly Leu Pro Ser

Pro Arg Glu Pro
345

Thr Lys Asn GIn
360

Ser Asp lle Ala
375

Tyr Lys Thr Thr
390

Tyr Ser Lys Leu

Phe Ser Cys Ser
425

75

Thr Tyr Arg Val Val
300

Asn Gly Lys Glu Tyr
315

Ser |le Glu Lys Thr
330

Gln Val Tyr Thr Leu
350

Val Ser Leu Thr Cys
365

Val Glu Trp Glu Ser
380

Pro Pro Val Leu Asp
395

Thr Val Asp Lys Ser
410

Val Met His Giu Ala
430

Ser Val

l.ys Cys
320

Ile Ser
335

Pro Pro

l.eu Val

Asn Gly

Ser Asp
400

Arg Trp
415

Leu His



16

Asn His Tyr Thr GiIn Lys Ser Leu Ser Leu Ser
435 440

210> 113
211> 443
<212> PRT
213> Artificial

220>

Leu Gly Lys
445

223> An artificially synthesized peptide seguence

<400> 113
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr
20 25

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly
35 40

[te Gly Tyr ile Ser Tyr Ser Gly lle Thr Thr
50 65

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser
65 10 15

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr
85 90

Val Arg Pro Ser Gln
15

Ser lle Thr Ser Asp
30

Arg Gly Leu Glu Trp
45

Tyr Asn Pro Ser Leu
60

Lys Asn Gin Phe Ser
80

Ala Val Tyr Tyr Cys
95



Ata Arg Ser Leu Ala Arg Thr

100

Ser Leu Val Thr Val Ser Ser

115

Pro Leu Ala
130

Gly Cys Leu
145

Asn Ser Gly

Gln Ser Ser

Ser Asn Phe
195

Ser Asn Thf
210

Cys Pro Pro
225

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Ser Ser Lys

135

Lys Asp Tyr

150

Leu Thr Ser

165

Leu Tyr Ser

Thr Gln

Val Asp

Thr

Lys
215

11

Thr Ala Met Asp Tyr
105

Ala Ser Thr Lys Gly
120

Ser Thr Ser Gly Gly
140

Phe Pro Glu Pro Val
155

Gly Val His Thr Phe
170

Leu Ser Ser Val Val
185

Tyr Thr Cys Asn Val
200

Thr Val Glu Arg Lys
220

Pro Ala Pro Pro Val Ala Gly Pro

230

235

Trp Gly Gin Gly
110

Pro Ser Val Phe
125

Thr Ala Ala Leu

Thr Val Ser Trp
160

Pro Ala Val Leu
175

Thr Val Pro Ser
190

Asp His Lys Pro
205

Ser Cys Val Glu

Ser Val Phe Leu
240



Phe Pro Pro

Val Thr Cys

Phe Asn Trp
275

Pro Arg Glu
290

Thr Val Val
305

Val Ser Asn

Ala Lys Gly

Arg Glu Glu
355

Gly Phe Tyr
370

Lys Pro
245

Val Val
260

Tyr Val

Glu Gin

His Gin

Lys Gly

325

GIn Pro
340

Met Thr

Pro Ser

Lys Asp Thr Leu

Val Asp Val Ser
265

Asp Gly Val Glu
280

Phe Asn Ser Thr
295

Asp Trp Leu Asn
310

teu Pro Ser Ser

Arg Glu Pro GIn
345

Lys Asn Gln Val
360
Asp lle Ala Vai

375

18

Met 1le
250

His Glu

Val His

Phe Arg

Gly Lys

315

e Glu
330

Val Tyr

Ser Leu

Glu Trp

Ser

Asp

Asn

Val

300

Glu

Lys

Thr

Thr

Glu
380

Arg Thr Pro Glu
255

Pro Glu Val
270

GlIn

Ala Lys Thr
285

Lys

Val Ser Val Leu

Tyr Lys Cvs Lys
320

Thr |le Ser
335

Lys

Leu Pro Pro Ser
350

Cys Leu Val Lys

365

Ser Asn Gly GlIn



19

Pro Gtu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

GIin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Afa Leu His Asn
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 114
211> 443
<212> PRT
213> Artificial

(220>
223> An artificially synthesized peptide seguence

<400> 114
Gin Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser |le Thr Ser Asp
.20 25 30

His Ala Trp Ser Trp Yal Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45



fie Gly Tyr Ile Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

Gin Ser Ser Gly Leu
180

80

Ser Gly lle Thr
55

Tyr

Met
70

Leu Arg Asp Thr

Val Thr Ala Ala Asp

90

Arg Thr Thr Ala Met
' 105

Ser Ala Ser
120

Ser Thr

Ser Lys Ser Thr Ser

135

Asp Tyr Phe Pro
150

Glu

Thr Ser Gly Val His

170

Ser Leu Ser Ser

185

Tyr

Thr Tyr Asn Pro Ser
60

Ser Lys Asn Glin Phe

15

Thr Ala Val Tyr Tyr

95

Asp Tyr Trp Gly GIn
110

Lys Gly Pro Ser Val

125

Gly Gly Thr Ala Ala

140

Pro Val Thr
155

Val Ser

Thr Phe Pro Ala Val

175

Yal Val Thr Val Pro
190

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser



Ser

Ser

Cys

225

Phe

Val

Phe

Pro

Thr

305

Val

Ala

Ser

Asn

210

Pro

Pro

Thr

Asn

Arg

290

Val

Ser

LLys

Leu Gly Thr Lys Thr Tyr
195 200

Thr Lys Val Asp Lys Thr
215

Pro Cys Pro Ala Pro Pro
230

Pro Lys Pro Lys Asp Thr
245

Cys Val Val Val Asp Val
260

Trp Tyr Val Asp Gly Val
275 280

Glu Glu Gin Phe Asn Ser
295

Leu His Gin Asp Trp Leu
310

Asn Lys Gly Leu Pro Ser
325

Gly Gin Pro Arg Glu Pro

Thr

Val

Val

Leu

Ser

265

Glu

Thr

Asn

Ser

Gin

81

Cys Asn Val

Glu Arg Lys

220

Ala Gly Pro

235

Met
250

Ser

Gin Glu Asp

Val His Asn

Val
300

Tyr Arg

Gly Lys Glu

315

[le Giu Lys

330

Val Tyr Thr

Asp His Lys
205

Ser Cys Val

Ser Val Phe

Arg Thr Pro
255

Pro Glu Val
270

Ala Lys Thr
285

Val Ser Val

Tyr Lys Oys

Thr 1le Ser
335

Leu Pro Pro

Pro

Glu

Leu

240

Glu

Gln

Lys

Leu

Lys

320

Lys

Ser



340

Gln Glu Glu Met Thr Lys Asn Gin
355 360

Gly Phe Tyr Pro Ser Asp lle Ala
370 375

Pro Glu Asn Asn Tyr Lys Thr Thr
385 ' 390

Ser Phe Phe Leu Tyr Ser Lys Leu
405

Glu Gly Asn Val Phe Ser Cys Ser
420

His Tyr Thr Gln Lys Ser Leu Ser
435 440

210> 115
211> 446
<212> PRT
213> Artificial

<220>

82

345

Val Ser Leu

Val Glu Trp

Pro Pro Val
395

Thr Val Asp
410

Val Met His
425

Leu Ser Leu

350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly Gin
380

Leu Asp Ser Asp Gly
400

Lys Ser Arg Trp GlIn
415

Glu Ala Leu His Asn
430

223> An artificially synthesized peptide seqguence

<400> 115



Gin Val GIn
1

Thr Leu Ser

His Ala Trp
35

[le Gly Tyr
50

Leu Gin Glu Ser Gly

5

Leu Thr Cys Thr Val

20

Ser Trp Val Arg Gin

|te Ser Tyr Ser

55

Lys Ser Arg Val Thr Met Leu

65

Leu Arg Leu

Ala Arg Ser

Ser Leu Vai
115

70

Ser Ser Val Thr

85

Leu Ala Arg Thr

100

Thr Val Ser Ser

Pro Leu Ala Pro Ser Ser Lys

130

135

Gly Cys Leu Val Lys Asp Tyr

40

Gly

Arg

Ala

Thr

Ala

120

Ser

Phe

83

Gly Leu
10

Pro

Ser Gly Tyr

25

Pro Pro Gly

tle Thr Thr

Thr Ser

15

Asp

Ala Asp Thr

90

Ala
105

Met Asp

Ser Thr Lys

Thr Ser Gly

Pro Glu

Val Arg Pro

Ser fle Thr
30

Arg Gly Leu
45

Tyr Asn Pro
60

Lys Asn Gln

Ala Val Tyr

Tyr Trp Gly
110

Gly Pro Ser
125

Gly Thr Ala
140

Ser

Ser

Glu

Ser

Phe

Tyr

95

Gin

Val

Ala

Pro Val Thr Val Ser

Gin

Asp

Trp

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp



145

Asn

Gin

Ser

Ser

Thr

225

Yal

Thr

Glu

Lys

Ser Gly Ala Leu
165

Ser Ser Gly Leu
180

Ser Leu Gly Thr
195

Asn Thr Lys VYal
210

His Thr Cys Pro

Phe Leu Phe Pro
245

Pro Glu Val Thr
260

Val Lys Phe Asn
275

Thr Lys Pro Arg
290

150

Thr Ser

Tyr Ser

Gin Thr

Asp Lys
215

Pro Cys
230

Pro Lys

Cys Val

Trp Tyr

Glu Glu
295

84

155

Gly Val His Thr
170

Leu Ser Ser Val
185

Tyr [le Gys Asn
200

Lys Val Glu Pro

Pro Ala Pro Pro
235

Pro Lys Asp Thr
250

Val Val Asp Val
265

Val Asp Gly Val
280

Gin Tyr Asn Ser

Phe

Val

Val

Lys

220

Val

Leu

Ser

Glu

Thr
300

Pro Ala Val Leu
175

Thr Val Pro Ser

190

Asn
205

His Lys Pro

Ser Cys Asp Lys

Ala Gly Pro Ser

240

Met |le Ser Arg

2b5

His Glu Asp Pro

270

Val
285

His Asn Ala

Tyr Arg Val Val



85

Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
305 310 315 320

Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr
325 330 335

[{e Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu
340 345 350

Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys
355 360 365

Leu Val Lys Gly Phe Tyr Pro Ser Asp tle Ala Val Glu Trp Glu Ser
370 375 380

Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
385 390 395 400

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
405 410 415

Arg Trp GIn Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
420 425 430

Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440 445



86

210> 116
Q211> 327
212> PRT
213> Artificial

220>

<223> An artificially synthesized peptide sequence

<400> 116
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
1 5 10

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
20 25

Phe Pro Glu Pro Val Thr Val Ser Trp Asn
35 40

Gly Val His Thr Phe Pro Ala Val Leu Gin
50 55

Leu Ser Ser Val Val Thr Val Pro Ser Ser
65 70

Tyr 1le Cys Asn Val Asn His Lys Pro Ser
85 ' 90

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr
100 105

Leu Ala Pro Ser Ser Lys
15

Cys Leu Val Lys Asp Tyr
30

Ser Gly Ala Leu Thr Ser
45

Ser Ser Gly Leu Tyr Ser
60

Ser Leu Gly Thr Gin Thr
75 80

Asn Thr Lys Val Asp Lys
95

His Thr Cys Pro Pro Qys
110



87

Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe

115

120

Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro

130

Val Val Asp Val Ser His
145 150

Val Asp Gly Val Glu Val
165

Gin Tyr Asn Ser Thr Tyr
180

Gln Asp Trp Leu Ash Gly
195

Gly Leu Pro Ser Ser lle
210

Pro Arg Glu Pro Gin Val
225 230

Thr Lys Asn Gln Val Ser
245

135

Glu Asp Pro

His Asn Ala

Arg Val Val
185

Lys Glu Tyr
200

Glu Lys Thr
215

Tyr Thr Leu

Leu Thr Cys

Glu Val
155

Lys Thr
170

Ser Val

Lys Cys

I'te Ser

Pro Pro

235

Leu Val
250

Leu Phe Pro Pro
125

Glu Val Thr Cys
140

Lys Phe Asn Trp

Lys Pro Arg Glu
175

Leu Thr Val Leu
190

Lys Val Ser Asn
205

Lyvs Ala Lys Gly
220

Ser Arg Asp Glu

Lys Gly Phe Tyr
255

Lys

Val

Tyr

160

Glu

His

Lys

Gin

Leu

240

Pro



Ser Asp

Tyr Lys

Tyr Ser
290

Phe Ser
305

Lys Ser

<210>
AR
212>
AR

<220>
<223>

<400>
GIn Val

1

Thr Leu

88

Ite Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
275 280 285

Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gln Gly Asn Val
295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn
310 315 320

Leu Ser Leu Ser Pro
325

117
443
PRT
Artificial

An artificially éynthesized peptide sequence
117
Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

5 10 15

Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
20 25 30



His Ala Trp
35

He Gly Tyr
50

Lys Gly Arg
65

Leu Lys Leu

Ala Arg Val

Thr Leu Val
115

Pro Leu Ala
130

Gly Cys Leu
145

Asn Ser Gly

Ser Trp

{1e Ser

Val Thr

Ser Ser
85

leu Ala
100

Thr Val

Pro Ser

Val Lys

Ala Leu
165

Val

Tyr

lle

70

Val

Arg

Ser

Ser

Asp

150

Thr

Arg Gin Pro
40

Ser Gly lle
55

Ser Arg Asp

Thr Ala Ala

fte Thr Ala
105

Ser Ala Ser
120

Lys Ser Thr
135

Tyr Phe Pro

Ser Gly Val

89

Pro

Thr

Thr

Asp

90

Met

Thr

Ser

Glu

His
170

Gly

Asn

Ser

15

Thr

Asp

Lys

Gly

Pro

155

Thr

Glu Gly
45

Tyr Asn
60

Lys Asnh
Afa Ala
Tyr Trp
Gly Pro

125

Gly Thr
140

Val Thr

Phe Pro

Leu Glu

Pro Ser

Gin Phe

Tyr Tyr

95

Gly Glu

110

Ser Val

Ala Ala

Val Ser

Ata Val
175

Trp

Leu

Ser

80

Cys

Gly

Phe

leu

Trp

160

Leu



Gln Ser Ser

Ser Asn Phe
195

Ser Asn Thr
210

Cys Pro Pro
225

Phe Pro Pro

Val Thr Cys

Phe Asn Trp
275

Pro Arg Glu
290

Thr Val Val
305

Gly Leu Tyr Ser Leu Ser
180 185

Gly Thr Gin Thr Tyr Thr
200

Lys Val Asp Lys Thr Val
215

Cys Pro Ala Pro Pro Val
230

Lys Pro Lys Asp Thr Leu
245

Val Val Val Asp Val Ser
260 265

Tyr Val Asp Gly Val Glu
280

Glu GlIn Phe Asn Ser Thr
295

His GIn Asp Trp Leu Asn
310

90

Ser Val Val

Cys Asn Val

Glu Arg Lys
220

Ala Gly Pro
235

Met |le Ser
250

His Glu Asp

Val His Asn

Phe Arg Val
300

Gly Lys Glu
315

Thr Val Pro
190

Asp His Lys
205

Ser Cys Val

Ser Val Phe

Arg Thr Pro
255

Pro Glu Val
270

Ala Lys Thr
285

Val Ser Val

Tyr Lys Cys

Ser

Pro

Glu

Leu

240

Giu

Gln

Lys

Ley

Lys
320



Val Ser Asn Lys

Ala Lys Gly Gin
340

Arg Glu Glu Met
355

Giy Phe Tyr Pro
370

Pro Glu Asn Asn
385

Ser Phe Phe Leu

Gin Giy Asn Val
420

His Tyr Thr Gin
435

210>
Q1
212>
213>

118
324
PRT

Gly

325

Pro

Thr

Ser

Tyr

Tyr

405

Phe

Lys

Artificial

Leu Pro Ser Ser

Arg Glu Pro Gin
345

Lys Asn Gin Val
360

Asp lle Ala Val
375

Lys
390

Ser Lys Leu Thr

Ser
425

Ser
440

91

fte Glu Lys Thr lle Ser Lys

330

335

Yal Tyr Thr Leu Pro Pro Ser

350

Ser Leu Thr Cys Leu Val Lys

365

Giu Trp Glu Ser Asn Gly Gln

395

380

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly

400

Val Asp Lys Ser Arg Trp Gin

410

Leu Ser Leu Ser Pro

430

415

Cys Ser Val Met His Glu Ala Leu His Asn



<2207

92

223> An artificially synthesized peptide sequence

<400> 118

Ala Ser Thr Lys Gly
1 5

Ser Thr Ser Gly Gly
20

Phe Pro Glu Pro Val
35

Gly Val His Thr Phe
50

Leu Ser Ser Val Val
55

Tyr Thr Cys Asn VYal
85

Thr Val Glu Arg Lys
100

Pro Val Ala Gly Pro
115

Pro Ser Val

Thr Ala Ala

Thr Val Ser

40

Ala Val
55

Pro

Thr
70

Val Pro

Asp His Lys

Ser Cys Val

Val Phe
120

Ser

Phe Pro Leu
10

Leu Gly Cys
25

Trp Asn Ser

Leu GIn Ser

Ser Ser Asn
75

Pro Ser Asn
90

Glu Cys Pro
105

Leu Phe Pro

Ala Pro

Leu Val

Gly Ala

45

Ser Gly

60

Phe Gly

Thr Lys

Pro Cys

Pro Lys
125

Ser
15

Ser Lys

Lys Asp Tyr

30

Leu Thr Ser

Leu Tyr Ser

Thr Gin Thr

80

Val Asp Lys

95

Pro Ala
110

Pro

Pro Lys Asp



Thr Leu Met 1le Ser
130

Val Ser His Glu Asp
145

Val Glu Val His Asn
165

Ser Thr Phe Arg Val
180

Leu Asn Gly Lys Glu
195

Ala Pro lle Glu Lys
210

Pro Gin Val Tyr Thr
225

Gin Val Ser Leu Thr
245

Ala Val Giu Trp Glu
260

Thr Pro Pro Val Leu

Arg

Pro

150

Ala

Val

Tyr

Thr

Leu

230

Cys

Ser

Asp

Thr

135

Glu

Lys

Ser

Lys

e

215

Pro

Leu

Asn

Pro Glu

Val Gin

Thr Lys

Val Leu

Cys Lys

200

Ser Lys

Pro Ser

Val Lys

Gly Gin
265

93

Val Thr

Phe Asn
155

Pro Arg
170

Thr Val

Val Ser

Thr Lys

Arg Glu
235

Gly Phe
250

Pro Glu

Cys

140

Trp

Glu

Val

Asn

Gly

220

Glu

Tyr

Asn

Ser Asp Gly Ser Phe Phe

Val Val Val Asp

Tyr Val Asp Gly
160

Glu Gln Phe Asn
175

His Gin Asp Trp
190

Lys Gly Leu Pro
205

Gin Pro Arg Glu

Met Thr Lys Asn
240

Pro Ser Asp 1le
255

Asn Tyr Lys Thr
270

Leu Tyr Ser Lys



94

275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Giu Ala Leu His Asn His Tyr Thr Gln Lys Ser lLeu
305 310 315 320

Ser Leu Ser Pro

<210> 119
211> 443
<212> PRT
<213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 119
Gln Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln

1 5 10 15

Thr Leu Ser Leu Thr Gys Thr Val Ser Gly Tyr Ser lie Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 - 40 45



Ile Gly Tyr !le Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu VYal Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

GIn Ser Ser Gly Leu
180

Ser Asn Phe Gly Thr

Tyr

Met

70

Val

Arg

Ser

Ser

Asp

150

Thr

Tyr

Gin

95

Ser Gly Ite Thr Thr
55
Leu Arg Asp Thr Ser

15

Thr Ala Ala Asp Thr

90

Thr Thr Ala Met Asp

105

Ala
120

Ser Ser Thr Lys

Lys Ser Thr Ser Gly

135

Pro Glu Pro
155

Tyr Phe

Val His Thr
170

Ser Gly

Ser Ser Val
185

Ser Leu

The Tyr Thr Cys Asn

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Yal

Phe

Val

Val

Asn Pro Ser

Asn Gln Phe

Val Tyr Tyr
95

Trp Gly Gln
110

Pro Ser Val
125

Thr Ala Ala

Thr VYal Ser

Pro Ala Val
175

Thr Val Pro
190

Asp His Lys

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro



96

195 200

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg
210 215

Gys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly
225 230 235

205

Lys Ser
220

Pro Ser

Cys Val

Val Phe

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [le Ser Arg Thr Pro

245 250

Val Thr Cys Val Val Val Asp Yal Ser His Glu
260 265

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
275 280

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
290 295

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys
305 310 315

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Giu
325 330

Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr
340 345

Asp Pro

Asn Ala
285

Val Val

360

Glu Tyr

Lys Thr

Thr Leu

255

Glu Val
270

Lys Thr

Ser Val

Lys Cys

tle Ser

335

Pro Pro
350

Glu

Leu

240

Glu

Gin

Lys

Leu

Lys

320

Lys

Ser



97

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Gys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
' 405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 120
211> 445
212> PRT
213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 120

Gin Yal Gln Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin



Thr Leu Ser Leu Thr
20

His Ala Trp Ser Trp
35

tle Gly Tyr |le Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Cys

Val

Tyr

Met

10

Val

Arg

Ser

Ser

Asp
150

98

10

Thr Val Ser Gly Tyr
25

Arg Gin Pro Pro Gly
40

Ser Gly lle Thr Thr
55

Thr Ser
75

Leu Arg Asp

Thr Ala Ala Asp Thr

90

Thr Thr Ala

105

Met Asp

Ser Ala
120

Ser Thr Lys

Lys Ser Thr Ser Glu

135

Giu Pro
155

Tyr Phe Pro

Ser

Arg

Tyr

60

Lys

Ala

Tyr

Gly

Ser

140

Val

e

Gly

45

Asn

Asn

Val

Trp

Pro

125

Thr

Thr

15

Thr Ser Asp
30

Leu Glu Trp

Pro Ser Leu

Gin Phe Ser
80

Tyr Tyr Cys
95

Gly Gln Gly
110

Ser Val Phe

Ala Ala Leu

Val Ser Trp
160



Asn Ser Gly Ala Leu Thr Ser Gly Val

165

Gin Ser Ser Gly Leu Tyr Ser Leu Ser

180

185

Ser Asn Phe Gly Thr Gin Thr Tyr Thr

195

200

Ser Asn Thr Lys Val Asp Lys Thr Val

210

215

Cys Pro Pro Cys Pro Ala Pro Pro Val

225

230

Phe Pro Pro Lys Pro Lys Asp Thr Leu

245

Vai Thr Cys Val Val Val Asp Val Ser

Phe Asn Trp Tyr Val Asp Gly Val Glu

275

260

280

265

Pro Arg Glu Glu Gln Phe Asn Ser Thr

290

295

99

His Thr Phe Pro Ala
170

Ser Yal Val Thr Val
190

Cys Asn Val Asp His
205

Glu Arg Lys Ser Cys
220

Ala Gly Pro Ser Val
235

Met |le Ser Arg Thr
250

His Glu Asp Pro Glu
270

Val His Asn Ala Lys
285

Phe Arg Val Val Ser
300

Val Leu
175

Pro Ser

Lys Pro

Val Glu

Phe Leu

240

Pro Glu

255

Val Gin

Thr Lys

Val Leu



100

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 315

Val Ser Asn Lys Gly Leu Pro Ala Pro |le Glu Lys Thr lle
325 330

Thr Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Va! Ser Leu Thr Cys Leu
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
385 390 395

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
405 410

Cys

Ser

335

Pro

Val

Gly

Asp

Trp
415

Lys

320

Lys

Ser

Lys

Glin

Gly

400

Gin

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn

420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 - 445



101

210> 121
<2it> 16
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 121

Tyr fle Ser Tyr Ser Giy lle Thr Thr Tyr Asn Pro Ser Leu Gln Asp
1 : 5 10 15

210> 122
211> 16
212> PRT
213> Artificial

{220>
223> An artificially synthesized peptide sequence

<400> 122

Tyr 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu GIn Asp
1 5 10 15

210> 123

Q11> 11

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 123



102

Arg Ala Ser Glu Asp lle Ser Ser Tyr Leu Asn

1

210>
VARD
<212>
WAKY

<220>
<223>

<400>

5 10

124

11

PRT
Artificial

An artificially synthesized peptide sequence

124

Gin Ala Ser Giu Asp lle Ser Ser Tyr Leu Asn

1

<210>
<2115
<2125
213>

<220>
223>

<400>

5 10

125

7

PRT
Artificial

An artificially synthesized peptide sequence

125

Tyr Thr Ser Arg Leu Glu Ser

1

<210
VAR
212>
AR

5

126

:

PRT
Artificial



220>
223> An artificially synthesized peptide sequence

<400> 126

Tyr Gly Ser Glu Leu Glu Ser
1 5

210> 127
211> 32
<212> PRT
<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 127

Arg Val Thr |le Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser Leu Lys
i 5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

210> 128
Q11> 32
212> PRT
<213> Homo sapiens

<400> 128

Arg Val Thr tie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gin
1 5 10 15



104

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg

210>
2115
212>
213>

<400>

20 25 30

129
32
PRT
Homo sapiens

129

Arg Val Thr lle Thr Arg Asp Thr Ser Thr Ser Thr Val Tyr Met Glu

1

5 10 15

Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg

<2105
\ARD.
212>
<213

<2205
<223>

<400>

20 25 30
130
11
PRT
Artificial

An artificially synthesized peptide seguence

130

Trp Giy Gin Gly Ile Leu Val Thr Val Ser Ser

1

<210>
<2

5 10

131
11



105

<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 131

Trp Gly Glu Gly 1le Leu Val Thr Val Ser Ser
1 5 10

<210> 132

21> 1

<212> PRT

213> Artificial

220>
(223> MAn artificially synthesized peptide sequence

<400> 132

Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
1 5 10

210> 133

VAR

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 133

Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser



106

<210> 134
211> 449
<212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 134
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys

1 5 10

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle
20 25

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly
35 40 45

Lle Gly Tyr {le Ser Tyr Ser Gly tle Thr Asn Tyr Asn
50 55 60

Lys Gly Arg Val Thr ile Ser Arz Asp Asn Ser Lys Asn
65 70 15

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
85 80

Pro Ser Glu

Ser

30

fLeu

Pro

Thr

Tyr

15

Asp Asp

Glu Trp

Ser Leu

Leu Tyr

80

Tyr Cys
95



Ala Arg Val Leu Ala Arg lle Thr Ala

Thr

Pro

Gly
145

Asn

Gin

Ser

Ser

Thr

225

Ser

100

leu Val Thr Véi
115 '

Leu Ala Pro Ser
130

Cys Leu Val Lys

Ser Gly Ala Leu
165

Ser Ser Gly Leu
180

Ser Leu Gly Thr
195

Asn Thr Lys Val
210

His Thr Cys Pro

Val Phe Leu Phe

105

Ser Ser Ala Ser
120

Ser Lys Ser Thr
135

Asp Tyr Phe Pro
150

Thr Ser Gly Val

Tyr Ser Leu Ser
185

Gln Thr Tyr lle
200

Asp Lys Lys Val
215

Pro Cys Pro Ala
230

Pro Pro Lys Pro

107

Met Asp Tyr

Thr Lys_Giy

Ser Gly Gly
140

Glu Pro Val
155

His Thr Phe
170

Ser VYal Val

Cys Asn Val

Glu Pro Lys
220

Pro Glu Leu
235

Lys Asp Thr

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

Glu

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser



245

Arg Thr Pro Glu Val Thr Cys
260

Pro Giu Val Lys Phe Asn Trp
275

Ata Lys Thr Lys Pro Arg Glu
290 295

Val Ser Val Leu Thr Val Leu
305 310

Tyr Lys Cys Lys Val Ser Asn
: 325

Thr Ile Ser Lys Ala Lys Gly
340

Leu Pro Pro Ser Arg Asp Glu
355

Cys Leu Val Lys Gly Phe Tyr
370 375

Ser Asn Gly Gln Pro Glu Asn
385 390

108

250 255

Val Val Val Asp Val Ser His Glu Asp
265 270

Tyr Val Asp Gly Val Glu Val His Asn
280 285

Glu GIn Tyr Asn Ser Thr Tyr Arg Val
300

His Gin Asp Trp Leu Asn Gly Lys Glu
315 320

Lys Ala Leu Pro Ala Pro lle Glu Lys
330 335

Gln Pro Arg Glu Pro Gln Val Tyr Thr
345 350

Leu Thr Lys Asn Gln Val Ser Leu Thr
360 365

Pro Ser Asp lle Ala Val Glu Trp Glu
380

Asn Tyr Lys Thr Thr Pro Pro Val Leu
395 400



109

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 - 440 445

Lys

210> 135
211> 449
212> PRT
213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 135
Gin Val Gln Leu Gin Glu Ser Gly Pro Gly Leu Yal Lys Pro Ser Glu

1 b 10 -1

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lie Ser Asp Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Giy Glu Gly Leu Glu Trp



35

Ile Gly Tyr 1le Ser Tyr
50

Gln Asp Arg Val Thr |le
65 70

Leu Gin Met Asn Ser Leu
85

Ala Arg Leu Leu Ala Arg
100

[le Leu Val Thr VYal Ser
115

Pro Leu Ala Pro Ser Ser
130

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro

145 150

Asn Ser Gly Ala Leu Thr
165

Gin Ser Ser Gly Leu Tyr
180

110

40

Ser Gly {le Thr Asn
55

Ser Arg Asp Asn Ser
15

Arg Ala Glu Asp Thr
90

Ala Thr Ala Met Asp
105

Ser Ala Ser Thr Lys
120

Lys Ser Thr Ser Gly
135

155

Ser Gly Val His Thr
170

Ser Leu Ser Ser Val
185

45

Tyr Asn Pro Ser
60

Lys Asn Thr Leu

Ala Val Tyr Tyr
85

Tyr Trp Gly Gin
110

Gly Pro Ser Val
125

Gly Thr Ala Ala
140

Val Thr Val Ser

Phe Pro Ala Val
175

Val Thr Val Pro
190

eu

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser



Ser Ser Leu Gly Thr
195

Ser Asn Thr Lys Val
210

Thr His Thr Cys Pro
225

Ser Val Phe Leu Phe
245

Arg Thr Pro Glu Val
260

Pro Glu Val Lys Phe
275

Ala Lys Thr Lys Pro
290

Val Ser Val Leu Thr
305

Tyr Lys Cys Lys Val
325

11

GIn Thr Tyr lle Cys Asn
200

Asp Lys Lys Val Glu Pro
215

Pro Cys Pro Ala Pro Glu
230 235

Pro Pro Lys Pro Lys Asp
250

Thr Gys Val Val Val Asp
265

Asn Trp Tyr Val Asp Gly
280

Arg Glu Glu Gin Tyr Asn
295

Val Leu His Gin Asp Trp
310 315

Ser Asn Lys Ala Leu Pro
330

Val

Lys

220

Leu

Thr

Val

Val

Ser

300

|eu

Ala

Asn His Lys Pro
205

Ser Cys Asp Lys

Leu Gly Gly Pro
240

Leu Met [le Ser
255

Ser His Glu Asp
270

Glu Val His Asn
285

Thr Tyr Arg Val

Asn Gly Lys Glu
320

Pro lle Glu Lys
335



Thr tle Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

<210> 136
Q21> 214
<212> PRT
213> Artificial



220>

113

223> An artificially synthesized peptide sequence

<400> 136
Asp tle Gin Met Thr
1 5

Asp Ser Val Thr tle
20

Leu Asn Trp Tyr Gin
35

Tyr Tyr Gly Ser Glu
50

Ser Gly Ser Gly Thr
65

Glu Asp Ala Ala Thr
85

Thr Phe Gly Gin Gly
100

Pro Ser Val Phe |ie
115

Glin

Thr

Gin

Leu

Asp

10

Tyr

Thr

Ser Pro Ser Ser Leu Ser Ala

10

Cys Gln Ala Ser Glu Asp lle

25

Lys Pro Gly Lys Ala Pro Glu

45

Glu Ser Gly Val Pro Ser Arg

60

Phe Thr Phe Thr fle Ser Ser

15

Tyr Cys Gly Gln Gly Asn Arg

90

Lys Val Glu ile Glu Arg Thr

105

Phe Pro Pro Ser Asp Glu Gln Leu

125

Ser Val
15

Ser Ser
30

Leu Leu

Phe Ser

Leu Glu

Leu Pro
95

Val Ala
110

Lys Ser

Gly

Tyr

e

Gly

Ala

80

Tyr

Ala

Gly



Thr Ala Ser Val Val
130

Lys Val GlIn Trp Lys
145

Glu Ser Val Thr Glu
165

Ser Thr Leu Thr Leu
180

Ala Cys Glu Val Thr
195

Phe Asn Arg Giy Glu
210

<210> 137
Q211> 449
212> PRY
213> Artificial

{220>

114

Cys Leu Leu Asn Asn Phe Tyr Pro Arg Giu

135

140

Yal Asp Asn Ala Leu Gin Ser Gly Asn Ser

150

155

Gln Asp Ser Lys Asp Ser Thr Tyr Ser lLeu

1170

175

Ser Lys Ala Asp Tyr Glu Lys His Lys Val

185

190

His Gin Gly Leu Ser Ser Pro Val Thr Lys

200

Cys

2056

223> An artificially synthesized peptide seguence

<400> 137

Ala

Glin

160

Ser

Tyr

Ser

Gin Val GIn Leu GIn Glu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu

1 5

10

15



115

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
20 25 30

His Ala Val Ser Trp Val Arg GlIn Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly Phe |le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 , 10 15 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Val Trp Gly Glu Gly
' 100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 - 150 155 160



Asn Ser

Gin Ser

Ser Ser

Ser Asn

210

Thr His

225

Ser Val

Arg Thr

Pro Glu

Ala Lys
290

Gly

Ser

Leu

185

Thr

Thr

Phe

Pro

Val

275

Thr

Ata Leu Thr Ser
165

Gly Leu Tyr Ser
180

Gly Thr Gin Thr

116

Gly Yal His Thr Phe Pro Ala Val Leu

170

Leu Ser Ser Val Val

185

Tyr lle Cys Asn Val

200

Lys Val Asp Lys Lys Val Glu Pro Lys

215

Cys Pro Pro Cys
230

Leu Phe Pro Pro
245

220

Pro Ala Pro Glu Leu

235

Lys Pro Lys Asp Thr

250

Glu Val Thr Cys Val Val Val Asp Val

260

265

Lys Phe Asn Trp Tyr Val Asp Gly Val

280

Lys Pro Arg Gilu Glu Gin Tyr Asn Ser

205

300

175

Thr Val Pro Ser
180

Asn His Lys Pro
205

Ser Cys Asp Lys

Leu Gly Gly Pro
240

Leu Met 1le Ser
255

Ser His Glu Asp
270

Glu Val His Asn
285

Thr Tyr Arg Val



117

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn
305 310 315

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro
325 330

Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin
340 345

lLeu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
310 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
385 390 395

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
405 410

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
420 425

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu
435 440 445

Lys

Gly Lys Glu
320

Ile Glu Lys
335

Yal Tyr Thr
350

Ser Leu Thr

Glu Trp Glu

Pro Val Leu
400

Val Asp Lys
415

Met His Glu
430

Ser Pro Gly



118

210> 138
11> 214
<212> PRT
213> Artificial

<2207
<223> An artificially synthesized peptide sequence

<400> 138
Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser

1 5 10

Asp Ser Val Thr Ile Thr Gys Gin Ala Ser GIn Asp lle Ser
20 25 30

Leu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe
50 55 60

Ser Gly Ser Giy Thr Asp Phe Thr Phe Thr lle Ser Ser Leu
65 70 75

Val Gly

15

Ser Tyr

Leu |le

Ser Gly

Glu Ala

80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr

8b 90

95



Thr Phe Gly Gin Giy Thr
100

Pro Ser Val Phe |le Phe
115

Thr Ala Ser Val Val Cys
130

Lys Val GIn Trp Lys Val
145 150

Glu Ser Val Thr Glu Gln
165

Ser Thr Leu Thr Leu Ser
180

Ala Cys Glu Val Thr His
195

Phe Asn Arg Gly Glu Cys
210

<210> 139
Q211> 447
<212> PRT
213> Artificial

119

Lys Val Glu 1le Glu Arg Thr Val Ala Ala

105

Pro Pro Ser Asp Glu
120

Gin Leu
125

110

Lys Ser Gly

Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala

135

140

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gin

155

Asp Ser Lys Asp Ser
170

Lys Ala Asp Tyr Glu
185

Gin Gly Leu Ser Ser
200

Thr Tyr

Lys His

Pro Val
205

160

Ser Leu Ser
175

Lys Val Tyr
190

Thr Lys Ser



120

<220>
223> An artificially synthasized peptide sequence

<400> 139

Gin Val GIn Leu Gin Glu Ser Gly Pro Giy Leu Val Lys Pro Ser
1 5 10 15

Glu

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Ser Asp Asp

20 25 30

His Ala Val Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu
35 40 45

Ite Gly Phe lle Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Thr
50 55 60

Gin Asp Arg Val Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65 10 15

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
85 90 95

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Val Trp Gly Glu
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Trp

Leu

Tyr

80

Cys

Gly

Phe



Pro Leu Ala Pro Ser Ser Lys Ser
130 135

Gly Cys Leu Val Lys Asp Tyr Phe
145 150

Asn Ser Gily Ala Leu Thr Ser Gly
165

Gln Ser Ser Gly Leu Tyr Ser Leu
180

Ser Ser Leu Gly Thr Gin Thr Tyr
195 200

121

Thr Ser Gly Giy
140

Pro Gilu Pro Val
155

Yal His Thr Phe
170

Ser Ser Val Val
185

tle Cys Asn Val

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys

210 215

Thr His Thr Cys Pro Pro Cys Pro
225 230

Ser Val Phe Leu Phe Pro Pro Lys
245

Arg Thr Pro Glu Val Thr Cys Val
260

Pro Glu Val Lys Phe Asn Trp Tyr

220

Ala Pro Glu Leu
235

Pro Lys Asp Thr
250

Val Val Asp Vai
265

Val Asp Gly Val

Thr Ala Ala Leu

Thr Val Ser Trp
160

Pro Afa Val Leu
175

Thr Val Pro Ser
180

Asn His Lys Pro
205

Ser Gys Asp Lys

Leu Gly Gly Pro
240

Leu Met 1le Ser
255

Ser His Glu Asp
270

Glu Val His Asn



275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr 1le Ser

Leu Pro Pro
355

Cys Leu Val
370

Ser Asn Gly
385

Asp Ser Asp

Ser Arg Trp

280

122

285

Lys Pro Arg Glu Glu Glin Tyr Asn Ser Thr Tyr Arg Val

295

300

Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu

310

315

320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Giu Lys

325

330

335

Lys Ala Lys Gly GIn Pro Arg Glu Pro Gln Val Tyr Thr

340

345

350

Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr

360

365

Lys Giy Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu

375

380

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu

390

395

400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys

405

410

415

Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu

420

425

430



123

Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro

435 440 445

210> 140
Q211> 267
212> PRT
<213> Homo sapiens

<400> 140
Ala Glu Ser His Leu Ser Leu Leu Tyr His Leu Thr Ala Val

1 5 10

Pro Ala Pro Gly Thr Pro Ala Phe Trp Val Ser Gly Trp Leu
20 25 30

Gin Gin Tyr Leu Ser Tyr Asn Ser Leu Arg Gly Glu Ala Glu
35 40 45

Gly Ala Trp Val Trp Glu Asn GIn Val Ser Trp Tyr Trp Glu
50 55 60

Thr Thr Asp Leu Arg l1e Lys Glu Lys Leu Phe Leu Glu Ala
65 70 75

Ala Leu Gly Gly Lys Gly Pro Tyr Thr Leu GlIn Gly Leu Leu
85 90

Ser

15

Gly

Pro

Lys

Phe

Gly
95

Ser

Pro

Cys

Glu

Lys

80

Cys



124

Glu Leu Gly Pro Asp Asn Thr Ser Val Pro Thr Ala Lys
100 105

Asn Gly Glu Glu Phe Met Asn Phe Asp Leu Lys Gin Gly
115 120 125

Gly Asp Trp Pro Glu Ala Leu Ala |le Ser Gin Arg Trp
130 135 140

Asp Lys Ala Ala Asn Lys Glu Leu Thr Phe Leu Leu Phe
145 150 155

His Arg Leu Arg Glu His Leu Glu Arg Gly Arg Gly Asn
165 170

Lys Glu Pro Pro Ser Met Arg Leu Lys Ala Arg Pro Ser
180 185

Phe Ser Val Leu Thr Cys Ser Ala Phe Ser Phe Tyr Pro
195 200 205

Gin Leu Arg Phe Leu Arg Asn Gly Leu Ala Ala Gly Thr
210 215 220

Asp Phe Gly Pro Asn Ser Asp Gly Ser Phe His Ala Ser
225 230 235

Phe

110

Thr

Gin

Ser

Leu

Ser

190

Pro

Gly

Ser

Ala Leu

Trp Gly

Gin Gin

Cys Pro

160

Giu Trp

175

Pro Gly

Giu Leu

Gln Gly

Ser lLeu
240

Thr Val Lys Ser Gly Asp Glu His His Tyr Cys Cys lle Val GIn His



125

245 250 255

Ala Gly Leu Ala Gln Pro Leu Arg Val Glu Leu
260 265

210> 141

211> 99

212> PRT

<213> Homo sapiens

<400> 141
Ile Gin Arg Thr Pro Lys {1e Gin Val Tyr Ser Arg His Pro Ala Glu

1 5 10 15

Asn Gly Lys Ser Asn Phe Leu Asn Cys Tyr Val Ser Gly Phe His Pro
20 25 30

Ser Asp lle Glu Val Asp Leu Leu Lys Asn Gly Glu Arg lle Glu Lys
35 40 45

Val Glu His Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu
50 1) 60

Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys
65 70 75 80

Arg Val Asn His Val Thr Leu Ser Gin Pro Lys Ile Val Lys Trp Asp
85 90 95



126

Arg Asp Met

<2105
\VARDS
212>
213>

<220>
<223>

<400>

142
443
PRT
Artificial

An artificially synthesized peptide sequence

142

Gln Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Arg

1

5 10

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle

20 25

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly

35 40 45

Pro Ser GiIn
15

Thr Ser Asp
30

Leu Glu Trp

Ite Gly Tyr tie Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu

20

55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn

65

10 15

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val

85 90

Gin Phe Ser
80

Tyr Tyr Cys
95



Ala Arg Ser Leu Ala Arg Thr
100

Ser Leu Val Thr Val Ser Ser
115

Pro Leu Ala Pro Ser Ser Lys
130 135

Gly Cys Leu Val Lys Asp Tyr
145 150

Asn Ser Gly Ala Leu Thr Ser
165

Gln Ser Ser Gly Leu Tyr Ser
180

Ser Asn Phe Gly Thr Gin Thr
185

Ser Asn Thr Lys Val Asp Lys
210 215

Cys Pro Pro Cys Pro Ala Pro
225 230

1217

Thr Ala Met Asp Tyr Trp Gly Gin Gly
105 110

Ala Ser Thr Lys Gly Pro Ser Val Phe
120 125

Ser Thr Ser Gly Gly Thr Ala Ala Leu
140

Phe Pro Glu Pro Val Thr Val Ser Trp
155 160

Gly Val His Thr Phe Pro Ala Val Leu
170 175

Leu Ser Ser Val Val Thr Val Pro Ser
185 190

Tyr Thr Cys Asn Val Asp His Lys Pro
200 205

Thr Val Glu Arg Lys Ser Cys Val Glu
220

Pro Val Ala Gly Pro Ser Val Phe Leu
235 240



Phe Pro Pro

Val Thr Cys

Phe Asn Trp
275

Pro Arg Glu
290

Thr Val Val
305

Val Ser Asn

Thr Lys Gly

Gin Glu Glu
355

Gly Phe Tyr
370

Lys Pro Lys Asp Thr Leu
245

Val Val Val Asp Val Ser
260 265

Tyr Val Asp Gly Val Giu
280

Glu GIn Phe Asn Ser Thr
295

Mis GIn Asp Trp Leu Asn
310

Lys Gly Leu Pro Ala Pro
325

Gln Pro Arg Glu Pro GiIn
340 345

Met Thr Lys Asn GIn Val
360

Pro Ser Asp [le Ala Val
375

128

Met

250

Glin

Val

Phe

Gly

[{e

330

Val

Ser

Glu

lle Ser Arg Thr

Glu Asp Pro Glu

His

Arg

Lys

315

Glu

Tyr

Leu

Trp

Asn Ala
285

Val Val
300

Giu Tyr

Lys Thr

Tht Leu

Thr Cys

365

Glu Ser
380

270

Lys

Ser

Lys

Ile

Pro

350

Leu

Asn

Pro Glu
255

Val Gin

Thr Lys

Val Leu

Cys Lys
320

Ser Lys
335

Pro Ser

Val Lys

Giy Gin



129

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 385 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 143
211> 449
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 143
GIn Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GiIn

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45



Ife Gly Tyr Ile Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

Gln Ser Ser Gly Leu
180

130

Tyr Ser Gly lie Thr Thr Tyr Asn Pro Ser
55 60

Met Leu Arg Asp Thr Ser Lys Asn Gln Phe
70 75

Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
80 95

Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin
105 110

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
120 125

Ser Lys Ser Thr Ser Gly Giy Thr Ala Ala
135 140

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
150 155

Thr Ser Gly Val His Thr Phe Pro Ala Val
170 175

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser

185 190



Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

Vai

305

Tyr

Thr

Ser Leu
195

Asn Thr
210

His Thr

Val Phe

Thr Pro

Glu Val

215

Lys Thr

290

Ser Val

Lys Cys

lte Ser

Gly Thr Gln

Lys Val Asp

Cys Pro Pro
230

Leu Phe Pro
245

Glu Val Thr
260

Lys Phe Asn

Lys Pro Arg

Leu Thr Val
310

Lys Val Ser
325

Lys Ala Lys

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

131

Tyr 1le Cys Asn Val Asn His

200

Lys Val Glu Pro Lys
220

Pro Ala Pro Glu Leu
235

Lys Pro Lys Asp Thr
250

Yal Val Val Asp Val
265

Tyr Val Asp Gly Val
280

Glu Gln Tyr Asn Ser
300

His Gin Asp Trp Leu
315

Lys Ala Leu Pro Ala
330

205

Ser

Leu

Leu

Ser

Glu

285

Thr

Asn

Pro

Cys

Gly

Met

His

270

Val

Tyr

Gly

fle

Gln Pro Arg Giu Pro GlIn Val

Lys

Asp

Gly

I le

255

Glu

His

Arg

Lys

Glu

335

Tyr

Pro

Lys

Pro

240

Ser

Asn

Val

Glu

320

Lys

Thr



Leu Pro Pro

Cys Leu Val
370

Ser Asn Gly

385

Asp Ser Asp

Ser Arg Trp

Ata Leu His

Lys

210>
Q211>
212>
213>

<220>

340

355

405

420

435

144

443

PRT
Artificial

390

375

360

440

345

425

132

410

395

380

365

445

350

430

Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Giu Trp

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp

415

Gin Gln Gly Asn Val Phe Ser Cys Ser Val Met His

Ala His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro

Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr

Giu

Leu

400

Lys

Glu

Gly



133

923> An artificially synthesized peptide sequence

<400> 144

Gin Val Gin Leu Gln Glu Ser_GIy Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr
20 25

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly
35 40

le Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr
50 55

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser
65 70 75

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr
85 90

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp
100 105

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys
115 120

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly

Val Arg Pro Ser GIn
15

Ser {1e Thr Ser Asp
30

Arg Gly Leu Glu Trp
45

Tyr Asn Pro Ser Leu
60

Lys Asn Gin Phe Ser
80

Ala Val Tyr Tyr Cys
95

Tyr Trp Gly Gln Gly
110

Gly Pro Ser Val Phe
125

Gly Thr Ala Ala Leu



Gly

145

Asn

Gin

Ser

Ser

Cys

225

Phe

Val

Phe

130

Cys

Ser

Ser

Asn

Asn

210

Pro

Pro

Thr

Asn

Leu Val Lys

Gly Ala Leu

165

Ser Gly Leu

180

Phe Gly Thr

195

Thr Lys Val

135

Asp Tyr Phe Pro
150

Thr Ser Gly Val

Tyr Ser Leu Ser
185

Gin Thr Tyr Thr
200

Asp Lys Thr Val
215

Pro Cys Pro Ala Pro Pro Val

230

134

Glu

His
170

Pro
155

Thr

Ser Val

Cys Asn

Glu Arg

Ala Gly

235

Pro Lys Pro Lys Asp Thr Leu Met lle

245

250

Cys Val Val Val Asp Val Ser Gin Glu

260

265

Trp Tyr Val Asp Gly Val Glu Val His

275

280

140

Val Thr Val Ser

Phe Pro Ala Val
175

Val Thr Val Pro
190

Val Asp His Lys
205

Lys Ser Cys Val
220

Pro Ser Val Phe

Ser Arg Thr Pro
255

Asp Pro Glu Val
270

Asn Ala Lys Thr
285

Trp

160

leu

Ser

Pro

Glu

leu

240

Glu

Gin

Lys



135

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val

290

Thr Val Val His Gin Asp
305 310

Val Ser Asn Lys Gly Leu
325

Thr Lys Gly Gin Pro Arg
340

Gin Glu Glu Met Thr Lys
355

Gly Phe Tyr Pro Ser Asp
370

Pro Giu Asn Asn Tyr Lys
385 390

Ser Phe Phe Leu Tyr Ser
405

Glu Gly Asn Val Phe Ser
420

295

Trp Leu Asn Gly Lys
315

Pro Ala Pro 1le Glu
330

Glu Pro Gin Val Tyr
345

Asn GlIn Val Ser Leu
360

e Ala Val Glu Trp
375

Thr Thr Pro Pro Met
395

Lys Leu Thr Val Asp
410

Cys Ser Val Met His
425

300

Glu Tyr Lys Cys

Lys Thr ile Ser
335

Thr Leu Pro Pro
350

Thr Cys Leu Val
- 365

Glu Ser Asn Gly
380

Leu Asp Ser Asp

Lys Ser Arg Trp
415

Giu Ala Leu His
430

Leu

Lys

320

Lys

Ser

Lys

Gin

Gly

400

Gln

Ala



His Tyr Thr Gin
435

<210> 145
211> 19
212> PRT

Lys Ser Leu Ser Leu Ser Pro
440

<213> Mus musculus

<400> 146
Gin Val Gln Leu
1

Thr Leu Ser Leu
20

His Ala Trp Ser
35

Ile Gly Tyr lle
50

Gin Asp Arg Val
65

Leu Gln Met Asn

Ala Arg Leu Ley

Gln Glu Ser Gly Pro Gly Leu
5 10

Thr Cys Ala Val Ser Gly Tyr
25

Trp Val Arg Gln Pro Pro Gly
40

Ser Tyr Ser Gly lle Thr Asn
55

Thr lle Ser Arg Asp Asnh Ser
70 75

Ser Leu Arg Ala Glu Asp Thr
85 90

Ala Arg Aia Thr Ala Met Asp

Val

Ser

Glu

Tyr

60

Lys

Lys Pro Ser

|{e Ser
30

Gly Leu
45

Asn Pro

Asn Thr

Ala Val Tyr

Tyr

Trp Gly

15

Asp

Glu

Ser

Leu

Tyr

95

GIn

Giu

Asp

Trp

Leu

Tyr

80

Cys

Gly



100

Ile Leu Val Thr Val
115

210> 146
211> 107
<212> PRT
213> MWus musculus

<400> 146
Asp lle Gin Met Thr

1 5

Asp Ser Val Thr Ile
20

Leu Asn Trp Tyr Gin
35

Tyr Tyr Gly Ser Glu
50

Ser Gly Ser Giy Thr
65

Glu Asp Ala Ala Thr
85

137

105 110

Ser Ser

Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
10 15

Thr Cys Gin Ala Ser Glu Asp lle Ser Ser Tyr
25 30

Gin Lys Pro Gly Lvs Ala Pro Glu Leu Leu lle
40 45

Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
b5 60

Asp Phe Thr Phe Thr 1le Ser Ser Leu Glu Ala
70 75 80

Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
90 95



138

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Giu

100

210> 147
211> 120
212> PRT
213> Mus musculus

<400> 147
Gln Val GIn Leu Val

1 5

Ser Val Lys Val Ser
20

{le Met Asn Trp Val
35

105

Gin Ser Gly Ala Glu Val

10

Cys Lys Ala Ser Gly Tyr

25

40

Gly Leu |le Asn Pro Tyr Asn Gly Gly Thr Ser

50

Lys Gly Arg Val Thr
65

Met Giu Leu Ser Ser
85

Ala Arg Asp Gly Tyr

55

[te Thr Ala Asp Glu Ser

75

Leu Arg Ser Glu Asp Thr

90

Asp Asp Gly Pro Tyr Thr

Lys Lys Pro Gly Ala
15

Thr Phe Thr Gly Tyr
30

Arg Gin Ala Pro Gly Gln Gly Leu Glu Trp Met

45

Tyr Asn Gin Lys Phe
60

Thr Ser Thr Ala Tyr
80

Ala Val Tyr Tyr Cys
95

Met Asp Tyr Trp Gly



139

100 105 110

Gin Giy Thr Leu Val Thr Val Ser
115 120

210> 148
211> 107
212> PRT
213> Mus musculus

<400> 148
Asp tle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr 1le Thr Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe
20 25 30

Leu Ala Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Asn Ala Lys Thr Leu Ala Lys Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr [ie Ser Ser Leu Gln Pro
65 70 15 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln His His Tyr Glu Ser Pro Leu
85 90 95



140

Thr Phe Gly Gly Gly Thr Lys Val Glu lfe Lys
100 105

<210> 149
211> 122
<212> PRT
213> Mus muscuius

<400> 149
Glu Val Gin Leu Leu Glu Ser Gly Gly Gly Leu

1 b 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe
20 25

Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys
35 40

Ser Gly lle Thr Gly Ser Gly Gly Ser Thr Tyr
50 55

Lys Gly Arg Phe Thr lle Ser Arg Asp Asn Ser
65 70 75

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr
85 90

Ala Lys Asp Pro Gly Thr Thr Val |le Met Ser

Val Gln Pro Gly Gly
15

Thr Phe Ser Ser Tyr
30

Gly Leu Glu Trp Val
45

Tyr Ala Asp Ser Val
60

Lys Asn Thr Leu Tyr
80

Ala Val Tyr Tyr Cys
95

Trp Phe Asp Pro Trp



141

100 105 110

Gly GIn Giy Thr Leu Val Thr Val Ser Ser
115 120

210> 150
211> 108
212> PRT
213> Mus musculus

<400> 150
Glu lle Val Leu Thr Gin Ser Pro Giy Thr Leu Ser Leu Ser Pro Gly

1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Arg Gly Arg
20 25 30

Tyr Leu Ala Trp Tyr Gln Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu
35 40 45

Ite Tyr Gly Ala Ser Ser Arg Ala Thr Gly lle Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr [le Ser Arg Leu Glu
65 70 15 80

Pro Glu Asp Phe Ala Val Phe Tyr Cys GIn Gin Tyr Giy Ser Ser Pro
85 90 95



142

Arg Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys

100 105

210> 151
211> 324
<212> PRT
213> Artificial

<220>

223> An artificially synthesized peptide seguence

<400> 151
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
1 5 10

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
20 25

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser
35 40

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser
50 55

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn
65 10 75

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn
85 80

Ala Pro Ser Ser Lys
15

Leu Val Lys Asp Tyr
30

Gly Ata Leu Thr Ser
45

Ser Gly Leu Tyr Ser
60

Phe Gly Thr Gin Thr
80

Thr Lys Val Asp Lys
95



Thr Val Glu Arg Lys Ser Cys Val Glu
100 105

Pro Val Ala Gly Pro Ser Val Phe Leu
115 120

Thr Leu Met lie Ser Arg Thr Pro Glu
130 135

Val Ser Gin Glu Asp Pro Glu Val Gin
145 150

Val Glu Val His Asn Ala Lys Thr Lys
165

Ser Thr Phe Arg Val Val Ser Val lLeu
180 185

Leu Asn Gly Lys Glu Tyr Lys Cys Lys
195 200

Ala Pro {le Glu Lys Thr |le Ser Lys
210 215

Pro Gin Val Tyr Thr Leu Pro Pro Ser
225 230

143

Cys Pro Pro Cys

Phe Pro Pro Lys
125

Val Thr Cys Val
140

Phe Asn Trp Tyr
155

Pro Arg Glu Glu
170

Thr Val Val His

Pro Ala Pro

110

Pro Lys Asp

Val Val Asp

Val Asp Gly

160

GIn Phe Asn

175

Gin Asp Trp

190

Val Ser Asn Lys Gly Leu Pro

205

Thr Lys Gly GIn Pro Arg Glu

220

Gin Glu Glu Met Thr Lys Asn

235

240



144

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
245 250

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn VYal Phe
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys
305 310 315

Ser Leu Ser Pro

210> 152
211> 330
212> PRT
213> Artificial

<220>
223> An artificially synthesized peptide seguence

<400> 152

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser
1 5 10

Asp |le

255

Lys Thr

Ser Lys

Ser Cys

Ser Leu
320

Ser Lys
15



Ser Thr

Phe Pro

Gly Val
50

Leu Ser
65

Tyr fle

Lys Val

145

Ser Gly Gly Thr Aia Ala Leu Gly Cys

25

Glu Pro Val Thr Val Ser Trp Asn Ser

40

His Thr Phe Pro Ala Val Leu Gin Ser

55

Ser Val Val Thr Val Pro Ser Ser Ser

15

Cys Asn Val Asn His Lys Pro Ser Asn

90

Glu Pro Lys Ser Cys Asp Lys Thr His

105

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val

Lys Pro
130

Val Val
145

120

Lys Asp Thr Leu Met Ile Ser Arg Thr

135

Val Asp Val Ser His Glu Asp Pro Glu

155

Leu Val Lys Asp Tyr
30

Gly Ala Leu Thr Ser
45

Ser Gly Leu Tyr Ser
60

Leu Gly Thr GIn Thr
80

Thr Lys Val Asp Lys
95

Thr Cys Pro Pro Cys
110

Phe Lau Phe Pro Pro
125

Pro Glu Val Thr Cys
140

Val Lys Phe Asn Trp
160



Tyr Val Asp

Glu Glin Tyr

His Gln Asp
185

Lys Ala Leu
210

Gin Pro Arg
225

Leu Thr Lys

Pro Ser Asp

Asn Tyr Lys
275

Leu Tyr Ser
290

Gly Val Glu Val
165

Asn Ser Thr Tyr
180

Trp Leu Asn Gly

Pro Ala Pro lle
215

Glu Pro Gin Val
230

Asn Gin Val Ser
245

ile Ala Val Glu
260

Thr Thr Pro Pro

Lys Leu Thr Val
295

His Asn

Arg Val
185

Lys Glu
200

Giu Lys

Tyr Thr

Leu Thr

Trp Glu
265

Val Leu
280

Asp Lys

146

Ata Lys Thr
170

Val Ser Val

Tyr Lys Cys

Thr lle Ser
220

Leu Pro Pro
235

Cys Leu VYal
250

Ser Asn Gly

Asp Ser Asp

Ser Arg Trp
300

Lys Pro Arg Glu
176

Leu Thr Val Leu
190

Lys Val Ser Asn
205

Lys Ala Lys Gly .

Ser Arg Asp Glu
240

Lys Gly Phe Tyr
255

Gln Pro Glu Asn
270

Gly Ser Phe Phe
285

Gln Gin Gly Asn



Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

210> 153
211> 324
212> PRT
213> Artificiai

<2205
223> An artificially synthesized peptide sequence

<400> 153
Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Glv Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 75 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
' 35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Giy Thr GiIn Thr
65 70 75 80



148

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Thr Val Glu Arg Lys Ser Cys Val Giu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
116 120 125

Thr Leu Met 1le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gin Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Giu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ata Pro [le Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220



149

Pro Gin Va! Tyr Thr Leu Pro Pro Ser Gin Glu Giu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly GlIn Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

<210> 154
Q211> 326
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 154



Ata

Ser

Phe

Gly

Leu

65

Tyr

Thr

Pro

Thr

Ser

Thr

Pro

Val

50

Ser

Thr

Val

Val

Leu
130

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Ala

115

Met

Lys Gly Pro Ser
5

Glu Ser Thr Ala
20

Pro Yal Thr Val

Thr Phe Pro Ala
55

Val Val Thr Val
10

Asn Val Asp His
85

Arg Lys Ser Cys
100

Gly Pro Ser Val

le Ser Arg Thr
135

Val

Ala

Ser

40

Val

Pro

Lys

Val

Phe

Pro

150

Phe Pro Leu Ala Pro
10

l.eu Gly Cys Leu Val
25

Trp Asn Ser Gly Ala
45

Leu Gin Ser Ser Gly
60

Ser Ser Asn Phe Gly
75

Pro Ser Asn Thnr Lys
g0

Glu Cys Pro Pro Cys
105

Leu Phe Pro Pro Lys
125

Glu Val Thr Cys Val
140

Ser Lys
15

Ser

Lys Asp Tyr

30

lLeu Thr Ser

Leu Tyr Ser

Thr Gin Thr

80

Val Asp Lys

95

Pro Ala Pro
110

Pro Lys Asp

Vai Val Asp



Vai

145

Val

Ser

Leu

Ala

Pro

225

Glin

Ala

Thr

Leu

Ser His Glu Asp

Glu Val His Asn
165

Thr Phe Arg Val
180

Asn Gly Lys Glu
195

Pro lle Glu Lys
210

Gln Val Tyr Thr

Val Ser Leu Thr
245

Val Giu Trp Glu
260

Pro Pro Met Leu
275

Thr Val Asp Lys

Pro

150

Ala

Val

Tyr

Thr

Leu

230

Gys

Ser

Asp

Ser

Glu Val Gin

Lys Thr Lys

Ser Val Leu
185

Lys Cys Lys
200

jle Ser Lys
215

Pro Pro Ser

Leu Val Lys

Asn Gly GIn
265

Ser Asp Gly
280

Arg Trp GIn

151

Phe Asn Trp Tyr
155

Pro Arg Glu Glu
170

Thr Val Val His

Val Ser Asn Lys
205

Thr Lys Gly Gin
220

Arg Glu Glu Met
235

Gly Phe Tyr Pro
250

Pro Glu Asn Asn

Ser Phe Phe Leu
285

GIn Gly Asn Val

Val Asp

Gin Phe
175

Gin Asp
190

Gly Leu

Pro Arg

Thr Lys

Ser Asp
255

Tyr Lys
270

Tyr Ser

Phe Ser

Gly

160

Asn

Trp

Pro

Glu

Asn

240

e

Thr

Lys

Cys



152

290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 155
211> 326
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 155
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



Leu

65

Tyr

Thr

Pro

Thr

Val

145

Val

Ser

Leu

Ala

Ser

Thr

Yal

Vai

Leu

130

Ser

Glu

Thr

Asn

Pro

Ser Val Val Thr
70

Cys Asn Val Asp
85

Glu Arg Lys Ser
100

Ala Gly Pro Ser
115

Met |le Ser Arg

His Glu Asp Pro
150
Val His Asn Ala

165

Phe Arg Val Val
180

Gly Lys Glu Tyr
195

{le Glu Lys Thr

Val Pro

His Lys

Cys Val

Val Phe
120

Thr Pro
135

Glu Val

Lys Thr

Ser Val

Lys Cys

200

[le Ser

153

Ser Ser

Pro Ser
80

Glu Cys
105

Leu Phe

Glu Val

Gln Phe

Lys Pro

170

Leu Thr
185

Lys Val

Lys Thr

Asn

15

Asn

Pro

Pro

Thr

Asn

155

Arg

Val

Ser

Lys

Phe Gly Thr Gin Thr
80

Thr Lys Val Asp Lys
95

Pro Cys Pro Ala Pro
110

Pro Lys Pro Lys Asp
125

Cys Val Val Val Asp
140

Trp Tyr Val Asp Gly
160

Glu Glu GIn Phe Asn
175

Val His Gin Asp Trp
190

Asn Lys Gly Leu Pro
205

Gly Gin Pro Arg Glu



154

210 215 220

Pro GIn Vél Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala lLeu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

<210> 156
211> 326
<212> PRT
213> Artificial

<220>



155

223> An artificially synthesized peptide seguence

<400> 156

Ata Ser Thr Lys Gly Pro
1 5

Ser Thr Ser Glu Ser Thr
20

Phe Pro Glu Pro Val Thr
35

Gly Val His Thr Phe Pro
50

Leu Ser Ser Val Val Thr
65 10

Tyr Thr Gys Asn Val Asp
85

Thr Val Glu Arg Lys Cys
100

Pro Val Ala Gly Pro Ser
115

Thr Leu Met lle Ser Arg

Ser

Ala

Val

Ala

55

Val

His

Ser

Val

Thr

Val Phe Pro Leu
10

Ala Leu Giy Cys
25

Ser Trp Asn Ser
40

Val Leu GlIn Ser

Pro Ser Ser Asn
75

Lys Pro Ser Asn
90

Yal Glu Cys Pro
105

Ata Pro Cys Ser Arg

15

Leu Val Lys Asp Tyr

30

Gly Ala Leu Thr Ser

45

Ser Gly Leu Tyr Ser

Phe Gly Thr Gin Thr

80

Thr Lys Val Asp Lys

95

Pro Cys Pro Ala Pro

110

Phe Leu Phe Pro Pro Lys Pro Lys Asp

120

125

Pro Glu Val Thr Cys Val Val Val Asp



130

Val Ser His Glu Asp Pro
145 150

Val Glu Val His Asn Ala
165

Ser Thr Phe Arg Val Val
180

Leu Asn Gly Lys Glu Tyr
185

Ala Pro [le Glu Lys Thr
210

Pro Gin Val Tyr Thr Leu
225 230

Gin Val Ser Leu Thr Cys
245

Ala Val Glu Trp Glu Ser
260

Thr Pro Pro Met Leu Asp
275

135

Glu

Lys

Ser

lys

I le

215

Pro

Leu

Asn

Ser

156

Val Gin Phe Asn
155

Thr Lys Pro Arg
170

Val Leu Thr Val
185

Cys Lys Val Ser
200

Ser Lys Thr Lys

Pro Ser Arg Glu
235

Val Lys Gly Phe
250

Gly GIn Pro Glu
265

Asp Gly Ser Phe
280

140

Trp Tyr

Glu Glu

Yal His

Asn Lys
205

Gly Gln

220

Glu Met

Tyr Pro

Asn Asn

Phe Leu
285

Val Asp

Gln Phe
175

Gln Asp
190

Gly Leu

Pro Arg

Thr Lys

Ser Asp
255

Tyr Lys
270

Tyr Ser

Gly

160

Asn

Trp

Pro

Glu

Asn

240

e

Thr

Lys



157

Leu Thr Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Giy Lys
325

210> 157
211> 44b
212> PRT
213> Artificial

{220>
223> An artificially synthesized peptide seguence

400> 157
Gln Val Gin Leu GIn Glu Ser Gly Pro Gly lLeu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

ile Gly Tyr lle Ser Tyr Ser Gly 1le Thr Thr Tyr Asn Pro Ser lLeu



50 bb

Lys Ser Arg Val Thr Met lLeu
65 70

Leu Arg Leu Ser Ser Val Thr
85

Ala Arg Ser Leu Ala Arg Thr
100

Ser Leu VYal Thr Val Ser Ser
115

Pro Leu Ala Pro Cys Ser Arg
130 135

Gly Cys Leu Val Lys Asp Tyr
145 150

Asn Ser Gly Ala Leu Thr Ser
165

Gln Ser Ser Gly Leu Tyr Ser
180

Ser Asn Phe Gly Thr Gin Thr
195

Arg

Ala

Thr

Ala

120

Ser

Phe

Gly

Leu

Tyr
200

158

60

Asp Thr Ser Lys Asn
75

Ata Asp Thr Ala Val
90

Ala Met Asp Tyr Trp
105

Ser Thr Lys Gly Pro
125

Thr Ser Glu Ser Thr
140

Pro G!u Pro Val Thr
155

Val His Thr Phe Pro
170

Ser Ser Val Val Thr
185

Thr Cys Asn Val Asp
205

Gin Phe

Tyr Tyr
95

Gly Gin
110

Ser Val

Ala Ala

Val Ser

Ala Val
175

Val Pro
190

His Lys

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Ley

Ser

Pro



Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Vai Ala Gly Pro Ser Val
225 230 235

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [ie Ser Arg Thr
245 250

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
260 265 ' 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
275 280 285

Pro Arg Glu Giu GIn Phe Asn Ser Thr Phe Arg Val Val Ser
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 315

Val Ser Asn Lys Gly Leu Pro Afa Pro lle Glu Lys Thr tle
325 330

Thr Lys Gly Gin Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro
340 345 350

Val Glu

Phe Leu
240

Pro Glu
255

Val Gin

Thr Lys

Val Leu

Cys Lys
320

Ser Lys
335

Pro Ser



160

Arg Glu Giu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp ile Ala Val Glu Trp Glu Ser Asn Gly GIn
370 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395. 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn VYal Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> 158
211> 445
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 158

Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15



Thr Leu Ser Leu Thr
20

His Ala Trp Ser Trp
35

Ile Giy Tyr |le Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Cys
130

Giy Cys Leu Val Lys
145

Cys

Val

Tyr

Met

10

Val

Arg

Ser

Ser

Asp
150

161

Thr Val Ser Gly Tyr
25

Arg Gin Pro Pro Gly
40

Ser Gly lle Thr Thr
55

Leu Arg Asp Thr Ser
75

Thr Ala Ala Asp Thr
90

Thr Thr Ala Met Asp
105

Ser Ala Ser Thr Lys
120

Arg Ser Thr Ser Glu
135

Tyr Phe Pro Glu Pro
155

Ser

Arg

Tyr

60

Lys

Ala

Tyr

Gly

Ser

140

Val

Ile Thr
30

Gly Leu
45

Asn Pro

Asn Gin

Val Tyr

Trp Gly

110

Pro Ser
125

Thr Ala

Thr Val

Ser

Glu

Ser

Phe

Tyr

95

Gln

Val

Ala

Ser

Asp

Trp

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp
160



Asn Ser Gly Ala Leu Thr Ser
165

Gin Ser Ser Gly Leu Tyr Ser
180

Ser Asn Phe Gly Thr GIn Thr
195

Ser Asn Thr Lys Val Asp Lys
210 215

Cys Pro Pro Cys Pro Ala Pro
225 230

Phe Pro Pro Lys Pro Lys Asp
245

VYal Thr Cys Val Val Val Asp
260

Phe Asn Trp Tyr Val Asp Gly
275

Pro Arg Glu Glu Gin Phe Asn
290 295

Gly

Leu

Tyr

200

Thr

Pro

Thr

Val

Val

280

Ser

Val

Ser

185

Thr

Val

Val

Leu

Ser

265

Glu

Thr

162

His Thr Phe Pro Ala Val

170

Ser Val Val Thr

Cys Asn Val Asp
205

Giu Arg Lys Cys
220

Ala Gly Pro Ser
235

Val

190

His

Sar

Vai

Met lie Ser Arg Thr

250

His Glu Asp Pro

Val His Asn Ala
285

Phe Arg Val Val
300

Glu
270

Lys

Ser

175

Pro

Lys

Val

Phe

Pro

255

Val

Thr

Val

Leu

Ser

Pro

Glu

Leu

240

Glu

Gin

Lys

Leu



Thr

305

Val

Thr

Arg

Gly

Pro

385

Ser

Gln

His

Val Val

Ser Asn

Lys Gly

Glu Glu

355

Phe Tyr

370

Glu Asn

Phe Phe

Gly Asn

Tyr Thr
435

<210> 159

His Gin Asp Trp
310

Lys Gly Leu Pro
325

Gin Pro Arg Glu
340

Met Thr Lys Asn

Pro Ser Asp lle
375

Asn Tyr Lys Thr
390

Leu Tyr Ser Lys
405

Val Phe Ser Cys
420

Gin Lys Ser Leu

Leu

Ala

Pro

GIn

360

Ala

Thr

Leu

Ser

Ser
440

Asn

Pro

Gin

345

Val

Val

Pro

Thr

Val

425

Leu

163

Gly Lys
315

ile Glu
330

Val Tyr

Ser Leu

Glu Trp

Pro Met
395

Val Asp
410

Met His

Ser Pro

Glu Tyr Lys Cys Lys
320

Lys Thr ile Ser Lys
335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly Gln
380

Leu Asp Ser Asp Giy
400

Lys Ser Arg Trp Gin
415

Glu Ata Leu His Asn
430

Gly Lys
445



164

211> 118
212> PRT
213> Artificial

220>

223> An artificially synthesized peptide sequence

<400> 159
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr
20 25

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly
35 40

lle Gly Tyr Ile Ser Tyr Ser Gly lle Thr Asn
50 55

Lys Gly Arg Val Thr 1le Ser Arg Asp Asn Ser
65 70 15

Leu GIn Met Asn Ser Leu Arg Afa Glu Asp Thr
85 00

Val Lys Pro

Ser lle Ser
30

Glu Gly Leu
45

Tyr Asn Pro
60

Lys Asn Thr

Ala Val Tyr

Ala Arg Val Leu Ala Arg lle Thr Alja Met Asp Tyr Trp Gly

100 105

110

Ser
15

Asp

Glu

Ser

teu

Tyr

95

Glu

Glu

Asp

Trp

Leu

Tyr

80

Cys

Gly



165

Thr Leu Val Thr Val Ser Ser
115

210> 160
21> 19
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 160
Gin Val GlIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys

1 5 10

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lfe
20 25

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly
35 40 45

lle Gly Tyr lle Ser Tyr Ser Gly lie Thr Asn Tyr Asn
50 55 60

Gin Asp Arg Val Thr lie Ser Arg Asp Asn Ser Lys Asn
65 10 75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
85 90

Pro

Ser

30

Leu

Pro

Thr

Tyr

Ser Glu
15

Asp Asp

Glu Trp

Ser Leu

Leu Tyr
80

Tyr Cys
g5



166

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

lte Leu Val Thr Val Ser Ser
115

<210> 161
211> 119
212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 161
Gin Val GIn Leu GlIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
20 25 30

His Ala Val Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

fle Gly Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 15 80



167

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ata Val Tyr Tyr Cys
85 90 85

Ata Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Val Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Vai Ser Ser
115

210> 162
211> 107
<212> PRT
213> Artificial

Q220>
223> hAn artificially synthesized peptide sequence

<400> 162
Asp Ile Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr Ile Thr Cys GIn Ala Ser Glu Asp |le Ser Ser Tyr
20 25 30

teu Asn Trp Tyr Gin G#n-Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly



168

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lie Ser Ser Leu Glu Ala
65 70 15 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 80 95

Thr Phe Gly Gin Gly Thr Lys Val Glu lle Giu
100 105

210> 163
211> 107
212> PRT
<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 163
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys GIn Ala Ser Gin Asp |ie Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin GIn Lys Pro Gly Lys Ata Pro Glu Leu Leu ile
35 40 45



169

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 10 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Giy Asn Arg Leu Pro Tyr
85 90 85

Thr Phe Gly Gin Gly Thr Lys Val Glu ile Glu
100 105

210> 164
211> 328
212> PRT
<213> Artificial

220>
€223> An artificially synthesized peptide sequence

<400> 164
Ala Ser Thr Lys Giy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45



Gly Val His Thr Phe Pro Ala Val Leu

50

Leu Ser Ser Val Val
65

Tyr tle Cys Asn Val
85

Lys Val Glu Pro Lys
100

Pro Ala Pro Glu Leu
115

Lys Pro Lys Asp Thr
130

VYal Val Val Asp Val
145

Tyr Val Asp Gly Val
165

Glu Gln Tyr Asn Ser
180

55

Thr Val Pro Ser
70

Asn His Lys Pro

Ser Cys Asp Lys
105

Leu Gly Gly Pro
120

Leu Met Ile Ser
135

Ser His Glu Asp
150

Glu Val His Asn

Thr Tyr Arg Val
185

170

Gin Ser

Ser Ser
75

Ser Asn
90

Thr His

Ser Val

Arg Thr

Pro Glu
155

Ala Lys
170

Val Ser

Ser Gly Leu Tyr Ser

60

Leu Gly Thr GIn Thr
80

Thr Lys Val Asp Lys

95

w

Thr Pro Pro Cys

110

Cys

Phe Leu
125

Phe Pro Pro

Pro Gfu Val Thr Cys

140

Val Phe Asn Trp

160

Lys

Thr Lys Pro Arg Glu

175

Val Leu Thr Val Leu

190



(¥4

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys

195

Lys Ala Leu
210

200

Pro Ala Pro 1le Glu Lys Thr lle

215

Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro

225

Leu Thr Lys

230

235

Asn Gin Val Ser Leu Thr Cys Leu

245

250

Pro Ser Asp |le Ala Val Glu Trp Glu Ser Asn

Asn Tyr Lys
275

Leu Tyr Ser
280

Val Phe Ser
305

Gin Lys Ser

<210> 165

260

265

Thr Thr Pro Pro Vai Leu Asp Ser

280

Lys Leu Thr Val Asp Lys Ser Arg

Cys Ser

lLeu Ser
325

295

Val Met His
310

Leu Ser Pro

Cys Lys Val Ser Asn

205

Ser Lys Ala Lys Gly

220

Pro Ser Arg Asp Glu

240

Val Lys Gly Phe Tyr

255

Gly Gin Pro Glu Asn

270

Asp Gly Ser Phe Phe

285

Trp Gin Gln Gly Asn

300

Giu Ala Leu His Ala His Tyr Thr

315

320



172

211> 6
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 165

Asp Asp His Ala Val Ser
1 5

210> 166
Q21> 18
212> PRT
213> Artificial

{220>
223> An artificially synthesized peptide seguence

<400> 166

Phe fle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu Gin Asp
1 5 10 15

210> 167
211> 10
<212> PRT
<213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 167



173

Leu Leu Ala Arg Ala Thr Ala Met Asp Val

1

<210>
211>
212>
213>

<220>
223>

<400>

5 10

168

7

PRT
Artificial

An artificially synthesized peptide seguence

168

Tyr Gly Ser Giu Lsu Glu Ser

1

210>
VARD
212>
<213

<220>
<223>

<400>

5

169

6

PRT
Artificial

An artificially synthesized peptide sequence

169

His Asp His Ala Trp Ser

1

<210>
(WARY,
212>
213>

5

170

16

PRT
Artificial



174

<2200
<223> An artificially synthesized peptide sequence

<400> 170

Phe lle Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Ser Leu Gin Gly
1 5 10 15

210> 1N

211> 10

<212> PRT

213> Artificial

<2205
223> An artificially synthesized peptide seguence

<400> 171

Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr
1 5 10

210> 172

211> 11

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 172

GIn Ala Ser Thr Asp lle Ser Ser His Leu Asn
1 5 10



175

210> 173

Q11> 7

<212> PRI

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 173

Tyr Gly Ser His Leu Leu Ser
1 5

210> 174
211> 16
<212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 174

Phe |le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu Gin Gly
1 5 10 15

210> 175

VAP |

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 175



176

Gln Ala Ser Arg Asp lle Ser Ser His Leu Asn
1 5 10

210> 176
211> 119
<212> PRT
213> Artificial

<2200
223> An artificially synthesized peptide sequence

<400> 176
GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu
35 40 45

Ile Gly Phe [le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser
50 55 60

Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu
65 70 75

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
85 : 90 95

Glu

Asp

Trp

Leu

Tyr

80

Cys



Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

210> 171
211> 107
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

400> 177
Asp lle Gin Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr tle Thr Cys GIn Ala Ser Thr Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu [le
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe thr ltie Ser Ser Leu Giu Ala



178

65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr CGys Gly Gin Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu
100 105

210> 118
211> 119
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 178
Gln Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Afa Val Ser Gly His Ser ile Ser His Asp
20 25 30

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly Phe lle Ser Tyr Ser Giy lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60



179

Gin Gly Arg Val Thr [le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ata Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 * 105 110

Thr Leu Val Thr Val Ser Ser
115

210> 179
211> 107
212> PRT
<213> Artificial

220> _
223> An artificially synthesized peptide seguence

400> 179
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45



Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr !le Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Aia Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu
100 105

<210> 180
211> 443
<212> PRT
213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 180
Gin Vai Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Gys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Vai Arg Gin Pro Pro Gly Glu Giy Leu Glu Trp
35 40 45



lle Gly Phe Ile Ser Tyr
50

Gin Gly Arg Val Thr lle
85 70

Ley GIn Met Asn Ser Leu
85

Ala Arg Ser Leu Ala Arg
100

Thr Leu Val Thr Val Ser
115

Pro Leu Ala Pro Ser Ser
130

Gly Cys Leu Val Lys Asp
145 150

Asn Ser Gly Ata Leu Thr
165

Gln Ser Ser Gly Leu Tyr
180

181

Ser Gly Ile Thr Asn Tyr Asn Pro Ser

b5 60

Ser Arg Asp Asn Ser Lys Asn
75

Arg Ala Glu Asp Thr Ala Val
90

Thr Thr Ala Met Asp Tyr Trp
105

Ser Ala Ser Thr Lys Gly Pro
120 125

Lys Ser Thr Ser Gly Gly Thr
135 140

Tyr Phe Pro Glu Pro Val Thr
155

Thr Leu

Tyr Tyr
95

Gly Glu

110

Ser Val

Ala Ala

Val Ser

Ser Gly Val His Thr Phe Pro Ala Val

170

175

Leu

Tyr

80

Cys

Gly

Phe

Lau

Trp

160

Leu

Ser Leu Ser Ser Val Val Thr Val Pro Ser

185

190



Ser Asn Phe Gly Thr GIn Thr Tyr Thr
195 200

Ser Asn Thr Lys Val Asp Lys Thr Val
210 215

Cys Pro Pro Cys Pro Ala Pro Pro.VaE
225 230

Phe Pro Pro Lys Pro Lys Asp Thr Leu
245

Val Thr Cys Val Val Val Asp Val Ser
260 265

Phe Asn Trp Tyr Val Asp Gly Val Glu
275 280

Pro Arg Glu Glu GIn Phe Asn Ser Thr
290 295

Thr Val Val His Gin Asp Trp Leu Asn
305 310

Val Ser Asn Lys Gly Leu Pro Ala Pro
325

182

Cys Asn

Glu Arg

Ala Gly
235

Met lle
250

Gin Glu

Val His

Phe Arg

Gly Lys

315

Ile Glu
330

Val Asp His Lys Pro
205

Lys Ser Gys Val Giu
220

Pro Ser Val! Phe Leu
240

Ser Arg Thr Pro Glu
255

Asp Pro Glu Va! Gin
270

Asn Ala Lys Thr Lys
285

Vai Val Ser Val Leu
300

Glu Tyr Lys Cys Lys
320

Lys Thr 1le Ser Lys
335



Thr Lys Gly GIn Pro Arg Giu Pro GIn Val Tyr Thr Leu Pro Pro Ser

340 345 350

GIn Glu Glu Met Thr Lys Asn GlIn Val Ser Leu Thr Cys Leu Val Lys

355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Giu Ser Asn Gly Gin

370

375 380

Pro Gfu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

385

390 395 400

Ser Phe Phe Leu Tyr Ser Lys Lsu Thr VYal Asp Lys Ser Arg Trp GIn

405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala

420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro

<2102
<2115
212>
213>

<220>
223>

<400>

435 440

181
214
PRT
Artificial

An artificially synthesized peptide sequence

181



Asp lle Gin
1

Asp Ser Val

Leu Asn Trp
35

Tyr Tyr Gly
50

Ser Gly Ser
65

Glu Asp Ala

Thr Phe Gly

Pro Ser Val
115

Thr Ala Ser
130

184

Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser

5 10

Thr lle Thr Cys Gin Ala Ser Thr
20 25

Tyr Gln GIn Lys Pro Gly Lys Ala
40

Ser His Leu Leu Ser Gly Val Pro
55

Gly Thr Asp Phe Thr Phe Thr ile
70 75

Ata Thr Tyr Tyr Cys Gly GIn Gly
85 80

GIn Gly Thr Lys Val Glu [le Glu
100 105

Phe 1le Phe Pro Pro Ser Asp Giu
120

Yal Val Cys Leu Leu Asn Asn Phe
135

Asp

Pro

Ser

60

Ser

Asn

Arg

Gln

Tyr
140

Val
15

Ile Ser Ser

30

Glu Leu
45

Leu

Arg Phe Ser

Ser Leu Glu

Arg Leu
95

Thr Val Ala
110

Leu Lys Ser
125

Gly

His

e

Gly

Ala
80

Pro Tyr

Ala

Gly

Pro Arg Glu Ala



185

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 182
211> 443
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 182
Gln Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30



His

tle

Gin
65

Leu

Ala

Thr

Pro

Gly

145

Asn

Ala Trp Ser
35

Gly Phe lle
50

Gly Arg Val

Gln Met Asn

Arg Ser Leu
100

Leu Val Thr
115

Leu Afa Pro
130

Cys Leu Val

Ser Gly Ala

Trp

Ser

Thr

Ser

85

Ala

Val

Ser

Lys

Leu
165

Val

Tyr

He

70

Leu

Arg

Ser

Ser

Asp

150

Thr

186

Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp

Ser

55

Ser

Arg

Thr

Ser

Lys

135

Tyr

Ser

40

Gly lle Thr Asn

Arg Asp Asn Ser
75

Ala Glu Asp Thr
90

Thr Ala Met Asp
105

Ala Ser Thr Lys
120

Ser Thr Ser Gly

Phe Pro Glu Pro
155

Gly Val His Thr
170

45

Tyr Asn Pro
60

Lys Asn Thr

Ala Val Tyr

Tyr Trp Gly
110

Gly Pro Ser
125

Gly Thr Ala
140

Val Thr Val

Phe Pro Ala

Thr

Leu

Tyr

95

Glu

Val

Ala

Ser

Val
175

Leu

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu



Gin Ser Ser

Ser Asn Phe
195

Ser Asn Thr
210

Cys Pro Pro
225

Phe Pro Pro

Val Thr Cys

Phe Asn Trp
275

Pro Arg Glu
290

Thr Val Val
305

Val Ser Asn

187

Gly Leu Tyr Ser Leu Ser Ser Val Va! Thr
180 185

Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp
200 205

Lys Val Asp Lys Thr Val Glu Arg Lys Ser
215 220

Cys Pro Ala Pro Pro Val Ala Gly Pro Ser
230 235

Lys Pro Lys Asp Thr Leu Met lie Ser Arg
245 250

Val Val Val Asp Val Ser Gln Glu Asp Pro
260 265

Tyr Val Asp Gly Val Glu Val His Asn Ala
280 285

Glu GIn Phe Asn Ser Thr Phe Arg Val Val
295 300

His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
310 315

Lys Gly Leu Pro Ala Pro lle Glu Lys Thr

Val Pro Ser

190

His Lys

Cys Val

Val Phe

Thr Pro

255

Glu Val

270

Lys Thr

Ser Val

Lys Cys

|le Ser

Pro

Glu

Leu

240

Glu

Gin

Lys

Leu

Lys

320

Lys



188

325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr lLeu Pro Pro Ser
340 345 350

Gln Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Lsu Asp Ser Asp Gly
385 390 385 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 , 410 415

Giu Gly Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His Ala
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 183
211> 214
<212> PRT
213> Artificial

<2207



189

223> An artificially synthesized peptide sequence

<400> 183

Asp le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser
i 5 10

Asp Ser Val Thr tle Thr Cys Gin Ala Ser Arg Asp
20 25

Leu Asn Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro
35 40

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr |le Ser
65 70 75

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gln Gly Asn
85 90

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu Arg
100 105

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin
115 120

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr

Ala Ser

Ile Ser
30

Glu Leu
45

Arg Phe

Ser Lau

Arg lLeu

Thr Val
110

Leu Lys
125

Pro Arg

Val Gly
15

Ser His

Leu lle

Ser Gly

Giu Ala
80

Pro Tyr

95

Ala Ala

Ser Gly

Glu Ala



130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gin
145 150 155 _ 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 184

Q211> 32

<212> PRI

213> Artificial

<2200
223> An artificially synthesized peptide sequence .

<400> 184

Arg Val Thr |le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu GIn
1 5 10 15



191

Met Asn Ser Leu Arg Ata Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

210> 185
211> 447
212> PRT
213> Artificial

220>
{223> An artificially synthesized peptide sequence

<400> 185
Gin Val Gin Leu Gin Glu Ser Giy Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser |le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

[le Gly Tyr Ile Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn GIn Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Aia Val Tyr Tyr Cys
85 90 95



Ala Arg Ser Leu Ala
100

Ser Leu VYal Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

Gln Ser Ser Gly Leu
180

Ser Ser Leu Gly Thr
195

Ser Asn Thr Lys Val
210

Arg Thr

Ser Ser

Ser Lys
135

Asp Tyr

150

Thr Ser

Tyr Ser

Gin Thr

Asp Lys
215

192

Thr Ala Met Asp Tyr Trp Gly GIn Gly

105

Ala Ser
120

Ser Thr

110

Thr Lys Gly Pro Ser Val

Ser Gly Gly Thr Ala Ala

140

125

Phe Pro Glu Pro Val Thr Val Ser

Gly Val

Leu Ser
185

195

His Thr Phe Pro Ala Val

170

Ser Val Val Thr Val Pro

190

175

Tyr 1le Gys Asn Val Asn His Lys

200

Lys Val

205

Glu Pro Lys Ser Cys Asp

220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly

225

230

235

Phe

leu

Trp

160

Leu

Ser

Pro

Lys

Pro
240



Ser Val Phe

Arg Thr Pro

Glu Val
275

Pro

Ala Lys Thr

290

Val
305

Ser Val

Lys Cys

Tyr

Thr 1le Ser

Pro Pro
355

Leu

Leu Val
370

Cys

Ser Asn Gly

193

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met {le Ser

245

Glu Val Thr Cys Val
260

L.ys Phe Asn Trp Tyr
280

Lys Pro Arg Glu Glu
295

Leu Thr Val Leu His
310

Lys Val Ser Asn Lys
325

Lys Ala Lys Gly Gin
340

Ser Arg Asp Glu Leu
360

Lys Gly Phe Tyr Pro
375

250

Vai Val Asp Val Ser His

265

Val Asp Gly Val

Gin Tyr Asn Ser

GIn

Ala Leu Pro Ala Pro lle Glu

210

Glu Val
285

Thr Tyr
300

Asp Trp Leu Asn Gly
315

330

Pro Arg Glu Pro GIn Val

345

Thr

350

Lys Asn Gln Val Ser
365

Ser Asp lie Ala Val Glu

380

255

Glu Asp

His

Asn

Arg Val

Glu
320

Lys

Lys
335

Tyr Thr

Leu Thr

Trp Glu

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu



194

385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440 445

<210> 186
Q2> 30
212> PRT
213> Artificial

<2205
223> An artificially synthesized peptide seguence

<400> 186

Gin Yal GIn Leu GIn Glu Ser Giy Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Va! Ser Gly His Ser lle Ser
20 25 30

210> 187
211> 445
212> PRT
213> Artificial



195

220>
223> An artificially synthesized peptide sequence

<400> 187
Gln Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

] 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser lLeu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Afa Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Vai Thr Va! Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



196

Pro Leu Aia Pro Ser Ser Lys Ser Thr Ser Gly Giy Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

GIn Ser Ser Giy Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 ' 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GIn
260 265 2170



197

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
215 280 285

Pro Arg Glu Glu.Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315

Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser
325 330 335

Ala Lys Gly Gin Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp
385 390 395

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His

Lys

Leu

Lys

320

Lys

Ser

Lys

Gln

Gly

400

Glin

Asn



198

420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> 188
211> 443
<212> PRT
<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 188
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser [le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Giy Leu Glu Trp
35 40 45

lle Gly Tyr ile Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Lsu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 80



Leu

Ala

Ser

Pro

Gly

145

Asn

Gln

Ser

Ser

Cys

169

Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp

150 195 160

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu



225

Phe Pro Pro

Val Thr Cys

Phe Asn Trp
275

Pro Arg Glu
290

Thr Val Val
305

Val Ser Asn

Ala Lys Gly

Arg Glu Glu
355

Gly Phe Tyr
370

Lys

Yal
260

Tyr

Glu

His

Lys

Gin

340

Met

Pro

200

230 235

Pro Lys Asp Thr Leu Met [le
245 250

Val Val Asp Val Ser His Glu
265

Va! Asp Gly Val Glu Val His
280

GIn Phe Asn Ser Thr Phe Arg
295

GIn Asp Trp Leu Asn Gly Lys
310 315

Gly Leu Pro Ser Ser lle Glu
325 330

Pro Arg Glu Pro Gin Val Tyr
345

Thr Lys Asn GIn Val Ser Leu
360

Ser Asp {le Ala Val Glu Trp
375

240

Ser Arg Thr Pro Glu
255

Asp Pro Glu Val Gin
270

Asn Ala Lys Thr Lys
285

Val Val Ser Val Leu
300

Glu Tyr Lys Cys Lys
320

Lys Thr Ile Ser Lys
335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly GiIn
380



201

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 189
<211> 445
<212> PRT
213> Artificial

220>
223> MAn artificially synthesized peptide seguence

<400> 189
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser ile Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp



35

Ile Gly Tyr lle Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Ser
130

Gy Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

Gin Ser Ser Givy Leu
180

202

40

Tyr Ser Gly lle Thr Thr Tyr
55 60

Met Leu Arg Asp Thr Ser Lys
70 75

Val Thr Ala Ala Asp Thr Ala
50

Arg Thr Thr Ala Met Asp Tyr
105 '

Ser Ser Ala Ser Thr Lys Gly
120

Ser Lys Ser Thr Ser Gly Gly
135 140

Asp Tyr Phe Pro Glu Pro Val
150 155

Thr Ser Gly Val His Thr Phe
170

Tyr Ser Leu Ser Ser Val Val
185

45

Asn Pro Ser

Asn Gln Phe

Val Tyr Tyr
95

Trp Gly Gln
110

Pro Ser Val
125

Thr Ala Ala

Thr Val Ser

Pro Ala Val
175

Thr Val Pro
180

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser



Ser Asn Phe Gly Thr
195

Ser Asn Thr Lys Val
210

Cys Pro Pro Cys Pro
225

Phe Pro Pro Lys Pro
245

Val Thr Cys Val Val
260

Phe Asn Trp Tyr Val
275

Pro Arg Glu Glu Gin
290

Thr Val Val His Gin
305

Val Ser Asn Lys Gly
325

203

Gin Thr Tyr Thr Cys Asn Val Asp
200 205

Asp Lys Thr Val Giu Arg Lys Ser
215 220

Ala Pro Pro Val Ala Gly Pro Ser
230 235

Lys Asp Thr Leu Met lle Ser Arg
250

Val Asp Val Ser His Glu Asp Pro
265

Asp Gly Val Glu Val His Asn Ala
280 285

Phe Asn Ser Thr Phe Arg Val Val
295 300

Asp Trp Leu Asn Gly Lys Glu Tyr
310 315

leu Pro Ala Pro lle Glu Lys thr
330

His Lys

Cys Val

Val Phe

Thr Pro

255

Glu Val

210

Lys Thr

Ser Val

Lys Cys

lle Ser
335

Pro

Glu

Leu

240

Glu

Gin

Lys

Leu

Lys

320

Lys



204

Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser

340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys

355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin

370

375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

385

390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn

405 410 415

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn

420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys

<210>
211>
212>
213>

<220>
<223>

435 440 445

190
443
PRT
Artificial

An artificially synthesized peptide sequence



<400>

190

Gin Val GIn Leu GIn Glu Ser Gly Pro

1

5

Thr Leu Ser Leu Thr Cys Thr Val Ser

20

25

His Ala Trp Ser Trp Val Arg Gin Pro

35

40

e Gly Tyr 1le Ser Tyr Ser Gly lle

50

b5

Lys Ser Arg Val Thr Met Leu Arg Asp

65

70

Leu Arg Leu Ser Ser Val Thr Ala Ala

85

Ala Arg Ser Leu Ala Arg Thr Thr Ala

100

105

Ser Leu Val Thr Val Ser Ser Ala Ser

115

120

Pro Leu Ala Pro Ser Ser Lys Ser Thr

130

135

205

Gly Leu Val
10

Gly Tyr Ser

Pro Gly Arg

Thr Thr Tyr
60

Thr Ser Lys
75

Asp Thr Ala
90

Met Asp Tyr

Thr Lys Gly

Ser Gly Gly
140

Arg Pro Ser Gin
15

Ile Thr Ser Asp
30

Gly Leu Glu Trp
45

Asn Pro Ser Leu

Asn Gin Phe Ser
80

Val Tyr Tyr Cys
95

Trp Gly Gin Gly
110

Pro Ser Val Phe
125

Thr Ala Ala Leu



Gly
145

Cys

Ser

Asn

Gin Ser

Asn

Ser

Asn
210

Ser

Cys Pro

225

Phe Pro

Val

Thr

Phe Asn

Leu Val Lys Asp Tyr Phe Pro

Gly

Ser

Phe

195

Thr

Pro

Pro

Cys

Trp
275

150

Ala Leu Thr
165

Gly Leu Tyr

180

Gly Thr Gin

Lys Val Asp

Cys Pro Ala

230

Lys Pro Lys
245

Val Val Val
260

Tyr Val Asp

206

Glu

His
170

Ser Gly Val

Ser Leu Ser Ser

185

Thr Tyr Thr
200

Cys

Lys Thr Val
215

Glu

Pro Pro Val

Ala

Met
250

Asp Thr Leu

Asp Val Ser His

265

Gly Val Glu Val
280

Pro
155

Thr

Val

Val Thr Val Ser

Phe Pro Ala Val
175

Val Thr Val Pro
190

Asn Val Asp His Lys

Arg

Gly

235

e

Glu

His

205

Lys Ser Cys Val
220

Pro Ser Val Phe

Ser Arg Thr Pro
255

Asp Pro Giu Val
270

Asn Ala Lys Thr
285

Trp

160

{eu

Ser

Pro

Glu

Leu

240

Glu

Gin

Lys



207

Pro Arg Giu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Vai Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro fle Glu Lys Thr fle Ser Lys
325 330 335

Thr Lys Gly Gin Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Giu Ser Asn Gly Gin
370 : 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 : 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

GIn Gly Asn VYal Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro



208

435 440

210> 191
211> 326
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 191
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser lLys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr
65 70 75 80

Tyr Thr Cys Asn Yal Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95



209

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala
100 105 110

Pro Val Ala Giy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp
145 150 155

Val GEu.VaI His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp
180 185 180

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205

Ser Ser ile Glu Lys Thr ile Ser Lys Ala Lys Gly Gin Pro Arg
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
225 230 235

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp

Pro

Asp

Asp

Gly

160

Asn

Trp

Pro

Glu

Asn

240

lle



210

245 250 255

Ala Val Giu Trp Glu Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr
260 265 210

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser lLeu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

<210> 192
211> 324
212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 192

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 : 15



211

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val VYal Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 10 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val! Asp Lys
85 90 95

Thr Va! Glu Arg Lys Ser Cys Val Giu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu VYal Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ata Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn



Thr

Ser

Leu Asn

Ser
210

Ser

Pro Gln
225

Gin Val

Ala Val

Thr

Pro

Thr
290

Leu

Ser Val

305

Phe

Gly

195

[le

Vai

Ser

Glu

Pro

275

Val

Met

165

Arg Val

180

Lys Glu

Glu Lys

Tyr Thr

Leu Thr
245

Trp Giu

260

Met Leu

Asp Lys

His Glu

Val Ser Val

Tyr Lys Cys
200

Thr 1le Ser
215

Leu Pro Pro
230

Cys Leu Val

Ser Asn Gly

Asp Ser Asp
280

212

170

190

205

Lys Afa Lys Gly Gin Pro

220

Ser Arg Glu Glu Met Thr
235

Lys Gly Phe Tyr Pro Ser
250

Gin Pro Glu Asn Asn Tyr

270

Gly Ser Phe Phe Leu Tyr

285

Ser Arg Trp Gin Gin Gly Asn Val Phe

295

300

Ala Leu His Asn His Tyr Thr Gin Lys

310

315

175

l,eu Thr Val Vai His Gin Asp Trp

Lys Val Ser Asn Lys Gly Leu Pro

Arg Glu

Asn
240

Lys

Asp lie

265

Lys Thr

Lys

Ser

Cys

Ser

Leu
320

Ser



213

Ser Leu Ser Pro

210> 193
211> 326
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 193
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

n 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Lsu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys



214

90

Thr Val Glu Arg Lys Ser Cys Val Giu Cys Pro Pro Cys

Pro

Thr

Val

145

Val

Ser

lLeu

Ala

Pro
225

100

Val Ala Gly
115

Leu Met lle

130

Ser His Glu

Glu Val His

thr Phe Arg
180

Asn Gly Lys
195

Pro tle Glu
210

Gin Val Tyr

Asn Ala Lys

Giu Tyr Lys

Thr 1le Ser

105

Pro Ser Val Phe Leu Phe Pro

Pro Glu Val Thr

Gin Phe Asn
155

Pro

Lys
125

Cys Val

140

Trp

Tyr

Lys Pro Arg Glu Glu

170

Leu Thr Val
185

Lys Val Ser

Vali

Asn

His

Lys
205

Lys Thr Lys Gly Gin

220

Ser Arg Glu Glu Met

235

85

Pro Ala Pro
110

Pro Lys Asp

Val Val Asp

Val Asp Gly
160

Gin Phe Asn
175

Gin Asp Trp
190

Gly Leu Pro

Pro Arg Glu

Thr Lys Asn
240



215

GIn Val Ser Leu Thr Cys Leu VYal Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn Gln Gly Asn Val Phe Ser
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
305 310 315

Ser Leu Ser Pro Gly Lys
325

210> 194
211> 324
212> PRT
213> Artificial

2200
223> An artificially synthesized peptide sequence

<400> 194

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser

e

Thr

Lys

Cys

Leu
320

Lys



Ser

Phe

Gly

Leu

65

Tyr

Thr

Pro

Thr

Val
145

Thr Ser

Pro Glu
35

Val His
50

Ser Ser

Thr Cys

Yal Giu

Val Ala
115

Leu Met
130

Ser His

216

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
20 25 30

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
40 45

Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
55 60

Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln
70 75

Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp
85 90 95

Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala
100 105 110

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
120 125

e Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
135 140

Glu Asp Pro Giu Val Gin Phe Asn Trp Tyr Val Asp
150 155

Tyr

Ser

Ser

Thr

80

Lys

Pro

Asp

Asp

Gly
160



Val Glu

Ser Thr

Leu Asn

Ala Pro

210

Pro Gin

225

Gin Val

Ala Val

Thr Pro

leu Thr
290

Val His Asn Ala Lys Thr Lys

165

Ser Val Leu
185

Phe Arg Val Val
180

Gly
195

Lys Cys Lys
200

Lys Glu Tyr

lle Glu Lys Thr 1le Ser Lys

215

Val Tyr Thr lLeu

230

Pro Pro Ser

Leu Thr Cys
245

Ser Leu Val Lys

Glu Asn Gly Gin

265

Trp Glu Ser
260

Pro Met Leu Asp Ser Asp Gly
275 280

Val Asp Lys Ser Arg Trp Gln
295

2117

Pro Arg Glu Glu Gin Phe Asn
170 175

Thr Val Val His Gin Asp Trp
190

Val Ser Asn Lys Gly Leu Pro
205

Thr Lys Gly GIn Pro Arg Glu
220

Arg Glu Glu Met Thr Lys Asn
235 240

Gly Phe Tyr Pro Ser Asp lle
250 255

Pro Glu Asn Asn Tyr Lys Thr
270

Ser Phe Phe Leu Tyr Ser Lys
285

Gln Gly Asn Val Phe Ser Cys
300



218

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

<210> 195
211> 115
212> PRT
213> Artificial

220>
<223> Humanized antibody H chain

<400> 195
Gin VYal Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 b 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Glu Met His Trp Val Arg Gin Ala Pro Gly Gln Giy Leu Glu Trp Met
35 40 45

Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 10 75 80



219

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr
100 105 110

Vai Ser Ser
115

210> 196
21> 116
<212> PRT
213> Artificial

(220>
<{223> Humanized antibody H chain

<400> 196
Gin Val GIn Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Glu Met His Trp tle Arg Gin Pro Pro Gly Gin Gly Lau Giu Trp ile
35 40 45

Gly Ala |le Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gln Lys Phe



220

50 55 60

Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Phe Tyr Ser'Tyr thr Tyr Trp Gly GIn Gly Thr Leu Val Thr
100 105 110

Val Ser Ser
115

210> 197
211> 116
<212> PRT
213> Artificial

220>
223> Humanized antibody H chain

400> 197
Gin Val GIn Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Thr Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30



221

Giu Met His Trp Val Arg GIn Ala Pro Gly Glu Gly Leu Glu Trp Met
35 40 45

Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe
50 55 60

Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 15 80

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Giy Gin Gly Thr Leu Val Thr
100 105 110

Val Ser Ser
115

<210> 198
211> 115
<212> PRT
213> Artificial

220>
223> Humanized antibody H chain

<400> 198

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
] 5 10 15



222

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Asp

Tyr

Giu Met His Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Met

35 40 45

Gly Ala Leu Asn Pro Lys Thr Gly Asp Thr Ala Tyr Ser GIn
50 55 60

Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr
65 70 15

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr
85 90

Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Ser Ser
115

<210> 199
211> 115
212> PRT
213> Artificial

{220>
<223> Humanized antibody H chain

Lys

Ala

Tyr
95

Val

Phe

Tyr
80

Cys

Thr



<400> 199

223

Gln Val GIn Leu Val Gin Ser Gly Ala Glu Val

1 5

Ser Val Thr Val Ser Cys
20

Glu Met His Trp lle Arg
35

Gly Ala lle Asp Pro Lys
50

Gin Asp Arg Val Thr Leu
65 70

Met Glu Leu Ser Ser lLeu
85

Thr Arg Phe Tyr Ser Tyr
100

Val Ser Ser
115

<210> 200
211> 115
212> PRY

10

Lys Ala Ser Gly Tyr

25

Gln Pro Pro Gly Glu

Thr Gly Asp Thr Ala

Thr Ala Asp Lys Ser

75

Thr Ser Glu Asp Thr

90

Thr Tyr Trp Gly GIn

105

Lys Lys

Thr Phe

Gly Leu
45

Tyr Ser

60

Thr Ser

Ala Val

Gly Thr

Pro Gly Ala
15

Thr Asp Tyr
30

Glu Trp lle

Gin Ser Phe

Thr Ala Tyr
80

Tyr Tyr Cys
95

Leu Val Thr
110



224

213> Artificial

220>
(223> Humanized antibody H chain

<400> 200
Gln Val Gin Leu Val GlIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Glu Met His Trp Ile Arg GIn Pro Pro Gly Lys Gly Leu Glu Trp lle
35 40 45

Gly Afa 1le Asn Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Giy Arg Gly Thr Leu Vai Thr
100 105 110

Val Ser Ser
115



225

<210> 201
11> 12
212> PRT
213> Artificial

{220>
<223> Humanized antibody L chain

<400> 201
Asp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15

Glu Pro Ala Ser lle Ser Cys Arg Ser Ser GIn Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser
35 40 45

Pro Gin Leu Leu |le Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Giy Thr Asp Phe Thr Leu Lys fle
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn
85 90 95

Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys



226

100 105 110

210> 202
Q1> 112
<212> PRT
213> Artificial

220>
(223> Humanized antibody L chain

<400> 202
Asp {le Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15

Glu Pro Ala Ser |le Ser Cys Arg Ser Ser Gin Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr GIn Gin Lys Pro Gly Gin Ala
35 40 45

Pro Arg Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys le
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr COys Ser Gin Asn
85 90 95



thr His Val Pro Pro
100

<210> 203
21> 112
<212> PRT
213> Artificial

<220>

227

Thr Phe Gly GIn Gly Thr Lys Leu Giu lle Lys
105 110

{223> Humanized antibody L chain

<400> 203
Asp Yal Val Met Thr
1 5

Glu Pro Ala Ser |le
20

Asn Arg Asn Thr Tyr
35

Pro Gin Leu Leu lle
50

Asp Arg Phe Ser Gly
65

Ser Ser Leu Gln Ala
85

Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
10 15

Ser Cys Arg Ala Ser Glu Ser Leu Val His Ser
25 30

Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser
40 45

Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr fle
70 75 80

Glu Asp Val Giy Val Tyr Tyr Cys Ser Gin Asn
90 05



228

Thr His Val Pro Pro Thr Phe Gly GIn Gly Thr Lys Leu Glu lle Lys

100

210> 204
Q21> 112
212> PRT

105 110

213> Artificial

<2207

223> Humanized antibody L chain

<400> 204

Asp Val Val Met
1

Gin Pro Ala Ser
20

Asn Arg Asn Thr
35

Pro Gin Leu Leu
50

Asp Arg Phe Ser
65

Ser Arg Val Glu

Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
5 10 15

Ile Ser Cys Arg Ala Ser Arg Ser Leu Val His Ser
25 30

Tyr Leu His Trp Tyr Leu GIn Lys Pro Gly Gln Ser
40 45

Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ille
10 75 80

Ala Glu Asp Vai Gly Val Tyr Tyr Gys Ser GIn Asn
86 90 95



229

Thr His Val Pro Pro Thr Phe Giy Arg Gly Thr Lys Leu Glu Jle Lys
100 105 110

210> 205
Q11> 112
212> PRT
213> Artificial

220>
<223> Humanized antibody L chain

<400> 205
Asp lle Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15

Glu Pro Ala Ser lle Ser Cys Arg Ala Ser Glu Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr Gin Gin Lys Pro Gly GIn Ala
35 40 45

Pro Arg Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle
65 70 15 80

Ser Ser Leu GlIn Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn



230

85 90 95

Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Leu Glu Jle Lys
100 105 110

210> 206
1> 112
212> PRT
213> Artificial

220>
<223> Humanized antibody L chain

<400> 206
Asp 1le Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15

Gin Pro Ala Ser |le Ser Cys Arg Ala Ser Arg Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr Gin Gln Lys Pro Gly Gin Ala
35 40 45

Pro Arg Leu Leu ftle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80



231

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Gys Ser GIn Asn
85 90 95

Thr His Val Pro Pro Thr Phe Gly Arg Gly Thr Lys Leu Glu lle Lys
100 105 110

210> 207
211> 545
212> PRT
<213> Homo sapiens

<400> 207
Gin Pro Pro Pro Pro Pro Pro Asp Ala Thr Cys His Gln Val Arg Ser

1 5 10 15

Phe Phe Gin Arg Leu Gin Pro Gly Leu Lys Trp Val Pro Glu Thr Pro
20 25 30

Val Pro Gly Ser Asp Leu Gin Val Cys Leu Pro Lys Gly Pro Thr Cys
35 40 45

Cys Ser Arg Lys Met Glu Glu Lys Tyr Gin Leu Thr Ala Arg Leu Asn
50 55 60

Met Glu Gin Leu Leu GIn Ser Ala Ser Met Glu Leu Lys Phe Leu ile
65 10 75 80

ile Gin Asn Ala Ala VYal Phe Gin Glu Ala Phe Giu ile Val Val Arg
85 90 95



His Ala Lys

Leu Thr Pro
115

Ser Leu Tyr
130

Glu Leu Phe
145

Pro Gly Leu

Ala Arg Arg

Thr Glin Val
195

Leu Asn Leu
210

Ser Lys Asp
225

Asn

100

Gin

e

Asp

Pro

Asp

180

Ser

Gly

Cys

Tyr Thr Asn Ala Met
105

Ala Phe Glu Phe Val
120

Leu Gly Ser Asp lle
135

Ser Leu Phe Pro Val
150

Asp Ser Ala Leu Asp
165

Leu Lys Val Phe Gly
185

Lys Ser Leu Gin Val
200

fle Glu Val lle Asn
215

Gly Arg Met Leu Thr
230

232

Phe Lys

Gly Glu

Asn Val

Ile Tyr

155

I{e Asn

170

Asn Phe

Thr Arg

Thr Thr

Arg Met
235

Asn Asn Tyr
110

Phe Phe Thr
125

Asp Asp Met
140

Thr Gin Leu

Glu Cys Leu

Pro Lys Leu
190

| le Phe Leu
205

Asp His Leu
220

Trp Tyr Cys

Pro Ser

Asp Val

Val Asn

Met Asn

160

Arg Gly

175

lle Met

Gin Ala

Lys Phe

Ser Tyr
240



233

Cys GIn Gly Leu Met Met Val Lys Pro Gys Gly Gly Tyr Cys Asn Val

245

250

255

Val Met Gin Gly Cys NMet Ala Gly Val Val Glu Ile Asp Lys Tyr Trp

260

265

Arg Glu Tyr lle Leu Ser Leu Glu Glu Leu Val Asn Gly

275

tle Tyr Asp Met Glu
290

Asp Ser [le Gln Tyr
305

Ile Gly Lys Leu Cys
325

285

Asn Val Leu Leu Gly Leu Phe Ser

300

Val Gin Lys Asn Ala Gly Lys Leu

315

Ala His Ser GIn Gin Arg Gin Tyr

330

Tyr Tyr Pro Glu Asp Leu Phe {le Asp Lys Lys Val Leu

340

His Val Glu His Glu
355

GIn Lys Leu Lys Ser
370

345

Glu Thr Leu Ser Ser Arg Arg Arg

365

Phe lle Ser Phe Tyr Ser Ala Leu

380

270

Met Tyr Arg

Thr |le His

Thr Thr Thr
320

Arg Ser Ala
335

Lys Val Ala
350

Glu Leu lle

Pro Giy Tyr



234

[te Cys Ser His Ser Pro Yal Ala Glu Asn Asp Thr Leu Cys Trp Asn
385 390 395 400

Gly Gln Glu Leu Val Glu Arg Tyr Ser Gln Lys Ala Ala Arg Asn Gly
405 410 415

Met Lys Asn Gin Phe Asn Leu His Glu Leu Lys Met Lys Gly Pro Giu
420 425 430

Pro Val Val Ser Gin lle lle Asp Lys Leu Lys His {le Asn Gin Leu
435 440 445

ieu Arg Thr Met Ser Met Pro Lys Gly Arg Val Leu Asp Lys Asn Leu
450 455 460

Asp Glu Glu Gly Phe Glu Ala Gly Asp Cys Gly Asp Asp Glu Asp Glu
465 470 475 480

Cys lle Gly Gly Ala Gly Asp Gly Met |le Lys Val Lys Asn GIn Leu
485 490 495

Arg Phe Leu Ala Glu Leu Ala Tyr Asp Leu Asp Val Asp Asp Aia Pro
500 505 510

Gly Asn Ser Gin GIn Ala Thr Pro Lys Asp Ash Glu lle Ser Thr Phe
515 520 525

His Asn Leu Gly Asn Val His Ser Pro Leu Lys His His His His His



530

His
545

210
Qe
212>
213>

<220>
<223>

<400>

- 235

535 540

208

32

DNA
Artificial

An artificially synthesized primer sequence

208

ggatcetgeg catgaaaaag cocigaacica co 32

210>
Q1
AVY
213>

<220>
223>

<400>

209

29

DNA
Artificial

An artificially synthesized primer sequence

209

goggocgect attecittege cotoggace 29

216>
ARD.
<2125
213>

<400>

210

10939

DNA

Cricetulus griseus

210



gagctcaatt
cctettggag
cccatcoccea
ttatttatga
tagagaccag
tagacggace
teteatgect
tatataagac
ggaaaacatt
aggatcacct
tettoagett
cctaacttta
cagttcccasa
cagtcttgft
ctgccatgtg
tetggttots
cagtcagete
ctoaacacce

agaggcgeca

aacccteoact

tagaaaagta

gaaaaccatt

tttattaaaa

gecagtcagteg

tetgttagtt

ttegatcocag

aggageaags

gaagtgtcag

tttggtotga

gaagettgaa

aagetgattt

ataactgaca

actggctaac

gittcatgget

coctitatee

Tttattaace

aattttttat

ceccttaccea

aaagggagtc

gtagtatetg

ataaaaacco

cttgettaag

gtggtacaca

caagtctace

cagctggeat

totcagaget

gatgcetgage

ggtagagtaa

ctoccaatatt

aCcgcaagaca

cggagactea

tcttacattt

tgtteaagte

cagaattcete

aatgagaata

gtgocaacctg

ctaagecace

236

gactcgatoce

acacaagtat

ceatatctta

gattcagaaa

cctttaatce

attacctaca

catgtgeatt

ggcaticatt

agagecagcd

gaactgtege

tgtetotgeg

gttgtagete

atattaatta

taaattaact

ctgettettc

ctagtectgge

atacatattt

agaatctega

tttctagece

tttacagaas

cagcaaaatg

tgcccaacig

geaaagtcag

caggacticag

caagagtgaa

caatcccage

ciccagecas

gtttgagegtt

tggctpetit

toetattatta

gaccttictt

tagatgatisg

catttecate

tgtetetgee

tctoctgoce

atagtgtaca

ctecatigece

tgtigetttt

acttgcaaac

caaacttete

tagtgatata

ccttaageta

gattaagaag

gagtaaccga

attceggagt

attgaggata

tggtagaacs

gottttotga

tcatgttaca

tecectgecccace

gttaatagct

cetttactig

tggtgatgce

agctatagge

aagattgetc

tcatgettge

gtttttteag

60

120

180

240

300

360

420

480

540

600

660

720

180

840

900

960

1020

1080

1140



acaggttcea

cogaacactg

teggoteagtco

gecaateogea

coctgaagate

tgataaccasa

ggacagtaag

coccaccotet

cataatcace

taacatgagt

gtgeggtgcteo

gacagaattt

gttaccaiaa

cagacactge

ggaacccoata

tatagctaas

cttccoeoott

taacactgag

ctatgtagee

gaattatagt

cattgacttt

ctgaatccea

aatgicaget

tttcttotta

gggacattea

cocacagtots

taggteacty

aatgaataat

ceottecoecag

tgtggetact

ataacatgea

aggaacctte

ccactocaat

tgtgttticaa

goetgtegeteg

ctatagecce

caggcteggee

caaggectac

acactcatea

cataatcaaa

tgcctgatte

ttgitecaate

tgatcagaga

ttgettteet

taacaagttc

gectggagte

ctgcaggeot

atagtgttet

gecootgete

ctetectaat

cctagtgtee

ttttatgett

gaattgaace

aatctttcat

237

tcaaactgac

ctgceecteee

aggttgaace

caacttcaag

agaatagacec

coctegotgct

aagagocceca

ticecoectigg

cttteteggaa

caactoeett

gacatgtace

cacaaatact

aggcacacag

gcagecactgg

agtagagete

tgacazatts

caggaccttg

ccaagictet

cattcteety

attttcacac

agttggagtt

gagagcaaaaa

CCCgaaaaaa

gtegtetaage

actecoocoo

ctgacaccea

aatgctacaa

gtgacccage

ttaaaaagec

tccectaata

ggctocaatg

tctetteagg

toctacgaaaa

tactgaccee

tgeatgccag

atgtgtgeoo

cctaaaccte

ttttatttee

taattacagt

accagttttt

ggcaaatget

toctgagaaa

Cageocecace

gaaatcacaa

atgatattege

aatgttitec

teccetggag

cecttactta

tacagettet

¢tggacagea

ccagecagate

aCceotacos

gcaagtactc

acactecgett

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



tttattttea

tttittittt

taccatcage

ttaatggtca

goccocaacat

aagacotgga

tocagtagte

acccgcaaag

aggecgtecca

agggecttct

gagegatggg

EagEECEECE

CCagccdgge

atcegggaca

agggttttat

tgggaccttg

agaggactec

ggetegttety

gtecgatgeac

gacaaaaggt

tttttittea

coocgegcteat

accacacaat

tggtgetageg

gggegtegce

gtggtatttg

ccaggaatge

agagegotgg

ggetgtigtic

gacagcgagce

ctegccageta

ctocagages

cegaattget

ctaccggageg

ggtecicteg

agcaatgtet

ggggegtottic

ttgaccaagt

tettatttte

acttttegace

getaaaataa

ttccgaaatg

adgaaagcac

cacttecegtc

gecagttocte

agetteoetea

EECEEAAERE

ccggggtaac

aggaagicgt

CaCCCEages

gagtocggeg

geatigageg

tgatgtgact

actaggttte

tcoegaacga

agaCgCeggag

ctagtegate

238

agataaggtc

ttcctacete

cagtattisga

ttegctggcte

agacaagtag

aagttcacgs

caccgacgec

agggactegs

geaagacCagge

cgecocacca

actggggagg

CaCCECEEEE

gaccgacggt

gotcagaggt

toecggeotot

gaagggetea

cctgegiteg

gegtggtatt

tgaagaggct

tcactatgtt
agcigagact
aatagtttaa
agtotgeege
cccteccage
gatggggagg
ctetggaage
cagegagegegt
gtcggectta
cgoctggage
gcogdgtagc
gtgagegoca
acgttetgga
tetgatgteg
ggaagtegete
aataggggta
ggageggetog
ctattttetg

aggggaacag

geottgactt
acaagtottt
acacatcatc
aaacctgtec
tcaggagtaa
ggtaccctoe
acctgettgg
aacaggacag
gatagggcaa
ccgacgtggce
agatgeagec
getecetgaa
atgggaageg
gagtccagaa
ttggagtete
Eggagaaagyg
aaggacaagg
ggaagatggt

acagtgagag

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360



aggatggteg
accccttoce
tcgtgcogge
gaCgCECECe
ctgagececge
ctagcactcg
ctegggecge
teggegggeg
cggegeteeog
gtecoteteo
cagccgecca
tcttgtctca
geaagcagaa
tctiggagcee
accatgaaca
tecactgect
ctgecagatcg

aacaagtacc

agggagtgge
tggeoteegs
gegeteogge
cggagagelg
cccteecegga
getecgegece
ctocctgaac
cticcggecg
cttcccacge
cttcetttet
tggotgtoan
tgacceeetg
cttcacccaa
ctgtagacca
gggcccotot
ctgaggaggs
cgetggtogt

tgetggacag

agaaccottc
ggagtecoag
ctggegaageg
gooctttaag
acgcgecceg
teggtgagee
ctocgtgace
ctoccgeage
ggteoccegac
ceccctogact
ggcicacace
CCGCECCCEE
gecatgtgac
gggagtectt
gaagcggteo
agatgaagac
ctetctetac

ccocteootg

239

cagaaactegg

adgaggecag

tgcgegcict

gctaccegea

agacctgeca

cttgecgoocg

gococtgoagt

ccgeoctecea

ctettettte

cgtecctatt

cttagctage

EagCcgagese

aattgaagge

ctgeceogteg

aggatcctge

agcaggaacy

tggetcacct

cagetggata

gagaggotet

gaccatggac

teggaggccge

gegogtgteag

agoctgagacg

ccatgectoet

cctecctece

cegtagccoac

ctecteecace

aggceaacage

ccoctictce

gatgteggage

tgtaccecea

ggtgacctag

geatggcgeot

agccgtttot

ccatctceat

cccctatott

agcaccigea
acaggtgcat
EEEAEEECCa
gaaatgegeo
gaactcggaa
gteattgece
cocccttegac
acctcectct
ctgeecttet
ceetgtggte
cttoooctggg
agtgectetig
gaccctaaca
ctottetace
gactggagee
getgegegeg
ggtattocte

cgtecactite

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440



taccaatgece

cctgegcaceg

ccactgtogg

gggetggcct

tacctgotee

getgagteese

caacactgta

agecectgtag

ggtgaaaata

aatgteeeag

caagegtaaaa

cttgaccage

tacctceata

cctgteotgte

catttgaaat

gtttgggeee

ttctececace

tttaccecact

ttticccaga

tgetgacctc

ttgacttcce

tagtettiecat

tctacaacgt

tcaaacagac

ECCCEEEEEC

getaccttta

aaaacaaata

atgttagcag

gtactcagat

tatateccgaa

atcacacage

gatcacacta

cagttctctt

agtgegtaga

ccaccacagt

acatgggtec

gagccattte

tgteaatgic

tetgctgtec

caccctgaac

tggcatgata

ggegegetog

cacttecctte

tgtgggagea

cttactgtee

acttcettat

caactacage

ctaageattg

ttttacagag

taataatcac

tgaccaccat

tazagaggac

catategtttt

gtatgggteg

teaggtctea

actggtcecaa

ctgetgateca

240

aagggcctca
ctggacctta
agtttcaata
ctcaccaccg
tatgeootge
geatgggoat
caggteccott
ggtcattcaa
aaagatgget
gatccacatt
ggaaaaccaa
tgacataget
gecactgtic
aacacatctg
aagttttatt
agataaggeg
actcaggteca
tatatgtete

ttatcceoott

geactotege

aggtggeosog

acetctgoct

tettoaatet

tecacatgtgg

cgaactgaag

gcatcagcag

caagttaggg

ctegeecactt

aactcaacta

ggcacagaga

gggatttaaa

cttoctcaaga

acattgctac

cttacttttt

acaacttaag

tecaggattes

cttttaagag

ttacccggaa

cacctgetge
cagegtgety
caagtacgta
gottetgtee
catcatcatt
ccctaaaggt
ttacaggaag
acccagecag
gcatgattaa
atccctatta
ggctaagtag
cataagcagt
gttccaggat
cttgaggtaa
atgtgtgtgt
aattggtect
cacaaatccce
getitaacta

geoctetigeg

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580



aggtgecalc

gotacttgee

teccetggoet

gcagtcaaac

taaacatcca

gtgccoggta

tetggoocty

ccetgagagt

tetegtectgt

teggategtcag

getectgaat

cactggggea

gtattcctig

cettgocagg

gtcactagag

gagaaccgca

tgttgeetet

ggactctaga

cctetegtcs

aggEccccac

gtgettcaag

acaataacta

gagectcctca

gicatatgta

agatcattga

cotggpecaag

ttgacotact

gatcaggeca

cocatcggtaa

ctecatgggg

ttteotettt

gttagaggge

aacctgagoet

gcagecigee

ccteticett

gtagggagea

fctgcataca

aagtaagata

ccagtttact

Caggoccaada

actgcagegag

gectagagget

attgagtgac

cagcaatgig

tagtctoctc

atgcgeacat

agggtctsgga

aactcccace

gtocctacaag

atgagecctce

cagatcoccca

tgagtggotyg

cotoctgtea

ggaggageaa

241

aatgeggaaa

ggetgggate

ttgttectge

gtgottttaa

ttacaacctg

cttggctagg

tectegegtza

accttcattt

tggtgtctea

ctgecctaga

CCaggeagea

tgeccecaca

gcaccetegg

ttetegegaa

aagtaaccag

aactetoopeg

EEEAREECCC

totaageage

ctgcaacica

ccatcccoaga

ccattggaag

attaaagtca

attctgecaac

acagcatgtg

caaagaccad

gtacctacte

EagECccCage

aatgteccee

gtcagataaa

catccatcet

atcccactte

tttagatgea

tacctgatag

cctecggaac

atctectegata

ccttactgag

gagaaacaag
ctggecacac
ttagcatgtt
gatgaactit
catctttgea
ttaggaaaca
ggeatcegtt
aggttettta
ctgegtacte
tegttgagea
aagetgacag
aagagaactg
agtecteccag
agaaggtaca
tgaggeagot
tggeoccaac
agtgeteteg

aagtcctige

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660



tggoatetgg
tcotgaagge
ttggttaaca
cagagaggtt
tctagatete
tcagtaagec
catgetgteg
agagtcctat
ctgagggage
tcctoctata
gagaggtaac
geggagatgt
aqtccctcag
gggocacaga
cectotteac
agagggaget
ctgegtetee
cteggegocta

tetgotgeet

ctecelgage

catggggage

tgggagcaag

aagtaacttc

tctgatgeot

tctacetigt

tcteggaaage

gagactcaaa

caaagccaag

gecacceogtet

agggeocacac

aggtggeteg

coatttttte

acagictgaa

citgtoacte

gaggecacce

ctcaatgeca

accitctata

gagctoogte

agtacagact

CaCggaggaa

gacatgegcce

tecocaaatag

gtgatgetece

ggpgaatgcag

tatgecaggct

gcaacateea

ttagagtect

tatcttatag

tgtocttaca

gegagtegea

gtgtegeagt

ctgtggtate

ctetgtetze

tegtecccteat

totataccaa

acaatgtcaa

ccociccttga

242

gggaacacece

aatecattitta

caattttcat

cteagettea

tgecatticea

gatctaaatg

ctttgagecag

ccctiaagea

gtgettgcce

cccteatiac

cattccooctg

gggaagatge

fagacttiegg

agaatcectgt

tacaggtget

aggcaccate

gaaggtecte

tegcotetete

ctttectecat

atttgaatga

gttacaagac

agatgaagea

aaatcacaga

tgttegcteat

dagagaggaa

agagtgacce

gctetaacea

aaggtcactt

agtgattaca

ctagattgta

agattticat

atatgttgat

ccctctcoct

ttctgegoteg

ttogeggtec

ccagcagtgg

ctettettsc

ctgtacagtg

gtaaggtttit

aaagagtaga

aattggaact

acagtcagag

cecctegtgeca

gtgctgecce

acaagtgaat

agatgctcaca

tgcetggoce

attataatts

getgggagag

totgegctet

gatgagegtas

ctcteoocteat

gtatagacca

tegccageet

acaacagceat

coctegatget

cccacttctg

6720

6780

6840

6900

6960

1020

7080

71140

1200

1260

7320

1380

7440

7500

7560

1620

1680

1140

7800



goctcategats

gatcaaatte

gacagtpetg

cotgatggtg

gacccgagag

ttcagggace

gctagecagt

gagecagegt

gtttteggaa

ccteecatate

tgatgtoctte

¢ccccacacet

aacacctcag

ctgococtctt

gectgataag

ccacacatet

tttacctgce

totteteegt

acgotgegte
accagtccce
geegtgctet
ctgggteget
gaccccaget
tegggactgaa
gtggcéctga
cttteotggt
aaccctacca
atctctggeg
tacacaaggg
ctegggateca
cctgecttte
cagtgtggat
aaaacattca
tttacggett
tggctteeot

catggectce

goctottogg

tgacccacaa

actatgaaga

ccteagecta

CCadagageg

cccaagteggg

geaatactigt

aatgtcagaa

ggaatggcac

ttgggaccag

agatggetteg

ggecagetag

aagggaagtyg

gagtatggea

cctetgeatt

aagtagggte

tggeccaget

ccecaacacct

243

ctttgceatt
tegtatcagege
gactaagage
tacctgggte
tgagaagagt
gcctacécag
ttacatccte
agectgecaaa
ccctacctge
ctgeagectt
tgatccoact
agtagtaget
ggagettgge
gacctgttca
toatatttge
atgagetcct
acctagetgt

ccatctgeag

ggctatetea

acagccaagg

ttectigtegt

aggegetgee

getattggeg

cactgaagge

cttggaatat

teteeotgtot

ctectcotag

aaggggetege

aattgaaggy

taggtgetat

Caagggagga

tggcagotge

agcictagaa

ccgeagtoce

actcoottte

gcaggaagteg

caggactgca

cctgtgcgea

ggacaagcaa

agatgcagaa

tgtgagettce

ttececcategga

gatctaagag

gecccatett

agectgteta

attgatgaag

atttgeggtega

taacatcagg

aatggccatt

acocotggeet

CEgEEEEagag

taacceccage

tgtactotte

gagtccactt

7860

1920

7980

8040

8100

3160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880



gtaacctetg
acatttatgt
ggetoetgic
agaagttggt
ctetgtecat
acactagect
tgaggactce
ctoctaacct
catttecttg
gteccagectt
atgecotgag
gagtgagege
atcctgagce
gtaggteece
aaggcagaca
gtgtegeste
cttgtgtega
ctgccageag

goctagagte

tteccatgac
tetetegggge
acaaaaaaaa
ttataacgtt
atcctcatge
cactcatgag
aacgtaaatt
cagggtaget
gggtaatgte
tgattoctac
ttgtatgtga
cacagggatc
teggaatcict
agagttcaag
tggcactgag
ggagecatea
gaaaagtage
ccacagtget

cotgegeottt

agagecottt

tggggctgaa

dadaagaaaa

ctgggecage

tgcagaagta

ggtttiacte

tggggacaga

gtecattctce

tgatgttttt

ticctacaat

tttaataata

tagaagccaa

tcaggacaag

cttccecttag

tgctetocat

tcaagaccocs

agcagaattc

tgtcacacag

ctttcagatg

244

gaatacctga

ggageccact

dagaaaagea

aaageccaga

caggeaaget

catgacctgt

agcactcaga

tagtctocte

gteccetgtea

cccaggttet

aaaaagcaag

gtegtgaggee

aattctecat

taccaactac

ctgtcactca

ttttcagata

agagagetgg

cacatactca

ageaagageg

acccctcatg

gettecteact

taaaccaagt

tgaagggace

cctttaagee

caacctcaaa

ccatacccoea

tettgrgoct

taasaaagate

aatgaagitt

atacagcatg

acccagetac

atacctacct

cactggetgt

totecacage

aggacacagg

gtctectgea

aaagaatgco

tcaaagetgt

acagtaagag

tagcctatot

tactaagaac

catcgacccet

tcatatagga

gocttcoaaca

geaccacace

ttagaaccce

gagagactgt

gtgggecctg

tgtgtegact

aECagLCagc

actetgegega

getettactg

cattcctasat

ctcagagagg

gecaccttgga

agcceocctea

tagettecce

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9300

9960

10020



accatatgac

cctgagaget

agtcactcct

gtegtgeteta

ctetggagaa

cotataccce

getcatectta

agectagggt

ccatgaagte

tccagacaga

cteggtoaga

dgcagccaayg

aaggeccada

cttaaactts

aggaagtitec

ctgatcctga

<R10> 211

211> 33
<212> DNA

cacatacatg
gggacaccca
accagaatge
agataggcat
tatatcccac
tatgcaaggé
agectetaaa
geggeetega
accctgacaa
gcaccotgtg
tgtcacccag
cagcteceat
atgttttett
cccaaaccea
tgaggttaca

tttgagcto

accaacaget
aatgtattag
tegggaateg
ttctgottee
aaaccagtag
cagtagaabc
ttgtgeagaa
taatttaagg
gaggtcagea
aatgtacctt
gecattgeaa
gctgagatac
tccagactty
ttgttttgca

gagcaaagta

245

tgageggagee

gtectigaat

ggatgecaaa

atgtacacet

cccttoctee

acccaaccca

actegacatg

aaactggeget

atagccagea

attctcacat

tegggccotia

tgoctgcagt

atctttottt

gttpaggaaa

ctegcttcac

aggattactg
cagggctgac
EECAadggag
gtgagcagag
cagtgggtea
caacatctag
cgcacgatte
ttettataga
goagtggcta
ctggetgtet
gecccatgeg
agactgategg
gttcaaaaat
ataaggcata

ctigaaataga

tggctcecag

cttegteatte

gctttetaag

taggaaggee

atactgeccac

agaaattaca

ctaacctget

atcggagect

ctecctaagece

ataggtgtga

gtotipgggat

ataagaaaac

gotgtttioce

gaaagatiaa

caggtgtgee

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10939



213>

<220>
<223>

<400>

246

Artificial

An artificially synthesized primer sequence

211

atgcatgeca ccatgazaaa gectgaacte ace 33

<210>
21
212>
ARV

<220>
{223>

<400>

212

28

DNA
Artificial

An artificially synthesized primer sequence

212

geatoccagg ctttacactt tatgette 28

<210>
WARD.
212>
213>

<220>
<223>

<400>

213

25

DNA
Artificial

An artificially synthesized primer seguence

213

getegtetgga gtactetgeca totge 25

<2105
211>
<22
<213

214

27

DNA
Artificial



<220>
223>

<400>

247

An artificially synthesized primer sequence

214

ggaatgcage ttecteaage gactoge 27

210>
VARD.
212>
213>

<220>
223>

<400>

215

27

DNA
Artificial

An artificially synthesized primer sequence

215

tgcatcaggt cggagacget gicgaac 21

210>
<2115
<D
<213

<220>
<223>

<400>

216

217

DNA
Artificial

An artificially synthesized primer sequence

216

geoactcgteoe gagggecaaag gaatage 27

<210>
<2115
212>
213>

217

24

DNA
Artificial



220>
<2235

<400>

248

An artificially synthesized primer sequence

217

tgtgctggga attgaaccca ggac

210>
211>
212>
<213>

<220>
<223>

<400>

218

22

DNA
Artificial

An artificially synthesized primer seguence

218

ctacttegtet gtgetttett ce

<210>
211>
212>
213>

<220>
223>

<400>

219

27

DNA
Artificial

An artificially synthesized primer sequence

219

ctegactegt ccctattage caacage

<2105
211>
212>
<213>

<220>

220

27

DNA
Artificial

24

22

27



(223>

<4005

249

An artificially synthesized primer sequence

220

tcagaggeag teggagectce agteage

210>
Q21
212>
213>

<400>

221
449
PRT
Homo sapiens

221

Gin Val GIn Leu GIn Glu Ser Gly Pro Giy Leu Val Arg Pro Ser

1

5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser

20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu

35 40 45

[le Gly Tyr Ile Ser Tyr Ser Gly lie Thr Thr Tyr Asn Pro Ser

50

55 60

2]

Gin

Asp

Trp

Leu

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser

65

70 75

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr

85 90 95

80

Cys



Ala Arg

Ser Leu

Pro Leu
130

Gly Cys
145

Asn Ser

GIn Ser

Ser Ser

Ser Asn
210

Thr His
225

Ser Val

250

Val Leu Ala Arg lle Thr Ala Met Asp
100 105

Yal Thr Val Ser Ser Ala Ser Thr Lys
115 120

Ala Pro Ser Ser Lys Ser Thr Ser Gly
135

Leu Val Lys Asp Tyr Phe Pro Glu Pro
150 155

Gly Ata Leu Thr Ser Gly Val His Thr
165 170

Ser Gly Leu Tyr Ser lLeu Ser Ser Val
180 185

Leu Gly Thr GIn Thr Tyr ile Cys Asn
195 200

Tyr

Gly

Giy

140

Val

Phe

Val

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn
205

Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser

215

Thr Cys Pro Pro Cys Pro Ala Pro Glu
230 235

Phe Leu Phe Pro Pro Lys Pro Lys Asp

220

Leu

Thr

Leu

Leu

Gly GIn Gly
110

Ser Val Phe

Ala Ala Leu

Val Ser Trp
160

Ala Val Leu
175

Val Pro Ser
190

His Lys Pro
Cys Asp lLys
Gly Gly Pro

240

Met tle Ser



Arg Thr Pro

Pro Giu Val
275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr 1le Ser

l.eu Pro Pro
355

Cys Leu Val
370

Ser Asn Gly
385

245

Glu Val Thr Cys Val Val
260 265

Lys Phe Asn Trp Tyr Val
280

Lys Pro Arg Glu Glu GIn
295

Leu Thr Val Leu His Gin
310

Lys Val Ser Asn Lys Ala
325

Lys Ala Lys Gly GlIn Pro
340 345

Ser Arg Asp Glu Leu Thr
360

Lys @iy Phe Tyr Pro Ser
375

Gin Pro Glu Asn Asn Tyr
390

251

250

Val Asp Val Ser

Asp Gly Val Glu
285

Tyr Asn Ser Thr
1300

Asp Trp Leu Asn

315

lLeu Pro Ala Pro
330

Arg Glu Pro Gin

Gln Val
365

Lys Asn

Asp lle Ala Val
380

Lys Thr
395

Thr Pro

255

His Glu Asp
270

Val His Asn

Tyr Arg Val

Gly Lys Glu
320

Ile Glu Lys
335

VYal Tyr Thr
350

Ser Leu Thr

Glu Trp Glu

Pro Val Leu
400



252

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 222
211> 449
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 222
Gln Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Giu Trp



35

253

40

45

lle Gly Tyr 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu

50

Lys Gly Arg Val Thr lle
65 70

feu Lys Leu Ser Ser Val
85

Ala Arg Val Leu Ala Arg
100

Thr Leu Val Thr Yal Ser
115

Pro Leu Ala Pro Ser Ser
130

Gly Cys Leu Val Lys Asp
145 150

Asn Ser Gly Ala Leu Thr
165

Gin Ser Ser Gly Leu Tyr
180

55

Ser Arg Asp Thr Ser
75

Thr Ala Ala Asp Thr
80

e Thr Ala Met Asp
105

Ser Ala Ser Thr Lys
120

Lys Ser Thr Ser Gly
135

Tyr Phe Pro Glu Pro
155

Ser Gly Val His Thr
170

Ser Leu Ser Ser Val
185

60

Lys Asn GIn Phe Ser
80

Ala Ala Tyr Tyr Cys
g5

Tyr Trp Gly Glu Gly
110

Gly Pro Ser Val Phe
125

Gly Thr Ala Ala Leu
140

Val Thr Val Ser Trp
160

Phe Pro Ala Val Leu
175

Val Thr Val Pro Ser
190



254

Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
225 230 235

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 _ 250

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
260 265

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn
305 310 315

His Lys Pro

Cys Asp Lys

Gly Gly Pro
240

Met ile Ser
255

His Glu Asp
270

Val His Asn

Tyr Arg Val

Gly Lys Glu
320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro |le Glu Lys

325 330

335



255

Thr fle Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385 390 395

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440 445

Lys

210> 223

211> 449

212> PRT

213> Artificial

Thr

Thr

Glu

Leu

400

Lys

Glu

Gly



£220>

256

223> An artificially synthesized peptide sequence

<400> 223
GIn Val Gln Leu GIn Glu Ser Gly
1 5

Thr Leu Ser Leu Thr Cys Ala Val
20

His Ala Trp Ser Trp Val Arg Gin
35 40

tle Gly Tyr Ile Ser Tyr Ser Gly
50 55

Gln Asp Arg Val Thr lle Ser Arg
65 70

Leu Gin Met Asn Ser lLeu Arg Ala
85

Ala Arg Leu Leu Ala Arg Ala Thr
100

|le Leu Val Thr Val Ser Ser Ala
115 120

Pro Gly Leu Val Lys Pro Ser Glu

10 15

Ser Gly Tyr Ser lle Ser Asp Asp
25 30

Pro Pro Gly Glu Gly Leu Glu
45

Trp

{le Thr Asn Tyr Asn Pro Ser
60

Leu

Tyr
80

Asp Asn Ser Lys Asn Thr Leu
75

Glu Asp Thr Ata Val Tyr Tyr
80 95

Cys

Ala Met Asp Tyr Trp Gly Gin Gly
105 110

Ser Thr Lys Gly Pro Ser Val
125

Phe



Pro Leu Ala Pro
130

Gly Cys Leu Val
145

Asn Ser Gly Ala

Gin Ser Ser Gly
180

Ser Ser Leu Gly
195

Ser Asn Thr Lys
210

Thr His Thr Cys
225

Ser Val Phe Leu

Arg Thr Pro Giu
260

257

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu

135

140

Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp

150

155

160

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu

170

175

Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser

185

190

Thr Glin Thr Tyr 1le Cys Asn Val Asn His Lys Pro

200

205

Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys

215

220

Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro

230

235

240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |lle Ser

245

250

255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp

265

270



Pro Giu

Ala Lys
290

Val Ser

305

Tyr Lys

Thr lle

Leu Pro

280

295

310

345

Pro Ser Arg Asp Glu Leu Thr

360

Cys Leu Val Lys Gly Phe Tyr Pro Ser

370

375

Ser Asn Gly Gin Pro Glu Asn Asn Tyr

385

390

Asp Ser Asp Gly Ser Phe Phe Leu Tyr

258

Val Lys Phe Asn Trp Tyr Val Asp Gly

Thr Lys Pro Arg Glu Gilu Gin Tyr Asn

Val Leu Thr Val Leu His Gin Asp Trp

315

Cys Lys Yal Ser Asn Lys Ala Leu Pro

330

Ser Lys Ala Lys Gly Gin Pro Arg Glu

Lys Asn

Asp lle

Lys Thr
395

Ser Lys
410

Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys

Val Gfiu Val His
285

Ser Thr Tyr Arg
300

Leu Asn Gly Lys

Ala Pro |le Glu
335

Pro GIn Val Tyr
350

Gin Val Ser Leu
365

Ala Val Glu Trp
380

Thr Pro Pro Val

Leu Thr Val Asp
415

Ser Val Met His

Asn

Val

Glu

320

Lys

Thr

Thr

Glu

Leu

400

Lys

Glu



259

420 425 430

Ala Leu His Asn His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 224
Q211> 214
212> PRT
<213> Homo sapiens

400> 224
Asp 1le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gln Asp lie Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Glin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Gin Pro
65 70 75 80



Glu Asp lle Ala

Thr Phe Gly GIn
100

Pro Ser Val Phe
115

Thr Ala Ser Val
130

Lys Val GIn Trp
145

Glu Ser Val Thr

Ser Thr Leu Thr
180

Ala Cys Glu Val
195

Phe Asn Arg Gly
210

260

Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr

85

80

95

Gly Thr Lys Val Glu lle Lys Arg Thr Val Ala

105

fle Phe Pro Pro Ser Asp Glu

120

110

Gin Leu Lys Ser
125

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu

135

Lys Val Asp Asn Ala Leu GIn

150

155

Giu GIn Asp Ser Lys Asp Ser

165

170

Leu Ser Lys Ala Asp Tyr Glu

185

Thr His Gln Gly Leu Ser Ser

Glu Cys

200

140

Ser Gly Asn Ser

Thr Tyr Ser Leu
175

Lys His Lys Val
190

Pro Val Thr Lys
205

Ala

Gly

Ala

Gin

160

Ser

Tyr

Ser



261

210> 225
211> 214
212> PRT
213> Artificial

(220>
223> An artificially synthesized peptide sequence

400> 225
Asp [le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr tle Thr Cys GIn Ala Ser Gin Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Giu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ata Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 80 95

Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100 105 110



262

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 226
C11> 214
212> PRT
213> Artificial

{2207
{223> An artificially synthesized peptide sequence



263

<400> 226
Asp lle Gln Met Thr GIn Ser Pro Ser Ser Leu Ser Ata Ser Val
1 5 10 15

Asp Ser Val Thr 1le Thr Cys Gin Ala Ser Glu Asp lle Ser Ser
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe Ser
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lie Ser Ser Leu Glu
65 70 15

Glu Asp Ala Ala Thr Tyr Tvr Cys Glv Gin Gly Asn Arg Leu Pro
85 90 85

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala
100 105 110

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser
115 120 125

Thr Afa Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Gly

Tyr

Ite

Gly

Ala

80

Tyr

Ala

Gly

Ala



264

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin

145

Giu Ser Val Thr Glu

165

Ser Thr Leu Thr Leu

180

Ala Cys Glu Val Thr

195

150 155 160

Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175

Ser Lys Ala Asp Tyr Glu Lys His Lys Vat Tyr
185 1680

His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
200 205

Phe Asn Arg Gly Glu Cys
210

<2107
\VAR DS
212>
213>

<400>

227

- 449

PRT
Homo sapiens

227

Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1

5

10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp

20

25 30

His Ata Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp



265

35 40

[le Giy Tyr lle Ser Tyr Ser Gly lie Thr
50 55

Lys Ser Arg Val Thr Met Leu Arg Asp Thr
65 70

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp
85 80

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met
100 105

Ser Leu Val Thr Val Ser Ser Ala Ser Thr
115 120

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
145 150

Asn Ser Gly Ala Leu Thr Ser Gly Val His
165 170

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180 185

Thr

Ser

75

thr

Asp

Lys

Gly

45

Tyr Asn Pro Ser Leu
60

Lys Asn Gin Phe Ser
80

Ala Val Tyr Tyr Cys
95

Tyr Trp Gly Gin Gly
110

Gly Pro Ser Va!l Phe
125

Gly Thr Ala Ala Leu
140

Pro Val Thr Val Ser Trp

155

Thr

Val

160

Phe Pro Ala Val Leu
175

Val Thr Val Pro Ser
190



Ser Ser Leu
195

Ser Asn Thr
210

Thr His Thr
225

Ser Val Phe

Arg Thr Pro

Pro Glu Val
275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

266

Gly Thr Gin Thr Tyr lie Cys Asn Va! Asn His Lys Pro

200

Lys Val Asp Lys Lys Val Glu Pro Lys

215

Cys Pro Pro Cys Pro Ala Pro Glu

230

235

Leu Phe Pro Pro Lys Pro Lys Asp

245

250

Glu Val Thr Cys Val Val Val Asp

260

265

Lys Phe Asn Trp Tyr Val Asp Gly

280

Lys Pro Arg Glu Glu Gin Tyr Asn

295

Leu Thr Val Leu His Gin Asp Trp

310

315

220

Leu

Thr

Val

Val

Ser

300

Leu

Lys Val Ser Asn Lys Ala Leu Pro Ala

325

330

205

Ser Cys Asp Lys

Leu Gly Gly Pro
240

Leu Met lie Ser
255

Ser His Glu Asp
270

Glu Val His Asn
285

Thr Tyr Arg Val

Asn Gly Lys Glu
320

Pro lle Giu Lys
335



Thr 1le Ser Lys Ala Lys Gly GIn
340

Leu Pro Pro Ser Arg Asp Giu Leu
355 360

Cys Leu Val Lys Gly Phe Tyr Pro
370 375

Ser Asn Gly Gin Pro Glu Asn Asn
385 390

Asp Ser Asp Gly Ser Phe Phe Leu
405

Ser Arg Trp Gln GIn Gly Asn Val
420

Ata Leu His Asn His Tyr Thr Gln
435 440

Lys

AL
<2115
212>
<213

228
449
PRT
Artificial

267

Pro Arg Glu Pro Glin Val Tyr Thr
345 350
Thr Lys Asn Gin Val Ser Leu Thr

365

Ser Asp lle Ala Val Giu Trp Glu
380

Leu
400

Tyr Lys Thr Thr Pro Pro Val
395

Tyr Ser Lys Leu Thr Val Asp
410 415

Lys

Phe Ser Cys Ser Val Met His Glu

425 430

Lys Ser Leu Ser Leu Ser Pro Gly

445



<220>

268

223> MAn artificially synthesized peptide sequence

<400> 228
Gln Val Gin Leu GIn Glu Ser Gly
1 5

Thr Leu Ser Leu Thr Cys Ala Val
20

His Ala Trp Ser Trp Val Arg Gin
35 40

fle Gly Tyr lle Ser Tyr Ser Gly
50 55

Lys Gly Arg Val Thr |le Ser Arg
65 70

Leu Lys Leu Ser Ser Val Thr Ala
85

Ala Arg Ser Leu Ala Arg Thr Thr
100

Thr Leu Val Thr Val Ser Ser Ala
115 120

Pro Gly Leu Val Lys Pro Ser Glu

10 15

Ser Gly Tyr Ser lle Ser Asp Asp
25 30

Pro Pro Gly Glu Gly Leu Glu
45

Trp

Ite Thr Asn Tyr Asn Pro Ser
60

Leu

Asp Thr Ser Lys Asn Gin Phe Ser
15 80

Ala Asp Thr Ala Ala Tyr Tyr
90 95

Cys

Ala Met Asp Tyr Trp Gly Glu
105 110

Gly

Ser Thr Lys Giy Pro Ser Val Phe

125



269
Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr

130 135 140

Gly CGys Leu Vai Lys Asp Tyr Phe Pro Glu Pro Val Thr
145 150 155

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro
165 170

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
180 185

Ser Ser Leu Gly Thr Gin Thr Tyr fie Cys Asn Val Asn
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
225 230 235

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
260 265

Ala Ala Leu

Val Ser Trp
160

Ala Val Leu
175

Val Pro Ser
190

His Lys Pro

Cys Asp Lys

Gly Gly Pro
240

Met 1le Ser
255

His Glu Asp
270



Pro Glu Val
275

Ala Lys Thr
290

Val Ser Val

305

Tyr Lys Cys

Thr |le Ser

Leu Pro Pro

355

Cys Leu Val
370

Ser Asn Gly
385

Asp Ser Asp

Ser Arg Trp

Lys

Lys

Leu

Lys

Lys

340

Ser

Lys

Gin

Gly

Gin

Phe Asn Trp Tyr Val
280

Pro Arg Glu Glu GIn
295

Thr Val Leu His GlIn
310

Val Ser Asn Lys Ala
325

Ala Lys Gly Gin Pro
345

Arg Asp Glu Leu Thr
360

Gly Phe Tyr Pro Ser
375

Pro Glu Asn Asn Tyr
390

Ser Phe Phe Leu Tyr
405

GIn Gly Asn Val Phe

270

Asp Gly Val Glu Val His Asn
285

Tyr Asn Ser Thr Tyr Arg Val
300

Asp Trp Leu Asn Gly Lys Glu
315 320

Leu Pro Ala Pro [le Glu Lys
330 335

Arg Glu Pro Gin Val Tyr Thr

350

Lys Asn Gin Val Ser Leu Thr
365

Ala Val Glu Trp Glu
380

Asp |lle

Thr Pro Pro Val Leu
400

Lys Thr
395

Ser Lys Leu Thr Val Asp Lys
410 415

Ser Cys Ser Val Met His Glu



211

420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 229
211> 214
212> PRT
<213> Homo sapiens

400> 229
Asp lle Gin Met Thr GlIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr tle Thr Cys Arg Ala Ser Gin Asp ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu [le
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gily
50 55 80

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr {le Ser Ser Leu Gln Pro
65 70 75 80



Glu Asp lle Ala

Thr Phe Gly GIn
100

Pro Ser Val Phe
115

Thr Ala Ser Val
130

Lys Val Gin Trp
145

Glu Ser Val Thr

Ser Thr Leu Thr
180

Ala Cys Glu Val
195

Phe Asn Arg Gly
210

Thr
85

Gly

Ile

Val

Lys

Glu

165

leu

Thr

Glu

Tyr Tyr

Thr Lys

272

Cys Gin GIn Gly Asn Thr

90

Val Glu lle Lys Arg Thr

105

Phe Pro Pro Ser Asp Giu GIn

Cys Leu
135

Val Asp

150

Gin Asp

Ser Lys

His Gin

Cys

Leu Asn Asn Phe Tyr

140

Asn Ala Leu Gln Ser

165

Ser Lys Asp Ser Thr

170

Ala Asp Tyr Glu Lys His

185

Gly Leu Ser Ser Pro Val

Pro Tyr
85

Leu

Val
110

Ala Ala

Leu Lys Ser Gly

125

Pro Arg Glu Ala

Ser Gin
160

Gly Asn

Leu Ser
175

Tyr Ser

Lys Val Tyr

190

Thr Lys Ser

205



213

<210> 230
211> 214
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 230
Asp lle GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr 1le Thr Cys Gin Ala Ser Gln Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr {le Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Ser Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu !le Glu Arg Thr Val Ala Ala
100 105 110



Pro Ser

Thr Ala

130

Lys Val

145

Glu Ser

Ser Thr

Ala Cys

Phe Asn

210

210>
<2115
12>
WAK)

<220>
<223>

214

Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser
115 120 125
Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu

135 140

Gin Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser
150 155

Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Glu Yal Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys
195 200 205

Arg Gly Glu Cys

231
214
PRT
Artificial

An artificially synthesized peptide sequence

Gly

Ata

Gin

160

Ser

Tyr

Ser



<400> 231
Asp lle Gin Met Thr Gln Ser
1 5

Asp Ser Val Thr lle Thr Cys
' 20

Leu Asn Trp Tyr Gin GIn Lys
35

Tyr Tyr Gly Ser Glu Glu His
50 55

Ser Gly Ser Gly Thr Asp Phe
65 70

Glu Asp Ala Ala Thr Tyr Tvyr
85

Thr Phe Gly Gin Gly Thr Lys
100

Pro Ser Val Phe |le Phe Pro
115

Thr Ala Ser Val Val Cys Leu
130 135

275

Pro Ser Ser Leu Ser Afa Ser Val Gly
10 15

Gin Ala Ser Gln Asp Ile Ser Ser Tyr
25 30

Pro Gly Lys Ala Pro Glu Leu Leu |le
40 45

Ser Gly Val Pro Ser Arg Phe Ser Gly
60

Thr Phe Thr lle Ser Ser Leu Glu Ala
75 80

Cys Gin GIn Gly Asn Ser Leu Pro Tvr
a0 05

Val Glu lle Glu Arg Thr Val Ala Ala
105 110

Pro Ser Asp Glu Gin Leu Lys Ser Gly
120 125

Leu Asn Asn Phe Tyr Pro Arg Glu Ala
140



276

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser GlIn
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 232
Q211> 214
212> PRT
213> Artificial

<220>
223> An artificially synthesized peptide sequence

400> 232
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Gin Asp [le Ser Ser Tyr
20 25 30



Leu Asn Trp Tyr
35

Tyr Tyr Gly Ser
50

Ser Gly Ser Gly
65

Glu Asp Ala Ala

Gin

Thr Phe Gly
' 100

Pro Ser Val Phe
115

thr Ala Ser Val
130

Lys Val Gin Trp
145

Glu Ser Val Thr

Gin

Glu

Thr

Thr

85

Gly

[le

Vai

Lys

Glu
165

277

GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle

40

lL,eu Glu Ser Giy Val Pro
55

Asp Phe Thr Phe Thr lle
70 15

Tyr Tyr Cys GIn Gin Gly
90

Thr Lys Val Glu lie Glu
105

Phe Pro Pro Ser Asp Glu
120

Cys Leu Leu Asn Asn Phe
135

Val Asp Asn Ala Leu GIn
150 155

Gin Asp Ser Lys Asp Ser
170

45

Ser Arg Phe Ser
60

Ser Ser Leu Glu

Asn Ser Leu Pro
85

Arg Thr Val Ala
110

Gin Leu Lys Ser
125

Tyr Pro Arg Glu
140

Ser Gly Asn Ser

Thr Tyr Ser Leu
175

Gly

Ala

80

Tyr

Ala

Gly

Ala

Gin

160

Ser



218

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> 233
211> 445
212> PRT
<213> Homo sapiens

<400> 233
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Glu Met His Trp !le Arg GIn Pro Pro Gly Lys Gly Leu Glu Trp lle
35 40 45

Gly Ala |le Asn Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr



65

Met Glu Leu

Thr Arg Phe

Val Ser Ser
115

Ser Ser Lys
130

Lys Asp Tyr
145

leu Thr Ser

lLeu Tyr Ser

Thr Gin Thr
195

Val Asp Lys
210

Ser Ser
85

Tyr Ser
100

Ala Ser

Ser Thr

Phe Pro

Gly Val
165

Leu Ser
180

Tyr lle

Lys Val

70

Leu

Tyr

Thr

Ser

Glu

150

His

Ser

Cys

Glu

Thr

Thr

Lys

Gly

135

Pro

Thr

Val

Asn

Pro
215

279

75 80

Ser Glu Asp Thr Ala Val Tyr Tyr Cys
90 95

Tyr Trp Gly Arg Gly Thr Leu Val Thr
106 110

Gly Pro Ser Val Phe Pro Leu Ala Pro
120 125

Gly Thr Ata Ala Leu Gly Cys Leu Val
140

Val Thr Val Ser Trp Asn Ser Gly Ala
155 160

Phe Pro Ala Val Leu Gin Ser Ser Gly
170 175

Val Thr Val Pro Ser Ser Ser Leu Gly
185 190

Val Asn His Lys Pro Ser Asn Thr Lys
200 205

Lys Ser Cys Asp Lys Thr His Thr Cys
220



280

Pro Pro Gys Pro Ala Pro Glu Leu Leu Gly Giy Pro Ser Val Phe Leu

225

Phe Pro Pro Lys Pro
245

Val Thr Cys Val Val
260

Phe Asn Trp Tyr Val
275

Pro Arg Glu Glu Gin
290

235

Lys Asp Thr Leu Met lle Ser Arg Thr

250

Val Asp Val Ser His Glu Asp Pro Glu

210

Asp Gly Val Glu Val His Asn Ala Lys

285

Tyr Asn Ser Thr Tyr Arg VYal Val Ser

300

Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys

305

315

Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle

325

330

Ata Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro

340

Arg Asp Glu Leu Thr
355

350

365

240

Pro Glu
255

Val Lys

Thr Lys

Val Leu

Cys Lys
320

Ser Lys
335

Pro Ser

Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys



281

Gly Phe Tyr Pro Ser Asp lle Ala Va! Glu Trp Glu Ser Asn Gly GIn
370 375 380 '

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 385 - 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 234
211> 445
<212> PRI
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 234
GIn Val Gin Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30



282

.Glu Met His Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met

35

Gly Ala Leu Asp Pro
50

Lys Gly Arg Val Thr
65

Met Giu Leu Ser Ser
85

Thr Arg Phe Tyr Ser
100

Val Ser Ser Ala Ser
115

Ser Ser Lys Ser Thr
130

Lys Asp Tyr Phe Pro
145

Leu Thr Ser Gly Val
165

Lys

Leu

70

Leu

Tyr

Thr

Ser

Glu

150

His

40 45

Thr Gly Asp Thr Ala Tyr Ser Gin
55 60

Thr Ala Asp Lys Ser Thr Ser Thr
15

Thr Ser Glu Asp Thr Ala Val Tyr
50

Thr Tyr Trp Gly Gin Gly Thr Leu
105 110

Lys Gly Pro Ser Val Phe Pro Leu
120 125

Gly Gly Thr Ala Ala Leu Gly Cys
135 140
Pro Val Thr Val Ser Trp Asn Ser

155

Thr Phe Pro Ala VYal Leu Gin Ser
170

Lys Phe

Ala Tyr
80

Tyr Cys
95

Val Thr

Ala Pro

Leu Val

Gly Ala

160

Ser Gly
175



Leu Tyr Ser Leu Ser Ser Val Val
180

Thr Gin Thr Tyr lle Cys Asn Val
195 200

Val Asp Lys Lys Val Glu Pro Lys
210 215

Pro Pro Cys Pro Ala Pro Glu Leu
225 230

Phe Pro Pro Lys Pro Lys Asp Thr
245

V¥al Thr Cys Val Val Val Asp Val
260

Phe Asn Trp Tyr Val Asp Gly Val
275 280

Pro Arg Glu Glu Gin Tyr Asn Ser
290 295

Thr Val Leu His GlIn Asp Trp Leu
305 310

283

Thr Val Pro Ser Ser Ser Leu Gly
185 190

Asn His Lys Pro Ser Asn Thr Lys
205

Cys Asp Lys Thr His Thr Cys
220

Ser

Leu Gly Gly Pro Ser Val Phe Leu
235 240

Met |le Ser Arg Thr Pro Glu
250 255

Leu

His Glu Asp Pro Glu Val Lys
270

Ser
265

Glu Val His Asn Ala Lys Thr Lys

285

Thr Tyr Arg Val Val Ser Val Leu

300

Gly Lys Glu Tyr Lys Cys Lys
315 320

Asn



284

Val Ser Asn Lys Ala Leu Pro Ala Pro ile Glu Lys Thr |le Ser Lys
325 330 335

Ala Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 235
211> 445
212> PRY
213> Artificial



285

220>
223> An artificially synthesized peptide sequence

<400> 235
Gin Val GIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys

1 5 10

Ser Val Thr Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
20 25

Glu Met His Trp 1le Arg GIn Pro Pro Gly Glu Gly Leu
35 40 45

Gly Ata Ile Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser
50 55 60

Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser
65 10 75

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val
85 90

Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr
100 105

Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
115 120 125

Pro Gly Ala
15

Thr Asp Tyr
30

Glu Trp lle

Glu Ser Phe

Thr Ala Tyr
80

Tyr Tyr Cys
95

Leu Val Thr
110

Leu Ala Pro



Ser

Lys

145

Leu

Leu

Thr

Val

Pro

225

Phe

Val

Ser Lys Ser Thr Ser
130

Asp Tyr Phe Pro Glu
150

Thr Ser Gly Val His
165

Tyr Ser Leu Ser Ser
180

Gln Thr Tyr lie Cys
195

Asp Lys Lys Val Glu
210

Pro Cys Pro Ala Pro
230

Pro Pro Lys Pro Lys
245

Thr Cys Val Val Val
260

Gly Gly
135

Pro Val

Thr Phe

Val Val

Asn Val

200

Pro Lys

215

Glu Leu

Asp Thr

Asp Val

Phe Asn Trp Tyr Val Asp Gly Vai

286

Thr Ala Ala

Thr Val Ser
155

Pro Ala Val
170

Thr Val Pro
185

Asn His Lys

Ser Cys Asp

Leu Gly Gly
235

Leu Met lle
250

Ser His Glu
265

Glu Val His

Leu Gly Cys
140

Trp Asn Ser

Leu Gin Ser

Ser Ser Ser
180

Pro Ser Asn
205

Lys Thr His
220

Pro Ser Val

Ser Arg Thr

Asp Pro Glu

210

Asn Ala Lys

Leu

Gly

Ser

175

Leu

Thr

Thr

Phe

Pro

255

Val

Thr

Val

Ala

160

Gly

Gly

Lys

Cys

Leu

240

Glu

Lys

Lys



287

275 280

Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
305 310 315

Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325 330

Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345

Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360

Gly Phe Tyr Pro Ser Asp ile Ala Val Glu Trp Glu
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395

285

Val

Tyr

Thr

Leu

Cys

365

Ser

Asp

Ser Val Leu

Lys Cys Lys
320

lle Ser Lys
335

Pro Pro Ser
350

Leu Val Lys

Asn Gly GIn

Ser Asp Gly
400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin

405 410

415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn

420 425

430



288

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 236
Q11> 219
<212> PRT
<{213> Homo sapiens

<400> 236
Asp |le Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Arg Ala Ser Arg Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr Gin Gln Lys Pro Gly Gin Ala
35 40 45

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 15 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn
85 90 95



289

Thr His Val Pro Pro Thr Phe Gly Arg Gly Thr Lys Leu Glu lle Lys

100 105

110

Arg Thr Val Ala Ala Pro Ser Val Phe lle Phe Pro Pro Ser Asp

115 120

125

GIn Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn

130

135

140

Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu

145

150 155

Glu

Phe

GIn
160

Ser Gly Asn Ser Gin Giu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser

165 170

175

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr

180 185

190

Lys His Lys Val Tyr Ala Cys Glu Val Thr His GIn Gly Leu Ser

195 200

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys

210

<210>
\VARD
212>
213>

215

2317
219
PRT
Artificial

205

Giu

Ser



<2205

290

223> An artificially synthesized peptide seguence

<400> 237

Asp Val Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val

1 5

Glu Pro Ala Ser lle
20

Asn Arg Asn Thr Tyr
35

Pro Gin Leu Leu lle
50

Asp Arg Phe Ser Gly
65

Ser Arg Val Glu Ala
85

Thr His Val Pro Pro
100

Arg Thr Val Ala Ala
115

10

Ser Cys Arg Ser Ser Gln Ser Leu

25

45

Tyr Lys Val Ser Asn Arg Phe Ser

60

Ser Gly Ser Gly Thr Asp Phe Thr

75

Glu Asp Val Giy Val Tyr Tyr Cys

90

Thr Phe Gly Gin Gly Thr Lys leu

105

125

Thr Pro Gly
15

Val His Ser
30

lLeu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser

Gly Val Pro

Leu Lys lle
80

Ser GlIn Asn
95

Glu lle Lys
110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu



291

Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin
145 - 150 155 160

Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser
165 170 175

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
180 185 ' 190

Lys His Lys Val Tyr Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser
195 200 205

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
210 215

210> 238
211> 219
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 238

Asp lle Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15



292

Glu Pro Ala Ser 1le Ser Oys GIn Ala Ser Glu Ser Leu Val His Ser
20 25 30

Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu GIn Lys Pro Gly GIn Ser
35 40 45

Pro GIn Leu Leu fle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 10 75 80

Ser Arg Val Glu Ala Glu Asp Val Giy Val Tyr Tyr Cys Ser Gin Asn
85 90 95

Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Glu
100 105 110

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu
115 120 125

GIn Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Tyr Pro Arg Giu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gln
145 150 155 160



Ser Gly Asn Ser GIn Glu
165

Thr Tyr Ser Leu Ser Ser
180

Lys His Lys Val Tyr Ala
195

Pro Val Thr Lys Ser Phe
210

210> 239
Q211> 447
212> PRT
<213> Homo sapiens

<400> 239
Gin Val Gin Leu Val Gin

[ b

Ser Val Lys Val Ser Cys
20

tle NMet Asn Trp Val Arg
35

Gly Leu lie Asn Pro Tyr
50

1203

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
170 175

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
185 190

Cys Glu Yal Thr His Gin Gly Leu Ser Ser
200 205

Asn Arg Gly Giu Cys
215

Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
10 15

Lys Ala Ser Giy Tyr Thr Phe Thr Gly Tyr
25 30

Gin Ala Pro Giy GIn Giy Leu Glu Trp Met
40 45

Asn Gly Gly Thr Ser Tyr Asn Gin Lys Phe
55 60



Lys

65

Met

Ala

Gin

Val

Ala

145

Ser

Val

Pro

294

Gly Arg Val Thr lle Thr Ata Asp Glu Ser

10

Giu Leu Ser Ser Leu Arg Ser
85

Arg Asp Gly Tyr Asp Asp Gly
100

Gly Thr Leu Val Thr Val Ser
115 120

Phe Pro Leu Ala Pro Ser Ser
130 135

Leu Gly Cys Leu Val Lys Asp
150

Trp Asn Ser Gly Ala Leu Thr
165

Leu Gin Ser Ser Gly Leu Tyr
180

Ser Ser Asn Phe Gly Thr GIn
195 200

Glu

Pro

Ser

Lys

Tyr

Ser

Ser

Thr

15

Asp Thr
80

Tyr Thr

Ala Ser

Ser Thr

Phe Pro

1556

Gly Val
170

lL.eu Ser

Tyr Thr

Thr Ser Thr Ala Tyr
80

Ala Val Tyr Tyr Cys
95

Met Asp Tyr Trp Gly
10

Thr Lys Gly Pro Ser
125

Ser Glu Ser Thr Ala
140

Glu Pro Val Thr Val
160

His Thr Phe Pro Ala
175

Ser Val Val Thr Val
180

Cys Asn Val Asp His
205



Lys

Val

225

Phe

Pro

Val

Thr

Val

305

Cys

Ser

Pro Ser
210

Glu Cys

Leu Phe

Glu Val

GIn Phe
275

Asn

Pro

Pro

Thr

260

Asn

Thr

Pro

Pro

245

Cys

Trp

Lys Pro Arg Glu

290

Leu Thr

Lys Vai

Lys Thr

Val

Ser

Lys
340

Val

Asn
325

Gly

Lys Val Asp Lys
215

Cys Pro Ala Pro
230

Lys Pro Lys Asp

Val Val Val Asp
265

Tyr Val Asp Gly
280

Glu GIn Phs Asn
295

His Gin Asp Trp
310

Lys Gly Leu Pro

Gin Pro Arg Glu
345

295

Thr Val Glu Arg Lys
220

Pro Val Ala Gly Pro
235

Thr Leu Met |le Ser
250

Val Ser His Glu Asp
270

Yal Glu Val His Asn
285

Ser Thr Phe Arg Val
300

Leu Asn Gly Lys Glu
315

Ala Pro lle Glu Lys
330

Pro Gin Val Tyr Thr
350

Ser Cys

Ser Val
240

Arg Thr
255

Pro Glu

Ala Lys

Val Ser

Tyr Lys
320

Thr Ile
335

Leu Pro



296

Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val
355 360

Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val
370 375

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
385 390 395

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
405 410

Trp Gin GIn Gly Asn Val Phe Ser Cys Ser Val
420 425

His Asn His Tyr Thr Glin Lys Ser Leu Ser Leu
435 440

210> 240
211> 447
212> PRT
213> Artificial

220>

Ser Leu Thr Gys Leu
365

Glu Trp Glu Ser Asn
380

Pro Met Leu Asp Ser
400

Val Asp Lys Ser Arg
415

Met His Glu Ala Leu
430

Ser Pro Gly Lys
445

223> An artificially synthesized peptide sequence

<400> 240

Gln Yal Gln Leu Val Gin Ser Gly Ala Glu Val
1 5 10

Lys Lys Pro Gly Ala
15



Ser Val Lys Val Ser
20

Ile Met Asn Trp Val
35

Gly Leu 1le Asn Pro
50

Gin Asp Arg Val Thr
65

Met Glu Leu Ser Ser
85

Ala Arg Asp Gly Tyr
100

Gin Gly Thr Leu Val
115

Val Phe Pro Leu Ala
130

Ala Leu Gly Cys lLeu
145

297

Cys Lys Ala Ser Gly

25

Tyr

Thr Phe Thr Gly Tyr
30

Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met

40

Tyr Asn Gly Gly Thr
55

[le Thr Ala Asp Glu
70

Asp
90

Lau Arg Ser Glu

Asp Asp Gly Pro Tyr
105

Thr Val Ser Ser
120

Ala

Pro Ser Ser Lys Ser

135

Val Lys Asp Tyr Phe

150

Ser

Ser

15

Thr

Thr

Ser

Thr

Pro

45

Tyr Asn GIn Gin Phe
60

Thr Ser Thr Ala Tyr
80

Ala Val Tyr Tyr Cys
85

Met Asp Tyr Trp Gly
110

Thr Lys Gly Pro Ser
125

Ser Glu Ser Thr Ala
140

Giu Pro Val Thr Val
160



Ser

Val

Pro

Lys

Val

225

Phe

Pro

Val

Thr

Val

Trp Asn Ser

Gin Ser
180

Leu

Ser Asn
195

Ser

Pro Ser Asn
210

Glu Cys Pro

Leu Phe Pro

Glu Val Thr

260

Gin Phe Asn

275

Gly Ala
165

Ser Gly

Phe Gly

Thr Lys

Pro Cys

230

Pro Lys
245

Cys Val

Trp Tyr

Lys Pro Arg Glu Glu

290

Leu

Leu Thr

Leu Tyr

Thr Gin
200

Val Asp
215

Pro Ala

Pro Lys

Val Val

Val Asp
280

Gin Phe
295

Thr Val Yal His Gin Asp

298

Ser Gly VYal
170

Ser Leu Ser
185

Thr Tyr Thr

Lys Thr Val

Pro Pro Val
235

Asp Thr Leu
250

Asp Val Ser

265

Gly Val Glu

Asn Ser Thr

Trp Leu Asn

His Thr Phe Pro Ala

Ser Val Val
190

Cys Asn Val
205

Glu Arg Lys
220

Ala Gly Pro

Met Ile Ser

His Giu Asp
270

Val His Asn
285

Phe Arg Val
300

Gly Lys Glu

175

Thr

Asp

Ser

Ser

Arg

255

Pro

Ala

Val

Tyr

Val

His

Cys

Val

240

Thr

Giu

Lys

Ser

Lys



305 310

Cys Lys Val Ser Asn Lys
325

Ser Lys Thr Lys Gly Gin
340

Pro Ser Arg Glu Glu Met
355

Val Lys Gly Phe Tyr Pro
370

Gly Gin Pro Glu Asn Asn
385 390

Asp Gly Ser Phe Phe lLeu
405

Trp Gln GIn Gly Asn Val
420

His Asn His Tyr Thr Gin
435

210> 241
211> 447

Gly Leu

Pro Arg

Thr Lys
360

Ser Asp

375

Tyr Lys

Tyr Ser

Phe Ser

Lys Ser
440

299

315

Pro Ala Pro
330

Glu Pro GIn
345

Asn Gin Val

fle Ala Val

Thr Thr Pro
395

Lys Leu Thr
410

Cys Ser Vai
425

Leu Ser Leu

lie

Val

Ser

Glu

380

Pro

Vati

Met

Ser

Glu Lys Thr
335

Tyr Thr Leu
350

Leu Thr Cys
365

Trp Glu Ser

Met Leu Asp

Asp Lys Ser
415

His Glu Ala
430

Pro Gly Lys
445

320

Ile

Pro

Leu

Asn

Ser

400

Arg

Leu



300

212> PRT
13> Artificial

<220>

223> An artificially synthesized peptide sequence

<400> 241

Gln Val Gin Leu Val Gin Ser Gly Ala Glu Val
1 5 10

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr
20 25

{le Met Asn Trp Val Arg Gln Ala Pro Gly Gin
35 40

Gly Leu tle Asn Pro Tyr Asn Gly Gly Thr Ser
50 55

GIn Asp Arg Val Thr lle Thr Ala Asp Glu Ser
65 ' 70 75

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr
85 90

Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr
100 105

Gin Giy Thr Leu Val Thr Val Ser Ser Ala Ser

Lys Lys Pro Gly Ala
15

Thr Phe Thr Gly Tyr
30

Gly Leu Glu Trp Met
45

Tyr Asn Asp Gln Phe
60

Thr Ser Thr Ala Tyr
80

Ata Val Tyr Tyr Cys
95

Met Asp Tyr Trp Gly
110 '

Thr Lys Gly Pro Ser



115

Val Phe Pro Leu Ala Pro Ser Ser

130

Ala Leu Gly
145

Ser Trp Asn

Val Leu GIn

Pro Ser Ser
195

Lys Pro Ser
210 -

Val Glu Cys
225

135

Cys Leu Val Lys Asp

150

Ser Gly Ala Leu Thr

Ser Ser Gly Leu Tyr

Asn Phe Gly Thr Gin

200

Asn Thr Lys Val Asp

215

Pro Pro Cys Pro Ala

230

Phe Leu Phe Pro Pro Lys Pro Lys

301

Lys Ser

Tyr Phe

Ser Gly
170

Ser Leu
185

Thr Tyr

Lys Thr

Pro Pro

Asp Thr
250

Pro Giu Val Thr Cys Vai Val Val Asp Val

265

Thr

Pro

155

Val

Ser

Thr

Val

Yali

235

Leu

Ser

125

Ser Glu Ser
140

Glu Pro Val

His Thr Phe

Ser Val Val
190

Cys Asn Val
205

Glu Arg Lys
220

Ala Gly Pro

Met fle Ser

His Glu Asp
270

Thr Ala

Thr Val
160

Pro Ala
175

Thr Val

Asp His

Ser Cys

Ser Val
240

Arg Thr
255

Pro Glu



302

Val Gin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
275 280 285

Thr Lys Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser
290 295 300

Val Leu Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 ' 310 315 320

Oys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lie
325 330 335

Ser Lys Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro
340 345 350

Pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu
3h5 360 365

VYal Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
370 375 380

Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
385 390 395 400

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
405 410 415



303

Trp Gln GIn Gly Asn Val Phe Ser Cys Ser Val Met
420 425

His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser
435 440

210> 242
Q211> 214
<212> PRT
<213> Homo sapiens

<400> 242
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser

1 5 10

Asp Arg Val Thr 1le Thr Cys Arg Thr Ser Glu Asn
20 25

Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro
' 35 40

Tyr Asn Ala Lys Thr Leu Ala Lys Gly Val Pro Ser
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser
65 70 75

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr

His Glu Ala Leu
430

Pro Gly Lys
445

Ala Ser Val Gly
15

I1e Tyr Ser Phe
30

Lys Leu Leu lle
45

Arg Phe Ser Gly

Ser Leu Gin Pro
80

Glu Ser Pro Leu



85

304

90

95

Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys Arg Thr Val Ala Ala

100

105

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu

115 120

110

Gln Leu Lys Ser

125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu

130 135

Lys Val Gin Trp Lys Val Asp Asn Ala Leu GIn

145 150

155

Glu Ser Yal Thr Glu Glin Asp Ser Lys Asp Ser

165

170

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu

180

185

140

Ser Giy Asn Ser

Gly

Ala

Gin
160

Thr Tyr Ser Leu Ser

175

Lys His Lys Val

190

Tyr

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser

195 200

Phe Asn Arg Gly Glu Cys
210

<210> 243
\ARDIRVAL:

205



305

212> PRT
213> Artificial

<{220>
223> An artificially synthesized peptide sequence

<400> 243
Asp |le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser

1 5 10

Asp Arg Val Thr Ile Thr Cys Gln Thr Ser Glu Asp lle Tyr
20 25 30

Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu
35 40 45

Tyr Asn Ala Gin Thr Glu Ala Gin Gly Val Pro Ser Arg Phe
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr [le Ser Ser lLeu
65 70 75

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr Glu Ser
85 90

Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys Arg Thr Val
100 105 110

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin Leu Lys

Val Gly
15

Ser Phe

Leu lle

Ser Gly

Gin Pro
80

Pro Leu
95

Ala Ala

Ser Gly



306

115 120 | 125

Thr Ala Ser Vai Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp SerlThr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 244
211> 445
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 244



Gin

Ser

Ile

Gly

Lys

65

Met

Ala

Gin

Val

Ala

Val Gin Leu Val GIn Ser Gly Ala
5

Val Lys Val Ser Cys Lys Ala Ser
20 25

Met Asn Trp Val Arg Gin Ala Pro
35 40

Leu ile Asn Pro Tyr Asn Gly Gly
50 55

Gly Arg Val Thr lle Thr Ala Asp
70

Glu Leu Ser Ser Leu Arg Ser Glu
85

Arg Asp Gly Tyr Asp Asp Gly Pro
100 105

Gly Thr Leu Val Thr Val Ser Ser
115 120

Phe Pro Leu Ala Pro Ser Ser Lys
130 135

Leu Gly Cys Leu Val Lys Asp Tyr

307

Glu Val

10

Gly Tyr

Gly GIn

Thr Ser

Glu Ser

15

Asp Thr

90

Tyr Thr

Ala Ser

Ser Thr

Phe Pro

Lys

Thr

Gly

Tyr

60

Thr

Ala

Met

Thr

Ser

140

Glu

Lys Pro Gly Ala
15

Phe Thr Gly Tyr
30

Leu Glu Trp Met
45

Asn Gin Lys Phe

Ser Thr Ala Tyr
80

Val Tyr Tyr Cys
95

Asp Tyr Trp Gly
110

Lys Gly Pro Ser
125

Gly Gly Thr Ala

Pro Val Thr Val



Ser Trp Asn

Val Leu GlIn

Pro Ser Ser
195

Lys Pro Ser
210

Val Glu Cys
225

Phe Leu Phe

Pro Glu Val

Val Gin Phe
275

Thr Lys Pro
290

Ser

Ser

180

Asn

Asn

Pro

Pro

Thr

260

Asn

Arg

150

Gly Ala
165

Ser Gly

Phe Gly

Thr Lys

Pro Cys

230

Pro Lys
245

Val

Cys

Trp Tyr

Glu Glu

Leu

LLeu

Thr

Val

215

Pro

Pro

Val

Val

Gin
295

308

155

Thr Ser Gly Val
170

Tyr Ser Leu Ser

185

Gin Thr
200

Tyr Thr

Asp Lys Thr Val

Ala Pro Pro Val

235

Lys Asp Thr Leu
250

Val Asp Val Ser
265

Asp Gly Val Glu
280

Phe Asn Ser Thr

His

Ser

Cys

Glu

220

Ala

Met

Gin

Val

Phe Arg Val

300

Thr

Val

Asn

205

Arg

Gly

[le

Glu

His
285

160

Phe Pro Ala
175

Val
190

Thr Val

Val Asp His

Lys Ser Gys

Pro Ser Val
240

Arg Thr
255

Ser

Asp Pro Glu
270 -

Asn Ala Lys

Val Ser



Val

305

Cys

Ser

Pro

Val

Gly

389

Asp

Trp

His

Leu Thr

Lys Val

Lys Thr

Ser GIn

355

Lys Gly

370

Gin Pro

Gly Ser

Gin Glu

Asn His
435

309

Val Val His Gin Asp Trp Leu Asn Giy
310 315

Ser Asn Lys Gly Leu Pro Ala Pro lle
325 330

Lys Gly Gin Pro Arg Glu Pro Gin Val
340 345

Giu Glu Met Thr Lys Asn Gin Val Ser
360

Phe Tyr Pro Ser Asp lle Ala Val Glu
375 380

Giu Asn Asn Tyr Lys Thr Thr Pro Pro
390 395

Phe Phe Leu Tyr Ser Lys Leu Thr Val
405 410

Gly Asn Val Phe Ser Cys Ser Val Met
420 425

Tyr Thr Gln Lys Ser Leu Ser Leu Ser
440

Lys Glu Tyr Lys
320

Glu Lys Thr lle
335

Tyr Thr Leu Pro
350

Leu Thr Cys Leu
365

Trp Glu Ser Asn

Met Leu Asp Ser
400

Asp Lys Ser Arg
415

His Glu Ala Leu
430

Pro
445



210> 245
211> 445
<212> PRT
213> Artificial

<220>

223> An artificially synthesized peptide sequence

<400> 245
GIn Val GIn Leu Val Gin Ser Gly Ala Glu Val
1 5 10

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr
20 25

[le Met Asn Trp Val Arg Gln Ala Pro Gly GIn
35 40

Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser
50 55

GIn Asp Arg Val Thr ile Thr Ala Asp Glu Ser
65 70 75

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr
85 90

Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr
100 105

Lys Lys

Thr Phe

Gly Leu
45

Tyr Asn

60

Thr Ser

Ala Val

Met Asp

Pro Gly Ala

Thr

30

Glu

Gln

Thr

Tyr

Tyr
110

15

Gly Tyr

Trp Met

Gln Phe

Ala Tyr
80

Tyr Cys
95

Trp Gly



Gln

Val

Ala

145

Ser

Val

Pro

Lys

Val

225

Phe

Gly Thr
115

Phe Pro
130

Leu Gly

Trp Asn

Leu Gin

Ser Ser
1985

Pro Ser
210

Glu Cys

Leu Phe

Leu Yal Thr Val

Leu Ala Pro Ser

Cys Leu Val Lys Asp Tyr

150

135

Ser Gly Ala Leu

165

Ser Ser Gly Leu

180

Asn Phe Gly Thr

Ser
120

Ser

Thr

Tyr

Gin
200

Asn Thr Lys Val Asp

215

Pro Pro Cys Pro Ala

230

311

Ser Ala

Lys Ser

Ser Gly
170

Ser Leu

185

Thr Tyr

Lys Thr

Pro Pro

Ser

Thr

165

Val

Ser

Thr

Val

Val
235

Pro Pro Lys Pro Lys Asp Thr Leu

245

250

Thr Lys Giy Pro Ser
125

Ser Gly Gly Thr Ala
140

Phe Pro Giu Pro Val Thr Val

160

His Thr Phe Pro Ala
175

Ser Val Val Thr Val
190

Cys Asn Val Asp His
205

Glu Arg Lys Ser Cys
220

Ala Gly Pro Ser Val
240

Met [le Ser Arg Thr
255



Pro Glu Val Thr Cys Val Val Val
260

Val Gin Phe Asn Trp Tyr Val Asp
275 280

Thr Lys Pro Arg Glu Glu Gln Phe
290 295

Val lLeu Thr Val Val His Gin Asp
305 310

Cys Lys Val Ser Asn Lys Gly Leu
325

Ser Lys Thr Lys Gly Gin Pro Arg
340

Pro Ser Gln Glu Glu Met Thr Lys
355 360

Val Lys Gly Phe Tyr Pro Ser Asp
370 375

Gly Gin Pro Glu Asn Asn Tyr Lys
385 390

Asp Val Ser
265

Gly Val Glu

Asn Ser Thr

Trp Leu Asn
315

Pro Ala Pro
330

Glu Pro Gin
345

Asn Gin Val

[le Ala Val

Thr Thr Pro
395

Gin Glu Asp Pro Glu

270

Val His Asn Ala
285

Phe Arg Val Val
300

Gly Lys Glu Tyr

e Glu Lys Thr
335

Val Tyr Thr Leu
350

Ser Leu Thr Cys
365

Glu Trp Glu Ser
380

Pro Met Leu Asp

Lys

Ser

Lys

320

lle

Pro

Leu

Asn

Ser
400



Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405

Trp Gin Giu Gly Asn Val Phe Ser Cys
420 425

His Asn His Tyr Thr Gin Lys Ser Leu
435 440

210> 246
11> 514
212> PRT
<213> Homo sapiens

400> 246
Met Met Trp Thr Trp Ala Leu Trp Met

1 5

Ser Leu Ala Ala Leu Pro Ala Lys Pro
20 25

Tyr Tyr Arg Lys Asn Leu Thr Cys Thr
35 40

313

Leu Thr Vai Asp Lys Ser Arg
410 415

Ser Val Met His Glu Ala Leu
430

Ser Leu Ser Pro
445

Leu Pro Ser Leu Cys Lys Phe
10 15

Glu Asn [le Ser Cys Val Tyr
30

Trp Ser Pro Gly Lys Glu Thr
45

Ser Tyr Thr Gin Tyr Thr Val Lys Arg Thr Tyr Ala Phe Gly Glu Lys

50 55

His Asp Asn Cys Thr Thr Asn Ser Ser
65 70

60

Thr Ser Glu Asn Arg Ala Ser
15 80



314

Cys Ser Phe Phe Leu Pro Arg {le Thr lle Pro Asp Asn
85 90

Glu Val Glu Ala Glu Asn Gly Asp Gly Val |le Lys Ser
100 105

Tyr Trp Arg Leu Glu Asn lle Ala Lys Thr Glu Pro Pro
115 120 125

Arg Val Lys Pro Val Leu Gly [le Lys Arg Met fie Gin
130 135 140

Ile Lys Pro Glu Leu Ala Pro Val Ser Ser Asp Leu Lys
145 150 155

Arg Phe Arg Thr Val Asn Ser Thr Ser Trp Met Glu Val
165 170

Lys Asn Arg Lys Asp Lys Asn GIn Thr Tyr Asn Leu Thr
180 185

Pro Phe Thr Glu Tyr Val [le Ala Leu Arg Cys Ala Val
195 200 205

Lys Phe Trp Ser Asp Trp Ser Gin Glu Lys Met Gly Met
210 215 220

Tyr Thr lle
95

His Met Thr
110

Lys lle Phe

Ile Glu Trp

Tyr Thr Leu
160

Asn Phe Ala
175

Gly Leu Gin
190

Lys Glu Ser

Thr Glu Glu



Giu

225

Ala

Ala

Glu

Leu

Tyr

305

[le

Ala

Ala Pro Cys Gly

Gly Arg Arg
245

Asp

Val Leu Glu
260

Pro

Asn Thr Asn
275

Ser

Glu
290

Leu His Leu

Asn Ser Leu Gly

Gin Glu Lys Ser

325

Glu Asp Gin Leu

340

Asn Thr Trp Met lle

355

Leu Glu Leu Trp Arg Val
230 235

Pro Val Arg Leu Leu Trp
250

Lys Thr Leu Gly Tyr Asn
265

Leu Thr Glu Thr Met Asn
280

Gly Gly Glu Ser Phe Trp
295

l.ys Ser Pro Val Ala Thr
310 315

Phe Gin Cys lie Glu Val
330

Val Val Lys Trp Gin Ser
345

Glu Trp Phe Pro Asp Va!
360

leu

Lys

Ife

Thr

Val

300

Leu

Met

Ser

Asp

Lys Pro Ala Glu
240

Lys Ala Arg Gly
255

Trp Tyr Tyr Pro
270

Thr Asn Gin Gin
285

Ser Met lle Ser

Arg |le Pro Ala
320

Gin Ala Cys Val
335

Ala Leu Asp Val
350

Ser Glu Pro Thr
365



Thr Leu Ser Trp
370

Gin Asp Lys Leu
385

Met Leu His Asp

Lys Glu Gly Val
420

Gly Val Lys Thr
435

Arg Lys Gly lle
450

Gly Lys Gly Phe
465

Leu Glu Ser Leu

Ser Thr Ser Ala
500

Leu Ser

316

Glu Ser VYal Ser Gin Ala Thr
375

Lys Pro Fhe Trp Cys Tyr Asn
390 395

Lys Val Gly Glu Pro Tyr Ser
405 410

Pro Ser Glu Gly Pro Glu Thr
425

Val Thr lle Thr Trp Lys Glu
440

[te Cys Asn Tyr Thr |le Phe
455

Ser Lys Thr Val Asn Ser Ser
470 475

Lys Arg Lys Thr Ser Tyr lle
485 490

Gly Gly Thr Asn Gly Thr Ser
505

Asn Trp Thr lle Gin
380

Ile Ser Val Tyr Pro
400

lle GIn Ala Tyr Ala
415

Lys Val Glu Asn lle
430

|le Pro Lys Ser Glu
445

Tyr Gin Ala Glu Gly
460

ile Leu Gin Tyr Gly
480

Val Gln Val Met Ala
495

ile Asn Phe Lys Thr
510
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