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DESCRIPTION

ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO OR MORE
ANTIGEN MOLECULES REFEATEDLY

- Technical Field

The present invention relates to methods for improving the pharmacokinetics of
antigen-binding molecules and methods for increasing the number of times of antigen-binding of
antigen-binding molecules, as well as antigen-binding molecules having improved
pharmacokinetics, antigen-binding molecules having increased number of times of

antigen-binding, and methods for producing such molecules.

Backoround Ast , _
Antibodies are drawing attention as pharmaceuticals as they are highly stable in plasma
and bave few adverse effects. At present, 2 number of IgG-type antibody pharmaceuticals are
available on the market and many more antibody pharmaceuticals are currently under
development (Non-Patent Documents 1 and 2). Meanwhile, various technologies applicable to

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

effector function, antigen-binding ability, pharmacokinetics, and stability, and those that reduce
the risk of immunogenicity (Non-Patent Document 3).  In general, the requisite dose of an
anfibody pharmaceutical is very high.  This, in turn, bes led to problems, such as high
production cost, as well as the rdjfﬁculty in producing subcutaneous formulations. In theory, the
dose of an antibody pharmaceutical may be reduced by mmproving antibody pharmacokinetics or
improving the affinity between antibodies and antigens. | '

The Jiterature has reported methods for improving antibody ph.armémkinetics usirig ‘
artificial substitution of amino acids in constant regions (Non-Patent Documents 4 and 5).
Similarly, affinity maturation has been reported as a technology for enhancing amtigen-binding
ability or antigen-neutralizing activity (Non-Patent Document 6).” This technology enables
enhancement of antigen-bindi.ng activity by introduction of amino acid mutations into the CDR
regions of a variable region or such.  The enhancement of antigen-binding ability enables
improvement of in vitro biological activity or reduction of dosage, and further enables
improvement of in vivo efficacy (Non-Patent Document 7).

The antigen-neutralizing capacity of a single antibody molecule depends on its affinity.
By increasing the affinity, an antigen can be neufralized by smaller amount of an antibody,
Various methods can be used to enhance the antibody affinity. Furthermore, if the affinity
could he made infinite by covalently binding the antibody to the antiger, a single antibody
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molecule could neutralize one antigen molecule {(a divalent antihlody can neutralize two antigen
molecules). However, the stoichiometric neutralization of one antibody against one antigen
(one divalent antibody against two antigens) is the limit of pre-existing methods, and thus it is
impossible to completely neutralize antigen with the smaller amount of antibody thar the amount
of antigen. In other words, the affinity enhancing effect has a limit (Nop-Patent Document 9).
To prolong the neutralization effect of a neutralizing antibedy for a certain period, the antibody
must be administered at a dose higher than the amount of antigen produced in the body during
the same period. With the improvement of antibody pharmacokinetics or affinity maturation
technology alone described above, there is thus a limitation in the reduction of the reqmred
antibody dose.

Accordingly, in order to sustzin antibody’s antigen-neutralizing effect for a target period
with smaller amount of the antibody than the amount of antigen, a single antibody must
neutralize multiple antigens. Methods for neutralizing multiple antigens with a single antibody
include antigen inactivation using catalytic antibodies, which are antibodies conferred with a
catalytic function. When the antigen is a protein, it can be inactivated by hydrolyzing its
peptide bouds. . An antibody can repeatedly neuiralize antigens by catalyzing such hydrolysis
(Non-Patent Document 8).  There are many previous reports published on catalytic antibodies
and technolo gies for producing them. However, there have been no reports of catalytic

antibodies having sufficient catalytic activity as a pharmaceutical agent.  Specifically, in an

- antibody in vivo study for a certain antigen, there has been no publication of catalytic antibodies

which can produce a comparable or stronger effect even at low doses or produce a more
prolonged effect even at a same dose as compared fo an ordinary non-catalytic neutralizing
dnttbody _
As described above, there have been no reports of antibodies that can produce 2 more
superior in vivo effect than ordinary neutralizing antibodies through a single antibody
nevtralizing multiple antigen molecules.  Thus, from the viewpoint of dose reduction and
prolongation of the durability, there is a need for new technologies that permit the production of
riovel antibody molecules having a stronger in vivo effect than ordinary neutralizing antibodies
by individually neutralizing multiple antigen molecules.

Prior art documents related to the present invention are shown below:

| [Prior art documents]

[Non-Patent Documents]
Noun-Patent Document 1: Monoclonal antibody successes in the clinic. Janice M Reichert, Clark
J Rosensweig, Laura B Faden & Matthew C Dewitz, Nature Biotechnology 23, 1073-1078

(2005)
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Non-Patent Document 2: Paviou AK, Belsey MJ. The therapeutic antibodies market to 2008, Eur
J Pharm Bicpharm. 2005 Apr;59(3):389-96

Non-Patent Document 3: Kim SJ, Park Y, Hong HJ. Antibody engineering for the development
of therapeutic antibodies. Mol Cells. 2005 Aug 31;20(1):17-25. Review _

Non-Patent Document 4; Hinton PR, Xiong M, Johlfs MG, ng MT, Keller S, Tsurushiia N,
An engineered human IgG1 antibody with longer serum haif-life. J Immunol. 2006 Jan |
1;176(1):346-56 ‘

Non-Patent Document 5: Ghetie V, Popov S, Borvak J, Radu C, Matesoi I}, Medesan C, Ober RJ,
Ward ES. Increasing the serum persistence of an IgG fragment by random mutagenesis. Nat
Biotechnol. 1997 Jui;15(7):637-40 ' '

Non-Paient Document 6: Rajpal A, Beyaz N, Haber L, Cappuccilli G, Yee H, Bhatt RR,
Takeuchi T, Lemmer RA, Crea R. A general method for greatly improving the affinity of
antibodies by using combinatorial libraries. Proc Natt Acad Sci U S A. 2005 Jun
14;102624):8466-71. Epub 2005 Jun 6

Non-Patent Document 7: Wu H, Pfarr DS, Johnson §, Brewah YA, Woods RM, Patel NK, White
WI, Young JF, Kiener PA. Development of Motavizumab, an Ultra-potent Antibody for the
Prevention of Respiratory Syncytial Virus Infection in the Upper and Lower Respiraiory Tract. J
Mol Biol. 2007, 368, 652-665 |
Non-Patent Document 8: Hanson CV, Nishiyama Y, Paul 8. Catalytic antibodies and their
applications. Curr Opin Biotechnol. 2005 Dec;16(6):631-6

Non-Patent Document 9: Rathanaswami P, Roalstad S, Roskos L, Su QI, Lackie S, Babcook 1.
Demonstration of an in vivo generated sub-picomolar affinity fully human monoclonal antibody
to interleukin-8. Biochem Biophys Res Commug. 2005 Sep 9;334(4):1004-13

Summary of the Invention

[Problems to be Solved by the Invention}

The above noted circumstances led to the discoveries of the present invention.
Accordingly, an objective of the present invention is to provide methods for binding
antigen-binding molecules to the antigens multiple times and methods for improving the
pharmacokinetics of antigen-binding molecules, as well as antigen-binding molecules that are

capable of binding to the antigens multiple times, antigen-binding molecules having improved

pharmacokinetics, pharmaceutical compoesitions containing such antigen-binding molecules, and

methods for producing such molecules and compositions.
[Meéns for Solving the Problems] '

Dedicated studies on methods for binding polypeptides having antigen-binding ability,
such as antigen-binding molecules, to the antigens multiple times, and methods for improving
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the half-lives of such molecules in plasma (blood) (improving their pharmacokinetics) were
conducted herein.  As a result, it was discovered that if the antigen-binding activity of an
antigen-binding molecule at the early endosomal pH is lower than its antigen-binding activiy at
the pH of piasma (blood}, it would be able to bind to antigens multiple times and have a longer
balf-life in plasma. |

Acco'rdingiy, the present invention relates to methods for binding antigen-binding
molecules to antigens muliiple times, methods for improving the pharmacokinetics of
antigen-binding molecules, and methods for producing antigen-binding molecules with improved

_pharmacokinetics; the present invention also relates fo anfigen-binding molecules that are

capabie of binding to antigens multiple times and antigen-binding molecules with improved
pharmacokinetics. More specifically, the present invention provides: _

[1] an antigen-binding molecule having a KD{pHS5.8)/KD{pH7 4) value, defined as the ratio of
KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, of 2 or higher;

[2] the antigen-binding molecule of {1}, wherein the KD(pH5.8/KD(pH7.4) value is 10 or
higher; ' ' _

[3] the antigen-binding molecule of [1], wherein the KD(pHS5.8Y/KD(pH7.4) value is 40 or

‘higher;

{4] the antigen-binding molecule of any one of [1] to [3], wherein at least one amino acid of the
antigen-binding molecule has been substituted with histidine, or at least one histidine has been
inserted into the antigen-binding molecule;-

[5] the antigen-binding molecule of any one of [1] to [4], wherein the antigen-binding molecule
has an antagonistic activity;

{6]. the antigen-binding molecule of any one of [1] to [5], wherein the antigen-binding molecule
binds to a membrane antigen or a soiuble antigen;

[7] the antigen-binding melecule of any one of {17 to [6], wherein the antigen-binding molecule
is an antibody;

{8} a pharmaceutical composition comprising the antigen-binding molecule of any one of [1] to
7%

[9] a method for improving the pharmacokinetics of an antigen-binding molecule by impairing

the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH

7.4:
[10] & method for increasing the number of times of antigen-binding for an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as

compared to that at pH 7.4;
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{11] a method for increasing the number of antigens that can be bound by an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as
compared to that at pH 7.4; '
[i2] a method for dissociating within a cell an antigen from an extraaellulazly-bound
antigen-binding molecule by impairing the antigen-binding activity of the antigen-binding
molecule at pH 5.8 as compared to that at pH 7.4;

[13] a method for releasing an antigen-binding molecule, which has been bound to an antigen
and internalized into a cell, in an antigen-free form to the outside of the cell by impairing the
antigen-binding activity of the anfigen-binding molecule at pH 5.8 as compared to that at pH 7.4;
{14] a method for increasing the ability of an antigen-binding molecule to eliminate an antigen in
plasma by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as
compared to that at pH 7.4;

{157 the method of any one of [9] to [14], wherein the KD{pHS5 .8)/KD(pH7 .4) value, defined as
the ratic of KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, is 2 or higher;

[16] the method of any one of [9] to [14], wherein the KD{pHS5.8)/KD(pH7.4) value 1s 10 or
higher; '

[17] the method of any one of [9] to [14], wherein the KD(pHS5.8YKD{pH7.4) value is 40 or
higher;

18] a method for improving the pharmacokinetics of an antigen-binding molecule by
substituting at least one amino acid of the antigen-binding molecule with histidine, or inserting at
least one histidine into the antigen-binding molecule;

[19] a method for increasing the number of times of antigen-binding for an antigen-binding

“molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,

or inserting at least one histidine into the antigen-binding molecule;

{20} a method for increasing the number of antigens that can be bound by an antigen-binding
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,
or inserting at least one histidine info the antigen-binding molecule;

[21} a method for dissociating within a cell an antigen from an extraceliularly-bound
antigen-binding molecule by substituting at least one amino acid of the antigen-binding molecule
with histidine, or inseriing at least one histidine into the antigen-binding molecule;

[22] a method for releasing an antigen-binding molecule, which has been bound to an antigen
and internalized into a cell, in an antigen-free form to the outside of the cell, by substituting at
least one amino acid of the antigen-binding molecule with histidine, or inserting at least one

histidine into the antigen-binding molecule;
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[23} 2 method for increasing the ability of an antigen-binding molecule to eliminate an antigen in
plasma by substituting at least one amino acid of the antigen-binding molecule with histidine, or
inserting at least one histidine into the antigen-binding molecule;

[24] the mefhod of any one of [18] to [23], wherein the histidine substitution or insertion
increases the KD(pHS,S)/KD(pH’?A) value, defined as the ratio of the anﬁgen—hinding activity at
pH 5.8 and the antigen-binding activity at pH 7.4, as compared to the KD(pHS5.8)/KD(pH7 4)
value before the histidine substitution or insertion; '

[25] the method of any one of [9] to [24], wherein the antigen-binding molecule has an
antagonistic activity; _ _ ‘

[26] the method of any one of [9] to [25], wherein the antigen-binding molecule binds 1o a
membrane antigen or a soiuble antigen;

[27] the method of any one of [9] to [26], wherein the antigen-binding molecule is an antibody:
[28] a method of screening for an antigen-biﬁding moiecule, which contprises the steps oft

(a) &'etermining the antigen-binding activity of an antigen-binding molecule at pt 6.7 to pH
10.0; :

Gj) detémiinjn'g the antigen-binding activity of the anfigen-binding molecule at pH 4.0 to pH 6.5;
and '

(c) selecting an antigen-binding rnolecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 410 to pH 6.5;

[29] the screening method of [28], which comprises the step of selecting an antibody whose
antigen-binding zictivity at pH 0.7 to pH 10.0 13 twice or higher that of the antigen-binding
activity at pH 4.0 to pH 6.5;

{30] a method of screening for an antigen-binding molecule, which comprises the steps of:

(a) binding an antigen-binding molecule to an antipen under a condition of pH 6.7 to pH 10.0;
(b) placing the antigen-binding melecule that bound to the antigen of (a) under 2 condition of pH
4.0 to pH 6.5; and

(c) obtaining an antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5; | ' .

{311 2 method of scregning for an antigen-binding molecule whose binding activity at a first pH
is greater than that at a second pHl, which comprises the steps of:

{a) binding an antigen-binding molecule to an antigen-immobilized column under the condition
of a first pH:

(b) eluting the antigen-binding molecule that had bound to the column at the first pH from thf:
column under the condition of a second pH; and

(c) collecting the eluted antigen-binding molecule;



10

15

20

30

35

{32] a method of screening for an antigen-binding molecule whose binding activity at a first pH
is greater than that at a second pH, which comprises the steps of: |

(a) binding an antigen-binding molecule library to an antigen-immobilized column under the
condition of a first pH; | _ '

(b} etuting the antigen-binding molecule from the column under the condition of a second pH;
(c) amplifying the gene encoding the eluted antigen-binding molecule; and

(d) obtaining the eluted antigen-binding molecule.

[33] the screening method of [31] or [32], wherein the first pH 18 6.7 to 10.0 and the second pH
is 4.0106.5;

. [34] the screening method of any one of [28] to [33], wherein at least one or more amino acids of

the antigen-binding molecule has been substituted with histidine, or at least one histidine has
been inserted into the antigen-binding molecule; _ _ _
[35] the screening method of any one of [28] to [33],?‘01' obtaining an antigen-binding molecule
that is superior in retention in the plasma,

[36] the screening method of any one of {28] 10 [33], for obtaining an antigen-binding molecule
fhat is capable of binding to an antigen two or more times;

[37] the screening method of any one of {28] to [33], for obtaining an antigen-binding molacule
that is capable of binding to more antigens as compared to the number of its antigen-binding
sites;

[38] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that dissociates an extracellulariy-bound antigen within a cell.

{39] the screening method of any one of {28} to [33], for obtaining an antigen-binding molecule
that is bound fo an antigen and internalized into a cell, and released to the outside of the cell in
an antigen-free form;

[407] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that has increased ability to eliminate an antigen in plasma;

[41] the screening method of any one of [28] 1o [40], wherein the antigen-binding molecule is
used as a pharmaceutical composition; |
{427 the screening method of any one of [28] to [41], wherein the antigen-binding molecule is an
antibody: |

{433 a method for produciﬁg an antigen-binding molecule, which comprises the steps of:

(a) determining the antigen-binding activity of an antigeu%inding molecule at pH 6.7 to pH
10.0; _

(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
(¢} selecting the antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is

greater than that at pH 4.0 10 pH 6.5;
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(d) obtaining the gene encoding the antigen-binding molecule selected in (¢); and

(e) producing the antigen-binding molecule using the gene obtained in (d);

{44] a method for producing an antigen-binding molecule, which comprises the stepé of:

(8) binding an antigen-binding molecule fo an antigen under 2 condition of pH 6.7 to pH 10.0;

| (b) allowing the antigen-binding molecule bound to the antigen of (aj to stand under a condition

of pH 4.0 to pH 6.5;

(¢) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
65; -

(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and

(e) producing the anfigen-binding molecule using the gene obtained in (d);

[45] 2 method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of: ' |

(a) binding an antigen-binding molecule to an antigen-immobilized column under the first pH
condition; “

(b) eluting the antigen-binding molecule, which is bound to the column at the first pH, from the
column under a second pH condition;

(c) collecting the eluted antigen-binding molecule;

(d) obtaining the gene encoding the antigen-binding molecule obtained in {¢); and

(e} producing the antigen-binding molecule using the gene obtained in (d);

[46] a method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of: '

(a) binding an antigen-binding molecule library to an antigen-immobilized column under the first
pH condition;

(b) eluting the antigen-binding molecule from the column under the second pH condition;

{¢) amplifymg the gene encoding the eluted antigen-binding molecule;

(d) eotlecting the eluted antigen-binding molecule;

(e) obtaining the gene encoding the antigen-binding molecule collected in (d); and

(f) producing the antigen-binding molecule using the gene obtained in (e);

[47] the production method of [45] or [46], wherein the first pH is 6.7 to 10.0 and the second pH
is4.0to 6.5, .

[48] the production method of any one of {43] to {47}, which further comprises the step of
substituting at least one amine acid of the antigen-binding molecule with histidine, or inserting at
least one histidine into the antigen-binding molecule;

[49] the production method of any one of {43] to [48], wherein the antigen-binding molecule is

an antibody;
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[50] a pharmaceutical composition comprising an antigen-binding molecule produced by the
production method of any one of [43] to {451,
[Effects of the Invention]

~ The present invention provides methods for making single antigen-binding molecules to
repeatedly bind to multiple antigen molecules.  When an antigen-binding molecule binds to
multiple antigen molecules, the pharmacokinetics of the antigen-binding molecule can-be
improved and such molecule can exert more superior in vivo effects than those of ordinary

antigen-binding molecules.

Brief Description of the Drawings

FIG. 1 is a diagram depicting a degradation pathway of antibodies bound to
membrane-bound antigen.

FIG. 2 is a diagram depicting a mechanism by which 1gG molecules are salvaged by
FcRn. '

FIG. 3 is a schematic diagram depicting the re-binding of IgG molecules to new antigen
following dissociation from membrane-bound antigen within endosomes.

F1G. 4 is a schematic diagram depicting the re-binding of [gG molecuies to new antigen
following dissociation from soluble antigen within endosomes.

FIG. 5 is a diagram depicting the process of panning using an antigen-irnmobilized
colummn.

. FIG. 6 presents graphs depicting the results of phage ELISA for clones acquired by
column panning. The upper graph depicts WT and the lower graph depicts CLS.

FI1G. 7 is a graph depicting the biological neutralization activity of
pH-dependently-binding anti-1L-6 receptor antibodies.

FIG. 8 presents graphs depicting results of Biacore sensorgram for bzndmg of
pH-dependently-binding anti-I1-6 receptor antibodies to soluble IL-6 receptor at pH 7.4.  The
top graph depicts WT; the second graph from the top depicts H3pl/L73; the third graph from the
top depicts H170/L82; and the bottom depicts CLHS5/L73.

FIG. 9 presents graphs depicting results of Biacore sensorgram for binding of
pH-dependently-binding anti-IL-6 receptor antibodies to soluble IL-6 receptor at pH 5.8. The
tep graph depicts WT; the second graph from the top depicts H3pI/L73; the third graph from the
top depicts H170/1.82; and the bottom graph depicts CLH5/L73.

FIG. 10 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to
membrane-type IL-6 receptor.  The top graph depicts WT; the second graph from the top
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depicts H3pl/1.73; the third graph from the top depicts H170/L82; and the bottom graph depicts
CLHS/LT3.
FIG. 11 is a Biacore sensorgram indicating repeated binding of pH-dependently-binding

+ anti-1L-6 receptor antibodies to SR344.

FIG. 12 is a graph depicting the total amount of bound artigen in a repetitive binding
experiment of pH-dependently-binding anti-IL.-6 receptor antibodies fo SR344,

FIG. 13 is a graph depicting time courses of antibody plasma concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies in human IL-6 recepior transgenic mice.

FIG. 14 is a graph depicting fime courses of antibody plasma concentrations of
pH—dependenﬂy-binding anti-IL-6 receptor antibodies in eynomolgus monkeys.

FIG. 15 is a graph depicting time courses of CRP concentrations in cynomolgus
monkeys, in relation to pH-dependently-binding anti-IL-6 receptor antibodies, '

FIG. 16 is a graph depicting time courses of unbound-type cynomolgus monkey IL-6
receptor concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-IL-6
receptor antibodies. .

FI1G. 17 presents graphs depicting results of Biacore sensorgram of association (pH 7.4)
and dissociation (pH 5.8) of pH-dspendently-binding anti-IL-6 receptor antibodies to
membrane-type IL-6 receptor.  In order moving {rom the top, the results for WT,
H3pVL73-IgGl, Fv2-1gG1, and Fvd-IgGl are shown.

FIG. 18 is a graph depicting time courses of pizisma antibody concentrations of
pH-dependently-binding anti-1~6 receptor antibodies (WT, H3pl/L73-1gG1, Fﬁ,?.-IgGl , and
Fv4-Ig(G1} in human IL-6 receptor transgenic mice.

FIG. 19 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependentiy-binding anti-IL-6 receptor antibodies to
membrane-type IL-6 receptor. Moving from the top down, the results for WT, Fvd-IgG1,
Fy4-IgG2, and Fv4-M58 are shown. |

FIG.20 is a giaph showing time courses of antibody plasma concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (WT, Fv4-IgG1, Fv4-1gG2, and Fv4-M358)
in human TL-6 receptor transgenic mice.. '

FIG. 21 presents graphs depicting results of Biacore sensorgram of association (pH 7.4)
and dissociation {pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to
membrane-type IL-6 receptor.  Moving from the top down, the results for Fvi-M71, Fv1-M73,
Fv3-M71, and Fv3-M73 are shown, |

FIG. 22 is a graph depicting time courses of antibody plasma concentrations of

pH-dependently-binding anti-IL-6 receptor antibodies in cynomotgus monkeys, during
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administration of H3pl/L.73-1g(G1, Fv1-M71, Fv1-M73, Fv2-IgGl, Fv3-M73, and Fv4-M73 at
0.5 mg/kg and during administration of high affinity Ab at 1.0 mg/kg.

“FIG. 23 is & graph depicting time courses of CRP concentrations in cynomolgus
monkeys, in relation to pH-dependently-binding anti-IL-6 receptor antibodies (H3pl/1.73-1gG1-,
Fvl-M7i-, FVI—M'?B;, F{r,’ZwigGI—, Fv3-M73-, Fv4-M73-, ﬁnd high-afﬁniﬁf—Ab—administered
groups).

FIG. 24 1s a graph depicting time courses of unbound-type cynomolgus monkey IL-6
receptor concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-I[.-6
receptor antibodies (H3pl/L73-IgG1-, Fvi-M71-, Fv1-M73-, Fv2-1gG1-, Fv3-MT73-, Fv4-M73-,
and high-affinity-Ab-administered groups). | |

FIG. 25 is a diagram depicting FR1, FR2, FR3, and FR4 along with CDR1, CDR2, and
CDR3 of heavy chains (VHI, VH2, VH3, VH4) and light chains (VL1, VL2, VL3). Asterisks
indicate locations where amino acid mutations exist in the aligned sequences.

FIG. 26 presents a Biacore sensorgram depicting the pH-dependent binding of an
anti-TL-6 antibody, Anti-fL6 clone 2, to IL-6 at pH 7.4 and pH 5.5. The curves in the
sensorgram at pH 7.4 correspond to 100, '50, 25, 12.5, and 6.25 ng/mL IL-6, from above.

F1G. 27 presents a Biacore sepsorgram depicting the pH-dependent binding of an |
anti-1L-31 receptor antibody, Anti-IL31R clone 1, to the IL-31 receptor at pH 7.4 and pH 5.5.
The curves in the sensorgram at pH 5.5 correspond to 100, 50, 25, and 12.5 ng/mL IL-31
receptor, from above.

FIG. 28 depicts the time course of plasma antibody concentration after intravenous
administration of a mixfure solution containing SR344 and an anti-human I1.-6 receptor antibody
o mouse. ‘

FIG. 29 depicts the time course of plasma SR344 concentration after intravenous

administration of a mixture solution containing SR344 and an anti-human IL-6 receptor antibody

0o mouse.

Mode for Carrving Out the Invention
The present invention provides methods for increasing the number of times of

antigen-binding in antigen-binding molecules. More specifically, the present invention
provides methods for increasing the number of times of anfigen-binding in antigen-binding
molecules by impairing the antigen-binding abiiity of the antigen-binding molecules at acidic pH
as compared to that af neutral pH.  Furthermore, the present invention provides methods for
increasing the number of times of antigen-binding in antigen-binding molecules by substituting
histidine for at least one amino acid in the antigen-binding molecules or inserting at least one

histidine into the antigen-binding molecules. In addition, the present invention provides
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methods for increasing the number of times of antigen-binding in antigen-binding molecules by
substituting, deleting, adding, and/or inserting amino acids in the antibody constant region of
antigen-binding molecules.

© The present invention also provides methods for increasing the number of antigens that
can be bound by an antigen-binding molecule. More specifically, the present invention |
provides methods for increasing the number of antigens that can be bound by an antigen-binding
molecule by impairing the antigen-binding ability at acidic pH as compared to that at neutral pH.
Furthermore, the present invention provides methods for increasing the number of antigens that
can be bound by an antigen-binding molecule by substituting histidine for at least one amino acid
in the antigen-binding molecules or inserting at least one histidine into the antigen-binding
molecules.  In addition, the present invention provides methods for increasing the number of
anﬁgezis that can be bound by an antigen-binding molecule through substituting, deleting, adding,
and/or inserting amino acids in the antibody constant region of antigen-binding molecules.

The present invention also provides methods for dissociating within a cell an antigen
from an extracellujarly-bound antige:n»binding molecule. = More specifically, the present
invention provides methods for dissociating within a cell an antigen from an
extracellularly-bound antigen-binding molecule by impairing the antigen-binding ghility at acidic
pH as compared to that at neutral pH. Furthermore, the present invention provides methods for
dissociating vﬁthin a cell an antigen from an extracellularly-bound antigen-binding molecule by
substituting histidine for at least one amino acid in the antigen-binding molecule or inserting at
least ore histidine into the antigen-binding molecule. In addition, the present invention
provides methods for dissociating within a cell an antigen from an extracellularly-bound
antigen-binding molecule through substituting, deleting, adding, and/or inserting amino acids in
the antibody constant region of antigen-binding molecule. '

The present invention also provides methods for releasing an antigen-binding molecule,
which has been bound to an antigen and internalized into a cell, 11 an antigen-free form to the
outside of the cell. More specifically, the present invention provides methods for releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell, by impairing the antigen-binding ability at acidic pH
as compared to that at neutral pH.  Furthermore, the present invention provides methods for
releasing an antigen-binding molecule, which has been bound to an antigen and internalized into
a cell, in an antigen-free form to the outside of the cell, by substituting histidine for at least one
amino acid in the antigen-binding molecule or inserting at least one histidine into the
antigen-binding molecule. In addifion, the present invention provides methods for releasing an

anti gen-bindiﬂg molecuie, which has been bound to an antigen and internalized into 2 cell, in an
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antigen-free form to the outside of the cell, through substituting, deleting, adding, and/or
inserting amino acids in the antibody constant region of antigen-binding molecule.

The present invention also provides methods for increasing the ability of an
an‘tigen-binding molecule to climinate antigens in plasma.  More specifically, the present
invention pmﬁdeg méthods for increasing the ability of an antigen'-binding molecule to eliminate
antigens in plasma by impairing the antigen-binding ability at acidic pH as compared o that at
neutral pH. Furthermore, the present invention provides methods for increasing the ability of
an a.nﬁigémbinding molecule to eliminate antigens in plasma by substituting histidine for at least
one amino acid in the antigen-binding molecules or inserting at least one histidine into the
antigen-binding molecules. In addition, the present invention provides methods for increasing
the ability of an antigen-binding molecule to eliminate antigens in plasma through substituting,
deleting, adding, and/or inserting amino acids in the antibody constant region of antigen-binding
molecule. 7

The present invention also provides methods for improving the pharmacokinetics of
antigen-binding molecules. More specifically, the present invention provides methods for
improving the pharmacokinetics of antigen-binding molecules (prolonging the retendion in
plasma} by impairing the antigen-binding ability af acidic pH as compared to that at neutral pH.
Furthermore, the present invention provides methods for improving the pharmacokinetics of
antigen-binding molecules by substituting histidine for at least one amino acid in the
antigen-binding molecules or inserting at least one histidine into the anfigen-binding molecules.
In addition, the present invention provides methods for improving the pharmacokinetics of
antigen-binding molecules by substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding molecules, _

Further, the present invention provides methods for increasing the ability of the
antigen-binding molecules to eliminate antigens in plasma. More speciﬁcally‘, the present
invention provides methods for increasing the ability of the antigen-binding molecules to

eliminate anfigens in plasma by impairing the antigen-binding ability of the antigen-binding

molecules at acidic pH as compared to that at neutral pH.  Furthermore, the present invention

provides methods for increasing the ability of the antigen-binding molecules to eliminate
antigens in plasma by substituting at least one amino acid in the antigen-binding molecules with
histidine or inserting at least one histidine into the antigen-binding molecules. In addition, the
present invention provides methods for increasing the ability of the antigen-binding molecules to
eliminate antigens in plasma by substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding moiecéﬁas.

Herein, “improvement of the pharmacokinetics”, “amelioration of the

pharmacokinetics™, “superior pharmacokinetics™ are interchangeable with “improvement of the

H
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retention in plasma (blood)”, “amelioration of the retention in plasma (blood)”, and “superior
retention in plasma (blooed)”, respectively, and these phrases are synonymous,

Herein, impairing the antigen-binding activity at acidic pH as compared to that at
neutral pH means that the antigen-binding ability of an antigen-binding molecule at pH 4.0 to pH
6.5 is impaired as compared to that at pH 6.7 to pH 10.0, preferably that the antigen-binding
activity of an antigen-binding molecule at pH 5.5 to pH 6.5 is impaired as compared to that at pH
7.0 to pH 8.0, and more preferably that the anti gen-binding activity of an antigen-binding
molecule at pH 5.8 is impaired as compared to that af pi1 7.4, Accordingly, in the present
invention, acidic pH is typically pH 4.0 to pH 6.5, preferably pH 5.5 to pH 6.5, and more
preferably pH 5.8. Alternatively, in the present invention, neutral pH is typically pH 6.7 to pH
10.0, preferably pH 7.0 to pH 8.0, and more preferably pH 7.4.

Herein, the phrase “impairing the antigen-binding ability of an antigen-binding
molecule at acidic pH as compared to that at neufral pR” is interchangable with the phrase
“increasing the an‘tigan-%inding ability of an antigen-binding molecule at neutral pH as compared
to that at acidic pH”. In other words, in the present invention, the difference in the
antigen-binding ability of an antigen-binding molecule should be increased between acidic and
neutral pHs.  For example, the value of KD(pHS.8Y/KD(pH7 4} should be increased, as
described below. The difference in the aﬁﬁgénmbmding ability of an antigen-binding molecnle
between acidic and neutral pHs may be increased, for example, by either or both, impairing the
antigen-binding ability at acidic pH and increasing the antigen-binding ability at neutral pH.

Conditions other than the pH for determining the antigen-binding activity canbe
selected appropriately by these skilled in the art, and the conditions are not particularly limited.
The antigen-binding activity can be determined, for example, under conditions of MES buffer
and 37°C as described in the Examples herein.  Furthermore, the antigen-binding activity of an
antigen-binding molecule can be determined by methods known to those skilled in the art, for
example, using Biacore (GE Healtheare) or the like, as described in the Examples herein.

When the antigen is a soluble antigen, the activity of binding to the soluble antigen can be
assessed by injecting the antigen as an analyte onio a chip immobilized with the antigen-binding
molecule, Alternatively, when the antigen is a membrane antigen, the activity of binding to the
membrane anfigen can be assessed by injecting the antigen-binding molecule as an analyte onto
an antigen-immobilized chip. ,

In the present invention, the difference in the antigen-binding activity between acidic
and neutral pHs is not particularly limited as long as the antigen-binding activity at acidic pH is
lower than that at neutral pH. However, the value of KID({pHS5.8)YKD(pH7.4), which is a ratio
of dissociation constant (KD) against an antigen at pH 5.8 and that at pH 7 4, is preferably 2 or
greater, more preferably 10 or greater, and still more preferably 40 or greater.  The upper limit
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of KD(pHS5 8)/KD(pH7.4} value is not particularly limited, and may be any value, for example,
400, 1,000, or 10,000, as long as the molecule can be produced by technologies of those skilled
inthe art. When the antigen is a soluble antigen, the antigen-binding activity can be presented
in terms of the dissociation constant (KD).  Alternatively, when the antigen is a membrane
antigen, the antigenwbinding activity can be presented in terms of the apparent dissociation
constant. The dissociation constant (KD) and apparent dissociation constant (apparent KD) can
be determined by methods known to those skilled in the art, for example, using Biacore (GE
healthcare), Scafchard plot, or FACS.

. Alternatively, it is possible to use, for example, ke, a dissociation rate constant, as an
indicator for the difference in the antigen-binding activity between acidic and neutral pHs,
When the dissociation rate constant (kq) is. used as an indicator for the difference in the binding
activity instead of the dissociation constant (KID), the value of ky(pHS5 8Y/kg(pH7.4), whichisa
ratio of dissociation rate constant (k¢) against an antigen at pH 5.8 and that at pH 7.4, is
preferably 2 or greater, more preferably 5 or greater, even more preferably 10 or greater, and still
more preferably 30 or greater.  The upper limit of kd(pHS.S)/i(g(p}I?.é-) value is not particularly
limted, and may be any value, for example, 50, 100, or 200, as long as the molecule can be |
produced by technologies common to those skilled in the art.

When the antigen is a soluble antigen, the antigen-binding activity can be presented in
terms of the dissociation rate constant (kg).  Alternatively, when the antipen is & membrane
antigen, the antigen-binding activity can be presented in terms of the apparent dissociation rate
constant. The dissociation rate constant (ks) and apparent dissociation rate constant (apparent
kq) can be determined by methods known to those skilied in the art, for example, using Biacore
(GE healthcare) or FACS.

In the present invention, when the antigen-binding activity of an antigen-binding
molecule is determined at different pHs, it is preferred that the measurement conditions except
for pH are constant.

The methods for impairing the antigen-binding activity of an antigen-binding molecule
at pH 5.8 as compared to that at pH 7.4 (methods for conferring the pH-dependent binding
ability) are not particularly limited and may be any methods. Such methods include, for
example, methods for impairing the antigen-binding activity at pH 5.8 as compared to that at pH
7.4 by substituting histidine for amino acids in the antigen«bindjng molecule or inserting
histidine info the antigen-binding molecule. It is already known that an antibody can be
conferred with a pH-dependent antigen-binding activity by sabstituting histidine for amino acids
in the antibody (FEBS Letter, 309(1), 8588 (1992)). . Such histidine mutation (substitution) or
insertion sites are not particularly limited, and any site is acceptable as long as the
antigen-binding activity at pH 5.8 is lowered than that at pH 7.4 (the value of
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KD{pH3.8YKD{(pH7.4) gets greater) as compared to before mutation or insertion, When the
antigen-binding molecule is an antibody, such sites include, for example, sites within an .
antibody variable region. The appropriate number of histidine mutation or insertion sites can be
appropriately determined by those skilled in the art.  Histidine may be substituted or inserted at
a single site, or two or more sites. It is also possible to introduce non-histidine mutation
(rziutation with amino acids other than histidine} at the same fime. Furthermore, histidine
mutation may be introduced simultanecusly with histidine insertion. I is possible to substitute
or insert histidine at random using 2 method such as histidine scanning, which uses histidine '
instead of alanine in alanine scanning known to those skilled in the art.  Alternatively,
antigen-binding molecules whose KD{pHS.8YKD(pH7.4) is increased as compared to before
mutation can be selected from an antigen-binding molecule library with random histidine
mutation or insertion.

When histidine is substituted for amo acids of an antigen-binding molecule or inserted
between amino acids of the molecule, it is preferred, but not required, that the antigen-binding
activity of the antigen-binding molecule at pH 7.4 after histidine substitution or insertion is
comparable to that at pH 7.4 before histidine substitution or insertion.  The “antigen-binding
activity of the antigen-binding molecule at pH 7.4 after histidine substitution or.insertion is
comparable to thet at pH 7.4 before histidine substitution or insertion” means that even after
histidine substitution or insertion, the antigen-binding molecule retains 10% or more, preferably
50% or more, more preferably 80% or more, and still more preferably 90% or more of the
antizen-binding activity of before histidine substitution or insertion.  When the anfigen-binding
activity of the antigen-binding molecule has been impaired due to histidine substitution or
insertion, the antigen-binding activity may be adjusted by introducing substitution, deletion,
addition, and/or insertion of one or more amino acids into the antigen-binding molecule so that
the antigen-binding activity becomes comparable to that before histidine substitution or insertion.
The present invention also includes such antigen-binding molecules having a comparable
binding activity as a result of substitution, deletion, addition, and/or insertion of one or more
amino acids afier histidine substitution or insertion.

Alterpative methods for impairing the antigen-binding activity of an antigen-binding
molecule at pH 5.8 as compared to that at pH 7.4 include methods of substituting non-natural -
amino acids for amino acids in an antigen-binding molecule or inserting non-natural amino acids

into amino acids of an antigen-binding molecule. It 1s known that the pKa can be artificially

controlled using non-natural amino acids (Angew. Chem. Int. Ed. 2005, 44, 34; Chem Soc Rev.

2004 Sep 10:33(7):422-30; Amino Acids. 1999;16(3-4):345-79). Thus, in the present invention,
non-natural amino acids can be used instead of histidine described above.  Such non-natural

amino acid substitution and/or insertion may be introduced simultanecusly with the histidine
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substitution and/or insertion described above.  Any non-natural amino acids may be used in the
present invention. It is possible to use non-natural amino acids known to those skilled in the

Furthermore, when the antigen-binding molecule is a substance having an-antibody
constant regiém, alternative methods for impairing the antigen-binding activity of the
antigen-binding molecule at pH 5.8 as compared to that at pH 7.4 include methods for modifying
the antibody constant region contained in the antigen-binding molecule.  Such methods for
modifying the antibody constant region include, for example, methods for substituting & constant
region described in the Examples herein.

Alternative methods for modifying the antibody constant region include, for example,
methods to assess various constant region 1sotypes {IgG1, 1gG2, 15G3, and 1gG4) and select an
isotype that impairs the antigen-binding activity at pH 5.8 (increases the dissociation rate af pH
5.8). Alternatively, methods include those for impairing the antigen-binding activity at pH 5.8
(increasing the dissociation rate at pH 5.8) by substituting amino acids in the amino acid
sequénce of a ?viid—type isotype (the amino acid sequence of wild type IgG1, ngZ, IgG3, or
Ig(34). The sequence of the hinge region of an antibody constant region is considerably
different among 1sotypes (1gG1, 1gG2, 1gG3, and Ig(G4), and the difference in the hinge region
amine acid sequence has a great impact on the antigen-binding activity. Thus, it is possible to
select an appropriate iéotype te impair the antigen-binding activity at pH 5.8 (1o increase the
dissociation rate at pH 5.8) by considering the type of antigen or epitope. Furthermore, since
the difference in the hinge region amino acid sequence has a significant influsnce on the
antigen-binding activity, preferred amino acid substitution sites in the amino acid sequence of a
wild type isotype are assumed to be within the hinge region.

When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
weakened compared to that at pH 7.4 (when KD(pHS5.8YKD(pH7.4) value is increased) by the
above described methods and such, it is generally preferable that the KD(pH5 BYKIMpH7.4)
value be two times or more, more preferably five times or more, and even more preferably ten
times or more as compared to that of the original antibody, although the invention is not
particularly limited thereto.

Herein, the “improvement of the pharmacockinetics™ means prolongation of the time
required for the elimination of the antigen-binding molecule from plasma (for example, reaching
the state where the antigen-binding molecule cannot retumn to the plasma due to degradaﬁon in
cells, or other reasous) after administration to an animal such as human, mouse, rat, monkey,
rabbit, or dog, as well as prolongation of the plasma retention time of the antigen-binding
molecule being in a form capable of binding to antigens (for example, being in an antigen-free
form) during the period until it is eliminated from the plasma after administration. FEven ifan
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antigen-binding molecule is circulated in plasma, it cannot bind to an antigen when it already
binds to another antigen.  Accordingly, the period where the antigen-binding molecule can
newly binds to another antigen is prolonged (the chance to bind another antigen increases) by
prolonging the period where the antigen-binding molecule is in an antigen-free form, This
makes it possible to shorten the period where the antigen is free from antigen-binding molecules
in vive (in other words, to prolong the period where the antigen is bound by an antigen-binding
molecule). For example, the ratio of antigens bound to antigen-binding molecules against the
antigens in the body in plasma (total of antigen molecules bound to and free from the
antigen-binding molecules) generally decreases in a certain period of time after the
administration of the antigen-binding molecules. However, such decrease can be suppressed
(for example, the degree of decrease can be made smaller) by prolonging the retention time of
the antigen-binding molecules in a form capable of binding to antigens. This results in an
increase in the ratio of antigens bound to antigen-binding molecules against the antigens i the
body in a certain period of time after antibody administration. ‘ |

Specifically, in the present invention, the “improvement of the pharmacokinetics” does
not necessarily mean the profongation (extension) of the time required for the elimination of the
antigen-binding molecule after administration. Even if the time required for the elimination of
the antigen-binding molecule after administration remains unchanged, the pharmacokinetics can
be said “improved” in the present invention if

the plasma retention time of the antigen-binding molecule being in a form capable of
binding to an antigen (for example, the antigen-binding molecule being in an antigen-free form)
is prolonged; 4

the period where the antigen is free from an antigen-binding melecule in the body is
shortened (in other words, the period where the antigen-binding molecule is bound to an antigen
is prolonged}); and .

the ratio of antigens bound fo aniigen-binding molecules against the antigens in the
body is increased. Thus, in the present invention, the “improvement of the pharmacokinetics”
encompasses at least:

(1) prolongation of the time required for the elimination of the antigen-binding molecule
from plasma after administration of the antigen-binding molecule;

(2) prolongation of the plasma retention time of the antigen-binding molecule in a form
capable of binding to an antigen after administration of the antigen-binding molecule;

(3) shortening of the period where the antigen is free from an antigen-binding molecule
in the body after administration of the antigen-binding molecule (prolongation of the period
where the antigen-binding molecule is bound to an antigen in the body); and
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(4) increase in the ratio of antigens bound to antigen-binding molecules to the antigen in
the body. | | |

When the antigen is a soluble antigen present in plasma, even if the pharmacokinetics of
the antigen—binding molecule (rate of elimination from plasma) is equivalent, there are cases
where elimination of antigen bound fo the antigen-binding molecule is accelerated. Reducing
the pharmacokinetics of the antigen (accelerating elimination from plasma) results in the relative

tmprovement of the pharmacokinetics of the antigen-binding molecule, and thus, leads to the

- prolongation of the time of the antigen-binding molecule present in plasma in a form capable of

binding to antigens. Thus, in onie embodiment, the “improvement of the pharmacokinetics” of
antigen-binding molecules of the present invention includes increasing the rate of eliminating
solubie antigens from plasma after administration of the antigen-binding molecules (the ability
of the antigen-binding molecule to eliminate antigens from plasma).

In the present invention, when the antigen is a membrane antigen, whether a single
antigen-binding molecule binds to multiple antigens can be assessed by testing whether the
pharmacokinetics of the antigen-binding molecule 1s improved. Whether the
“pharmacokinetics is improved” can be assessed by the following method.  For example,
whether the time required for the elimination of an antigen-binding molecule after administration
is prolonged can be assessed by determining any one of pararnieters for the anfigen-binding
molecule, such as half-life in plasma, mean plasma retention time, and clearance in plasma
(“‘Pharmacokinetics: Enshu-niyoru Rikai (Understanding through practice)” Nanzando).  For
example, when the half-life'in plasma or mean plasma retention time of an antigen-binding
molecule administered to mice, rats, monkeys, rabbits, dogs, humans, or other animals is
prolonged, the pharmacokinetics of the antigen-binding molecule i3 judged to be improved.
These parameters can be determined by methods knowrt to those skilled in the art.  For example,
the parameters can be appropriately assessed by noncompartmental analysis using
pharmacokinetics analysis software WinNonlin (Pharsight) according to the appended instruction
manual. ‘

Alternatively, whether the plasma retention time of an antigen-binding molecule ina
form capable of binding o antigens after administration of the antigen-binding molecule is
prolonged can be assessed by measuring the plasma concentration of the antigen-free

antigen-binding molecule and determining any one of parameters for the antigen-free

- antigen-binding molecule, such as half-life in plasma, mean plasma retention time, and clearance

in plasma. The concentration of the antigen-free antigen-binding molecule in plasma can be
measured by methods known to those skilled in the art.  For example, such measurements are
described in Clin Pharmacol. 2008 Apr;48(4):406-17.



10

15

20

30

35

20

Furthermore, whether the period where an antigen is free from the antigen-binding
molecules in the body after administration of the antigen-binding molecules is shortened (the
period where the antigen-binding molecule is bound to an antigen in the body is prolonged) can
be assessed by determining the plasma concentration of the unbound antigen that is free from
antigen-binding moleéules, and considering the period where the concentration of free antigen in
plasm or the amount ratic of free antigen against the total antigen remains low. The plasma
concentration of the free antigen or amount ratio of free anﬁgen against total antigen can be
determined by methods known to those skilled in theart. For example, such measurements are
described in Pharm Res. 2006 Jan;23(1):93-103.  Alternatively, when the antigen exerts some
function in vive, whether the antigen is bound by an antigen-binding molecule that neuiralizes
the antigen’s function {antagonistic molecule) can be assessed by testing whether the function of
the antigen is neutralized. Whether the function of the antigen is neutralized can be assessed by
assaying an in vivo marker that reflects the function of the antigen. Whether the anfigen is
bound by an antigeﬁ—binding molecule that activates the function of the antigen (agonistic
molecule) can be assessed by assaying an in vivo marker that reflects the function of the antigen.

There is no particular limitation on the determination of the plasma concentration of free
antigen and amount ratio of free antigen against total antigen, and in vivo marker assay, but the
determination is preferably carried out afler a certain period following administration of an
antigen-binding substance. In the present invention, such a period following administration of
an antigen-binding substance is not particularly limited, and an appropriate period can be
determined by those skilled in the art depending on the properties of the administered
antigen-binding substance and the like. Examples of the period are: one day after
administration of an antigen-binding substance; three days after administration of an
antigen-binding substance, seven days after administration of an antigen-binding substance, 14
days after administration of an antigen-binding substance, and 28 days after administration of an
antigen-binding substance.

In the present invention, it is preferred to improve the pharmacokinetics in human,
Even when the plasma retention in human ts difficult to determine, it can be predicted based on
the plasma retention in mice (for example, normal mice, human antigen-expressing transgenic
mice, and human FcRn-expressing transgenic mice) or monkeys (for example, cynomolgus
monkeys).

Methods for determining the retention in plasma are not particularly limited. The
determination can be carried out, for example, according to the methods deécribed in the
Examples herein. |

Whether an antigen-binding molecule is capable of binding o antigens multiple times

can be assessed by testing whether the antigen bound to an antipen-binding molecule under the
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same neutra) condition as plasma dissociates under the same acidic condition as endosome and

how many antigens the antigen-binding molecule can rebind to under the neutral condition.

© Specifically, the assessment can be carried out by allowing the antigen-binding molecule and

antigen to form 2 compléx under the neutral condition, exposing the complex to an acidic
condition for a predetermined period, and then testing whether the antigen-binding molecule can
rebind to an antigen under the neutral condition, using a device for assaying antigen-binding
moiecuimantigen reactions, such as Biacore.  When the antigen-binding capacity of the
antigen-binding molecule conferred with the pH-dependent binding ability has been improved to
twice that of the antigen-binding moleculé before modification, the number of times of binding
of the antigen-binding molecule conferred with the pH-dependent binding ability can be judged
to be increased to twice that of the antigen-binding molecule before modification,  Alternatively,
when the antigen is a membrane antigen and thus the antigen-binding molecule is eliminated
from plasma through antigen-mediated uptake and degradation in a lysosome, whether the
number of times of binding of the antigen-binding molecule conferred with the pH-dependent
binding ability is increased as compared to that before modification can be assessed by
comparing the pharmacokinetics or duration of antigen binding between the antigen-binding
molecule conferred with the pH-dependent binding ability and the antigen-binding molecule
before modification. For example, when the antigen-binding duration of the antigen-binding
molecule conferred with the pH-dependent binding ability is prolonged twice that of the
antigen-binding molecule before modification, the number of times of binding of the
antigen-binding molecule conferred with the pH-dependent binding ability is judged to be
increased to twice that of the antigen-binding molecule before modification,  Alternatively,
when the plasma concentration of an unbound antigen, which is free from the antigen-binding
molecule, is determined and the i}f:riod where the plasma concentration of the free antigen or the
amount ratio of the free antigen against the total antigen remains low is prolonged to twice, the
number of times of binding of the antigen-binding molecule conferred with the pH-dependent
binding ability is judged to be increased to twice that of the antigen-binding molecule before
modification.

When the antigen is a soluble antigen, if the antigen bound to an antigen-binding
molecule under the neutral condition in plasma dissociates in an endosome, and the
antigen-binding molecule returns to the plasma, the antigen-binding molecule can again bind to
an antigen under the neutral condition in plasma.  Thus, an antigen-binding molecule that has
the characteristics to dissociate with an antigen in acidic condition of an endosomes is capable of
binding to antigens multiple times. Cémpared to when the antigen bound to an antigen-binding
molecule does not dissociate in an endosome (the antigen remains bound to the antigen-binding

molecule when returning to plasma), when the antigen bound to an antigen-binding molecule
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dissociates in endosomes, the antigen is delivered to a lysosome and then degraded, and thus, the
rate of elimination of the antigen from plasma increases.  That is, it is also possible to determine
whether the antigen-binding molecule is capable of binding to antigens multiple times using the
rate of eimination of antigen from plasma as an index.  The rate of elimination of the antigen
from plasma can be determined, for example, by administering the antigens {¢.g., membrane
antigen) and antigen-binding molecules in vive, and then meésuring the concentration of antigens
in plasma. When an antigen (e.g., membrane antigen) is produced or secreted ir vivo, the
plasma antigen concentration is reduced if the rate of elimination of the antigen from plasma is
increased. Thus, it is also possible {¢ determine whether the antigen-binding molecule is
capable of binding to antigens multiple times using the plasma antigen concentration as an Index.
| Herein, “increasing fhe mumber of times of antigen-binding of the antigen-binding
molecule” means that the number of cycles 1s increased when takinp as one cycle the process
where an antigen-binding molecule administered to buman, mouse, monkey, or such binds to an
antigen and is internalized into a cell. Specifically, herein, “the antigen-binding molecule binds

twice to an anfigen” means that the antigen-binding molecule bound by an antigen is internalized

- into a cell and released in an antigen-free form to the outside of the cell, and the released

antigen-binding molecule rebinds to another antigen and is internalized into a cell again.

When the antigen-binding molecule is internalized into a cell, it may be in a form bound
by a single antigen, or two or more antigens.

Herein, “the number of times of anfigen-binding of an antigen-binding molecule is
increased” does not necessarily mean that the number of times of antigen-binding increases in
every antigen-binding molecules. For example, among antigen-binding molecules in an
antigen-binding-molecule composition, the proportion of antigen-binding molecules that bind to

antigens twice or more fimes may increase, or the average number of binding events of

anfigen-binding molecules in an antigen-binding-molecule composition may increase,

In the present invention, it is preferred that the number of times of antigen-binding of an
antigen-binding molecule increases when the molecule is administered to a human. However,
when it is difficult to determine the number of times of antigen-binding in human, the number in
human may be predicted based on the results obtained by in vifro assay or measurement using
mice (for example, antigen-expressing transgenic mice and human FeRn-expressing transgenic
mice) or monkeys {for example, cynomolgus monkeys). |

In the present mmvention, it is preferred that an antigen-binding molecule binds to
antigens twice or more times.  For example, it is preferred that, of the antigen-binding
molecules in an antigen-binding-molecule composition, at least 10% or more, preferably 30% or
more, more preferably 50% or more, and still more preferably 80% or more (for example, 90%

or more, 95% or more, and so on) bind to antigens twice or more tirmes.
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Herein, “increasing the number of antigens that can be bound by an antigen-binding
molecuie” means increasing the number of antigens that can be bound by an antigen-binding
molecule during the period until the antigen-binding molecule is degraded n a lysosome of a cell
after adminisiration of the antigen-binding molecule to an animal such as human, mouse, ot
monkey. ' ' ‘ ‘

In general, antibodies such as IgG have two binding domains, and thus a single antibody
binds {0 a maximum of two antigens. An antibody bound to antigen(s) is internalized into a cell,
and the antibody and antigen{(s) are degraded in a lysosome. In general, antibodies such as IgG
can bind to a maximum of two antigens.  When the antigen-binding activity of an
antigen-binding molecule such as an antibody at the endosomal pH is impaired as compared to
that at the plasma pH by the methods of the present invention, the antigen-binding molecule such
as an antibody internalized into a cell dissociates the antigen and is released to the cutside of the
cell, and thus can bind to ancther antigen again.  In other words, the methods of the present
invention enable for an antigen-binding molecule to bind to more antigens than the number of its
éntigen—binding sites.  Specifically, by using the methods of the present invention, for example,
G havif;g two anfigen-binding sites can bind to three or more antigens, preferably four or more
antigens, during a period vntil the antibody is degraded affer administration.  For example,
when the antibody is a neutralizing antibody, “increasing the number of antigens that can be
bound by an antigen-binding molecule” is inferchangable with “increasing the number of
antigens that the antigen-binding molecuie can neutralize”. Thus, “bind” can be replaced with
“neutralize” when the antibody is a neutralizing antibody.

In the present invention, “increasing the number of antigens that can be bound by an
antigen-binding molecule” does not necessarily mean increasing the number of antigens that can
be bound by every antigen-binding molecule.  For example, the average number of antigens
that can be bound by an antigen-binding molecule in an antigen-binding-molecule composition
may increase, or the proportion of antigen-binding melecules that can bind to more antigens than
the number of their antigen-binding sites may increase.

In the present invention, it is preferred that the number of antigens that can be bound by
an antigen-binding molecule increases when the molecule is administered to a human.

However, when it is difficult to determine the number in human, it may be predicted based on
the results obtained by in vitro assay or measurement using mice (for exampie,
antigen-expressing transgenic mice and human FeRn-expressing fransgenic mice) or monkeys
(for example, cynomolgus monkeys). When the antibody is a neutralizing aﬁﬁbedy, the
above-described number of times of antigen-binding of the antigen-binding molecule is generally
assumed to correlates with the number of antigens which can be neutralized by an
antigen-binding molecule. Thus, the number of antipens which can be neutralized by an
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antigen-binding molecule can be determined by the same methods described above for
determining the number of times of binding of an antigen-binding molecule.

Furthermore, the present invention provides methods for binding an antigen-binding
molecule to antigens twice or more times in the body, by administering an antigen-binding
molecule whose antigen-binding activity at acidic pH is lower than that at newtral pH.

The present invention also relates to methods for neutralizing antigens that are greater in
number than the number of antigen-binding sites of an antigen-binding molecule having the
neutralizing activity, by administering the antigen-binding molecule whose antigen-binding
activity at acidic pH is lower than that at neutral pH. Preferably, the present invention relates to
methods for neutralizing three or more antigens, preferably four or more antigens by
administering IgG whose antigen-binding activity at acidic pH is lower than that at neutral pH. |

The present invention also relates to methods for dissociating within a cell an antigen

from an extracellularly-bound antigen-binding molecule by impairing the antigen-binding ability

_of the antigen-binding molecule at acidic pH as compared to that at neutral pFH.  In the present

invention, the antigen may be dissociated from the antigen-binding molecule anywhere within a
cell; however, it is preferred that the antigen is dissociated within an early endosome. Inthe
present invention, “an antigen is dissociated within a cell from an exiracelbdarly-bound
antigen-binding molecule” does not necessarily mean that every antigen internalized into a cell
via binding to the antigen-binding molecule is dissociated from the antigen-binding molecuie
within the cell. It is acceptable that the proportion of antigen that is dissociated from the
antigen-binding molecule within a cell increases when compared to before impairing the
antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that at
neutral pH. ,

Furthermore, the present invention relates to methods for enhancing the intracellular
binding of an antigen-binding molecule free from an antigen to FcRn by impairing the
antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that af
nevtral pH.  In general, FeRn binds to an antigen-binding molecule within an endosome.
However, an antigen-binding molecule bound to a membrane antigen is assumed not to bind to
FeRn.  Thus, in a preferred embodiment, when the antigen is a membrane-bound antigen, the
present invention includes methods for enhancing the endosomal dissociation of antigens from_
antigen-binding molecules and thus enhancing the FeRn binding of the antigen-binding
mwolecules, by impairing the antigen-binding ability of an antigen-binding molecule at the
endosomal pH (acidic pH) as compared to that at the plasma pH (neutral pH). When the
antigen is a soluble antigen, the anﬁgenmbinding molecule can bind to FcRa in the presence or
absence of the antigen.  If dissociation of the antigen from the antigen-binding molecule within

endosomes can be promoted by impairing the antigen-binding ability of the antigen-binding
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molecule at intraendosomal (acidic) pH as compared to that at plasma (neutral) pH, the FcRa
binding of the antigen-binding molecule that is “free from an antigen™ can be enhanced by the
methods of the present invention.

Regardless of whether an antigen is membrane-bound or soluble, if an antigen-binding
molecule free from an antigen can return to plasma with FcRn, the anti.gén-binding molectle can
bind to the antigen again. By repeating this process, the antigen-binding molecule can bind to
the antigen multiple times.  In the present invention, “enhancing the FcRn binding of an
antigen-binding molecule within a cell” does not necessarily mean that every antigen-binding
molecule binds fo FeRn. It is acceptable that the proportion of an antigen-binding molecule
free from an antigen that binds to FcRn within a cell increases when compared to before
impairing the antigen-binding ability of the antigen-binding molecule at the endosomal pHas
comparad to that at the plasma pH. Preferred antigen-binding molecules in the methods of the
present invention for enhancing the intracellular binding between the antigen-binding molecule
and FeRn include, for example, antigen-binding molecules that bind to membrane-hound

antigens (membrane antigens) such as membrane proteins.  Other preferable antigen-binding

* molecules inchude antigen-binding molecules that bind to soluble antigens such as scluble

proteins.

The methods of enhancing the binding of an antigen-binding molecule and FeRn within
a cell are alternatively expressed as the methods of promoting the FeRn binding of an
antigen-binding molecule within a cell, for example, within endosomes. | '

Furthermore, the present invention relates to methods for releasing an antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an antigen-free
form to the outside of the cell, by impairing the antigen-binding ability of the antigen-binding
molecule at acidic pH as compared that at neutral pH.  In the present invention, “releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell” does not necessarily mean that every antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, is released in an
antigen-free form to the outside of the cell.  } is acceptable that the proportion of
antigen-binding molecules that are released to the outside of the cell increases when compared to
before impairing the antigen-binding ability of the aixtigem’z}inding molecule at acidic pH as

compared to that at neutral pH. It is preferred that the antigen-binding molecule released to the

. outside of a cell retains the antigen-binding ability. Furthermore, the method of releasing an

antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell can also be referred to as a method of conferring to

the antigen-binding molecule a property that the antigen-binding molecule becomes more easily
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released to the outside of the cell in an antigen-free form when the antigen-binding molecule is
bound to an antigen and internalized im‘:o'a cell. |

Furthermore, the present invention relates to methods for increasing the ability of the
antigen-binding molecules to eliminate antigens in plasma by impairing the antigen-binding
ability of the antjgen-binding molecules at acidic pH as compared to that at neutral pH. Inthe
present invention “the ability to eliminate antigens in plasma” refers to the ability to eliminate
from plasma antigens that are present in plasma, when the antipen-binding molecules are
administered in vivo or are secreted in vive, Thus, in the present invention, “increasing the
ability of the antigen-binding molecule to eliminate antigen in plasma” means that the rate of
elimination of antigens from plasma when the antigen-binding molecules are administered in
vive is accelerated as compared to that before lowering the antigen-binding ability of the
antigen-binding molecules at acidic pH as compared to that at neutral pH.  Whether the ability
of the antigen-binding molecule to eliminate antigens in plasma is increased can be determined
by, for example, administering soluble antigens and antigen-binding molecules in vivo, and then
measuring the concentration of soluble antigens in plasma. When the concentration of soluble
antigens in plasma after the administration of soluble antigens and antigen-binding molecules is
reduced by lowering the antigen-binding ability of the antigen-binding molecule at acidic pH
than that at neutral pH, it can be determined that the ability of the antigen-binding molecule to
eliminate antigens in plasma is increased.

Théfprasent invention also relates to methods for improving the pharmacokinetics of an
antigen-binding molecule by substituting histidine or non-natural amino acid for at least one
amino acid in the antigen-binding molecule or inserting histidine or non-natural amino acid into
the molecule.

Furthermore, the present invention provides methods for increasing the number of times
of antigen-binding of an antigen-binding molecule by substituting histidine or non-natural amino
acid for at least one amino acid in the antigen-binding molecule or inserting histidine or
non-natural amino acid into the molecule.

In addition, the present invention relates to methods for increasing the number of
antigens that can be bound by an antigen-binding molecule by substituting histidine or
non-natural amino acid for at least one amino acid in the antigen-binding molecule or inserting
histidine or non-natural amino acid into the molecule.

The present invention also provides methods for dissociating an antigen within a cell
from an extracellularly-bound antigen-binding molecule by substituﬁng at least one amino acid
in the antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or

non-natural amino acid into the molecule.
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The present invention also provides methods for releasing an antigen-binding molecule,
which has been bound to an antigen and internalized into a cell, in an antigen-free form to the
outside of the cell by substituting at least one amino acid in the anfigen-binding molecule with
histidine or non-natural amino acid, or inserting histidine or non-natural amino acid into the
molecuie. '

The present invention also provides methods for increasing the ability of the
antigen-binding molecule to eliminate antigens in plasma by substituting at least one amino acid
in the antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or
non-natural amino acid into the molecule.

The site of histidine or non-natural amino acid mutation (substitution, insertion, etc.) is
not particularly limited. A histidine or non-natural amino acid may be substituted or inserted at
any site. Preferred sites of histidine or non-natural amino acid substitution or insertion include,
for example, sites within a region that has an impact on the antigen-binding ability of the
antigen-binding molecule. For example, when the antigen-binding molecule is an antibody,
such sites include an antibody variable region or CDR.  The number of histidine or non-natural
amino acid nuutations is not particularly limited. Histidine or non-natural amino acid may be
substituted or inserted at a single site, or at two or more sites, Furthermore, a dé}eﬁon, addition,
insz:rtiozi, and/or substitution of other amino acids may be introduced simultaneously with the
histidine or non-natural amine acid substitution or insertion.

In the present invehticn, when the antigen-binding molecule is an antibody, possible
sites of histidine or non-natural amino acid substitution include, for example, sites within the
CDR sequence or sequence responsible for the CDR structure of an antibody.  Such sites
include, for example, the sites listed below. The amino acid gﬁositions are numbered based on
the Kabat nombering (Kabat EA er al., (1991) Sequences of Proteins of Immunological Interest,
NIH}.

Heavy chain: H27, H31, H32, H33, H35, H50, H58, H59, H61, H62, H63, He4, H6S,
H9%, H100b, and H102

Light chain: 1.24, 1.27, 1.28, 132, L53, L54, L56, 190, 1.92, and 1.94

Among the above sites, H32, H61, 133, L90, and 1.94 could be universal modification
sites.

When the antigen is the 1L-6 receptor (e.g., human IL-6 receptor), preferable
modification sites include the following, However, the modification sites are not particularly
limited thereto. : .

Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, H64, HES, HI00b, and
H102

Light chain: 124, L27, 1L28, 132, L53, 156, 190, L92, and 194
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When histidine or non-natural amino acid is substituted at multiple sites, preferred
combinations of substitution sites include, for example, the combination of H27, H31, and H35;
combination of H27, H3 1, H32, H35, H58, H62, and H102; combination of 1.32 and L53; and
combination of L28, L32, and L53. In adciition,"preférred'combiuations of substitution sites of

' heavy and Iight chains include the combination of H27, H31, 1.32, and L53.

When the antigen is IL-6 (e.g., human IL-6), preferable modification sites include the
following. However, the modification sites are not particularly limited thereto.

Heavy chain: H32, H59, H61, and H29

Light chain: L53, 1.54, 1.90, and £.94

- When the antigen is the I1-31 receptor (e.g., human I1.-31 receptor), preferable
modification sites include H33. However, the modification sites are not particularly Hmited
thereto.

Regarding the above sites, onty one site may be substituted with histidine or non-natural
amino acid. Aliematively, multiple sites may be substituted with histidine or non-natural armino
acid. ' ‘ o

The methods of the present invention are applicable to any antigen-binding molecules,
regardless of the type of target antigen.

The antigen-binding molecules of the present invention are not particutarly limdted as
long as they have the specific binding activity to an antigen of interest. Preferred
antigen-binding molecules of the present invention include, for example, substa’nﬁ:es having an
antigen-binding domain of an antibody. The antigen-binding domain of an antibody includes,
for example, CDR and variable region. When the antigen-binding domain of an antibody is
CDR, the antigen-binding molecule may include all of the six CDRs of a whole antibody, of One,
or two or more of them.  Alternatively, when an antigen-binding molecule includes CDR as a
binding domain of an antibody, the CDR may include amino acid deletion, substitution, addition,
and/or insertion, or may be a partial CDR. _

Furthermore, when the antigen-binding molecule inchudes an antibody constant region,
the present invention relates to methods for improving the pharmacokinetics of antigen-binding
molecules by modification (for example, amino acid substitutién, deletion, addition, and/or
insertion) of the antibody constant region in the antigen-binding molecule.

in addition, when the antigen-binding molecule includes an aniibody constant region,
the present invention provides methods for increasing the number of times of antigen-binding of
an antigen-binding molecule by modification (for example, amino acid substitution,. deletion,
addition, and/or insertion) of the antibody constant region in the antigen-binding molecule.

Furthermore, when the antigen-binding molecule includes an antibody constant region,
the present imvention relates to methods for increasing the number of antigens that can be bound
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by an antigen-binding molecule by modification (for example, amino acid substitution, deletion,
addition, and/or insertion) of the antibody constant region in the antigen-binding molecule.
Farthermore, when the antigen-binding molecule includes an antibody constant region,

the present invention relates to methods for dissociating within a cell an antigen from an -

* extraceliufarty-bound antigen-binding molecule by modification (for example, amino acid

substitution, deletion, addition, and/or insertion) of the antibody constant region in the
antigen-binding molecule. .

Furthermore, when the antigen-binding molecule includes an antibody constant region,
the present invention relates to methods for releasing an antigen-binding molecule, which has
been bound to an antigen and internalized into a cell, in an antigen-free form to the outside of the
ceil, by modification (for example, amino acid substitution, deletion, addition, and/or insartion)
of the antibody constant region in the antigen-binding molecule.

Furthermore, when the antigen-binding molecule includes an aniibody constant region,
the present invention relates to methods for increasing the ability of an antigen-binding molecule

to eliminate antigens in plasma by modification (for example, amine acid substitution, deletion,

- addition, and/or insertion) of the antibody constant region in the antigen-binding molecule.

In a preferred embodiment, the antigen-binding substance of the present invention
includes antigen-binding substances including an FeRn-binding region.  After internalized info
cells, antigen-binding substances including an FeRn-binding region can return fo the plasma by
the FoRn salvage pathway, The FcRn-binding region is preferably a domain that directly binds
to FeRn.  Preferred FcRn-binding region includes, for example, antibody Fe regions.

However, the FcRn-binding region of the present invention may be a region that can bind t0 a
polypeptide having the ability to bind to FcRn such as elbumin or IgG, since such region that can
bind 1o the polypeptide having FeRn-binding ability can binds indirectly to FeRn via albumin,
IgG, ete.

Antigens recognized by antigen-binding molecules such as antibodies of interest in the
methods of the present invention are not particularly limited. Such antibodies of interest may
recognize any antigen. Antibodies whose pharmacokinetics is to be improved by the methods
of the present invention include, for example, antibodies that recognize membrane antigens such
as receptor proteins (membrane-bound receptors and soluble receptors) and cel} surface markers, .
and antibodies that recognize soluble antigens such as cytokines. Preferred examples of
membrane antigens of the present invention include membrane proteins.  Examples of soluble
antigens of the present invention include soluble proteins.  Antigens recognized by antibodies
whose pharmacokinetics is to be imj}roved by the methods of the present invention include, for
example, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, [L-9, IL-10, IL-11, IL-12, IL-15, 1L-31,
11L-23, IL-2 receptor, IL-6 receptor, OSM receptor, gpl30, IL-5 receptor, CD40, CD4, Fas,
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osteopontin, CRTH2, CD26, PDGE-D, CD20, menocyte chemotactic factor, CD23, TNE-g,
HMGB-1, o4 integrin, ICAM-1, CCR2, CD11a, CD3, IFNy, BLyS, HLA-DR, TGF-8, CD52,
and IL-31 receptor. Particularly preferred antigens include IL-6 receptor.

Furthermore, the antigen-binding molecule of interest in the methods of the preserit
invention includes antigen-binding molecuies having an antagonistic activity (antagonistic
antigen-binding molecules) and antigen-binding molecules having an agonistic activity
(agonistic antigen-binding molecules).  Ina preferred embodiment, the antigen-hinding
molecule includes antagonistic antigen-binding molecules, in particular, antagonistic
antigén»binding molecules that recognize membrane antigens such as receptors, or soluble
antigens such as cf:tokines. For exampile, an antagonistic antigen-binding molecule that
recognizes a receptor inhibits the ligand-receptor binding by binding to the receptor, and thus
inhibits the signaling mediated via the receptor.

In the present invention, the antigen-binding molecule of nterest is not particularly
limited, and may be any antigen-binding molecuies. The antigen-binding molecule of the
present invention preferably includes both antigen-binding activity {antigen-binding region) and
FeRn-binding region.  In particular, preferred antigen-binding molecule of the present invention
includes a region that binds to human FeRn.  The antigen-binding moleculs including both
antigen-binding activity and FcRn-binding region includes, for example, antibodies. The
arttibodies preferred in the context of the present invention include, for example, IgG antibodies.
When the antibody to be nsed is an IgG antibody, the type of 1gG is not limited; the IeG
belonging to any isotype (subclass) such as IpG1, 1gG2, IgG3, or IgG4 can be used. .
Furthermore, amino acid mutations (e.g., M73) may be introduced into the constant region of
any of these IgG isotypes. Amino acid mutations to be introduced include, for example, those
potentiate or impair the binding to Fey receptor (Proc Natl Acad Sci U S A, 2006 Mar
14;103(11):4005-10) and those potentiate or impair the binding to FeRn (J Biol Chem. 2001 Mar
2;276(9):6591-604), but are not limited to these examples. Alternatively, it is also possible to
alter the pH-dependent binding by selecting an appropriate constant region such as of TgG2.

When the antigen-binding melecule of interest of the present invention is an antibody, it
may be an antibody derived from any animal, such as a mouse antibody, human antibody, rat
antibody, rabbit antibody, goat antibody, or camel antibody. Furthermore, the antibody may be
a modified antibody, for example, a chimeric antibody, and in particular, a modified antibody
including amino acid substitution in the sequence of 2 humanized antibody, etc. The antibodies
also includé bispecific antibodies, antibody modification products linked with various molecules,
and poiypep’tides including antibody fragments.

“Chimeric antibodies™ are antibodies prepared by combining sequences derived from
different animals. Specifically, the chimeric antibody includes, for example, antibodies having
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heavy and light chain variable (V) regions from a mouse antibody and heavy and light chain
constant (C) regions from a human antibody,
“Humanized antibodies”, also referred to as reshaped human antibodies, are antibodies

in which complementarity determining regions (CDRs) of an antibody derived from a nonhuman

marnmal, for example, a mouse, are fransplanted into the CDRs of a human antibody.  Methods
for identifying CDRs are known (Kabat et ol, Sequénce of Proteins of Immunological Interest
(1987}, National Institute of Health, Bethesda, Md.; Chothia ef al., Nature (1989) 342:877.
General genetic recombination technelogies suitable for this purpose are also known (see
Buropean Patent Application EP 125023; and WO 96/02576).

Bispecific antibody refers to an antibody that has, in the same antibody mojecuie,
variable regions that recognize different epitopes. A bispecific antibody may be an antibody
that recognizes two or more different antigens, or an antibody that reco gnizes two or more
different epitopes on a same antigen.

Furthermore, polypeptides including antibody fragments include, for example, Fab

fragments, F(ab")2 fragments, scFv (Nat Biotechnol. 2005 Sep;23(9):1126-36), domain

antibodies (dAb) (WO 2004/058821, WO 2003/002609), scFv-Fc (WO 2005/037989), dAb-Fe,
and Fe'fusion proteins.  Of these, molecules including an Fc domain have the activity of
binding fo FeRn, and are therefore suitable for use in the methods discovered in the present
nvention.

Farther, the antigen-binding molecules that are applicable to the present invention may
be antibody-like molecules. An antibody-like molecule is a molecule that can exhibit funciions
by binding to a target molecule (Current Opinion in Biotechnology 2006, 17:653-658; Current
Opinion in Biotechnology 2007, 18:1-10; Current Opinion in Structural Biology 1997,
7:463-469; Protein Science 2006, 15:14-27), and includes, for example, DARPins (WO
2002/020565), Affibody (WO 1995/001937), Avimer (WO 2004/044011; WO 2005/040229),
and Adnectin (WO 2002/032925).  1f these antibody-like molecules can bind to target
molecules in a pH-dependent manner, it is possible for a single molecule to bind multiple target
molecules.

Furthermore, the antigen-binding molecule may be a receptor protein or a receptor-Fe
fusion pmtein that binds to a target, including, for example, TNFR-Fc fusion protein, IL1R-Fe
fusion protein, VEGFR-Fc fusion protein, and CTLA4-Fe fusion protein (Nat Med. 2003
Jan;9(1):47-52; BioDrugs. 2006;20(3):151-603.  If such receptor proteins and receptor-Fo.
fusion proteins can bind to faiget molecules in a pH-dependest manner, it is possible for a single
molecule to bind multiple target molecules.

Moreover, the éntigembinding molecule may be an artificial ligand protein or artificial
ligand fusion protein that binds to a target and has the neutralizing effect, and includes, for
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exampie, mutant IL-6 (EMBO J. 1994 Dec 15;13(24):5863-70).  If such artificial ligand
proteins and artificial ligand fusion proteins can bind to target molecules in a pH-dependent
manner, it is possible for a single molecule to bind multiple target molecules. '

Furthermore, the antibodies of the present invention may include modified sugar chains,
Antibodies with modified sugar chains inciﬁde, for exampie; antibodies with modified
glycosylation (WO 99/54342), antibodies that are deficient in fucose that is added to the sugar
chain (WO 00/61739; WO 02/31140; WO 2006/067847, WQO2 006/067513), and antibodies
having sugar chains with bisecting GlcNAc (WO 02/79255).

Although the methods of the present invention are not limited to any specific theory, the
relationship between making the antigen-binding ability at acidic pH weaker as compared to that
at nentral pH, the improvement of the pharmacokinetics, and the multiple-time binding to the
antigen can be explained as follows, for instance. ,

For example, when the antibody is an antibody that binds o & membrane arntigen, the
antibody administered into the body binds to the antigen and then is taken up via internalization
into endosomes in the cells together with the antigen and while the antibody is kept bound {o the
antigen, Then, the antibody translocates io lysosomes while the antibody is kept bound to the
antigen, and the antibody is degraded by the lysosome together with the antigen. The
internalization-mediated elimination from the plasma is called antigen-dependent elimination,
and such elimination has been reported with numerous antibedy molecules (Drug Discov Today.
2006 Jan;11(1-2):81-8). When a single molecule of IgG antibody binds to antigens ina
divalent manner, the single antibody molecule is internalized while the antibody is kept bound to
the two antigen molecules, and degraded in the lysosome.  Accordingly, in the casé of typical
entibodies, one molecule of IgG antibody cannot bind to three or more molecules of antigen.
For example, a single IgG antibody molecule having a neutralizing activity cannot neutralize
three or more antigen molecules,

The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is
due to the function of FeRn which is known as a salvage receptor of Ig( molecules.  When
taken up into endosomes via pinocytosis, IgG molecules bind to FcRn expressed in the
endosomes under the acidic condition in the endosomes. While IgG molecules that did not bind
to FeRn transfer to lysosomes where they are degraded, IgG molecules that bound to FeRn
translocate to the cell surface and return again in the plasma by dissociating from FcRa under the
neutral condition in the plasma.

Alternatively, when the antigen is an antigen that binds to a soluble antigen, the
antibody adminisiered into the body binds to the antigen and then is taken up into cells while the
antibody is kept bound to the antigen. Many antibodies taken up into cells are released to the

outside of cells via FcRn. However, since the antibodies are released to the outside of celis,
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with the antibodies kept bound to antigens, the antibodies cannot bind to antigens again.  Thus,

similar to antibodies that bind to membrane antigens, in the case of typical antibodies, one

-molecule of IgG antibody cannot bind to three or more antigen molecules,

The present inventors reasoned that, when antibodies that bound to antigens such as
membrane antigens are taken up into endosomes by internalization, while the antibodies that are
kept bound to the antigens translocate to lysosomes and are degraded, the IgG antibodies whose
antigens dissociated in the endosomes could bind to FeRn that are expressed in the endosomes.
Specifically, the present inventors discovered that an antibody that strongly binds to an antigeﬁ
in the plasma but weakly binds to the antigen within the endosome can bind to an antigen in
plasma and be faken up while kept férming a complex with the antigen into endosomes in the
cells via internalization; dissociate from the antigen in the endosome; then bind to FeRn and
translocate to the cell surface; and retumn again in the plasma in a state not bound to antigens to
neutralize multiple membrane-bound antigens.  Furthermore, the present inventors discovered
that an antibody having the property of strongly binding to antigens in the plasma but weakly
binding to antigens in the endosome can dissociate from the antigens in the endosome even when
the antibody had bound to antigens such as soluble antigens; therefore, they are released again
inte the plasma in a state not bound to antigens and can neutralize multiple soluble antigens.

In particular, the present inventors noted that the pH in the plasma was different from
the pH in the endosomes, and thus discovered that antibodies that strongly bind to antigens under
plasma pH condition but that weakly bind to antigens under endosomal pH condition were
superior in retention in the plasma, because one antibody molecule could bind to multiple
antigens.

The endosomes, which are membrane vesicles, form networks m the cytoplasm of
eukaryotic cells and are responsible for the mefabolism of macromolecules in the process from
the cell membrane to the lysosomes, The pH in the endosomes has been reported be generally
an acidic pH of 5.5 to 6.0 (Nat Rev Mol Cell Biol. 2004 Feb;5(2):121-32). Meanwhile, the pH
in the plasma is known to be almost neuiral (normally, pH 7.4).

Accordingly, an antigen-binding molecule whose antigen-binding activity at acidic pH
is weaker than the antigen-binding activity at neutral pH binds to the antigen in the plasma which
have a neutral pH, is taken up into cells, and then dissociates from the antigen in the endosomes
which have an acidic pH. The antigen-binding molecule that dissociated from the antigen binds
to FeRn, translocates to the cell surface, and returns again in the plasma in a state not bound %o
antigens.  As a result, the antigen-binding molecule can bind to antigens multiple times, and the

pharmacokinetics is improved.

<Antigen-binding molecule substances>
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Furthermore, the present invention provides antigen-binding molecules whose
antigen-binding activity at pH 4.0 to pH 6.5 is lower than that at pH 6.7 1o pH 10.0, preferably
antigen-binding molecules whose antigen-binding activity at pH 5.0 to pH 6.0 is lower than that
at pH 7.0 to 8.0, 'Speciﬁcaily, émigez);—binding molecules whose antigen-binding activity at pH
4.0 to pH 6.5 is lower than that at pH 6.7 to pH 10.0 include, for example, antigen-binding
molecules whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4
Antigen-binding molecules whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4
can also be expressed as antigen-binding molectles whose antigen-binding activity at pH 7.4 is
higher than that at pH 5.8,

As for the antigen-binding molecuies of the present invention whose antigen-binding
activity at pH 5.8 is lower than that at pH 7.4, so long as the antigen-binding activity at pH 5.8 is
lower than the binding at pH 7.4, there is no limitation on the difference in binding activity, and
the antigen-binding activity at pH 5.8 only need to be lower, even slightly.

A preferred embodiment of an antigen-binding molecule of the present invention whose
antigen-binding activity at pH 5.8 is lower than that af pH 7.4 includes antigen-binding
molecules whose antigen-binding activity at pH 7.4 1s twice or greater than that at pH 5.8, A
more preferred embodiment of the antigen-binding molecule includes antigen-binding molecules
whose antigen-binding activity at pH 7.4 is ten times or greater than that at pH 5.8, A still more
preferred embodiment of the antigen-binding molecule includes antigen-binding molecules
whose antigen-binding activity at pH 7.4 is 40 times or greater than that at pH 5.8,

Specifically, in a preferred embodiment, the antigen-binding molecule of the present
invenition has antigen-binding activity at pH 5.8 that is lower than that at pH 7.4, wherein the
value of KD{(pHS5.8)/KD(pH7.4), which is a ratic of KD for the antigen at pH 5.8 and that at pH
7.4, is preferably 2 or greater, more preferably 10 or greater, and still more preferably 40 or
greater. The upper limit of the KD{pHS5 RYKINpH7.4) value is not particularly limited, and
may be any value, for example, 400, 1000, or 10000, as long as production is possible using the
technologies of those skilled in the art.

In another preferred embodiment, the antigen-binding molecule of the present invention
whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4, has a value of
ke(pHS5.8)ky(pH7.4), which is a ratio of the k¢ for the aniigen at pH 5.8 and the k for the antigen
at pH 7.4, that is 2 or greater, more preferably 5 or greater, even more preferably 10 or greater,
and still more preferably 30 or greater.  The upper limit of the ke(pHS5.8)/ko(pH7.4) value is not
particularly limited, and may be any value, for example, 50, 100, or 200, as long as pmcéticﬁoﬂ is
possible using the teﬁhnologies of these skilled in the art.

Conditions other than the pH at which the antigen-binding activity is measured can be
appropriately selected by those skilled in the art, and the conditions are not particularly iimited; |
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however, the measurements can be carried out, for example, under conditions of MES buffer and
37°C, as described in the Examples. Furthermore, the antigen-binding activity of an
antigen-binding molecule can be determined by methods known to those skilled in the art, for
example, using Biacore T100 (GE Healthcare) or the like, as described in the Examples.

It is presumed that such an antigen-binding molecule, which weakly binds fo an antigen
at acidic pH, easily dissociates from the antigen under the endosomal acidic condition, and that
after internalization into cells, it binds to FeRn and is easily released to the outside of the cells.
The antigen-binding molecule released o the outside of the celis without being degraded inside
the cells can bind again to other antigens. Accordingly, when the antigen-binding molecule s,
for example, an antigen-binding neutralizing molecule, the antigen-binding molecule that easily
dissociates from the antigen under the endosomal acidic condition can bind and neutralize
antigens multiple times.  As a result, antigen-binding molecules whose antigen-binding activity
at pH 4.0 to pH 6.5 is lower than that at pH 6.7 to pH 10.0 are superior in retention in the plasma.

In a preferred embodiment, the antigen-binding molecule whose antigen-binding
activity at pH 5.8 is lower than that at pH 7 4 includes antigen-binding molecules in which at
least one amino acid in the antigen-binding molecule is substituted with histidine or a
non-natural amino acid, or in which at least one histidine or a non-natural amino acid has been
inserted. The site inte which the bistidine or non-natural amine 5¢id mutation is introduced is
not particularly limited and may be any site, as long as the antigen-binding activity at pEI 5.8 is
weaker than that at pH 7.4 (the KD{pHS.8)/KD(pH7.4) value is greater or the
ks(pHS5.8Yka(pH7 4) value is greater) as compared to before substitution.  Examples include
variable regions and CDRs of an antibody in the case the antigen-binding molecule is an
antibody., The number of amino acids to be substituted with histidine or non-natural amino acid
and the number of amino acids to be inserted can be appropriately detenninéd by those skilled in
the art. One amnino acid may be substitted with histidine or non-natural amino acid, or one
amino acid may be inserted, or two or more amino acids may be substituted with histidine or
non-natural amino acids, or two or more amino acids may be inserted. Moreover, apart from
the substitutions to histidine or to non-natural amino acid or insertion of histidine or of
non-natural amine acid, deletion, addition, insertion, and/or substitution and such of other amino
acids may also be simaltaneou_éiy carried out.  Substitutions to histidine or to non-natural amino
acid or insertion of histidine or of non-natural amino acid may be carried out at random using a
method such as histidine scanning, which uses histidine instead of alanine in alanine scanning
which is known io those skilled inthe art.  Anfigen-binding molecules whose
KD(pHS.3YKD{pH7.4) or ka(pHS.8)/kepH7 4) is increased as compared {0 before mutation can
be selected from antigen-binding motecules into which histidine or non-natural amino acid

mutation has been introduced at random.
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Preferred antigen-binding molecuies with mufation fo histidine or to non-natural amino
acid and whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4 include, for
example, antigen-binding molecules whose antigen-binding activity at pH 7.4 after the matation
to histidine or to non-nateral amino acid is equivalent fo the antigen-binding activity at pH 7.4
before the mutation to histidine or to non-natural amino acid. In the present invention, “an
antigen-binding molecule after histidine or non-natural amino acid mutation has an
antigen-binding activity that i1s equivalent to that of the antigen-binding molecule before
histidine or non-natoral amino acid mutation” means that, when the antigen-binding activity of
an antigen-binding molecule before hisﬁéine or nop-natural amino acid mutation is set as 100%,
the antigcn—biﬁding acti\}i‘ry of the antigen-binding molecule after histidine or non-natural amino..
acid mutation is at least 0% or more, preferably 50% or more, more preferably 80% or more,
and still more preferably 90% or more.  The antigen-binding activity at pH 7.4 after histidine or
non-natural amino acid mutation may be greater than the antigen-binding activity at pH 7.4
before histidine or non-natural amino acid mutation. When the antigen-binding activity of the
antigen-binding melecule is decreased due to substifution or insertion of histidine or non-natural
armino actd, the antigen-binding activity may be adjusted by introducing substitution, deletion,
addition, and/or insertion and such of one or more amino acids into the antigen-binding molecule
so that the antigen-binding activity becomes equivalent to that before histidine substitution or
insertion. The present invention also includes such antigen-binding molecules whose binding
activity has been made equivalent as a result of substitution, deletion, addition, and/or insertion
of one or more amino acids after histidine substitution or insertion.

Further, when the antigen-binding molecule is a substance including an antibody

- constant region, in another preferred embodiment of the antigen-binding molecule whose

antigen-binding activity at pH 5.8 is lower than that at pH 7.4, the present invention includes

- methods for modifving antibody constant regions contained in the antigen-binding molecules.

Specific examples of antibody constant regions after modification include the constant regions
described in the Examples. | ,

When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
weakened compared to that at pH 7.4 (when KD{pH5 8YKD(pH7.4) value is increased) by the
above described methods and such, it is generally preferable that the KD(pH5 8YKD(pH7.4)
value is two times or more, more preferably five times or more, and even more preferably ten
times or more as compared to that of the original antibody, but is not particularly limited thereto.

The antigen-binding molecules of the present mvention may further have any other
property, as long as their antigen-binding activity at pH 4.0 to pH 6.5 is lower than that at pH 6.7
to pH 10.0. For example, the antigen-binding molecules may be agonistic or antagonistic
antigen-binding molecules, Preferred antigen-binding molecules of the present invention
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include, for example, antagonistic antigen-binding molecules. In general, an antagonistic
antigen-binding molecule inhibits receptor-mediated intracellular signaling by inhibiting the
binding between a ligand (acromst) and the receptor.

Furthermore, the present invention provides antibodies in which amino acid on at least
one site indicated below is substituted with histidine or non-natural amino acid. Amino acid
positions are indicated based on the Kabat numbering (Kabat EA ef al., (1991) Sequences of
Proteins of Immunological Interest, NIH). '

Heavy chain: H27, H31, H32, H33, H335, H50, H58, H59, H61, H62, H63, He4d, HbS,
H99, H100b, and H102

| Light chain: .24, 127, 1L.28, 1.32, L53, L54, 156, 1.90, .92, and L94

Among the above sites, H32, H61, L53, L9G, and 1.54 could be universal modification
sites.

When the antigen is the IL-6 receptor {e.g., human [L-6 receptor), preferable
modification sites include the following. However, the modification sites are not particularly
limited thereto.

Heavy chain: H27, H31, H32, H35, 150, H58, H61, H62, He3, He4, H6S, H100b, and
H102

' Light chain: 1.24, 127, .28, 132, 153, L56, 190, 192, and 194

When histidine or non-natural amino acid is substituted at multiple sites, preferred
combinations of substifution sites include, for example, the combination of H27, H31, and H35;
combination of H27, H31, H32, H335, H58, H62, and H102; combination of .32 and L.53; and
contbination of L28, L32, and 1.53.  In addition, preferred combinations of substitution sites of
heavy and light chains inciude the combination of H27, H31, 1.32, and 153. |

When the antigen is IL-6 (e.g., human IL-6), preferable modification sites include the
following. However, the modification sites are not particularly limited thereto.

Heavy chain: H32, H59, H61, and H99

Light chain: 153, 154, 190, and 1.94

When the antigen is the IL-31 receptor (e.g., human IL-31 receptor), preferable
modification sites include H33. However, the modification sites are not particularly Hmited
thereto, ‘

The antigen-binding molecules of the present invention may recognize any antigen.
Antigens recognized by antibodies of the present invention specifically include the
above-mentioned receptor proteins {(membrane-bound receptors or soluble receptors), membrane
antigens such as cell surface markers, and soluble antigens such as cytokines, for example, IL-1,
IL-2, IL-3, IL-4, 115, IL-6, TL-7, [L-8, IL-9, TL-16, 1L-11, TE-12, IL-15, IL-31, JL-23, 11.-2
receptor, [L-6 receptor, OSM receptor, gpl30, IL-5 receptor, CD40, CD4, Fas, osteopontin,
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CRTH2, CD26, PDGE-D, CD20, monocyie chemoattractant factor, CD23, TNF-o, HMGB-1, a4
integrin, ICAM-1, CCR2, CD11a, CD3, IFNy, BLyS, HLA-DR, TGF-§, CD52, and I1.-31
receeptor.

Particularly preferred antigens include the IL-6 receptor.

The antigen-binding molecules of the present invention are described above,

In a preferred embodiment of the present invention, the antigen-binding molecules
include antibodies. Antibodies having antigen-binding activity and FeRn-binding region
inciude, for example, [pG antibodies. When the antibody used is an IgG antibody, there is no
limitation as fo its type. It is possible to use IgG1, 1gG2, 1gG3, 1gG4, and such.

The origin of antibody of the present invention is not particularly Hmited, and may be of
any origin. It is possible to use, for example, mouse antibodies, human antibodies, rat
antibodies, rabbit antibodies, goat antibodies, came} antibodies, and others. Furthermore, the
antibodies may be, for example, the above-described chimeric antibodies, and in particular,
modified antibodies with amino acid sequence substitutions, such as humanized antibodies.

The anfibodies may also be the above-described bispecific antibodies, antibody modification
products to which various molecules have been linked, polypeptides including antibody
fragments, and antibodies with modified sugar chains.

Generation of chimeric antibodies is known. In the case of a human-mouse chimeric
antibody, for example, a DNA encoding an antibody V region may be linked to a DNA. encoding
a human antibody C region; this can be inserted into an expression vector and introduced into a
host to produce the chimeric antibody.

“Humanized antibodies” are also referred to as reshaped human antibodies, and are
antibodies in which the complementarity determining region (CDR) of a nonhuman mammal, for
example a mouse, is transplanted to the CDR of a human antibody. Methods for identifying
CDRs are known (Kabat ef al., Sequence of Proteins of Immunological Interest (1987}, National
Institute of Health, Bethesda, Md.; Chothia ef af., Nature (1989) 342:877).  General genetic
recombination technologies suitable for this purpose are alse known (see European Patent
Application EP 125023; and WO 96/02576). Humanized antibodies can be produced by known
methods, for example, the CDR of a mouse antibody can be determined, and a DNA encoding an
antibody in which the CDR is linked to the framework region (FR) of a human antibody is
obtained. Humanized antibodies can then be produced using 2 system that uses conventional
expression vectors, Such DNAs can be synthesized by PCR, using as primers several
aligonuciéoﬁdes prepared 10 have portions that overlap with the end regions of both the CDR
and FR (see the method described in WO 98/13388).  Human antibody FRs linked via CDRs
are selected such that the CDRs form a suitabie antigen binding site, If required, amino acids in
the FRs.of an antibody variable region may be substituted so that the CDRs of the reshaped
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human antibody can form a suitable antigen binding site (Sato, K. er 4l., Cancer Res, (1993)
53:10.01-6). Amino acid residues in the FRs that can be modified include portions that directly
bind to an antigen via non-covalent bonds (Amut ef al,, Science (1986) 233: 747-53), portions
that influence or have an effect on the CDR structure (Chothia er ¢f., J. Mol. B'iol.-( 1987) 196:
901-17), and portions invelved in VH-VL interactions (EP 235400).

When the antibodies of the present invention are chimeric antibodies or humnanized
antibodies, the C regions of these antibodies are preferably derived from human antibodies. For
example, Cyl, Cy2, Cy3, and Cy4 can be used for the H chain, while Cx and CA can be used for
the L chain.  Moreover, if required, amino acid mutations may be introduced into the hurnan
antibody C region to enhance or lower the binding fo Fey receptor or FoRn or te improve
antibody stabiliiy or productivity. A chimeric antibody of the present invention preferably
includes a variable region of an antibody derived from a nonhuman.mammai and a constant
region derived from 2 human antibody. Meanwhile, 2 humanized antibody preferably includes
CDRs of an antibody derived from a nonhuman mammal and FRs and C regions derived from a
human antibody. The constant regions derived from human antibodies preferably include an
FeRn-binding region.  Such antibodies include, for example, IgGs (IgG1, IgG2, 1gG3, and
1gG4).  The constant regions used for the humanized antibodies of the present invention may be
constant regions of antibodies of any isotype. A constant region of human IgG is preferably
used, though it 1s not limited thereto.  The FRs derived from a human antibody, which are used
for the humanized antibodies, are not particularly limited either, and may be derived from an
antibody of any isotype. ‘

The variable and constant regions of chimeric and humanized antibodies of the present
invention may be modified by deletion, substitution, insertion, and/or addition, and such, so long
as the binding specificity of the original antibodies is exhibited.

Since the immunogenicity in the human body is lowered, chimeric and humanized
antibodies using human-derived sequences are thought to be useful when administered to
humans for therapeutic purposes or such.

The antibodies of the present invention may be prepared by any method.  For example,
antibodies whose antigen-binding activity at pH 5.8 is originally greater than or comparable to
that at pH 7.4 may be artificially modified through histidine substitution described above or the
tike so that their antigen-binding activity at pH 5.8 becomes lower than that at pH 7.4
Alternatively, antibodies whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4
may be selected by screening a number of antibodies obtained from an antibody Hbrary or
hybridomas as described below.

When histidine is substituted for amino acids in an antibody, known sequences may be

used for the H chain or L chain amino acid sequence of the antibody before introduction of
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histidine mutations, or amino acid sequences of antibodies newly obtained by methods known to
those skilled in the art can also be used.  For example, the antibodies may be obtained from an
antibody library, or they may be obtained by cloning genes encoding antibodies from
hybridomas producing monoclonal antibodies.

Regarding antibody libraries, many antibody libraries are already known, and methods
for producing antibody libraries are also known; therefore, those skilled in the art can
appropriately obtain antibody libraries.  For example, regarding antibody phage libraries, one
can refer to the literature such as Clackson ef al., Nature 1991, 352: 624-8; Marks e al., J. Mol.
Biol. 1991, 222: 581-97: Waterhouses ef /., Nucleic Acids Res. 1993, 21 2265-6; Griffiths er
al., EMBOQ J. 1994, 13: 324.0-60; Vaughan ef /., Nature Biotechnology 1996, 14: 309-14; and
Japanese Patent Kohyo Publication No. (JP-A) H20-504870 (unexamined Japanese national
phase publication corresponding to a non-Japanese international publication). In addifion, it is
possible to use known methods, such as methods vusing eukaryotic cells as libraries (WO
95/15393) and ribosome display methods.  Furthermore, technologies to obiain human
antibodies by panning using human antibody libraries are also known. For example, variable
regions of human antibodies can be expressed on the surface of phages as single chain antibodies
(scFvs) using phage display methods, and phages that bind to antigens can be selected.  Genetic
analysis of the selected phages can determine the DNA sequences encoding the variable regions
of human antibodies that bind to the antigens. Once the DNA sequences of scFvs that bind to
the antigens is revealed, suitabie expression vectors can be produced based on these sequences to
obtain human antibodies. These methods are already well known, and one can refer to WO
92/01047, WO 92/20791, WO 93/06213, WO 63/11236, WO 93/19172, WO 95/01438, and WO
95/15388. ‘

As for methods for obtaining genes encoding antibodies from hybridomas, known
technologies may be basically used, which involve the use of desired antigens or cells expressing
the desired antigens as sensitizing antigens, using these to perform immunizations according to
conventional immunization methods, fusing the resulting immune cells with known parent cells
by conventional cell fusion methods, screening monoclonal antibody producing ceils
{hybridomas) by conventional screening methods, synthesizing cIINAs of antibody variable
regions (V regions) from mRNAs of the obtained hybridomas using reverse transcriptase, and
imking them with DNAs encoding the desired antibody constant segions (C regions).

More speciﬁcaliy, sensitizing antigens to obtain the above-described antibody genes
encoding the H chains and L chains include both complete antigens with immunogenicity and
incomplete antigens including haptens and the like with no antigenicity; however they are not
Himited to these examples. For example, it is possibie to use whole proteins and partial peptides
of proteins of interest.  In addition, it is known that substances comprising polysaccharides,
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nucleic acids, lipids, and such can be antigens. Thus, the antigeﬁs of the antibodies of the
present invention are not particularly limited. The antigens can be prepared by methods known
to those skilled in the art, for example, by baculovirus-based methods {for exampie, WO
98/46777) and such. Hybridomas can be produced, for example, by the method of Milstein ef
al. {G. Kohler and C. Milstein, Methods Enzymol. 1981, 73: 3-46) and such. When the
immunogenicity of an antigen is low, immunization may be performed after linking the antigen
with a macromolecuie having immunogenicity, such as albumin.  Alternatively, if necessaty,
antigens may be converted into soluble antigens by linking them with other molecules. When
transmembrane molecules such as membrane antigens (for example, receptors) are used as
antigens, portions of the extracellular regions of the membrane antigens can be used as a
fragment, or cells expressing fransmembrane molecules on their cell surface may be used as
inmﬁnogens. _
Antibody-producing cells can be obtained by immunizing animals using appropriate
sensitizing antigens described above.  Alternatively, antibody-producing cells can be prepared
by in vitro immunization of lymphocytes that can produce antibodies.  Various mammals can
be used for immunization; such commonly used animals inclnde rodents, lagomorphas, and
primates.  Such animals include, for example, rodents such as mice, rats, and hamsters;
lagomorphas such as rabbits; and primates including monkeys such as cynomolgus monkeys,
rhesus monkeys, baboons, and chimpanzees.  In addition, transgenic animals carrying human
antibody gene repertoires are also known, and human antibodies can be obtained by using these
animals (see WO 96/34006; Mendez ef al., Nat. Genet. 1997, 15: 146-56). Instead of using
such transgenic animals, for example, desired human antibodies having binding activity against
antigens can be obtained by in vifro sensitization of human lymphocytes with desired antigens or
cells expressing the desired antigens, and then fusing the sensitized lvmphocytes with human
myeloma cells such as U266 (see Japanese Patent Application Kokoku Publication No. (JP-B)
H01-59878 (examined, approved Japanese patent application published for opposition)).
Furthermore, desired human antibodies can be obtained by immunizing transgenic amimals
carrying a compiete repertoire of human antibody genes, with desired antigens (see WO
93712227, WO 92/03918, WO 94/02602, WO 96/34096, and WO 96/33735).

Animal immunization can be carried out by appropriately diluting and suspending a
sensitizing antigen in phosphate buffered saline (PBS), physiclogical saline, or such, and mixing

- it with an adjuvant to emulsify, if necessary. This is then intraperitoneally or subcutaneously

injected into animals. Then, the sensitizing antigen mixed with Freund’s incomplete adjuvant is
preferably administered several times every four to 21 days.  Antibody production can be
confirmed by measuring the titer of the antibody of interest in animal sera using conventional

methods.
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| Antibody-producing cells obtained from Iymphocytes or animals immunized with a
desired antigen can be fused with myeloma cells to generate hybridomas using conventional
fusing agents (for example, polyethylene glycol) (Goding, Monocional Antibodies: Principles
and Practice, Academic Press, 1986, 59-103). . When required, hybridoma cells can be cultured
and grown, and the binding specificity of the antibody produced from these hybridomas can be
measured using known analysis methods, such as immunoprecipitation, radiolmmunocassay
(RIA), and enzyme-linked immunosorbent assay (ELISA). Thereafter, hybridomas producing
antibodies of interest whose specificity, affinity, or activity has been determined can be '
subcloned by methods such as limiting dilution,

Next, genes enéoding the selected antibodies can be cloned from hybridomas or
antibody-producing cells (sensitized lymphocytes, and such) using probes that can specifically
bind to the antibodies (for example, oligonucleotides complementary to seguences encoding the
antibody constant regions). It is also possibie to clone the genes from mRNA using RT-PCR.
Immunoglobuling are classified into five different classes, [gA, gD, IgE, IgG, and IgM. These
classes are further divided into several subclasses (isotypes) (for example, IgG-1, 1gG-2, [gG-3,
and 1gG-4; IgA-1 and IgA-2; and such). H chains and . chains used in the present invention 1o
produce antibodies are not particularly Hmited and may originate from antibodies belonging to
any of these classes or subclasses; however, 1gG is particularty preferred.

Herein, it is possible to modify H-chain-encoding genes and L-chair-encoding genes
using genstic engineering technologies. Genetically modified antibodies, such as chimeric
antibodies and humanized antibodies, which have been artificially modified for the purpose of
decreasing heterologous immunogenicity and such against humans, can be appropriately
produced for antibodies such as mouse antibodies, rat antibodies, rabbit antibodies, hamster
an‘cibodieé, sheep 'cintibodies, and camel antibodies. Chimeric antibodies are antibodies
including H chain and L chain variable regions of nonhuman mammal antibody, such as mouse
antibody, and the H chain and 1. chain constant regions of human antibody. Chimeric |
antibodies can be obtained by ligating a DNA encoding a variable region of a mouse antibody to
a DNA encoding a constant region of a human antibody, inserting this into an expression vector,
and infroducing the vector into a host to produce the antibody. A humanized antibody, which is
also called a reshaped human antibody, can be synthesized by PCR using several
oligonucleotides produced so that they have overlapping portions at the ends of DNA sequences
designed to link the complementaﬁty determining regions (CDRs) of an antibody of a nonhuman
mammal such as a mouse, The resulting DNA can be ligated to 2 DNA enéoding a human
antibody constant region.  The ligated DNA can be inserted into an expressiﬁn vector, and the
vector can be infroduced into a host to produce the antibody (seé EP 239400 and WO 96/02576),
Human antibody FRs that are ligated via the CDR are selected when the CDR forms a favorable
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antigen-binding site. [f necessary, amino acids in the framework region of an antibody variable
regioln may be substituted such that the CDR of the reshaped human antibody forms an
appropriate antigen-binding site (K. Sato et al., Cancer Res. 1993, 53: 10.01-16.06).

In addition to the humanization described above, antibodies may be modified to
improve their bislogical properties, for exﬁmple, the bihaing to the antigen.  In the present
invention, such modifications can be achieved by methods such as site-directed mutagenesis (see
for example, Kunkel (1910.0) Proc. Natl, Acad. Sci. USA 82:488), PCR mutagenesis,'and
cassetie mutagenesis. In general, mutant antibodies whose Eioiogical properties have been
improved show amino acid sequence homology and/or similarity of 70% or higher, more
preferably 80% or higher, and even more preferably 90% or higher (for example, 95% or higher,
97%, 98%, or 99%), when compared to the amino acid sequence of the original antibody
variable region. Herein, sequence homology and/or similarity is defined asthe ratio of amino
acid residues that are homologous (same residue) or similar (amine acid residues classified into
the same group based on the general properties of amino acid side chains) to the original
antibody residues, afier the sequence homelogy value has been maximized by sequence
alignment and gap infroduction, if necessary.  In general, natural amino acid residues are
classified into groups based on the characteristics of their side chains as foliows:

(1) hydrophobic: alagine, i1soleucine, valine, methionine, and leucine;

(2) neutral hydrophilic: asparagine, giutamine, cysteine, threonine, and serine;
(3) acidic: aspartic acid and ghutamic acid;

(4Y basic: arginine, histidine, and lysine;

(5) residues that affect the orientation of the chain: glycine, and proline; and
(&) aromat;c tyrosine, fryptophan, and phenylalanine.

In general, a fotal of six complementarity detenmmng regilons (CDRS hypervariable
regions) present on the H chain and L chain variable regions interact with each other to form an
antigen-binding site of an antibody. A variable region alone is also known to be capabie of
recognizing and binding to an antigen, although its affinity is lower than the affinity of the whole
binding site. Thus, antibody genes sncoéing the H chain and L chain of the present invention
may encode fragments each including the H chain or L chain antigen-binding site, as long as the -
polypeptide encoded by the gene retains the activity of binding to the desired antigen.

As described above, the heavy chain variable region is in general constituted by three
CDRs and four FRs.  In a preferred embodiment of the present invention, amino acid residues
to be “modified” can be appropriately selected from amino acid residues, for example, in a CDR
or FR. In general, modifications of amino acid residues in the CDRs may reduce the
antigen-binding ability. - Thus, appropriate amino acid residues to be “modified” in the present

invention are preferably selected from amino acid residues in the FRs, but are not limited thereto.
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It is possible to select amino acids in a CDR as long as the modification has been confirmed not
to reduce the binding ability. Alternatively, by using public databases or such, those skilled in
the art can obtain appropriate sequences that can be used as an FR of antibody variable region of
an brganism such as human or mouse: ‘

Furthermore, the present invention provides genes encoding the antibodies of the
present invention.  The genes encoding the antibodies of the present invention may be any
genes, and may be DNAs, RNAs, nucleic acid analogs, or the like,

Furthermore, the present invention also provides host cells carrying the genes described

above. The host cells are not particularly limited and include, for example, E. coli and various

‘animal cells.  The host cells may be used, for example, as a production system to produce and

express the antibodies of the present invention.  fn vitro and in vivo production systems are
available for polypeptide production systems.  Such in vifro production systems inchude, for
example, production systems using eukaryotic cells or prokaryofic cells.

Eukaryotic celis that can be used as host cells include, for example, animal cells, plant
cells, and fungal cells.  Animal cells include: manmmalian cells, for example, CHO (J. Exp. Med.
(1995) 108 94.0), COS, HEK293, 313, myeloma, BHK (baby hamster kidney), Hela, and Vero;
amphibian cells such as Xenopus laevis oocytes (Valle er al., Nature (1981) 291: 338-340); and
insect cells such as S9, §{21, and TnS.l CHO-DG44, CHO-DX11B, COS7 cells, HEK 263 cells,
and BHK cells are preferably vsed to express the antibodies of the present invenfion. Among
animal cells, CHO cells are particularly preferable for large-scale expression. Vectors can be
infroduced into host cells, for example, by calcium phosphate methods, DEAFE-dexiran methods,
methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, and
Iipoféction methods. ‘

Regarding plant cells, for example, Nicotiana tabacum-derived cells and duckweed
(Lemna minor) are known as & protein production system. Calluses can be cultured from these
cells to produce the antibodies of the present invention. Regarding fungat cells, known protein

expression systems are those using yeast cells, for example, cells of genus Saccharomyees (such

" as Saccharomyces cerevisiae and Saccharomyces pombe); and cells of filamentous fungi, for

example, genus Aspergitlus (such as Aspergiflus niger). These cells can be used as a host o
produce the antibodies of the present invention. |

Bacterial cells can be used in the prokaryotic production systems. Regarding bacterial
cells, production systems using Bacillus subtilis are known in addition to the production systems
using E. coli described above.  Such systems can be used in producing the antibodies of the .

present invention.

<Screening methods>
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~The present invention provides methods of screening for antigen-binding molecules

- whose antigen-binding activity at acidic pH is lower than that at neutral pH, The present

invention also provides methods of screening for antigen-binding molecules which can
individually bind to multiple antigens. The present invention also provides methods of
screening for'énf;igembinding molecules which are superior in the retention in plasma, The
present invention also provides methods of screening for an antigen-binding molecule that
dissociates within a cell from an extracellularty-bound antigen. The present invention also
provides methods of screening for an antigen-binding molecule that is bound to an antigen and

internalized into a cell, and released to the outside of the cell in an antigen-free form. The

‘present invention also provides methods of screening for an antigen-binding molecule that has

increased ability to eliminate antigens in plasma. Furthermore, the present invention also
provides methods of screening for antigen-binding molecules which are particularly useful when
used as pharmaceutical compositions. '

Specifically, the present invention provides methods of screening for antigen-binding
molecules, which comprise the steps oft
{a) determining the antigen-binding activity of an anfigen-binding molecule at pH 6.7 to pH
10.0; ‘

(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 10 pH 6.5;
and

{c) selecling an antigen-binding molecule whose aptigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 to pH 6.5.

In the screening methods of the present invention, the antigen-binding activity of the
antigen-binding molecule at pH 6.7 to pH 10.0 is not particularly lirnited, as long as it is an
antigen-binding activity at a pH between pH 6.7 and pH 10.0. However, for example, a
preferred antigen-binding activify is an antigen-binding activity at a pH between pH 7.0 and pH
8.0, and a more preferred antigen-binding activity is an antigen-binding activity at pH 7.4.
Further, the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5 is not
particularly limited, as long as it is an antigen-binding activity at a pH between pH 4.0 and pH
6.5, However, for example, a preferred antigen-binding activity is an antigen-binding activity
at a pH between pH 5.5 to pH 6.5, and a2 more preferred antigen-binding activity is an
antigen-binding activity at pH 5.8 or pH 5.5,

The antigen-binding activity of an antigen-binding molecule can be determined by
methods known to those skilled in the art.  Conditions other than the pH can be appropriately
determined by those skilled in the art.  The antigen-binding activity of an antigen-binding
molecule can be assessed as dissociation constant (KD); apparent dissociation constant {(apparent
KD), dissociation rate (kq), apparent dissociation rate (apparent k¢), or snch. These constants
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can be defermined by methods known to those skilled in the art, for example, using Biacore (GE
healthcare), Scatchard plot, or FACS.

Herein,.“the step of selecting an antigen-binding molecule whose antigen-binding
activity at pH 6.7 to pH 10.0 is greater than that at pH 4.0 1o pH 6.5 has a same meaning as “the
step of selecting an antigenébindjn_g molecule whose antigen-binding activity at pH 4.0 to pH 6.5
is lower than that at pH 6.7 to pH 10.0". '

The difference between the antigen-binding activity at pH 6.7 to pH 10.0 and that at pH
4.0 to pH 6.5 is not particularly limited as long as the antigen-binding activity at pH 6.7 to pH

- 10.0 is greater than that at pH 4.0 to pH 6.5,  However, the antigen-binding activity at pH 6.7 to

pH 10.0 is preferably twice or greater, more preferably ten times or greater, and still more
preferably 40 times or greater than the antigen-binding activity at pH 4.0 to pH 6.5
‘ Furthermore, the present invention also provides methods of screening for

antigen-binding molecules, which comprise the steps of:

+ {a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;

(b} placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0 to pH 6.5; and
(c) obtaining the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5. ‘

In addition, the present invention also provides methods of screening for
antigen-binding molecules, which comprise the stéps of: . '
(a} selecting an antigen-binding molecule that does not bind to an antigen under a condition of
pH 4.0 topH 6.5; _ '
(b) binéing the antigen-binding molecule selected in (a) to an antigen under a condition of pH
6.7 to pH 10.0; and '
{c) obtaining the antigen-binding molecule that bound to the antigen under the condition of pH
6.7 to pH 10.0. ‘

Furthermore, the present invention also provides methods of screening for

antigen-binding molecules, which comprise the steps of:

{a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;

(b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH

- 4.0topHb.5;

{¢) obtaining the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5;
(d) amplifying the gene encoding the antigen-binding molecule that dissociated; and

(e} obtaining the eluted antigen-binding molecule,
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The steps of (a) to (d) may be repeated twice or more times.  Thus, the present
invention provides the methods described above further including a step of repeating the steps of
{a) to (d) twice or more times.  The number for repeating the steps of (a) to (d) is not
particularly imited; however, the number 1s in general ten oi‘ less. '

Furthermore, the present invention also provides methods of screening for
antigen-binding molecules, which comprise the steps off
(a) selecting an antigen~binding molecule that does not bind to an antigen under a condition of

- pH 4.0 to pH 6.5;

{b) binding the amigen»binding molecule selected in (2) to an antigen under a condition of pH
6.7 topH 10.0;
{c) obtaining the antigen-binding mblecuie that bound fo the antigen under the condition of pH
6.7 tapH 10.0;
{d) amplifying the gene encoding the antigen-binding molecule that dissociated; and
{e) collecting the eluted antigen-binding molecule. '

The steps of (2) tc (d) may be repeated twice or more times.  Thus, the present
invention provides the methods described above further including a step of repeating the steps of

(&) to (d) twice or more times.  The number for repeating the steps of (a} to (&) is not

particularly limited; however, the number is in general ten or [ess.

When a phage library or such is used in the screening methods of the present invention,
the step of amplifying the gene encoding the antigen-binding molecule can also be 2 step of
amplifying phages. '

In the methods of the present invention, binding of the antigen-binding molecule and the
antigen may be carried out under any state, without particular limitation.  For example, binding
of the antigen-binding molecule and the antigen may be carried out by contacting an antigen with
an immobilized antigen-binding molecule, or by'cc}ntaoting an aptigen-binding molecule with an
immobilized antigen. Alternatively, binding of the antigen-binding molecule and the antigen
may be carried out by contacting the antigen and antigen-binding molecule in a solution.

Furthermore, the present invention also provides methods of screening for
antigen-binding molecules whose binding activity at a first pH is greater than that af a second pH,

- which comprise the steps of:

{a) binding an antigen-binding molecule to an antigen-immobilized column under the condition
of a first pH; _

(1) eluting the antigen-binding molecule that had bound to the column at the first pH from the
colurnn under the condition of a second pH; and

{c) obtaining the eluted antigen-binding molecule.
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Furthermore, the present invention also provides methods of sereening for
antigen-binding molecules whose binding activity at a first pH is smalier than that at a second
pH, which comprise the steps of’ '

{a) passing an antigen-binding molecule through an antigen-immeobilized column under the
condition of a first pH; _

(b) collecting the antigen-binding molecule that eluted without binding to the column in step (a);
(c) binding the antigen-binding molecuie collected in (b) to a column under the condition of a
second pH; and ' '

(d) obtaining the antigen-binding molecule that bound to the column in step (¢).

Furthermore, the present invention also provides methods of screening for
antigen-binding molecuies whose binding activity at a first pH is greater than that at a second pH,
which comprise the steps of:

{2) binding an antigen-binding molecule library to an antigen<mmobilized column under the
condition of a first pH;

{b) eluting the antigen-binding molecule from the column under the condition of a second pH;
(c) amplifying the gene encoding the eluied antigen-binding molecule; and '

(@) obtaining the eluted antigen-binding molecule.

The steps of {a) to (¢) may be repeated twice or more times.  Thus, the present
invention provides the methods described above further including the step of repeating the steps
of (a) to (c) twice or more times. The number for repeating the steps of (&) to (¢) 1s not
particalarly limited; however, the number is in general ten or less.

In the present invention, each of the first and second pHs may be any pH, as long as
they are not identical.  In a preferred combination of the first and second pHs, for example, the
first pH 18 between pH 6.7 and pH 10.0, and the second pH is between pH4.0andpH 6.5;ina
more preferred combination, the first pH 1s between pH 7.0 and pH 8.0, and the second pH is
between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH is pH 7.4 and
the second pH is pH 5.8 or pH5.5,

In another preferred combination of the first and second pHs, for example, the first pH is
between pH 4.0 and pH 6.5, and the second pH is between pH 6.7 and pH 10.0; in a more _
pi‘eferred commbination, the first pH is between pH 5.5 and pH 6.5, and the second pH is between
pH 7.0 and pH 8.0; and in a still more preferred combination, the first pH is pH 5.8 or pH5.5 and
the second pH is pH 7.4,

Antigen-binding molecuies that are screened bv the methods E)f the present invention
may be any antigen-binding molecules., For example, it is possible to use the above-described
antigen-binding molecules in the screening of the present invention. For example, it is possible

0 screen antigen-binding molecules including natural sequences or antigen-binding molecules
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including amino acid sequences with substitutions. - Preferred antigen-binding molecules that

are screened in the present invention include, for example, antigen-binding molecules in which at
least one amino acid is substituted with histidine or at least one histidine is inserted. The site of -
introduction of histidine substitution or insertion is not particuiaﬂy limited, and may be
introduced aﬂ any site.  Furthermore, histidine subsiiiution or msertion may be infroduced at one
site, or may be infroduced at two or more sites.  Farthermore, preferred arntigen-binding
molecules that are screened in the present invention include, for example, antigen—bindiﬁg
molecules including modified antibody constant regions.

Antigen-binding molecules that are screened by the methods of the present invention
may be a number of different antigen-binding meolecules introduced with histidine substitutions
or insertions at different sites, for example, by histidine scanning.

Thus, the screening methods of the present invention may further comprise the step of
substituting at least one amino acid in the antigen-binding molecule with histidine or inserting at
least one histidine into the antigen-binding molecule. ‘

. In the screening methods of the present invention, non-natural amino acids may be used

_instead of histidine. Therefore, the present invention can also be understood by replacing the

above-mentioned histidine with non-natural amino acids,

Moreover, the screening methods of the present invention may further comprise the step
of modifying emino acids of antibody constant regions.

Antigen-binding substances that are screened by the screening methods of the present
invention may be prepared by any method. For example, it is possible to use pre-existing
antibodies, pre-existing libraries (phage libraries and the like), antibodies and libraries that are
prepared from hybridomas obtained by immunizing animals or from B cells of immunized

animals, antibodies and libraries (libraries with high content of histidine or non-natural amino

acid, libraries introduced with histidine or non-natural amino acid at specific sites, and the like)
prepared by introducing histidine mutations or non-natural amino acid mutations into the
above-described antibodies and libraries, and so on.

Antigen-binding molecules that bind to the antigen multiple times, which are thus

- superior in the retention in plasma, can be obtained by the screening methods of the present

invention. Thus, the screening methods of the present invention can be used as screening
methods for obtaining antigen-binding molecules that are superior in the retention in plasma.
Furthermore, antigen-binding molecules that.can bind to the antigen two or more times
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention.  Thus, the screening methods of the present
mnvention can be used as screening methods for obtaining antigen-binding molecules that can

bind to the antigen two or more times,
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Furthermore, antigen-binding molecules that are capable of binding to more antigens as

compared to the number of their antigen-binding sites when administered to animals such as

~ humans, mice, or monkeys can be obtained by the screening methods of the present invention.

Thus, the screening methods of the present invention can be used as screening methods for
obtaining antigen-binding molecules that are capable of binding to more antigens as compared to
the number of their antigen-binding sites. For example, when the antibody is a neutralizing
antibody, the screening methods of the present invention can be used as screening methods for
obtaining antigen-binding molecules that can neutralize more antigens as compared to the
number of the antigen-binding sites of the antigen-binding molecules.

Furthermore, antigen-binding molecules that are capable of dissociating within a cell
from an extracellularly-bound antigen when administered to animals such as humans, mice, or
monkeys can be obtained by the screening methods of the present invention.  Thus, the
screening methods of the present invention can be used as screening methods for obtaining
antigen-binding molecules that are capabie of dissociating within a cell from an
extraceliulariy-bound antigen.

Furthermore, antig&n.;binciing molecules that are bound to an antigen and internalized
ito a cell, and released fo the outside of the cell in an antigen-free form when administered to
animals such as humans, mice, or monkeys can be obtained by the screening methods of the
present invention.. Thus, the screening methods of the present invention can be used as
screening methods for obtaining antigen-binding molecules that are bound to an antigen and
internalized info a cell, and released to the outside of the cell in an antigen-free form. '

Furthermore, antigen-binding molecules that can rapidly eliminate antigens in plasma
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention.  Thus, the screening methods of the present
imvention can be used as screening methods for obtaining antigen-binding molecules with
increased (high) ability to eliminate antigens in plasma,

Furthermore, such antigen-binding molecules are expected to be especially superior as
pharmaceuticals, because the dose and frequency of administration in patients can be reduced
and as-a result the total dosage can be reduced.  Thus, the screening methods of the present
invention can be used as methods of screening for antigen-binding molecules for use as
pharmaceutical compositions.

In addition, the present invention provides libraries in which the histidine content is
increased as compared to the coriginal libraries.  Libraries containing antigen-binding molecules
with increased histidine content can be used in the screening methods described above and the

production methods described hereinafter.
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Libraries with increased histidine content can be prepared by methods known o those
skilled in the art, which include the following method. 20 types of triplet codons
(trinucleotides) encoding 20 types of amine acids can be incorporated at equal frequency when
synthesizing nucleic acids to prepare a library by the trinucleotide-method {J Mol Biol, 2008 Feb
29; 376(4): H82-«2@G}. As a result; the position mutated for the library can be made to contain
20 types of amino acids at equel probability. The frequency of histidine in the position mutated
for the library can be increased by increasing the proportion of a higtidine-encoding trinucleotide

as compared to the remaining amino acids among the 20 types in the synthesis.

<Methods for producing antigen-binding molecules>

The present invention provides methods for producing antigen-binding molecules whose
antigen-binding activity at the endosomal pH is lower than that at the plasma pH. The present
invention also provides methods for producing antigen-binding molecules that are supérior mn
the retention in plasma. The present invention also provides methods for producing
antigen-binding molecules that are especially useful when vsed as pharmaceutical compositions.

“Specifically, the present invention provides methods for producing antigen-binding

molecules, which comprise the sieps of:
(r) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0; .
(b} defermining the anfigen-binding activity of the antigen-binding molecuie at pH 4.0 to pH 6.5;
(c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
areater than that at pH 4.0 to pH 6.5,
{d) obtaining the gene encoding the antigen-binding molecule selected in (¢); and
{2} prodticing the antigen-binding molecule using the gene obtained in {d).

The present invention also provides methods for producing antigen-binding molecules,
which comprise the steps of:
{a) binding an antigen-binding molecule to an antigen at pH 6.7 to pH 10.0;
(b) allowing the antigen-binding molecule bound to the antigen of (a) to stand under the
condition of pH 4.0 to pH 6.5;
{c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 fo pH
6.5;
(d} obtaining the gene eﬁcoding the antigen-binding molecule obtained in (¢); and
(e} producing the antigen—binding molecule using the gene obtained in (d).

Furthermore, the present invention provides methods for producing antigen-binding
molecules, which comprise the steps of
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(a) selecting an antigen-binding molecule that does not bind to the antigen under the condition of
pH 4.0 to pH 6.5 _
{b) binding the antigen under the condition of pH 6.7 to pH 10.0 to the antigen-binding molecule

selected in (a);

: {c) collecting the antigen-binding molecule that bound to the antigen under the condition of pH

6.7 to pH 10.0;
{d) obtaining the gene encoding the antigen-binding molecule collected in (¢); and
(e) preducing the antigen-binding molecule using the gene obtained in (d).

In addition, the present invention provides methods for producing antigen-binding
molecules, which comprise the steps of! |
(2) binding an antigen-binding molecule to an antigen under the condition of pH 6.7 to 10.0;

(b} allowing the antigen-binding molecule that bound o the antigen in (2) to stand under the
condition of pH 4.0 to pH 6.5;

(¢} collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5; .

(ci} ampiifying the gene encoding the dissociated antigen-binding molecule;

(e) collecting the eluted antigen-binding molecule;

(f) obtaining the gene encoding the antigen-binding molecule collected in (e); and

(g) producing the antigen-binding molecule using the gene obtained in (f).

Steps (a) to (d) may be repeated twice or more times.  Thus, the present invention
provides the methods described above, which further comprise the step of repeating steps (a) to
{d) twice or more times. The number of times steps (a) to (d) is repeated is not particulerly
limited; however, it is generally ten tires or less. 7

Furthermore, the present invention provides methods of screening for antigen-binding
molecules, which comprise the steps oft _

{a) selecting an antigen-binding molecule that does not bind to the antigen under the condition of
pH 4.0 to pH 6.5;

{b) binding the antigen under the condition of pH 6.7 10 pH 10.0 to the antigen-binding molecule
selected in (a); .

{¢) collecting the antigen-binding molecule that bound to the antigen under the conditioil of pH
6.7 to pH 10.0;

- (d) amplifying the gene encoding the dissociated antigen-binding molecule;

(e} collecting the eluted antigen-binding molecule;
(f) obtaining the gene encoding the antigen-binding molecule collected in {&); and

(g) producing the antigen-binding molecule using the gene obtained in (£).
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Steps (&) to (d) may be repeated twice or more times. Thus, the present invention
provides the methods described above, which further comprise the step of repeating steps (a) to
(d) twice or more times.  The number of times steps (a) to (d) is repeated is not particularly
limited; however, it is generally ten times or less. :

Furthermore, the present invention provides methods for producing antigen-binding
molecules whose binding activity at a first pH is greater than that at a second pH, which
comprise the steps of: :

(2) binding the antigen-binding molecule to 2 column immobilized with antigen under the first -
pH condition;

{b) eluting the antipen-binding molecule, which is bound to the column under the first pH
condition from the column under a second pH condition;

(¢) collecting the eluted antigen-binding molecule;

.{d} obtaining the gene encoding the antigen-binding molecule collected in (c); and

{e) producing the antigen-binding molecule using the gene obtained in (d).

Furthermore, the present invention provides methods for producing antigen-binding
molecules whose binding activity at a first pH is greater than that at a second pH, which
comprise the steps of:

{a) binding an antigen-binding molecule Hbrary fo a column immobilized with antigen under the
first pH condition; |

() eluting the antigen-binding molecule from the column under the second pH condition;

{c) amplifying the gene encoding the eluted antigen-binding molecule;

(d) collecting the eluted antigen-binding molecule;

(&) obtaining the gene encoding the antigen-binding molecule collected in (d); and

(f) producing the antigen-binding molecule using the gene obtained in (e).

Steps (1) to (c) may be repeated twice or more times.  Thus, the present in?ention
provides the methods described above, which further comprise the step of repeating steps (&) to
(c) twice or more times.  The number of times steps (a) to (c) is repeated is not particularly
limited; however, it is generally ten times or less.

When a phage library or such is used in the production methods of the present invention,
the step of amplifying the gene encoding the antigen-binding molecule may be the step of
amplifying phages.

- Antigen-binding substances that are used in the production methods of the present
invention may be prepared by any method. For example, it is possible to use pre-existing
antibodies, pre-existing libraries (phage libraries and the like), antibodies and libraries that are
prepared from hybridomas obtained by immunizing animals or from B cells of immunized

animals, antibodies and libraries (libraries with high content of histidine or non-patural amino
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acid, libraries introduced with histidine or non-natural amino acid at specific sites, and the like)
prepared by infroducing histidine mutations or non-natural amino acid mutations imto the
above-described antibodies and Iibraries, and so on.

In the above-described production methods, the antigen-binding activity of the
antigen-binding molecile at pH 6.7 to pH 10.0 is not particuiarly imited, as long as the
antigen-binding activity is that at a pi between pH 6.7 and pH 10.0. A preferred
antigen-binding activity is that at a pH between pH 7.0 and pH 8.0, and a more preferred
antigen-binding activity is that at pH 7.4.  Alternatively, the antigen-binding activity of the

- antigen-binding molecule at pH 4.0 to pH 6.5 is not particularly limited, as long as the

antigen-binding activity is that at a pH between pH 4.0 and pH 6.5, A preferred
antigcmbinding activity is that at a pH between pH 5.5 to pH 6.5, and 2 more preferred
antigen-binding activity is that at pH 5.8 or pH 5.5, .

The antigen-binding activity of an antigen-binding molecule can be determined by
methods known to those skilled in the art.  Conditions except for pH can be appropriately
determined by those skilled in the art.

The step of selecting antigen-binding molecules whose antigen-binding activity at pH
6.7 to pH 10.0 is greater than that at pH 4.0 to pH 6.5 is synonymous with the step of selecting
antigen-binding molecules whose antigen-binding activity at pH 4.0 to pH 6.5 is lower than that
at pH 6.7 to pH 10.0.

The differenceiin the antigen-binding activity at pH 6.7 to pH 10.0 and at pH 4.0 1o pH
6.5 is not particularly limited as long as the antigen-binding activity at pH.6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5, The antigen-binding activity at pH 6.7 to pH 10.0 s
preferably twice or greater, more preferably ten times or greater, and stil] more preferably 40
times or greater than that at pH 4.0 to pH 6.5

In the production methods described above, the antigen-binding molecule may be bound
to the antigen under any condition, and the condition is not particularly limited. For example,
the anfipen-binding molecule may be bound to the antigen by contacting the antigen with the
immobilized antigen-binding molecule, or by contacting the antigen-binding molecule with the
immobilized antigen. AMlernatively, the antigen-binding molecule may be bound to the antigen
by contacting the antigen and antigen-binding molecule in a solution. .'

in the production methods described above, each of the first and second pHs may be any
pH, as long as they are not identical. In a preferred combination of the first and second pHs, for
example, the first pH is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and
pH 6.5; in a more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the

- second pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH

is pH 7.4 and the second pH is pH 5.8 or pH 5.5.
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In another preferred combination of the first and second pHs, for example, the first pH
is between pH 4.0 and pH 6.5, and the second pH is between pH 6.7 and pH 10.0; in a more
preferred combination, the first pH is between pH 5.5 and pH 6.5, and the second pH is between
pH 7.0 and pH 8.0; and in a still more préferred combination, the first pH is pH 5.8 or pH 5.3
and the second pH is .pH 7.4, -

Antigen-binding molecules that are produced by the production methods described
above may be any antigen-binding molecules. Preferred antigen-binding molecules include, for
example, anﬁgen-bmding molecules in which at least one amino acid is substituted with histidine
or at icast one histidine has been inserted.  The site where such histidine mutation is intréduced
is not particularly limited and may be introduced at any site. Furthemﬁora, histidine mutation
may be introduced at one site or at two or more sites. |

Thus, the production methods of the present invention may further comprise the step of
substituting at Jeast one amino acid in an antigen-binding molecule with histidine or inserting at
least one histidine into antigen-binding molecules. ‘

In the production methods of the present invention, non-natural aminc acids may be
used ipstead of histidine. Therefore, the present invention can also be understood by replacing
the above-mentioned histidine with non-natural amino acids.

Furthermore, in another embodiment, the antigen-binding molecules that are produced
by the production methods described above include, for example, antigen-binding molecules
including modified antibody constant regions. . Accordingly, the production methods of the
present invention may further comprise the step of modifying the amino acids of an‘tibadf
constant regions.

The antigen-binding molecules that are produced by the production methods of the
present invention are superior in the retention in plasma.  Thus, the production methods of the
present invention can be used as methods for producing antigen-binding molecules that are
superior in the retention in plasma.

Furthermore, ané;igenébinding molecules produced hy the production methods are
expected to be capable of binding to the antigen two or more times when administered to animals
such as humans, mice, or monkeys. Thus, the production methods of the present invention can
be used as methods for producing antigen-binding molecules that are capable of binding to the
antigen fwo or more times,

Furthermore, antigen-binding molecules produced by the production methods of the
present invention are expected to be capable of binding to more antigens as compared to the
number of their antigen-binding sites when administered to animals such as humans, mice, or

monkeys. Thus, the production methods of the present invention can be used as methods for
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producing antigen-binding molecules that are capable of binding to more antigens as compared
to the number of their antigen-binding sites. .

. Furthermore, antigen-binding molecules produced by the production methods of the
present invention are expected to be capable of dissociating within a cell from an
extracellularly-bound antigen when admintstered to animals such as humans, mice, or monkeys.
Thus, the production methods of the present invention can be used as methods for producing
antigen-binding molecules that are capable of dissociating within a cell from an
extracelinlarly-bound antigen.

Furthermore, antigen-binding moiecules produced by the production methods of the
present invention are expected to be capable of heing bound to an antigen and internalized into a
cell as well s being released to the outside of the cell in an antigen-free form, when
administered to animals such as humans, mice, or monkeys. Thas, the production methods of
the present invention can be used as methods for producing antigen-binding molecules that are
capabié of being bound to an antigen and internalized into a cell and being released to the outside
of the cell in an antigen-free form.

Furthermore, antigen-binding molecules that are produced by the production methods of
the present invention are expected to be capable of rapidly eliminating antigens from plasma
when administered to animals such as humans, mice, or monkeys.  Thus, the production
methods of the present invention can be used as method for producing antigen-binding molecules
with increased {high) ability fo eliminate antigens in plasma.

Furthermore, such antigen-binding molecules can reduce the number of doses in
patients and are expected to be especially superior as pharmaceuticals.  Thus, the production
methods of the present invention can be used as methods for producing antigen-tnding
molecules for used as pharmaceutical compositions.

Genes obtained by the production metbods of the present invenfion are typically carried
by (inserted into) appropriate vectors, and then introduced into host cells.  The vectors are not
particularly limited as long as they stably retain the inserted nucleic acids.  For example, when
Escherichia coli (E. coli) is used as the host, preferred cloning vectors include pBluescript vector
(Stratagene); however, various cémmeroiaﬂy available vectors may be used. When using
vectors to produce the antigen-binding molecules of the present invention, expression vectors are
particularly useful. The expression vectors are not particularly limited as Jong as the vectors
express the antigen-binding molecules in vifro, in E. coli, in culture cells, or in a body of an
organism.  For example, pBEST vector (Promega) is preferred for in vitro expression; pET
vector (Invitrogen) is preferred for E. coli; pME18S-FL3 vector {GenBank Accession No,
AB009864) is preferred for culture cells; and pME] 88 vector (Mol Cell Biol. 8:466-472 (1988))
1s preferred for bodies of organisms. DNAs of the present invention can be inserted into the
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vectors by conventional methods, for example, by ligation using resiriction enzyme sites
(Current protocols in Molecular Biélogy; edit. Ausubel ef ai., (1987) Publish. John Wiley &
Sons, Section 11.4-11.11).

The above host cells are not particularly limited, and various host cells may be used
depending on the purpose.  Examples of cells for expressing the antigen-binding molecules
include bacterial cells (such as those of Streptococcus, Staphylococcus, E. coli, Streptomyees,
and Bacillus subtilis), eukaryetic cells (such as those of yeast and Aspergilius), insect cells (such
as Drosophila S2 and Spadoptem SF9), animal cells (such as CHO, COS, Hela, C127, 373, N
BHK, HEK293, and Bowes melanoma cells), and plant cells, Vectors can be introduced into a
host cell by known methods, for example, calcium phosphate precipitafion methods,
electroporation methods (Current protoeois in Molecular Biology edit. Ausubel ef al. (1987)
Publish. John Wiley & Sons, Section 9.1-9.9), lipofection methods, and microinjection methods.

The host cells can be cultured by known methods.  For example, when using animal
cells as a host, DMEM, MEM, RPMI 1640, or IMDM may be used as the culture medium.
They may be used with serum supplements such as FBS or fetal calf serum (FCS).  The cells
may be cultured in serum-free cultures.  The preferred pH is about 6 to 8 during the course of
colturing, Incubation is carried out typically at 30 to 40°C for about 15 to 200 hours.  Medium
is exchanged, aerated, or agitated, as necessary.

Appropriate secrefion signals may be incorporated to polypeptides of interest so that the
antigen-binding molecules expressed ini the host cell are secreted into the lumen of the
endoplasmic reticulum, into the periplasmic space, or into the extracellular environment.

These signals may be endogenous to the antigen-binding molecules of interest or may be
heterologous signals.

On the other hand, for example, production systems using animals or plants may be
used as systems for producing polypeptides in vivo. A polynucleotide of interest is introduced
into an animal or plant and the polypeptide is produced in the body of the animal or plant, and
then collected. The “hosts” of the present invention include such animals and plants.

The production system using animals include those using mammals or insects. It is
possible to use mammals such as goats, pigs, sheep, mice, and bovines (Vicki Glaser
SPECTRUM Biotechnology Applications (1993)).  The mammals may be transgenic animals.

For example, a polynucleotide encoding an antigen-binding molecule of the present
invention is prepared as a fusion gene with a gene encoding a pelypeptide specifically produced
in milk, such as the goat B»—casein. Next, goat embryos are injected with polynucleotide
fragments containing the fusion gene, and then transplanted to female goats.  Desired
antigen-binding motecules can be obtained from milk produced by the transgenic goats, which
are born from the goats that received the embryos, or from their offspring.  Hormones may be
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administered as appropriate to increase the volume of milk containing the antigen-binding
molecule produced by the transgenic goats (Ebert ef al., Bio/Technology (1994) 12:699-7C2},

Insects such as silkworms may be used to produce the antigen-binding molecules of the
present invention. When silkworms are used, baculoviruses carrying a polynucleotide encoding
an antigen-binding molecule of interest can be used to infect silkworms, and the antigen-binding
molecule of interest can be obtained from their body fluids.

Feurthermore, when plants are used to produce the antigen-binding molecules of the
present invention, for example, tobacco may be used.  When tobacco is used, a polynucleotide
encoding an antigen-binding molecule of interest is inserted into a plant expression vector, for
example, pMON 530, and then the vector is introduced info bacteria, such as 4 grobacz‘eriuﬁz
tumefaciens. The bacteria are then allowed to infect tobacco such as Nicotiana tabacum, and
the desired antigen-binding molecules can be collected from their leaves (Ma et al., Bur. J.
Immunol. (1994) 24; 131-138). ~Alternatively, it is possibie to infect duckweed {(Lemna minor)
with similar bacteria. Afier cloning, the desired antigen-binding molecules can be obtained
from the duckweed cells (Cox KM ef al., Nat. Biotechnol. 2006 Dec; 24(12):1591-1557).

The thus obtained antigen-binding molecules may be isolated from the inside or outside
(such as the medium and milk) of host cells, and purified as substantially pure and homogenous
antigen-binding molecules. The methods for isolating and purifying antigen-binding molecules
are not p.articularly Iimited, and isolation and purification methods usually used for polypeptide
purification can be used.  Antigen-binding molecules may be isolated and purified, by
approprigtely selecting and combining, for example, chromatographic columns, filtration,
ultrafiltration, salting out, solvent precipitation, soivent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and
recrystallization,

Chromatography includes, for exampie, affinity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography,
and adsorption chromatography (Strategies for Protein Purificdtion and Characterization: A
Laboratory Course Manual. Ed Daniel R. Marshak et al., (1996) Cold Spring Harbor Laboratory
Press). Such chromatographic methods can be conducted using liguid phase chromatography
such as HPLC and FPLC.  Columns used for affinity cbiomatography include, protein A
columns and protein G columns. * Columns using protein A include, for example, H'yper D,
POROS, and Sepharose F. F, (Pharmacia).

H needed, an éntigembinding molecule can be modified arbitrarily, and peptides can be
partially deleted by aliowing an appropriate protein modification enzyme to act before or afier
purification of the antigen-binding molecule.  Such protein modification enzymes include, for
example, trypsin, chymotrypsin, lysyl endopeptidases, protein kinases, and glucosidases.



10

15

20

25

30

59

<Anpti-IL-6 receptor antibodies> .

Furthermore, the present invention provides the anti-IL-6 receptor antibodies of () to
(m) below: ' - '
(a) an antibody that includes a heavy chain variable region inciuding an amino acid sequence, in
which at least one of Tyr at position 27, Asp at position 31, Asp at position 32, Trp at position 33,
Tyr at position 51, Asn at position 59, Ser at position 63, Met at position 106, and Tyr at position
108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) has been substituted
with His; o
(b) an antibody that includes a heavy chain variable region (H3pl) having an amino acid
sequence, in which Tyr at position 27, Asp at position 31, and Trp at position 35 in the amino
acid sequence of SEQ ID NO: 1 (H53 variable region) have been substituted with His;
{c} an antibody that includes a heavy chain variable region having an amino acid sequence, in
which Tyr at pesition 27, Asp at position 31, Asp at position 32, Trp at position 35, Asn at
position 59, Ser at position 63, and Tyr at position 108 in the amino acid sequence of SEQ ID
NO: 1 (H53 variable region) have been substituted with His;
{d) an antibody that includes a heavy chain variable region (H170) having an amino acid
sequence, in which Tyr at position 27, Asp at position 31, Asp at position 32, Trp at position 35,
Asn at position 59, Ser at position 63, and Tyr at position 108 have been substituted with His,
and in which Ser at position 99 has been substituted with Val and Thr at position 103 has been
substituted with Ile in the amino acid sequence of SEQ 1D NO: 1 (HS53 variable region);
(e) an antibody that includes a heavy chain variable region having an amino acid sequence, in
which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106, and Tyr at
position 108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) have been
substituted with His, _
(f) an antibody that includes a heavy chain variable region (CLHS) having an amino acid
sequence, in which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106,
and Tyr at position 108 have been substituted with His, and in which Ser at position 99 has been
substituted with Phe and Thr at position 103 has been substituted with Ile in the amino acid
sequence of SEQ ID NO: 1 (H53 variable region);
(g) an antibody that includes a light chain variable region having an amine acid sequence, in

‘which at least one of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at position 56,

and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1IL variable region) has
been substituted with His;
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(h) an antibody that includes a light chain veriable region {L73) having an amino acid sequence,
in which Asp at position 28, Tyr at position 32, and Glu at position 53 in the amino acid
sequence of SEQ ID NO: 2 (PF1L variable region) have been substituted with His;
(1) an antibody that includes a light chain variable region (182) having an amino acid sequence,
in which Tyr at position 32 and Gl at position 53 in the amino acid sequence of SEQ ID NO: 1
(Y53 variable region) have been substituted with His;
(j) an antibody ihat includes a light chain variable region (CLL3) having an amino acid sequence,
in which Tyr at position 32, Glu at pesition 53, Ser at position 56, and Asn at position 92 in the
amino acid sequence of SEQ) ID NO: 2 (PF1L variabie region) have been substifuted with His:
(k) an antibody that includes the heavy chain variable region of (b) and the light chain variable
region of (h); _
(1) an antibody that includes the heavy chain variable region of (d) and the light chain variable
region of (i); and
(m) an antibody that includes the heavy chain variable region of (f} and the light chain variable
region of (h). |
Specific exampies of the heavy chain variable region having an amino acid sequence in
which at least one of Tyr at position 27, Asp at position 31, Asp at position 32, Trp at position 35,
Tyr at position 31, Asn at position 59, Ser at position 63, Met at position 106, .amd Tyr at pesition
108 in the amino acid sequence of SEQ ID NO: T (H53 variable region) has been substituted
with His include, for example, the following heavy chain variable regions.
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 3 (H3pD
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 4 (H170)
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 5 (CLH5)
Specific examples of the light chain variable region having an amino acid sequence in
which at least one of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at position 36,
and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable region) has
been substituted with His include, for example, the following light chain variable regions.
a light chain variable region having the amino acid sequence of SEG ID NO: 6 (L73)
a lght chain variable region having the amino acid sequence of SEQ ID NO: 7 (1.§2)
a light chain variable region having the amino acid sequence of SEQ ID NO: 8 (CLL3)
The amine acid positions and substitutions in each of the above-deseribed antibodies
H3pl, H170, CLHS, £73, L82, and CLL5 are shown below in Table 1. The amino acid

positions are shown based on the Kabat numbering.

{Table 1]
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position 1 27 131 (32133135 {50168:461 162{683/64 65,8595 {1008 [102
Mg | HIH MM

70 [ H M N H H ¥l H
CLHE H H H H Fidl H H
position |24 1271268 |32 |63 155156 80|52 |54

L73 HiHIHTH

LB2 HidiH ]

CLLE HiMHiHIH H

* In WT, the [ chain has histidine at position 33, while the L chain has histidine at position 55.

- The present invention provides antibodies comprising at least any one of the amino acid
substitutions described above in (a) to (§), and methods for producing the antibodies. Thus, the
antibodies of the present invention also include antibodies comprising not only any of the amino
acid substitutions described above in {a) to (§) but also amino acid substitution(s) other than those
described above in (a) to ().  Amino acid substitutions other then those described above in (a)
to (j) include, for example, substitution, deletion, addition, and/or insertion in the amino acid
sequence of CDRs and FRs.

Furthermore, the present inveniion provides the anti-IL-6 receptor antibodies of (1) to
(28) below:
(1) an antibody that includes the heavy chain variable region (VH1-IgGl variabie region) having
the amino acid sequenée from positions 1 to 119 in SEQ ID NOG: 21 (VH1-1zG1);
(2) an antibody that includes the heavy chain variabie region (VH2-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 22 (VH2-1gG1);
(3) an antibody that includes the heavy chain variable region (VH3-IgG1 variabie region) having
the arnino acid sequence from positions 1 to 119 in SEQ ID NO: 23 (VH3-IeG1);
(4) an antibody that includes the heavy chain variable region (VH4-1gG] variable region) having
the arnino acid sequence from positions 1 to 119 in SEQ ID NO: 24 (VH4-1gG1);
(5) an antibody that includes the light chain variable region (VL1-CK variable region} having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 25 (VLI1-CK);
(6} an antibody that includes the light chain variable region (VL2-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 26 (VL2-CK);
(7) an antibody that includes the light chain variable region (VL.3-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 27 (VL.3-CK);
{8) an antibody (Fv]-IgG1) that includes the heavy chain variable region of (2) and the light
chain variable region of {(6);
(9} an antibody (Fv2-IgG1) that includes the heavy chain variable region of (1) and & light chain
variable region having the amino acid sequence of SEQ ID NO: 7 (1.82);
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(10} an antibody (Fv3-IgG1) that includes the heavy chain variable region of (4) and the light
chain variable region of (5); |

(11) an antibody (Fv4-IgG1) that includes the heavy chain variable region of (3) and the light
chain variable region of (7); :
(12) an antibody (VH3-IgG2AGK) that includes a heavy chain having the amino acid sequence
of SEQ ID NO: 33;

(13) an antibody (VH3-M358) that includes a hf;avy chain having the amino acld sequencs of
SEQ ID NO: 34;

(14) an antibody (VH3-M73) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 35; _ 7

{15) an antibody (Fv4-IgG2AGK) that includes the heavy chain of (12) and a light chainlhaviﬂg
the amino acid sequence of SEQ 1D NO: 27 (VL3-CK);

(16) an anfibody (Fv4-M58) that includes the heavy chain of (13) and & light chain having the
amino acid sequence of SEQ 1D NO: 27 (VL3-CK),

(17} an antibody (Fv4-M73) that includes the heavy chain of (14) and & light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK),

(18) an antibody (VH2-M71) that includes 2 heavy chain having the amino acid sequence of
SEQ ID NO: 36 (VH2-M71);

(19) an antibody (VI2-M73) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 37 (VH2-M73);

(20) an antibody (VIH4-M71) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 38 (VH4-MT71); . _

{(21) an antibody (VH4-M73) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 39 (VH4-MT3); '

(22) an antibody (Fv1-M71) that includes the beavy chain of (18) and 2 light chain having the
aming acid sequence of SEQ ID NO: 26 (VL2-CK),

(23) an antibody (Fv1-M73) that includes the heavy chain of (19) and a light chain having the
amino acid sequence of SEQ ID NO: 26 (VL2-CK);

(24) an antibody (Fv3-M71) that includes the heavy chain of (20) and a light chain having the
amino acid seguence of SEQ ID NO: 25 (VLI-CK);

(25} an antibody (Fv3-M73) that includes the heavy chain of (21) and a Jight chain having the
amino acid sequence of SEQ ID NO: 25 (VLI-CK); | S

(26) an antibody that includes a light chain having the amino acid séquence of SEQ ID NO: 25
(VL1-CK);

(27) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 26
(VL2-CK); and '
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(28) an antibody that includes a light chain having the amino acid sequence of SEQ 1D NO: 27
(VL3-CK).
Furthermore, the present invention provides the FRs and CDRs of () to (v) below:
(a) the heavy chain CDR1 of SEQ ID NO: 40 (VHI, 2, 3, 4); '
(b) the beavy chain CDR2 of SEQ [D NO: 41 (VH1, 2);
(¢) the heavy chain CDR2 of SEQ ID NO: 42 (VH3);
(d) the heavy chain CDR2 of SEQ ID NG: 43 (VH4),
(e) the heavy chain CDR3 of SEQ ID NO: 44 (VHI, 2);

{f) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4);

{g) the heavy chain FR1 of SEQ ID NO: 46 (VH1, 2);

(h) the heavy chain FR1 of SEQ ID NO: 47 (VH3, 4):

(i) the heavy chain FR2 of SEQ ID NO: 48 (VH]I, 2, 3, 4);
(i) the heavy chain FR3 of SEQ ID NO: 49 (VH1};

(k) the heavy chain FR3 of SEQ ID NO: 50 (VH2);

(1) the heavy chain FR3 of SEQ ID NO: 51 (VH3, 4);

{m) the heavy chain FR4 of SEQ ID NO: 52 (VHI, 2, 3, 4);
{n) the light chain CDRI of SEQ ID NO: 53 (VL1, 2};

(o) the light chain CDR1 of SEQ ID NO: 54 (VL3);

(p) the light chain CDR2 of SEQ ID NO: 535 (VL.1, VL3);
(q) the light chain CDR2 of SEQ ID NO: 56 (VL.2);

(1) the light chain CDR3 of SEQ ID NO: 57 (VL.1, 2, 3}
(s) the light chain FR1 of SEQ ID NO: 58 (VL1, 2, 3);

(1) the light chain FR2 of SEQ ID NO: 59 (VL1, 2, 3}

(u) the light chain FR3 of SEQ ID NO: 60 (VLI, 2, 3); and
(v) the light chain FR4 of SEQ ID NO: 61 (VL1, 2, 3).

The respective sequences of the above (a) to (v) are shown in Fig. 25. Furthermore,
the present invention provides polypeptides including any one of the FRs and CDRs of the above
(a) to (v}

The anti-IL-6 receptor antibodies of the present invention also include fragments and
modified products of antibodies including any of the amino acid substitutions described above.
Such antibody fragments inclnde, for example, Fab, F(ab")2, Fv, single chain Fv (scFv) in which
Fv of H and L. chains are linked together via an appropriate linker, single domain-H chain and
single domain L chain (for example, Nat. Biotechnol. 2005 Sep;23(9):1126-36), Unibody (WO
2007059782 Al}, and SMIP (WO 2007014278 A2). The origin of antibodies is not particularly
limited. The antibodies include humar, mouse, rat, and rabbit antibodies. The antibodies of

the present invention may also be chimeric, humanized, fully humanized antibodies, or such.



10

135

20

25

30

35

64

Specifically, such antibody fragments are obtained by treating antibodies with enzymes,
for example, papain or pepsin, or by constructing genes that encode such antibody fragments,
inserting them into expression vectors, and then expressing them in appropriate host cells (see,
for example, Co, M.S. ef al., J. Immunol, (1994) 152, 2968-2976; Betier, M. & Horwitz, A. H.
Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. & Skerra, A. Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymeology {1989) 121, 652-663;
Rousseaux, J. ef al., Methods in Enzymology (1989) 121, 663-66; Bird, R. E. er al., TIBTECH
(1991) 9, 132-137),

The present invention provides methods of producing (1) a polypeptide of the present
invention, or (i1) a polypeptide encoded by a gene encoding the polypeptide of the present
invention, wherein the methods comprise the step of culturing a host cell comprising a vector
into which a polynucleotide encoding the polypeptide of the present invention is introduced.

More specifically, the present invention provides methods of producing a polypeptide of
the présent invention, which comprise the steps oft
(2} culturing a host cell comprising 2 vector into which a gene encoding the polypeptide of the
present invention is introduced; and
(b} obtaining the polypeptide encoded by the gene,

scFv is obtained by linking the V regions of antibody H and L chains,  In such scFv,
the H chain V region is linked to the L chain V region via a linker, preferably a peptide linker
(Huston, I. 8. ef al., Proc. Natl. Acad. Sci. U.S.A. (1988) 10.0, 5879-5883). The Hchainand L
chain V regions in an scFv may be derived from any of the antibodies described above.  The
peptide finker to link the V regions includes, for example, arbitrary single chain peptides of 12 to
19 amino acid residues. '

When an anti-IL-6 receptor antibody of the present invention includes a constant region,
the constant region may be of any type, for example, 1gG1, IgG2, or IgG4 may be used. The
constant region is preferably a human antibody constant region.  Alternatively, the constant
region may be a modified form including substitution, deletion, addition, and/or insertion in the
amino acid sequence of human IgG1, human 1gG2, or human 1g(G4 constant regions. ‘

Preferred IL~6 receptor to which an anti-IL-6 receptor antibody of the present invention
binds is human IL-6 receptor. _

The anti-IL-6 receptor antibodies of the present invention are superior in the retention in

- plasma, and they exist for a prolonged period in the plasma in & form capable of binding to the

antigen, i.e., soluble or membrane-associated 1L-6 receptors.  Thus, the anti-IL-6 receptor
antibodies bind in vivo to soluble or membrane-associated TL-6 receptors for a prolonged period.
Furthermore, the anti-IL-6 receptor antibodies are capable of binding to I1.-6 receptors twice or
more times, and thus assumed to be able to neutralize three or more IL-6 receptors.



10

15

20

30

35

65

<Pharmaceutical compositions>

The present invention also relates to pharmaceutical compasitions that include
antigen-binding m'olecule_s of the present invention, antigen-binding molecules isolated by the
screening methods of the present invention, or antigen-binding molecules produced by the
production methods of the present invention.  The antigen-binding molecules of the present
invention and antigen-binding molecules produced by the production methods of the present
invention are superior in the retention in plasma, and thus, expected to reduce the administration
frequency of the antigen-binding molecules, and are therefore useful as pharmaceutical
compositions. The pharmaceutical composition of the present invention may include
pharmaceutically acceptable carriers.

In the present invention, pharmaceutical compesitions ordinarily refer to agents for
treating or preventing, or testing and diagnosing diseases. ‘

The pharmaceutical compositions of the present invention can be formulated by
methods known to those skilled in the art.  For example, they can be used parenterally, in the
form of injections of sterile solutions or suspensions including water or other pharmaceutically
acceptable liguid. For example, such compositions may be formulated by mixing in the form of
unit dose required in the generally approved medicine manufacturing practice by appropriately
combining with pharmaceutically acceptable carriers or media, specifically with sterile water,
physiological saline, vegetable oil, emuisifier, suspension, surfactant, stabilizer, flavoring 'agent,
excipient, vehicle, preservative, binder, or such. In such formulations, the amount of active
ingredient is adjusted to obtain an appropriate amount in a pre-determined range.

Sterile compositions for injectiah can be formulated using vehicles such as distilied
water for injection, according to standard formulation practice.

Aqueous solutions for injection include, for example, physiolegical saline and isotenic
solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-mannose,
D-mannitol, and sodium chloride). It is also possible to use in combination appropriate
solubilizers, for example, alcohois (ethanol and such), polyalcohols (propylene glycol,
polyethylene glycol, and such), non-ionic surfactants (polysorbate 80(TM), HCO-50, and such).

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

The pharmaceutical compositions of the present invention are preferably administered

parenterally. For example, the compositions may be in the dosage form for injections,
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transpasal administration, transpuimonary administration, or transdermal administration.  For

example, they can be administered systemically or locally by intravenous injection,

intrarmuseular injection, intraperitoneal injection, subcutaneous injection, or such,
Administration methods can be appropriately selected in consideration of the patient’s

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

- molecule may be, for example, from 0.0001 to 1000 mg/kg for each administration.

Alternatively, the dose may be, for exampie, from 0.001 to 100,000 mg per patient. However,
the present invention is not limited by the numenc values deseribed above.  The doses and
administration methods vary depending on the patient’s weight, ape, symptoms, and such.
Those skilled in the art can set appropriate deses and administration methods in consideration of
the factors described above.

Amipo acids contained in the amino acid sequences of the present invention may be
post-translationally modified.  For example, the modification of an N-terminal glutamine (Gln)
residue info a pyroghitamic acid (pGiu) residue by pyroglutamylation is well-known to those
skiiled in the art. Naturally, such post-translationally modified amino acids are included in the
arnino acid sequences in the present invention,

All prior art documeants cited in the specification are incorporated herein by reference.

Examples
Herein below, the present invention will be specifically described with reference to

Examples, but it is not to be construed as being imited thereto.

[Example 1] Production of Modified Humanized PM1 Antibody
Preparation of Recombinant Soluble Human I1.-6 Receptor (SR344)
A recombinant human IL-6 receptor of the human IL-6 receptor, which served an

antigen, was prepared as described below. A CHO cell line that constantly expresses a soluble
human IL-6 receptor (hereinafter referred to as SR344) (Yamasaki, et al., Science 1988; 241:
825-828 (GenBank #X12830)) consisting of the amino acid sequence from the st amino acid to
the 344th amino acid on the N-terminal side as reported 1n J. Biochem., 108, 673-676 (1990),
was produced.

SR344 was purified from culture supernatant obtained from the SR344-expressing CHO
cells using three column chromatographies: Blue Sepharose 6 FF column chromato graphy,
affinity chromatography using a column in which an antibody specific to SR344 is immobilized,
and gel filtration column chromatography. The fraction that eluted as the main peak was used

as the fimal purified product.
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Preparation of Recombinant Cynomolous Monkey Soluble [1.-6 Receptor (cIL-6R)

Oligo DNA primers Rhe6RfT (SEQ ID NO: 16) and Rhe6Rx2 (SEQ ID NO: 17) were
produced based on the publicly-available rhesus monkey IL-6 receptor gene sequence (Birney et
al., Ensemble 2006, Nucleic Acids Res., 2006, Jan. 1; 34 (Database issue): D556-61).  Using

¢DNA prepared from cynomolgus panﬁraas as a template, a DNA fregment encoding the entire

length of cynomolgus monkey IL-6 receptor gene was prepared by PCR nsing primers Rhe6R{1
and Rhe6Rr2. Using the resulting DNA fragment as a template, 2 1131 bp DNA fragment
(SEQ ID NQ: 20) encoding a protein in which 6xHis is added to the C terminal of the soluble

region (Met1-Pro363) containing a signal region of cynomolgus monkey IL-6 receptor gene, was

amplified by PCR using the oligo DNA primers CynolL6R N-EcoRI (SEQ ID NO: 18} and

. CynoIL6R C-Notl-His (SEQ ID NO: 19).  The resulting DNA fragment was digested with

EcoRI and Notl and inserted into & mammalian cell expression vector, and this was then used to
produce a stable expression CHO line (cyno.sIL-6R-producing CHO cells).

A culture medium of cyno.sIL-6R-producing CHO cells was purified with & HisTrap
column {GE Healtheare Biosciences), concentrated using Amicon Ultra~15 Ultracel-10k
(Millipore}, and further purified with a Superdex 200 pg 16/60 gel filtration column (GE
Healthcare Biosciences) to obtain the final purified product of soluble cynomolgus monkey IL-6
receptor (hereinafter referred to as cIL-6R).

Preparation of Recombinant Cvnomoleus Monkevy IL-6 {cIL-6)

Cynomolgus monkey IL-6 was prepared as foliows. A nucleotide sequence encoding
the 212 amino acids registered under SWISSPROT Accession No. P79341 was produced, cloned
into a mammalian cell expression vector, and introduced into CHO cells o produce a stable
expression cell line (cyno.lL-6-producing CHO cells). A cultuwre medium of
cyno.IL-6-producing CHO cells was purified with an SP-Sepharose/FF column (GE Healtheare
Biosciences), concentrated using Amicon Ultra-15 Ultracel-Sk (Millipore), and then further
purified with a Superdex 75 pg 26/60 gel filtration column (GE Healthcare Biosciences). This
was concenirated using Amicon Ulira-15 Ultracel-Sk (Millipore) to obtain a final purified
product of cynomolgus monkey IL-6 (hereinafter refesred to as cIL-6).

Establishment of Human gp130-Expressing Bak3 Cell Line

A BzaF3 cell line expressing human gp!30 was estabiished as indicated below in arder to
obtain a cell line exhibiting IL—G-df:pen‘dém growth,

Full-length humen gp130 cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBank
#NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo, which
was prepared by removing the DHFR gene expression site from pCHOI (Hirata, et al., FEBS
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Letter 1994; 356: 244-248) and inserting a Zeocin resistance gene expression site, to construct
pCOS2Zeo/gpl130. Full-length human IL-6R ¢cDNA was amplified by PCR and cloned inte
pcDNA3.1{+) (Invitrogen) to consiruct hIL-6R/peDNA3.I(+H). 10 pg of pCOS2Ze0/gp138 was
mixed into BaF3 cells (0.8 x 107 cells) suspended in PBS, and pulsed using a Gene Pulser
(Bio-Rad} at a voltage of 0.33 kV and capacitance of 950 uFD.  BaF3 cells having undergone
gene introduction by eleciroporation treatment were cultured one whele day and night in
RPMI1640 medium (Invitrogen) containing 0.2 ng/mL of mouse interfeukin-3 (Peprotech) and |
10% feta! bovine serum (hereinafier referred to as FBS, HyClone), and then screened by adding
RPMI1640 medium containing 100 ng/mL of human interleukin-6 (R&D Systems), 100 ng/mL
of human interleukin-6 soluble receptor (R&D Systems) and 10% FBS to establish a human
gp130-expressing BaF3 cell line (hereinafter referred to as BaF3/gpl30).  Since this
BaF3/gp130 proliferates in the presence of human interleukin-6 (R&D Systems) and SR344, it
can be used to evaluate the growth inhibitory activity {namely, 1L-6 receptor-neutralizing
activity) of anti-IL-6 receptor antibody.

Production of Humanized Anti-IL-6 Receptor Antibody

In the context of the instant example and elsewhere herein, the term “wild type” is
abbreviated as WT, the term “wild type H chain” is abbreviated as H(WT) (amino acid sequence
of SEQ ID NO: 9), and the term “wild type L chain is abbreviated as L{WT) {amino acid
sequence: SEQ ID NO. 10). In this context, mutations were introduced into the framework
sequence and CDR sequence of humanized mouse PM1 antibody described 1 Cancer Res. 1993,
Feb. 15; 53(4): 851-6, to produce modified H chains H53 {amino acid sequence: SEQ ID NO: 1)
and PF1H (amino acid sequence: SEQ ID NO: 11), and modified L chains LZS (amino' acid
sequence: SEQ ID NO: 12) and PF1L (amino acid sequence: SEQ ID NO: 2). More
specifically, the mutants were produced using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the instructions provided, and the resulting
plasmid fragments were inserted into a mammalian cell expression vector to produce the desired
H chain expression vectors and L chain expression vectors.  The nucleotide sequences of the
obtained expression vectors were determined using conventional methodologies known to
persons skilled in the art.

Expression and Purification of Humanized Anti-IL-6 Receptor Antibody

The antibodies were expressed by the method described below. Human embryonic
kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen)
supplemented with 10% Fetal Bovine Serum (Invitrogen). The celis were plated at 10 ml per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 510 6 x 10°
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cells/ml and cultured in a CO, incubator (37°C, 5% CO,) for one whole day and night.  Then,
the medium wag removed by aspiration, and 6.9 ml of CHO-S-SFM-1I mediom (Invitrogen) was
added. The prepared plasmid was introduced into the cells by the lipofection method. The

resulting culture supernatants were collected, centrifuged (appfoximateiy 2000 g, 5 min, room

© temperature) to remove cells, and sterilized by filtering through 0.22-pm filter MILLEX®-GV

(Millipore) to obtain the supernatants.  Antibodies were purified from the obtained culture
supernatants by a method known to those skilled in the art using rProtein A Sepharose’ ™ Fast
Flow {Amersham Biosciences). To determine the concentration of the purified antibody,
absorbance was measured at 280 nm using a spectrophotometer. Antibody concentrations were
calculated from the determined values using an absorbance coefficient calculated by the PACE
method (Protein Science 1995; 4:2411-2423). '

[Exampie 2] Production of pH-Dependently-Binding Antibody H3pl/L73
Method for Creating Antibody Capable of Neutralizing Antigen Multiple Times

Since IgG molecules are divalent, a single IgG molecule can neutralize up to two
antigen molecules when the two sites bind to the antipens; howevex, it canuot neutralize three or
more antigen molecules. Therefore, to maintain the neutralizing effect of a neutralizing
antibody over a certain period, it is necessary to administer an amount of the antibody equal to or
greater than the amount of antigen produced during the period.  Thus, there is a limitation on
the extent to which the required dose of antibody can be reduced by improving the

pharmacokinetics or affinity of antibody. Therefore, if it were possible to neutralize two or

- 1nore antigen molecules with a single IgG molecule, the same dose could improve the duration of

neutralizing effect, or alternatively the dose of antibody required to achieve the same duration

could be reduced.

For neatralizing antibodies, there are two types of target antigens: scluble-type antigens,
which are present in plasma, and membrane-bound antigens, which are expressed on the surface
of .cells.

When the antigen is a membrane-bound antigen, an administered antibody binds to the
membrane antigen on the cellular surface, and the antibody is subsequently taken up into
endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a lysoseme where it
is degraded by lysosome together with the antigen. The-elimination of antibody from the
plasma mediated by internalization by membrane antigen is referred to as antigen-dependent
elimination, and this has been reported for numerous antibody molecules (Drog Discov. Today,
2006 Jan; 11(1-2): 81-8). Since a single IgG antibody molecule binds to two antigen molecules
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when it divalently binds to antigens, and is then internalized and directly degraded by lysosome,
a single ordinary Ig( antibody cannot neutralize two or more antigen molecules (Fig. 1).

The reason for the long retention (slow elimination) of IgG molecules in plasma is that
FeRn, known as an 1gG molecule salvage receptor, functions (Nat. Rev. Immunol. 2007 Sep;
7(8): 715-25).  IgG molecules that have been taken up into endosomes by pizﬁocytosis bind to
FeRn exprcséed in endosomes under infraendosomal acidic conditions.  [gG molecules bound to

‘FeRa move 1o the cell surface where they dissociate from FeRn under neutral conditions in

plasma and return to plasma, while IgG molecules unable to bind to FeRn proceed into
iysésomes where they are degraded (Fig. 2). _

[gG molecules bound to a membrane antigen are taken up into infracellular endosomes
by internalization, move into lysosomes while bound {o the antigen, and undergo degradation.
When an [gG antibody divalently binds to antigens, it neutralizes two antigen molecules and
undergoes degradation together with the antigens.  If the IgG antibody, when taken.up into
intracellular endosomes by internalization, can dissociate from the antigen under intraendosomal
acidic conditions, the dissociated antibody may be able to bind to FeRn expressed in the
endosomes. The IgG molecule digsociated from the antigen and bound to FoRn is transferred to
the cell surface and then dissociated from FeRn under neutral conditions in the plasma, thereby
return to the plasma again.  The IgG molecule that has returned to the plasma is able to bind to
anew membrane antigen again. The repetition of this process allows a single IgG molecule to
repeatedly bind to membrane antigens, thereby enabling neutralization of a multiple antigens
with a single IgG molecuie (Fig. 3). |

In the case of a soluble antigen, an antibody administered binds to the antigen in the
plasma, and remains in the plasma in the form of an antigeh-antibody complex. Normally,
while the retention of antibody in ‘plasma is very long (elimination rate is very slow) due to the
function of FcRu as described above, the retention of antigen in plasma is short (elimination rate
is fast). Thus, antibody-bound antigens show retention in plasma comparabie to that of
antibody (elimination rate is very slow). Antigens are produced in the body af a constant rate
and, in the absence of antibody, presént in plasma at a concentration at which the anﬁgen
production rate and the antigen elimination rate are under equilibrium. In the presence of
antibody, most of the antigens are bound to antibodies, resulting i the very slow elimination of

‘antigens. Thus, the antigen concentration in plasma increases as compared with that in the

absence of antibody (Kidney Int. 2003, 64, 697-703; J. National Cancer Institute 2002, 94(19),
1484-1493; J. Allergy and Clinical Immunology 199’!,'5(}0(1), 110-121; Bur. . Immunol. 1993,
23;2026-2029). Even if the affinity of antibody for antigen is infinite, antigen concentration
elevates as antibody is slowly eliminated from the plasma, and the neutralizing effect of antibody
terminates after the concentrations of antibody and antigen become equal.  Although antibodies
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with a stronger dissociation constant (KIY) can neutralize soluble antigens at a lower antibody

concentration, antibodies at a concentration half or less than the concentration of antigen present
are unable 1o neutralize antigens regardiess of how strong the affinity of antibody is (Bioahem;
Biophys. Res, Commun. 2005 Sep 9; 334(4): 1004-13).  As is the case with 1gG molecules not
bound to antigens, IgG molecules bound to antigens in the plasma are also taken up into
endosomes by pinocytosis, and bind to FcRn expressed in endosomes under intraendosomal
acidic conditions. The IgG molecules bound to FeRn moves to the cell surface while the
antibody is kept bound to the antigen and then dissociate from the FcRn under newtral conditions
in the plasma.  Since the IgG molecules return to the plasma while bound to the antigen, they
cannot bind 1o new antigens in the plasma.  In this case, if IgG molecules can dissociate from
the antigen under intraendosomal acidic conditions, the dissociated antigen will not be able to
bind to FeRn and thereby may be degraded by lysosomes.  On the other hand, the 1gG
molecules can return to the plasma again by binding to FcRn.  Since the IgG molecules that
have returned to the plasma have already dissociated from the antigenvin endosomes, they are
able to bind to a new antigen again in the plasma.  The repetition of this process allows a single
IzG molecule to repeatedly bind to soluble antigens. This enables a single Ig( molecule to
neutralize multipie antigens (Fig. 4).

Thus, regardless of whether the antigen is 2 membrane antigen or soluble antigen, if the
dissociation of IgG antibody from the antigen is possible under intraendosomal acidic conditions,
a single IgG molecule would be able to repeatedly neutralize antigens. In order for IgG
antibodies to dissociate from antigens under intraendosomal acidic conditions, it is necessary that
antigen-antibody binding be considerably weaker under acidic conditions than under neutral
conditions. Since membrane antigens on the cell surface need to be neutralized, antibodies
have to strongly bind o antigens at the cell surface pil, namely pH 7.4.  Since the _
intraendosomal pH has been reported to be typically pi 5.5 to 6.0 (Nat. Rev. Mol. Cell. Biol.
2004 Feb; 5(2): 121-32), an antibody that weakly binds to an antigen at pH 5.5t0 6.0 is
considered to dissociate from the antigen under intraendosomal acidic conditions. More
specifically, a single IgG molecule that strongly binds to an antibedy at the cell surface pH of 7.4
and weakly binds to the antigen at the intraendosomal pH of 5.5 to 6.0 may be able to neutralize
a multiple antigens and thereby improve the pharmacokinetics.

In general, protein-protein interactions consist of hydrophobic interaction, electrostatic
interaction and hydrogen bonding, and the binding strength is typically expressed as a binding
constant {affinity) or apparent binding constant (avidity). ?Hvdependem binding, whose
hinding strength varies between neutral conditions (pH 7.4) and acidic conditions (pH 5.5 10 6.0), '
is present in naturally-occurring protein-protein interactions, For example, the
ahove-mentioned binding between IgG molecules and FeRa known 2s a salvage receptor for [gG
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conditions (pH 7.4). Most of such pH-dependently changing protein-protein interactions are
associated with histidine residues.  Since the pKa of histidine residue is in the vicinity of pH 6.0

to 6.5, the proton dissociation state of histidine residues varies between neutral conditions (pH

| 7.4) and acidic conditions (pH 5.5 t0 6.0).  Specifically, histidine residues are not charged and
- function as hydrogen atom acceptors under neutral conditions (pH 7.4), while they become

positively charged and function as hydrogen atom donors under acidic conditions (pH 5.5 to 6.0).
It has been reported that the pH-dependent binding of the above-described IgG-FeRn inferaction
is also associated with histidine residues present in IgG (Mol. Cell. 2001 Apr; 7(4): 867-77).

Therefore, pH-dependence can be imparted to protein-protein inferactions by
substituting an amino acid residue involved in protein-protein interactions with a histidine
residue, or by introducing a histidine into an interaction site.  Such attempts have also been
made in protein-protein inferactions between antibodies and antigens, and a mutant antibody
with antigen-binding ability decreased under acidic conditions has been successfully acquired by
introducing histidine into the CDR sequence of an anti-egg white lysozyme antibody (FEBS
Letter {(vol. 309, No. 1, 85-88, 1992)).  In addifion, an antibody that is prepared by introducing
histidine into s CDR sequence and specifically binds to an antigen at the low pH of cancer
tissues but weakly binds under neutral conditions has been reported (WO 2003-105757).

Although meathods for introducing pH dependency into antigen-antibody reactions have
been reported as described above, an IgG molecule that neutralizes multiple antigens by stongly
binding to antigens at the body fiuid pH of 7.4 but weakly binding to antigens at the
mtraendosomal pH of pH 5.5 to 6.0 has not been reported.  In other words, there have been no
reports relating to modifications that significantly reduce the binding under acidic conditions
while maintaining the binding under neutral conditions such that, as compared to an unmodified
antibody, a modified antibody binds to antigens multiple times in vivo and thereby shows
improved pharmacokinetics as well as improved duration of the neutralizing effect af the same
dose. ‘ :

The IL-6 receptor is present in the body in the form of either soluble IL-6 receptor or
membrane IL-6 receptor (Nat. Clin. Pract, Rheumatol. 2006 Nov; 2(11): 619-26). Anti-IL-6
receptor antibodies bind to both the soluble IL.-6 receptor and membrane [L.-6 receptor, and
neuiralize their biological action. It is considered that, after binding to the membrane IL-6
receptor, anti-1L-6 receptor antibodies are taken up into infracellular endosomes by
internalization while bound to the membrane IL-6 receptor, then move inte lysosomes while the
antibodies are kept bound to the membrane [L-6 receptor, and undergo degradation by Iysosomes
together with the membrane IL.-6 receptor.  In fact, it has been reported that & humanized

anti-IL-6 receptor antibody exhibits non-linear clearance, and its antigen-dependent elimination
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greatly contributes to the elimination of the humanized anti-JL-6 receptor antibody (The Journal
of Rhevmatology, 2003, 30; 71426-1435).  Thus, one humanized anti-JL.-6 receptor antibody
binds to one or two membrane [L-6 receptors (monovalently or divalently), and is then
internalized and degraded in lysosomes.  Therefore, if it is possible to produce modified
antibodies that exhibit greatly reduced binding ability under acidic conditions but retain the same
binding ability as the wild type humanized anti-IL-6 receptor antibody under neutral conditions
(pH-dependent binding anti-1L-6 receptor antibody), multipie IL-6 receptors can be neutralized
with a single humanized anti-IL-6 receptor antibody. Thus, in comparison with wild type
humanized anti-IL-6 receptor antibodies, pH-dependent binding anti-I1-6 receptor antibodies

may improve the duration of the neutralizing effect in vivo at the same dosage.

Production of pH-Dependently Binding Humanized Anti-IL-6 Receptor Antibodv H3pl/L73:
Introduction of histidine inio 2 CDR has been reported as a method for introducing
pH-dependent binding to antigen-antibody reaction (FEBS Letter (vol. 309, No. 1, 85-88, 1992)).

In order to find amino acid residues exposed on the surface of the variable region of the

HS53/PF1L produced in Example 1 and possible residues inferacting with the antigen, a Fv region
model of HS3/PF1L was created by h.ombiogy modeling using MOE software (Chemical
Computing Group Inc.). A three-dimensional model constructed on the basis of the sequence
information of H53/PF1L was used to select H27, H31, H35, 128, 132 and L53 (Kabat
numbering, Kabat, E.A. et al., 1991, Sequences of Proteins of Immunological Interest, NIH; as
mutation sites that may introduce pH-dependent antigen-binding by histidine introduction. The
product in which the residues at H27, H31 and H335 in H53produced in Example 1 were
substituted with histidines was designated as H3pl (amino acid sequence: SEQ ID NO: 3}, and
the product in which the residues at 128, 132 and L53 in PF1L produced in Example 1 were’
substituted with histdines was designated as L73 (aminc acid sequence; SEQ ID NO: 6),

Production, Expression and Purification of H3pl/L.73 Expression Vector

Amino acid modification was carried out fo produce antibodies modified at the selected
sites. Mutations were introduced into FIS3 (nucleotide sequenice: SEQ ID NO: 13) and PF1IL
(nucleotide sequence: SEQ ID NO: 14) produced in Example 1 to produce H3pI (amino acid
sequence: SEQ ID NO: 3) and 173 (aminc acid sequence: SEQ ID NO: 6).  More specifically,
the QuikChange Site-Directed Mutagenesis Kit (Stratagene) was used according to the method
described in the instructions provided, and the resulting plasmid fragments were inserted into a
mammalian cell expression vector to produce the desired H chain expression vector and L chain
expression vector.  The nucleotide sequences of the resulting expression vectors were
determined using a method known to persons skilled inthe art.  H3pl/L73 which uses H3pl for



10

15

20

25

30

35

74

the H chain and L73 for the L chain was expressed and purified by the method described in

Example 1.

[Example 3] Conferring pH-Dependent Antigen Binding Ability by His Modification of CDR
Using Phage Display Technology '

Production of scFv Molecule of Humanized PM1 Antibody

The humanized PM? antibody, which is a humanized anti-IL-6R antibody {Cancer Res.
1993 Feb 15; 53(4): 851-6), was converted into scFv. The VH and VL regions were amplified
by PCR, and humanized PM1 HL scFv having the linker se:qﬁe:nce GGGGSGGGGSGGGGS
(SEG ID NO. 15) between VH and VI was produced.

Selection of Histidine-Introducible Positions by Histidine Scanning

PCR was performed using the produced humanized PM1 FL sciv DNA as a terplate to
produce a histidine library in which any one of the CDR amino acids is replaced with histidine,
The library portions were constructed by PCR using primers in which the codon of an amino
acid desired to be mutated for the library was replaced with CAT, a codon corresponding to
histidine, and other portions were constructed by normat PCR.  These portions were then linked
by assemble PCR.  The constructed library was digested with Sfil, inserted into a phagemide
vector pELBG lac] that was also digested with Sfil, and then used to transform XL.1-Blue
(Stratagene). The resulting colonies were used to evaluate antigen binding by phage ELISA
and analyze the sequence of HL scFv. Phage ELISA was carried out using a plate coated with |
SR344 at | pg/mL in accordance with J. Mol Biol. 1992; 227: 381-388. Clones that were
found to bind to SR344 were subjected 1o sequence analysis using specific primers.

Phage titer was determined by ELISA with an anti-Etag antibody (GE Healthcare) and
anti-M13 antibody {(GE Healthcare). Ths value was then used to select positions where
substitution of the CDR residue with histidine did not significantly alter the binding ability as
compared to humanized PM1 HL scFv, based on the resuits of phage ELISA for SR344. The
selected positions are shown in Table 2. Numbering of each residue was in accordance with the
Kabat numbering (Kabat, et al., 1991, Sequences of Proteins of Immunological Interest, NIH),

[Table 2] Positions of Histidine Substitution Not Sigpificantly Affecting Binding Ability
H31, H50, H54, H56, H57, H58, H59, H60, H61, H62, H63, H64, H65, H1008, H100b, HI02
L24, 126,127,128, 130, 1.31, 1.32, L52, 1.53, L.54, 1.56, 1.90, 1.92, 1.93, 1.94 '

Construction of Histidine-Modified CDR Library
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A library was designed in which the amino acids of CDR residues that did not
significantly alter the binding ability when substituted with histidine as shown in Table 2
(histidine-introducibie positions) are their original sequence (wild type sequence) or histidine.
The library was constructed based on the sequences of the H chain PF1H and the [ chain PFI1L
produced in Example 1 such that the mutated positions for the library have the original
sequences or histidines (either the original sequence or histidines).

The library portions were constructed by PCR using primers that were designed such
that a position desired to be mutated for the library has the original amino acid codon or histidine
coden, and other portions were produced by normal PCR, or by PCR using synthetic primers as
in the library portions.  These portions were then linked by assemble PCR (], Mol. Biol. 1996;
256: 77-88). |

This library was used to construct a ribosome display library in accordance with J. -
Immunological Methods 1999; 231: 119-135.  In ordes to carry out Escherichia coli cell-fiee in
vifro translation, an SDA sequence (ribosome binding site) and T7 promoter were added to the 5'
side, and a gene3 partial sequence serving as a linker for ribosome display was ligated to the 3'

side using S£I.

Acauisition of pH-Dependent Binding scEv from ];fibragy by Bead Panning
In order to concentrate only scFv having the ability to bind to SR344, panning was

carried oua twice by the ribosome display method in accordance with Nature Biotechnology 2000
Dec: 18: 1287-1262. The prepared SR344 was biotmylated using NHS-PEQ4-Biotin (Pierce)
to obtain an antigen. Panning was carried out using 40 nM of the bictinylated antigen.

Using the resulting DNA pool as a template, HL scFv was restored by PCR using
specific primers.  After digesting with Sfi, the digested HL scFv was inserted into a phagemide
vector pELBG lacl that was also digested with Sfil, and then used to transform XL1-Blue
(Stratagene).

Escherichia coli cells carrying the desired plasmid were grown to 0.4 10 0.6 O.D./mL in
2YT medium containing 100 pg/mL ampicillin and 2% giucoée. A helper phage (M13K (7,
4.5 x 10" pfi) was added thereto, statically cultured for 30 minutes at 37°C, and then cultured
with shaking for 30 mimutes at 37°C.  The culturs was transferred to 2 50 mL Falcon tube,
centrifuged for 10 minutes at 3000 rpm, resuspended in 2Y'T medium containing 100 pg/ml,
ampicillin, 25 pg/ml. kanamyecin, and 0.5 mM IPTG, and then incubated overnight at 30°C.

The culture incubated overnight was precipitated with 2.5 M NaCl and 10% PEG, and
then diluted with PBS to obtain 2 phage library solution.  10% M-PBS (PBS containing 10%
skim milk} and 1 M Tris-HC! were added to the phage library solution to the final concentration
0f 2.5% M-PBS and pH 7.4. Panhing was carried out by a typical panning method using an
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antigen immobilized on magnetic beads (J. Immunol. Methods 2008 Mar 20; 332(1-2): 2-9; 7.
Immunol. Methods 2001 Jan 1; 247(1-2): 191-203; Biotechnol. Prog. 2002 Mar-Apr; 18(2):
212-20). More specifically, 40 pmol of biotin-labeled SR344 was added to the prepared phage

library and the library was contacted with the anticen for 60 minutes at 37°C.

Streptavidin-coated beads (Dynal M-280) washed with 5% M-PBS (PBS containing 5% skim
mitk) were added and allowed to bind for 15 minutes at 37°C.  The beads were washed fve
times with both 0.5 mi of PBST (PBS containing 0.1% Tween-20, pH 7.4} and PBS (pl 74).
The beads were then suspended in I mL of PBS (pH 5.5) at 37°C, and the phage was recovered
immediately. The recovered phage solution was added to 10 mL of logarithmic-growth-phase
XL 1-Blue (OD600 07 0.4 to 0.5) and allowed to stand for 30 minutes at 37°C for infection. The
infected E. coli were plated onto a 225 mm x 225 mm plate containing 2 YT, 100 pg/ml.
ampicitlin and 2% glucose. These E. coli were used to begin additional phage culture in the

same manner as described above and repeat the panning 8 times.

Evaluation by Phage ELISA

The above single colonies were inoculated in 100 pl of 2Y'T, 100 pg/mi ampicillin,
2% glacose and 12.5 ug/ml tetracycline and cultured overnight at 30°C. 2 uL of this culture
was inoculated into 300 uL of 2YT, 100 pg/mL ampicillin and 2% ghucose, and then cultured for
4 hows at 37°C. A helper phage (M13K.07) was added to the culture at 9 x 10% pfu, allowed to
stand for 30 minutes at 37°C and then shaken for 30 minutes at 37°C for infection. .

Subsequently, the medium was replaced with 300 pL.of 2 YT, 100 pg/mL 'arhpiciﬂin, 25 pg/mL
kanamyein, and 0.5 mM IPTG.  After culturing overnight at 30°C, the centrifuged supernatant
was recovered. 360 pL of 50 mM PBS (pH 7.4) was added to 40 ul of the centrifuged
supernatant and subjected to ELISA. A StreptaWell 96-well microtiter plate (Roche) was
coated overnight with 100 ul of PBS containing 62.5 ng/ml of biotin-labeled SR344. Afier
removing the antigen by washing with PBST, blocking was carried out with 250 pL of 2%
BSA-PBS for 1 hour or more.  After removing the 2% BSA-PBS, the prepared culture
supernatant was added and allowed fo stand for 1 hour at 37°C for antibody binding. After
washing, 50 mM PBS (pH 7.4) or 50 mM PBS (pH 5.5) was added and incubated by standing for
30 minutes at 37°C.  After washing, detection was carried out with an HRP-conjugated x
anti-M13 antibody (Amersham Pharmacia Biotech} diluted with 2% BSA-PBS and TMB single

solution (Zymed), followed by the addition of sulfuric acid to stop the reaction, and the

measurement of absorbance at 450 nm.
However, no clones exhibiting potent pH-dependent binding ability were obtained by
this parming using the antigen immobilized on the magnetic beads.  Clones that were found fo

show weak pH-dependent binding ability were subjected to sequence analysis using specific
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primers. The positions in these clones where histidine was present at a high rate are shown in
Table 3.

[Table 3} Positions of Histidine Substitution Detected Using Phage Library (Magnetic Bead |
Panning)

H50, H58, H61, H62, H63, He4, H65, H102

L24,1.27, 128, 1.32, 153, 156, L90, L92, 94

Acquisition of pH-Dependently Binding seFv from Librarv by Column Panning
No clones having strong pH-dependent binding ability were obtained by typical panning

using the magnetic bead-immobilized antigen. This may be due to the following reasons, In
the panning using an antigen immobilized on magnetic beads or a plate, all phages dissociated
from the magnetic beads or plate under acidic conditions are collected.  Thus, phage clones
having weak pH dependency recovered together reduce the likelihood that clones having strong
pH dependency are included in the finally concentrated clones.

Therefore, panning using a column immeobilized with an antigeﬁ was examined as a
more stringent panning method (Fig. 5).  There have been no previous reports on the acquisition
of clones having pH-dependent binding ability by using panning with an antigen-immobifized
columu. In the panning using an antigen-immobilized column, when phages that have been
bound under neutral conditions are eluted under acidic conditions, clones having weak pH
dependency rebind to the antigen within the column and are thereby less elufed, allowing
strongly pH-dependent clones that less rebind within the column to be selectively eluted from the
column.  In addition, although "all* phages that have dissociated under acidic conditions are
recovered in the panning using the antigen immobilized on magnetic beads or a plate, the
panning using a column immobilized with the antigen enables selective recovery of phages
having strong pH-dependent binding ability by allowing an acidic buffer to flow through the
column to begin the elution and recovering only "appropriate fractions".

First, a columm to which the antigen SR344 was immobilized was prepared. 200 ul of
Streptavidin Sepharose (GE Healthcare) was washed with 1 ml of PBS, suspended in 500 uL of
PBS, and contacted with 400 pmol of biotin-labeled SR344 for 1 howr at room temperature.
Subsequently, an empty column (Amersham Pharmacia Biotech) was filled with the above
sepharose and washed with about 3 mL of PBS.  The above-mentioned PEG-precipitated
library phages were diluted to 1/25 with 0.5% BSA-PBS (pH 7.4), passed through a (.45 nm
filter, and then added to the column.  After washing with abowt 6 mL of PBS (pH 7.4), 50 mM
MES—N;CI (pHS5.5) was allowed to flow through the column to elute antibodies that dissociate
under low pH.  The appropriate eluted fractions were collected, and the recovered phage
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solution was added fo 10 mlL of logarithmic-growth-phase XL1-Blue (OD600 of 0.4 to 0.5) and
aliowed to stand for 30 minutes at 37°C.

The infected E. coli were plated onto a 225 mm x 225 mm plate containing 2YT, 100
pe/mL ampicillin, and 2% glucose.  These E. coli were used to begin additional phage culture
in the same manner as described above and repeat the panning 6 times,

Evaluation by Phage ELISA
The resulting phages were evaluated by phage ELLISA. Clones that were found to have

strong pH dependency were subjected to sequence analysis using specific primers.  As a result,
several clones showing strong pH-dependent binding as compared to WT were obtained.  As
shown in Fig. 6, clone CL5 (H chain: CLHS, L chain: CLL5) (CLHS5: amino acid sequence of
SEQ ID NO: 5, CLLS5: amino acid sequence of SEQ ID NO: 8) was found to exhibit particularly
strong pH-dependent binding as compared to WT. It was thus confirmed that antibodies
exhibifing strong pH-dependert binding, while being unable to be obtained by typical panning
using the antigen immobilized onto magnetic beads, can be obtained by panning using a column
immobilized with the antigen. Therefore, panning using an antigen-immobilized column was
found to be a highly effective method for obtaining pH-dependently binding antibodies from a
library. The amino acid sequences of the clones showing pH-dependent binding were analyzed,
and the positions where histidine was present at a high probability in the concentrated clones are

shown in Table 4.

[Table 4] Positions of Histidine Substitution found by Phage Library (Column Panning)
H31, H50, H58, H62, H63, H6S, H100b, HI162
124,127, 1.28, L32, L5¥, 156, 1.90, 1.92, L.94

{Example 4] Expression and Purification of Histidine-Modified Humanized 0.-6 Receptor
Antibody
Production, Expression and Purification of Expression Vector of Histidine-Modified Humanized
IL-6 Receptor Antibody

In order to convert clones showing strong-pH dependency in phage ELISA to IgG, VH

 and VL were respectively amplified by PCR, digested with Xhol/Nhel and EcoR], and inserted

to a mammalian cell expression vector.  The nucleotide sequence of each DNA fragment was
determined by a method known to persons skilled in the art. CLHS/L73, in which CLHS was
used for the H chain and L73 obtained m Example 2 was used for the L chain, was expressed and
purified as IgG.  Expression and purification were carried out by the method described in

Hxample 1.
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Antibody having even higher pH dependency was produced by combining mutation
sites. Based on the locations where His was concentrated in the phage library as well as the
structural information and the like, H32, H38, H62 and F1102 in H3pl which was obtained as an
H chain in Example 2 were substituted with histidine, and H95 and H99 were further substituted
with valine and isoleucine, respectively, to produce H170 (SEQ ID NO: 4).  The variant
production was carried out using the method described in Example [.  In addition, L82 (SEQ
ID NO: 7) was produced by substituting the 28th histidine of .73, which was produced asan L -
chain in Example 2, with aspartic acid. The variant production was carried out using the
method deseribed in Example 1. HI70/L82, in which H170 was used for the H chain and 182
was used for the L chain, was expressed and purified as Ig( using the method described in

Example 1.

[Example 5] Evaluation of IL~6R-Neutralizing Activity of pH-Dependent Binding Antibody
Evaluation of Human IL-6 Receptor-Neutralizing Activity of Clones Converted to IoG

The IL-6 receptor-neutralizing activity was evaluated for four antibodies: humanized
PM1 antibody (WT) and H3pl/L73, CLHS/L73 and H170/L.82 produced in Examples 2 and 4.

More specifically, the IL-6 receptor-neutralizing activity was evaluated using
Bal3/gp130 exhibiting IL-6/IL-6 receptor-dependent growth.  Ba¥F3/pp130 was washed three
times with RPMI1640 medium containing 10% FBS, then suspended at 5 x 10* cells/imL in
RPMI1640 medium containing 60 ng/ml of human interleukin-6 (Toray), 60 ng/mL of
recombinant soluble human [L-6 receptor (SR344) and 10% FBS. 50 plL of the suspension was
dispensed into each of the wells of a 96-well plate (Corning}. Next, the purified antibody was
dituted with RMPI1640 containing 10% FBS, and 50 p of the antibody was mixed into each
well,  After culturing for 3 days at 37°C and 5% CO;, WST-8 reagent (Cell Counting Kit-g,
Dojindo Laboratories) diluted two-fold with PBS was added at 20 pL/well, and then imxﬂediately

measured for absorbance at 450 nm (reference wavelength: 620 nm) using the Sunrise Classic
(Tecan). Afier culturing for 2 hours, absorbance at 450 nm was measured again (reference
wavelength: 620 nm). The IL-6 receptor-neutralizing activity was evaluated based on the
change in absorbance after 2 hours.  As a result, as shown in Fig. 7, H3pl/L73, CLH5/L73 and
H170/L82 were shown to have equivalent biological neutralization activity in comparison with
the humanized PM1 antibody (WT).

[Exampie 6] Biacore Analysis of pH-Dependently Binding Antibody
Analysis of Binding of pH-Dependently Binding Clones to Soluble IL-6 Receptor

Kinetic analyses of antigen-antibody reactions at pH 5.8 and pH 7.4 were carried out
using Biacore T100 (GE Healthcare) on the four antibodies: humanized PM1 antihody (WT) and
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H3plL73, CLHS/LT3, and H170/L82 produced in Examples 2 and 4 (buffer: 10 mM MES (pH
7.4 or pH 5.8}, 150 mM NaCl, and 0.05% Tween 20j. Various antibodies were bound onto a
sensor chip immobilized with recomb-protein A/G (Pierce) by amine coupling. SR344 adjusted
to concentrations of 9.8 to 400 nM was injected to the chip as 4n analyte.  Association and
digsociation of the pH-dependent binding clones to SR344 was observed in real time (Figs. § and
9).  All the measurements were carried out at 37°C.  Association rate constants k, (1/Ms) and
dissociation rate constants kg (1/5) were calculated using Biacore T100 Evaluation Software (GE
Healtheare), and dissociation constants KD (M) were caleunlated on the basis of those values
(Table 5). Motreover, the ratio of the affinities at pH 5.8 and pH 7.4 were calculated for each
clone to evaluate pH-dependent binding.  All the measurements were carried out at 37°C.

As a result of calculating the affinity ratio between pH 5.8 and pH 7.4 for each clone,
the pH-dependent binding {(affinity) of H3pl/L73, H170/L82 and CLHS/L73 to SR344 was
41-fold, 394-fold and 66-fold, respectively, cach showing the pH-dependent binding more than
15 times higher than WT.

Anti-IL-6 receptor antibodies that strongly bind to the antigen at the plasma pH of 7.4
but weakly bind to the antigen at the intraendosomal pli of 5.5 to 6.0 have not been reported yet.
In this study, antibodies were obtained that retain the biclogical neutralization activity equivalent
to the WT humanized [L-6 receptor antibody and the affimity at pH 7.4, but exhibit the affinity at
pH 5.8 that has been specificaily lowered more than 10 times.

[Table 5] Comparison of Binding of pH-Dependently Binding Clones Directed Against SR344
to Soluble IL-6 Receptor

pH7.4 pH5.8
ka(1/Ms) kd(i/s) KD(M) ka(i/Ms) kd(i/s) KD(M) KD(pH5.8)/KD(pH7.4)
WT 51405 {0B-03 21E08 T74EHOS 38003 HOECB 24
H3phL73 548405 TAE04 14E0B  1.7E#CE BIE03  BTEOB 418
H170/L82 BBEDS 14EG8 168E08 246804 17002 64807 3835
CLHE/AT3 74FH8  78E-04 11E-05  3JBEHS 2BE-OP ?.4__5—08 6.1

Analysis of Binding of pH-Dependently Binding Clones to Membrane 1L-6 Receptor
Antigen-antibedy reactions to membrane IL-6 receptor at pH 5.8 and pH 7.4 were

observed for the above produced pH-dependent binding clones, using Biacore T100 (GE
Healthcare).,  The binding to membrane 11-6 receptor was evaluated by evaluating the binding
to the [L-6 receptor immobilized onto a sensor chip.  SR344 was biotinylated according to a
method known to persons skilled in the art, and the biotinylaied SR344 was immobilized on the
sensor chip via streptavidin by utilizing the affinity between streptavidin and biotin.  All the
measurements were carried out at 37°C, and the mobile phase buffer contained 10 mM MES (pH
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5.8), 150 mM NaCl and 0.05% Tween 20. The pH-dependent binding clones were injected

therein under the condition of pH 7.4 and allowed to bind to SR344 (injection sample buffer: 10
mM MES (pH 7.4), 150 mM NaCl, 0.05% Tween 20), and the pH-dependent dissociation of
each clone at the mobile phase pH of 5.8 was observed (Fig. 10).

The dissociation rate (ke(1/s)) at pH 5.8 was calculated using Biacore T160 Evaluation
Software (GE Healthcare) by fitting only the dissociation phase at pH 5.8, where 0.5 pg/mL of
the sample was bound in 10 mM MES (pH 7.4}, 150 mM NaCl, and 0.05% Tween 20, and
dissociated in 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20. Similarly, the

| dissociation rate (ke(1/s)) at pH 7.4 was calculated vsing Biacore T100 Evaluation Software (GE

Healtheare) by fitting only the dissociation zﬁhase al pH 7.4, where 0.5 pg/mlL of the sample was
bound in 10 mM MES (pH 7.4), 150 mM NaCl, and 0.05% Tween 20, and dissociated in 10 mM
MES (pH 7.4), 150 mM NaCl, and 0.05% Tween 20. The pH-dependent dissociation rate

constant of each clone is shown in Table 6.

iTable 6] Compatison of Rate Constant of Dissociation of pH-Dependent Binding Clones
directed against SR344 from Membrane IL-6 Receptor

kd(1fs) kd rati
oH7.4  pH5.B  pH5.B/pHT.4
WT  4.B4E-04 7.15E-04 1.5
HIp¥L73  3.44E-04 3.78E-03 110
HI70A8? 7.705-04 1.44E-03 1.8

CLHAA T3 1.04E-03 b.67E-03 8.5

The highest pH dependency of the dissociation ratic was observed in H3pl/L73
followed by CLHS5/L73 and H170/L82 in descending order, and each clone demonstrated higher
pH-dependent dissociation from the membrane IL-6 receptor than WT. However, the rank of
pH-dependent association/dissociation was different between the soluble IL-6 receptor and
membrane IL-6 receptor. It was revealed that H170/L82, which exhibited the highest
pH-dependent binding in the analysis of binding to soluble IL-6 receptor, showed the lowest
pH-dependent binding in the analysis of binding to the membrane I1-6 receptor.  In general, it
is known that while IgG molecules monovalently bind to a soluble antigen (affinity), they
divalently bind to membrane antigens (avidity), It is suggested that this difference in the
binding mode between soluble antigens and membrane antigens influenced the pH-dependent

binding of H170/L82.

[Example 7] Confirmation of Multiple Binding to Antigen by pH-Dependent Binding Antibody
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As described in Example 2, pH-dependent binding antibodies may be abie to bind to
antigens multiple times.  Specificaily, a pH-dependent binding antibody that has bound to an
antigen is non-specifically taken up into endosomes, but dissociated from the soluble antigen
under the intraendosomal acidic conditions. The antibody binds to FcRn and thereby returns to
the plasma. Since the antibody that has retumned to the plasma is not bound to antigen, it is able
to bind to a new antigen again. The repetition of this process enables pH-dependent binding
antibodies to bind to antigens multiple imes. However, for Ig( antibodies that do not have
pH-dependent binding ability, not all antigens are dissociated from the antibodies under the
intraendosomal acidic conditions.  Thus, such antibodies that have been returned to the plasma
by FcRa remain bound to antigen, and therefore canmot bind to new antigens.  Consequently, in
nearly all cases, each single molecule of IgG antibodies is able to neutralize only two antigens
(in the case of divalent binding). .

Therefore, it was evaluated whether the three pH-dependently binding antibodies
(H3pl/L73, CLHS/L73, and H170/L82) constructed in Exanples 2 and 4 were able to bind io the
antigen SR344 multiple times as compared to the humanized PM1 aniibody (wild type, WT).

Rizcore (GE Healthcare) was used to evaluate that the antibodies binding at pH 7.4 and
dissociating at pH 5.8 were able to bind to the antigen multiple times. The antibody to be
evaluated was bound to a recomb-protein A/G (Pierce)-immobilized sensor chip by the amine
coupling method, and a mobile phase of pH 7.4 was allowed to flow (step 1).  SR344 solution
adjusted to pH 7.4 was then allowed to flow as an analyie to bind SR344 to the antibody at pH
7.4 (step 2). This binding at pH 7.4 mimics the antigen binding in plasma.  Subsequently,
buffer adjusted to pH 5.8 alone (not containing SR344) was added as an analyte to expose the
antigen bound to the antibody to acidic conditions {step 3). This dissociation at pH 5.8 mimics
the binding state of antigen-antibody complexes in endosomes.  Subsequently, siep 2 was
repeated.  This mimics the rebinding of antibody that has been returned to plasma by FcRnto a
new antigen.  Subsequently, step 2 was repeated to expese the antibody-antigen complex to
acidic conditions. Repeating “step 2 1o step 37 multiple times at 37°C as described above can
mimic the in vivo state in which antibodies are repeatedly taken up from the piasrxia into
endosomes by pinocytosis and returned to the plasma by FeRn (Nat. Rev. Immunol. 2007 Sep;
7(9% 715-25).

The produced pH-dependent binding clones described above were analyzed using
Biacore T100 (GE Healtheare) for their ability to bind to the antigen SR344 multipe imes at pH
5.8andpH 7.4, More specifically, the analysis was carried out as follows.  All the
measurements were catried out at 37°C.  First, the sample antibodies described above were
bound onto a recomb-protein A/G (Pierce}-immobilized sensor chip by amine-coupling, where
the mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20 (step 1).
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SR344 adjusted to a concentration of about 40 nM was injected as an analyte for 3 minutes at pH
7.4 and allowed to bind (the buffer for injected SR344 was 10 mM MES (pH 7.4), 150 mM NaCl,.
and 0.05% Tween 20) (step 2).  Subsequently, the injection of SR344 was discontinued and a
mobile phase of pH 5.8 was allowed to flow for about 70 seconds to expose the antibody/SR344
complex under acidic conditions (step 3).  Ten sets of this binding (step 2)/acidity exposure
(step 3) process were continuously repeated to observe the sensorgram in real-time, which is
shown in Fig. 11.  'WT showed less dissociation of SR344 during the acidic exposure in step 3,
and consequently the proportion of antibody capable of binding to new antigens in the
subsequent step 2 was extremely low. In contrast, it was found that the pH-dependent binding
clones, particularly H170/1.82 and CLHS/L73, demonstrated so strong dissociation during the
acidic exposure in step 3 that most of the bound SR344 was dissociated, and therefore nearly ail
antibodies were able to bind to new antigens in the subseguent step 2. In the 10-set repetition
of the binding (step 2} and acidic exposure (step 3), almost ali H170/L82 and CLHS/L73
antibodies were able to bind 1o new antigens in each set.

The obtained sensorgrams were used to calculate the binding amount of SR344 in each
set for each sample using Biacore T100 Evaluation Software (GE Healtheare).  The integrated
values in the time course of the 10 sets are shown in Fig. 12, The integrated RU values
obtained at the 10fh set are equivalent to the total amount of antigens bound during the ten cycles.
The pH-dependent binding clones, particularly H170/L82 and CLH5/L73, showed the largest -
total amounts of bound antigens in.compariscm with WT, and were demonstrated to be able to
repeatedly bind to roughly four times the amount of antigens bound by WT. Accordingly, it
was revealed that by conferring pH-dependent binding ability 1o WT, such antibodies can
repeatedly bind fo antigens and thereby neutralize multiple antigens. '

[Example 8] PK/PD Test of pH-Dependently-Binding Aﬁtibdcﬁy Using Human IL-6 Receptor
Transgenic Mice

11.-6 receptors are present in the body in both soluble IL-6 receptor form and
membrane-type IL-6 receptor form (Nat. Clin. Pract. Rheumatol. 2006 Nov: 2(11); 619-26}.
Anti-IL-6 receptor antibodies bind to soluble IL-6 receptors and membrane-type IL-6 receptors
and neutralize their biological action. It 1s believed that an anti-I1.-6 receptor antibody binds to
a membrane-type IL-6 receptor, is subsequently taken up into an endosome within a cell by
internalization while the antibody is kept bound to the membrane-type IL-6 receptor, and then
moves fo a lyscsome while still kept bound to the membrane-type IL-6 receptor where 1t ig
degraded by lysosome together with the membrane-type IL-6 receptor.  If H3pl/L73,
CLH35/L73, and H170/1.82, which are the pH-dependent-binding IL-6 receptor antibodies
evaluated in Example 6, are able o refurn to plasma via FcRn as a result of dissociation under
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acidic conditions within endosomes, the antibodies that have returned to the plasma can bind to
antigens again.  This enables neutralization of multiple membrane-type [L-6 receptors with a
single antibody molecule, Whether or not the return to the plasma via FcRu as a result of
dissociation under acidic conditions within endosomes is achieved with the constructed
pH-dependent-binding anti-IL-6 receptor antibodies can be determined by evaluating whether
the pharmacokinetics of these antibodies are improved as compared with that of WT.

Thus, the pharmacokinetics in human-IL~6-receptor transgenic mice (hIL-6R tg mice,
Proc. Natl. Acad. Sci. USA 1995 May 23; 92(11): 4862-6) was evaluated for the four types of
antibodies, that is, humanized PM1 antibody (wild type: WT) and H3pl/L73, CLH5/L.73, and
H1706/L82 constructed in Examples 2 and 4. W, H3pV1L73, CLHS5/L73, or H170/1.82 was
administered by single-dose intravenous adminisiration to hIL-6R tg mice at 25 mg/ke, and
blood sampiés were collected, before administration and over time. . Collected blood was
immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to obtain plasma. Separated
plasma was stored in a freezer set to -20°C or lower until measurements were carried out.

The measurement of concentration in mouse plasma was carried out by ELISA.
Samples for calibration curve were prepared at plasma concentrations of 6.4, 3.2, 1.6; 0.8,04,
0.2 and 0.1 ughml.. The calibration curve samples and mouse plasma measurement samples
were dispensed info an immunoplate (Nunc-Immuno Plate, MaxiSorp (Nalge Nunc
International}) immaobilized with anti-human Ig( {y-chain specific) F(ab"2 (Sigma), and allowed
to stand undisturbed for one hour at room temperature.  Goat anti-human IgG-BIOT (Southern
Biotechnology Associates) and sfxeptaﬁdinmaﬁcaline phosphatase conjugate (Roche Diagnostics)

were sequentially allowed to react, and a chromogenic reaction was carried out by using

- BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as

substrate. Absorbance at 650 nm was measwred with a microplate reader.  The concentrations
in mouse plasma were calculated from the absorbance of the calibration curve using the
analytical software SOFTmax PRO {(Molecular Devices). Time courses of plasma
concentrations of WT as well as HEpUL?S, CLHS5/L.73, and H170/L82 are shown in FIG, 13,

The pharmacckinetics was improved for all of H3pl/L73, CLHS/L73, and H170/L82 as
compéred with WT. In particular, the pharmacokinetics of H3pl/L73 and CLHS/L73 were
improved considerably. A wild type anti-IL-6 receptor émibﬂdy (WT) bound to
membrane-type IL-6 receptor is taken up info an endosome within a cell by in’terﬁaiization,
moves to a lysosome while the antibody is kept bound to the antigen, and then degraded;
therefore, it has a short residence time in the plasma. In conirasi, since the pharmacokinetics of
the pH-dependent-binding anti-IL-6 rccéptor antibodies were improved considerably, the

pH-dependent-binding anti-IL-6 receptor antibodies were thought to return to the plasma again
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via FcRan as a result of dissociation from the antigen, membrane-type IL-6 receptor, under acidic
conditions within endosomes.

Although the pharmacokinetics was improved for all of H3pl/L73, CLH5/L73, and
H170/L82 as compared with WT, the effect of prolonging plasma persistence time of H170/L.82
was weaker than that of H3pl/L73 and CLHS5/L73.  Since 1gG molecules are thought to
normally bind divalently to membrane-bound antigen, it is thought that anti-IL-6 receptor
antibodies alse bind divalently (avidity) to membrane-type IL-6 receptors and then are
internalized. As indicated in Example 6, the analysis using Biacore revealed that FI170/L82
rapidly dissociated from the IL-6 receptor at pH 5.8 when binding to soluble IL-6 receptor (FIG.
9), but the dissociation rate thereof from the IL-6 receptor at pH 5.8 when binding to
membrane-type IL-6 receptor was extremely slow (FIG. 10).  From this result, the reason for
the weak effect of prelonging residence time in plasma of H170/L82 is thought to be that the
antibody was unable fo adequately dissociate within endosomes after having been internalized
due to its slow dissociation at pH 5.8 when binding to membrane-type IL-6 receptor. Namely,
as for the case relating to membrane antigens, it was determined that in order for a single IgG
molecule to neutralize multiple membrane antigens, the pH dependency of dissociation from
divalent binding (avidity) is more important than the pH dependency of monovalent binding
(affinity).

{Example 9] PK/PD Test of pH-Dependently-Binding Antibody Using Cynomolgus Monkeys

Since the pharmacokinetics of the pH-dependently-binding anti-IL-6 receptor antibodies
were improved considerably in Example 8, the pH-dependently-binding anti-IL-6 receptor
antibodies were thought to return to plasma via FeRn as a result of dissociation from the antigen,
membrane-type IL-6 receptor, under acidic conditions within endosomes.  If antibodies that
have returned to the plasma can bind to membrane-type I1.-6 receptors again, newtralization of an
antigen, the membrane-type IL-6 receptor, by pH-dependently-binding anti-IL-6 receptor
antibodies is thought to persist longer than that by the wild-type anti-IL-6 receptor antibody, at
the same dosage. .. In addition, since the soluble IL-6 receptor is also present among 116 |
receptors, the duration of neutralization is thought to be longer for the same dosage with respect
10 the soluble [L-6 receptor as well,

The pharmacokinetics in cynomolgus monkeys was evaluated for WT and H3pl/L73.
WT or H3pl/L'73 was administered to cynomolgus monkeys by single-dose intravenous
administration at 1 mg/kg, and blood samples were collected, before administration and over
time. Collected blood was immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to

obtain plasma. The separated plasma was stored in a freezer set to -20°C or lower until

_ measurements were carried out.
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The measurement of concentration in cynomolgus monkey plasma was carried out by
ELISA. First, anti-human 1gG (y-chain specific) F(ab')2 fragment of antibody (Sigma) was
dispensed into a Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand
undisturbed overnight at 4°C {o prepare plates immobilized with anti-auman IgG.  Calibration

- curve samples having plasma concentrations of 3.2, 1.6, 0.8, 0.4, (.2, 0.1 and 0.05 pg/mL and

cynomoigus monkey plasma measurement samples diluted 100-fold or more were prepared; 200
ul of 20 ng/ml. cynomolgus monkey 1L-6R was added to 100 pL of the calibration curve
samples and plasma measurement samples; and then, they were allowed 1o stand undisturbed for
one hour at room temperature.  Subsequently, the samples were dispensed inio the anti-human
IgG-immobilized plate and allowed to stand undisturbed for another one hour at room
temperature.  Biotinylated Anti-Human IL-6R Antibody (R&IDD) was allowed to react for one
hour at room temperature, and then Streptavidin-PolyHRPS80 (Stereospecific Detection
Technologies) was allowed to react for cne hour. A chromogenic reaction was carried out by
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as substrate, then,
the reaction was stopped with IN sulfuric acid (Showa Chemical) and the absorbance at 450 nm
was measured with a microplate reader.  The concentrations in cynomolgus monkey plasma |
were calculated from the absorbance of the calibration curve using the analytical software
SOFTmax PRO (Molecular Devices). The time courses of plasma concentratic}né of WT and
H3pi/L73 after the intravencus administration are shown in FIG. 14, As aresult, the
pharmacokinetics of H3pl/1.73 was improved considerably in comparison with WT in
cynomolgus monkeys in the same manner as in human IL-6 receptor {ransgenic mice.  Since the
pharmacokinetics of a pH-dependent-binding anti-IL-6 receptor antibody, H3pl/L73, was
improved considerably, H3pl/L73 was thought to return to the plasma via FcRn as a result of
dissociation from the antigen, membrane-type IL-6 receptor, under acidic conditions within
endosomes.

In order to evaluate the degree fo which cynomolgus monkey membrane-type IL-6
receptor is neutralized by the intravenous administration of WT and H3pl/L73, the effects of
sample antibodies on plasma C-reactive protein (CRP) induced by cynomolgus monkey 11-6
were studied.  Since CRP is secreted when IL-6 binds to membrane-type IL-6 receptors, CRP
serves as an indicator of neutralization of mem%araﬁemfypa IL-6 receptors.  Cynomolgus monkey
IL-6 (cyno.IL-6 prepared in Example 1) containing 1% inactivated cynomolgus monkey plasma
was administered subcutaneously into lower backs of the animals daily at 5 pg/kg from day 3 to
day 10 after the administration of WT or H3pl/L73. Blood samples were collected from the
saphenous vein immediately before the start of cynomolgus monkey IL-6 administration {day 3)
and after the administration at 24-hour intervals (day 4 to day 11), then were separated into
plasma. The CRP concentrations of individual animals were measured with Cias R CRP
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{Kanto Chemical) using an automated analyzer (TBA-120FR, Toshiba Medical Systems). The

time courses of CRP concentration upon induction with cynomolgus [L-6 with respect to WT

and H3pl/L73 are shown in FIG. 15, As a result, the duration of CRP suppression was
prolonged considerably by H3pl/L73 in comparison with WT. On the basis of this finding, a
pH-dependent-binding anti-IL-6 receptor antibody, H3pI/L73, was thought to return to the
plasma via FcRn as a result of dissociation from its antigen, membrane-type [1-6 receptor, under
acidic conditions within endosomes; and nsutralize the membrane-type IL-6 receptor by
re-binding thereto; and thereby suppress production of CRP for a longer period of time than WT.
In other words, H3pl/L.73 was shown to be able to bind to and neutralize the membrane-type
IL-6 receptor more than once, as a single antibody molecule.  Since the duration of suppression
of CRP production by H3pl/L73 is prolonged in comparison to that by WT, the duration of time
where an antigen, the membrane-type IL-6 receptor, is bound by antibodies was indicated to be
prolonged for H3pl/L73 than WT,

In order to evaluate the degree to which cynomolgus monkey soluble JL.-6 receptar is
neutralized by the intravenous administration of WT and H3pl/L.73, the concentration of

“unbound cynomolgus monkey sofuble 1L-6 receptor in cynomolgus monkey plasma was

measured. Al [gG-type antibodies {cynomolgus monkey IgG, anti-human I1L.-6 receptor
antibody, and & complex of anti-human-11-6 recep‘zoi' antibody and cynomolgus monkey soluble
IL-6 receptor) present in the plasma were adsorbed to Protein A by adding 30 L of cynomolgus
monkey plasma to an appropriate amourit of rProtein A Sepharose Fast Flow (GE Healthcare) -
resin dried ina 0.22 pm fiker cup (Millipore). After spinning down with 2 high-speed
centrifuge, the solution that passed tarough (hereinafter referred to as “pass solution”™) was

recovered. Since the pass solution does not contain the complex of anti-human IL-6 receptor

antibody and cynomolgus monkey soluble [L-6 receptor which is bound to protein A, the
concentration of unbound soluble IL-6 receptor can be measured by measuring the concentration
of eynomolgus monkey soluble -6 receptor in the pass solution.  Monoclonal Anti-human
IL-6R Antibody (R&D) that was ruthenium-labeled with Sulfo-Tag NHS Ester (Meso Scale
Discovery) and Biotinylated Anti-human IL-6R Antibody (R&D) were mixed with cynomolgus
monkey IL-6 receptor calibration curve samples adjusted to concentrations of 4000, 2000, 1000,
500, 250, 125, and 62.5 pg/mL and the plasma samples treated with Protein A as described
above. The mixtures were allowed to react for one hour at room temperature.  Subsequently,
the mixtures were dispensed into an SA-Coated Standard MAZ406 96-well plate (Meso Scale
Discovery). After allowing fo react for another one hour and washing, Read Buffer T (x4)
(Meso Scale Discovery) was dispensed. Immediately thereafter, the measurement with Sector
Imager 2400 (Meso Scale Discovery) was conducted. . The concentrations of cynomolgus
monkey [L-6 receptor were calculated from the response of the calibration curve by using the
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‘analytical software, SOFTmax PRO (Molecalar Devices).  The tirne courses of concentrations

of unbound cynomolgus monkey soluble 11-6 receptor for WT and H3pl/L73 are shown in FIG.
16.  As aresult, the duration of neutralization of cynomolgus monkey soluble IL-6 receptor by
H3pl/L73 was considerably prolonged as compared to that by WT.  On the basis of this finding,
the pH-dependent-binding anti-1L-6 receptor antibody H3pl/L.73 was thought to dissociate from
its antigen, soluble IL-6 feceptor, under acidic conditions in endosomes; and retumn to the plasma
via FcRn; and bind to and neutralize the soluble IL-6 receptor again.  Since the duration of
suppression of unbound cynomolgus monkey soluble IL-6 receptor by H3pl/L73 is prolonged in
comparison to that by WT, the duration of time where an antigen, the soluble IL-6 receptor, is
bound by antibodies was indicated to be prolonged for H3pl/L73 than WT.

From these findings, the time until the antibody disappears from the plasma as well as
the time where soluble and membrane-type [L-0 receptors are bound by the antibody in the body
were found to be considerably elongated for the pH-dependent-binding anti-IL-6 receptor
antibodies that were made to bind strongly to the antigen at pH 7.4, which is the pH in the
plasma, but bind weakly to the antigen at pH 5.8, which is the pH within endosomes, as
compared to the wild-type anti-IL-6 receptor antibody.  This makes it possible o reduce the
dosage and frequency of administration to patients, and in consequence, the total administration
dosage. Therefore, the pH-dependent-binding anti-IL-6 receptor antibody 1s thought to be

particularly advantageous as a pharmaceutical for use as an IL-6 antagonist.

[Example 10] Improvement of pH-Dependent Binding to Mémbrane—’l‘ype 1L-6 Rece'ptbr by
Optimization of Variable Region
Optimization of Variable Regions H3pl/L73 and CLHS/1.82

Antibodies having pH-dependent binding abilities were shown to demonstrate superior

effects in Example 5. Therefore, to further improve the pH-dependent binding abilities,
mutations were introduced info the CDR sequence of CLHS obtained in Example 3 fo construct
VH1-IgG1 (SEQ ID NO: 21) and VH2-IgG1 (SEQ ID NO: 22).  In addition, mutations were
infroduced into the framework sequence and CDR sequence of H3pl to construct the modified H
chains VH3-IgG1 (SEQ ID NO: 23) and VH4-IgG1 (SEQ ID NO: 24).  Mutations were
introduced into the CDR sequences of L73 and LE2 to construct the modified L chains VL1-CK
(SEQ IDNO: 25), VL2-CK (SEQ ID NO: 26), and VL3-CK (SEQ ID NO: 27). More
specifically, the mutants were constructed using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the appended instractions, and the resulting
plasmid fragments were inserted into an mammalian cell expression vector to construct the
desired H chain expression vectors and L chain expression vectors. The nucleotide sequences
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of the resulﬁng expression'vectors were determined by methods known to persons with ordinary
skill in the art. .

The antibody having VH2-IgG1 (SEQ ID NO: 22) as H chain and VL2-CK (SEQ ID
NO: 26) as L chain was denoted as Fv1-IgGl, the antibody having VHI-[gGl (SEQ ID NO: 21)
as H chain and .82 as L chain was denoted as Fv2-IgG1, the antibody having VH4-IgG1 (SEQ
ID NO: 24) as H chain and VL1-CK (SEQ ID NO: 25) as L chain was denoted as Fv3-IgGl, and
the antibody having VH3-IgG1 (SEQ ID NO: 23} as H chain and VL3-CK (SEQ ID NO: 27) as
L chain was denoted as Fv4-IgGl.  Of these, Fv2-1g9G1 and Fv4-IgGG1 were expressed and
purified. The expression and purification were carried out by the method described in Example
1.

Aunalysis of Binding of pH-Dependent-Binding Clones to Soluble I1.-6 Receptor

Kinetic analyses of antigen-antibody reactions at pH 7.4 were carried out on the four
types of autibodies, i.e., the humanized PMI antibody (wild type: WT), and WT, H3pl/L73-1eG1,
Fv2-1g(l, and F\fé—IgGl constructed in Examples 2 and 10, by using Biacore T100 (GE
Healtheare) (buffer: 10 mM MES (pH 7.4), 150'mM NaCl, 0.05% Tween 20).  Each antibody
was bound on a sensor chip on which an anti-IgG v chain specific F{ab}, (Pierce} was '
immobilized by amine coupling, and then, SR344 adiusted to a concentration of 9.8 to 40 nM

was injected thereto as an analyte.  The association to and dissociation from SR344 were
observed on a real-time besis for the pH-dependent-binding clones.  All the measurements were
carried out at 37°C.  Association rate constants k, (1/Ms) and dissociation rate constants ks (1/s)
v;fere calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation
constants KD (M) were calculated on the basis of those values (Table 7).

[Table 7] Comparison of Dissoctation Rate Constauts of pH-Dependent-Binding Clones from
Soluble [L-6 Receptor, SR344

Sampie ke (1/Ms) ko (1/3) Kb - ()

i1l 4. OE+05 1. 1E-03 2. TE~08
H3pl/L73 4 1e+0b 5. 9E-(4 1. 4E-00
Fv2-1ght 3, 9k+05 1. 7604 2. OE-(G
Fv4—IgGl 1. 2E+05 1. 0E-03 1. 4E-09

As a result of caleulating the affinity at pH 7.4 for each clone, the dissociation constants
(affinity, KD value) of WT, H3pl/1.73-IgG1, Fv2-1gGl, and Fv4-IgG1 to SR344 were,
respectively, 2.7 nM, 1.4 nM, 2.0 nM, and 1.4 nM, and they are nearly equivalent. Fv2-1gGl
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and Fv4-Ig(G1 were demonstrated to have binding ability to the soluble IL-6 receptor that is
equal to or greater than that of WT.

Analvsis of Binding of pH-Denendent-Rinding Clones to Membrane-Type IL-6 Recentor

Antigen-antibody reactions to membrane-type IL-6 receptor wers observed at pH 5.8
and pH 7.4 for the four types of constructed clones, WT, H3pl/L73-IgG1, Fv2-IgG1, and

. FvA-Ig(G1 by using Biacore T100 (GE Healthcare). Binding io the membrane-type [L-6

receptor was evaluated by evaluating binding to the IL-6 receptor immobilized on a sensor chip.
SR344 was ﬁiatinyiated in accordance with a method known among persons with ordinary skill
in the art, and the biotinylated SR344 was immobilized on the sensor chip via streptavidin using
the affinity between streptavidin and biotin.  All the measurements were carried out at 37°C,
The mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl and 0.05% Tween 20. The
pH-dependent-binding clones were injecied therein under conditions of pH 7.4 to aliow them to
bind to SR344 (injec:‘tion‘sampie buffer: 10 mM MES (pH 7.4}, 1506 mM Na(l, 0.05% Tween 20},
then, pH-dependent dissociation of each clone was observed at the pH of the mobile phase of 5.8
(FIG. 17).

Sasnple concentrations were adjusted to 0.25 pg/ml.  Binding was carried out in 10
mM MES (pH 7.4}, 150 mM NaCl, and 0.05% Tween 20. Dissociation was carried out in 10
mM MES (pH 5.8), 150 mM Na(l, and 0.05% Tween 20. For this case:, the dissociation rate
constants {k«(1/s)) at pH 5.8 were calculated by fitting only the dissociation phase at pH 5.8
using Biacore T100 Evaluation Software (GE Healthcare). In a similar manner, sample
concentrations were adjusted to 0.25 pg/mlL, binding was carried out in 10 mM MES (pH 7.4), .
150 mM NaC], and 0.05% Tween 20, dissociation was carried out in 10 mM MES (pH 7.4), 150
mM NaCl, and 0.05% Tween 20, and the dissociation rate constants (ke(1/5)) at pil 7.4 were
calculated by fitting only the dissociation phase at pH 7.4 using Biacore T100 Evaluation
Software (GE Healtheare). The pH-dependent dissociation rate constants of each clone are

shown in Tabie 8.

[Table 8] Comparison of Dissociation Rate Constants of pH-Dependent-Binding Clones from
Membrane-Type IL-6 Receptor, SR344

pH7.4 " pHER pH Dependency

Sample kd (1/s) kd (1/5)  kd{pH5.8)/kd(pH7.4)
WT 25E-04  2.5E-04 1.00
H3pl/L73 2.6E-04 6.7E~04 259
Fv2-IgG1 3.4E-04- 2 4E-03 7.18

Fv-1gGl 4.7E~04 2 6E-03 558




10

15

20

25

30

35

91

As a result of calculating pH dependency for each clone, the pH dependencies of
binding to the membrane-type IL.~6 receptor of the four clones, WT, H3pl/L.73-1gG1, Fv2-IgGl,
and Fvd-1gG1 with respect to SR344 were 1.0-fold, 2:59-fold, 7.18-fold, and 5.56-fold,
respectively.  Fv2-IgG1 and Fv4-IgGl demonstrated higher pH-dependency in dissociation
from the membrane-type IL-6 receptor than H3pl/L73-1gG1.

On the basis of the above, Fv2-1gG1 and Fv4-Ig(G1 were shown to demonstrate stronger
pH-dependent binding to the membrane-type 1L.-6 receptor than H3pl/1.73-IgG] while
maintaining the affinity for the soluble IL-6 receptor equal to or stronger than that of WT.

[Example 117 PR/PD Test of pH-Dependent-Binding Antibodies with Optifnized Variable
Regions Using Human IL-6 Receptor Transgenic Mice

The pharmacokinetics of Fv2-IgG1 and Fvd-1gG1, as well as WT and H3pI/L73-IgG}
prepared and evaluated in Example 10 were evaloated using the human IL-6 receptor transgenic
mice used in Example 8. WT, H3plVL73-1gG1, Fv2-IgGl, or Fv4-IgGl was administered by
single-dose intravenous administration to hIL-6R tg mice at 25 mg/kg, and the concéntration of
each antibody in the plasma was measured in the same manner as in Example 8. The timé
courses of the plasma concentrations of WT, H3pl/L73-1gGG1, Fv2-IgGl, and Fvé4-lgG1 are
shown in FIG. 18. | |

The pharmacokinetics of H3pI/L73-1gG1 improved in comparison with WT in the same
manner as in Example &, while the pharmacokinetics of Fv2-IgGl and Fv4-IgG1 was further
improved than H3pl/L73-1gG1l.  Measurement as to the unbound IL-6 receptor concentrations,
as measured in cynomolgus monkeys in Example 9, was carried out in the hIL-6R tg mice in this
test using the same method.  As a result, prolongation of the duration of neutralization of the

soluble IL-6 receptor was confirmed for Fv2-IgG1 and Fv4-1g(G! in comparison to that for

 H3pl73-IgG1 (data not shown). As indicated in Example 10, the pH-dependent binding fo
- the membrane-type I1.-6 receptor was improved for Fv2-IgGl and Fv4-IgG1 as compared with

H3pl/L73-1gGl.  Therefore, it was indicated that further improvement in the pharmacokinetics
and duration of neutralization of the soluble 11L-6 receptor over those of H3pl/L73-1gG1 is
possible by improving the pH-dependent binding to the membrane-type TL-6 receptor.

[Example 12] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Constant Region
Optimization of Constant Region of Fv4-IgG1l

Generally, binding to membrane-bound antigens has been reported to vary depending on
the constant region of the antibody (J. Immunol. Methods 1997 Jun 23; 205(1): 67-72). The
constant regions of the pH-dependent-binding antibodies prepared above were of the IgG1
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isotype. Therefore, a study was made for optimization of the constant region in order to
improve the pH-dependent binding to the membrane-type IL-6 receptor.

A mutation was introduced into a naturally-occurring constant region, i.e., constant
region IgG2 (SEQ ID NG: Z8), to construct constant region [gG2AGK (SEQ ID NO: 293,
Another mutation was introduced into the constant region IgG2AGK to construct constant region
M38 (SEQ ID NO: 30). Mutations were further introduced into the constant regions IgG2 and
M58 to construct constant regions M71 (SEQ 1D NO: 31) and M73 (SEQ ID NO: 32).

VHE—IgGZAGK (SEQ IID NO: 33) was constructed by substituting the constant region
af VH3-IgG1 prepared in Example 10 with IgG2ZAGK, VH3-MS58 (SEQ ID NO: 34) was
constructed by substituting the constant region with M58, and VH3-M73 (SEQ ID NO: 35) was
constructed by substituting the constant region with M73.  More specifically, expression
vectors in which the constant region portion of VH3 used in Example 10 was substituted by a
desired constant region by Nhel/Notl digestion and ligation were constructed.  The nucleotide
sequences of the resulting expression vectors were determined using a method known among
persons with ordinary skill in the art. _

Expression and purification were carried out for the following: Fv4-IgG2 using
VH3-1gG2AGK (SEQ ID NO: 33) for the H chain and VL3-CK (SEQ ID NO: 27) for the L
chain; Fv4-M58 using VH3-MS58 (SEQ ID NO: 34) for the H chain and VL3-CK (SEQ ID NO:
27) for the L chain; and Fv4-M73 using VH3-M73 (SEQ ID NQ: 35) for the H chain and
VL3-CK (SEQ ID NO: 27) for the L chain.  Expression and purification were carried out using
the method described in Example 1.

Analvsis of Binding of Fv4 Having Ovptimized Constant Region to Soloble 11.-6 Recentor

The association with and dissociation from SR344 were observed on a real-time basis
using the same method as Example 10 for thus-prepared Fv4-IgGl, Fv4-IgG2, Fv4-M58, and
Fv4-MT73 as well as WT.  The association rate constants k. (1/Ms) and dissociation rate
constants kg (1/8) were calculated after analysis in the same manmer, and then, dissociation
constants KD (M) were calculated on the basis of those values (Table 9).

[Table 91 Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones from
Soluble I1.-6 Receptor, SR344

Sample ka {1/Ms} kd (1/s) KD (M)
Fv4-1gG1 1.2E+05 1.0E-03 1 4E-09
Fvd—1gG2 8.BE+OB 1.2E-03 1.3E~09
Fvd~M58 B.3E+05 1.1E~03 1 AE~-08

Fvd-M73 1.5E+05 1.0E-03 1.4E-09
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As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants
(affinity, KD value) of Fv4-IgG1, Fv4-1gG2, Fv4-M58, and Fv4-M73 to SR344 were 1.4 nM,
1.3 nM, 1.4 oM, and 1.4 nM, respectively, and they are almost equivalent.  This indicates that
the binding ability of pil-dependent-binding clones to the soluble IL-6 receptor, -SR344; does not
change even after modifying the constant region.  On the basis of this finding, the binding
ability fo the soluble IL-6 receptor was thought to not change for Fvi, Fv2, and Fv3 even if the

constant region was similarly modified.

Analysis of Binding of Fyd Having Ontimired Congtant Reoion to Membrane-Tyne [L-6
Receptor

Antigen-antibody reactions to the membrane-type IL-6 recepior at pH 5.8 and pH 7.4
were observed for thus-prepared Fvd-IgGl, Fvd-1gG2, Fv4-M358, and Fv4-M73 as well as WT,
in the same manner as in Example 10 using Biacore T100 (GE Healtheare). The results

obtained by injecting the pHi-dependent-binding clones under the conditions of pH 7.4 {0 allow
binding to SR344, and by observing the pH-dependent dissociation of each clone in the pH 5.8
mobile phase, are shown in FIG. 19.  Further analyses were conducted in the same manner a8 in

Example 10, and the pH-dependent dissociation rates for each cione arve shown in Table 10.

[Table 18] Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones
from Membrane-Type IL-6 Receptor, SR344

pH7 4 pH58 pH Dependency
Sample kd (1/8) kd (1/s)  kd{pH5.8)/kd(pH7.4)
Fvd—1gG1l 4. TE~04 2.6E~03 558
Fvd-1gGZ 1.0E-03 1.86-02 16.89
Fvd—M58 5.4E-04 8.5E-03 17.64
Fvé-M73 5.1E-04 5.1E-03 10.08

As aresult of calculating the pH dependency for each clone, the pH dependencies of
I'v4-IgGl, Fvd-IgG2, Fv4-MS5B, and Fv4-MT73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and
10.1-fold, respectively; thus, Fvd-IgG2, Fv4-MS8, and Fv4-M73 all demonstrated higher
pH-dependent dissoctation from the membrane-type IL-6 receptor than Fv4-IgG1.

Based on the results of analyzing binding to fhe soluble I1.-6 receptor and binding to the
membrane-type IL-6 receptor using the variable region of Fv4, it was found that substitution of
the constant region from IgG1 to TgG2, M58, or M73 could improve the pH-dependent binding
to the membrane-type IL-6 recepior, without causing a change in the affinity to the soluble IL-6

receptor.  This was considered to similarly hold for Fvl, Pv2, and Fv3.
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[Exampie 13] PK/PD Test of pH-Dependently-Binding Antibodies Havmg Optimized Constant
Region Using Human IL-6 Receptor Transgenic Mice

The pharmacokinetics of Fv#—igGl, Fv4-IgG2, and Fv4-M58 prepared in.Example 13
were evaluated using the human IL-6 receptor transgenic mice (hIl.-6R tg mice) used in
Example 8 to examine the effects of the constant region on the pharmacokinetics.  WT,
Fv4-1gGl, Fv4-1gG2, or Fv4-M58 was admizustered to the hIL-6R tg mice by single-dose
intravenous administration at 25 mg/kg, and then, measurement of the plasma concentrations of
each antibody was carried out in the same manner as in Example 8. The time courses of plasma
concentrations of WT, Fv4-IgGl, Fv4-IgG2, and Fv4-M38 are shown in FIG. 20,

' Similar to Example 11, the pharmacokinetios of Fv4-1g(Gl was improved in comparison
with WT, and the pharmacokinetics of Fvd-IgG2 and Fv4-M58 was further improved in
comparison with Fvd-IgGl. Measurement.as to the unbound IL-6 receptor concentrations, as
measured in cynomolgus monkeys in Example 9, was carried out in the hiL-6R tg mice in this
test using the same method.  As a result, prolongation of the duration of neutralization of the
soluble I1.-6 receptor was confirmed for Fv4-1gG2 and Fv4-M58 in comparison to that of
Fva-1g(i] (data not shown).  As indicated in Example 10, the pH-dependent binding to the
membrane-type 1L-6 receptor was improved for Fvd-IgG2 and Fv4-M58 as compared with
Fv4-IgGl. Therefore, it was shown that improvement in the pH-dependent binding to the
membrane-type IL-6 receptor and improvement in the pharmacokinetics and duration of

neutralization of the soluble IL-6 receptor are possible by substituting the constant region from

IgG1 to 1pG2 or M58, .On the basis of this finding, it was thought that the pharmacokinetics
and duration of neutralization of the soluble IL-6 receptor, not cmiy in the case of Fv4, but also in
the cases of Fvl, Fv2, and Fv3, can be improved as compared to EgGl by substituting the
constant region from IgGl to IgGQ or MS8.

[Example 14] Construction of pH-Dependently-Binding Antibodies Having Optimized Variable

~and Constant Regmns

VH2-M71 (SEQID NO: 36) and VH2-M73 {SEQ ID NO: 37), havmg M71 and M73
for the constant region of VHQ-IgGl, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID
NO: 39), having M71 and M73 for the constant region of VH4-1gG1, were constructed using the
same method as described above. _

Fv1-M71 using VH2-M71 for the H chain and VI.2-CK for the L. chain, Fvi-M73 using
VH2-M73 for the H chain and VL2-CK for the H chain, Fv3-M71 using VH4-M71 for the H
chain and VL1-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL1-CK
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for the L chain, were expressed and purified. Expression and purification were carried out

using the method described in Example 1.

Anslyses of Binding of pH-Deénendent-Binding Antibodies Having Optimized Variable and
Constant Regions to Soluble IL-6 Receptor _ ' '

The association to and dissociation from SR344 were observed on a real-time basis
using the same method as Example 10 for the eleven types of antibodies, humanized PM!
antibody (wild type: WT) and H3pl/L73-IpGl, Fvi-M71, Fv1-M73, Fv2-IgG1, Fv3-M71,
Fv3-M73, Fv4-IgG1, Fvd-1gG2, Fv4-MS8, and Fv4-M73, constructed as described above. The
association rate constants k, (1/Ms) and dissociation rate constants kq (1/5) were calculated by
analysis in the same manner, and the dissociation constants KD {M) were calculated on the basis
of these values (Table 11).

[Table 11} Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones
from Soluble I1L.-6 Receptor, SR344

Sample ke (1/Ms) ke {1/5) KD (W)

T 4. OF+05 1. 1E~03 2. TE-09
H3pl/L73 4, TE+05 5. 9F-04 1. 4F-08
Fyl~#71 5. BE+05 5. 4E-04 9. 7E~10
Fvi-H73 6. 1E+05 5, 5E-04 g. 1E-10
Fy2-igf1 3. 9F+05 7. TE-04 2. 0E-04
Fu3-871 7. 85405 8. 2E-04 1. 1E-09
Fv3-M73  8.5E+05 8 7E-04  1.0F~09
Fvd-ight  7.28+05 1. OE-03 1. 4E-09
Fv4-1gG2  9.65+05 1, 2603 1. 3E-09
Fv4-H58 8. 3+05 1. 1E-03 1. 4E-08
Fvd—H73 7. BE+05 1, OE~03 1. 4F-08

All of the resulting fen types of p}{—depéndent-binding clones were found to have
dissociation constants (affinity, KD values) to the soluble IL-6 receptor equal to or stronger than
that of WT. : ‘

Analvses of Binding of pH-Dependentlv-Binding Antibodies Having Optimized Variable and
Constant Regions to Membrane-Type 11-6 Receptor

Antigen-antibody reactions to the membran_e-type [L-6 receptor at pH 5.8 and pH 74
were observed in the same manner as in Example 10 using Biacore T100 (GE Healthcare) for the
eleven types of antibodies, humanized PM1 Hantibody (wild type: WT) and H3pl/L73-1gGl,
Fyl-M71, Fvi-M73, Fv2-IgGl, Fv3-M71, Fv3-M73, Fv4-1gG1, Fv4-1gG2, Fv4-MS58, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones wers injected
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under the condition of pH 7.4 to allow them fo bind to SR344, and then, the pH-dependent
dissociation of each clone at the pH of the mobile phase, pH 5.8, was observed. The results are
shown i FIG. 21 (results for Fvl-M71, Fv1-M73, Fv3-M71, and Fv3-M73 are shown in FIG. 21,
while results for other clones are shown in FIGs. 17 and 19).  Analyses were carried out in the
same manner as' 11 Exarmnple 10 and the pH dependencies of the dissociation rate constants of al}

of the eleven types of clones are shown in Table 12.

[Table 12] - pH Dependencies of Dissociation Rate Constants of pH-Dependently-Binding
Clones from Membrane-Type IL-6 Receptor, SR344

pHT .4 pHE8 pH Dependency
Sampie ke (1/5) kd (1/5)  kd{pH5.8)/kd(pH7.4)

WT 2.5E-04 28E-G4 1.00
H3pl/L73 2.6E-04 B6.7E 04 258
Fui-MT71. §.1E~D4 B8E-D3 11.29
Fvi~M73 3.7E-04 3.2E-03 880
Fv2-IgGl JAE-04 2.4E-03 718
Ful- M7t 8.1E~ 04 8.7E-03 10.74
Fv3~M73 4.8E-04 5.32-03 1588 -
Fydg~Ig(G1 47604 28E-D3 558
Fyd—-1g2 1.0E-83 1.BE-02 16.89
Fyvd— M58 5.4E~-04 8.55-03 17.64

Fvd—~M73 5.1E- 04 5.1E-03 10.06

The ten types of obtained pH-dependently-binding clones demonstrated pH-dependent
binding ability to the membrane-type IL-6 receptor. Moreover, all of Fv1-M71, Fv1-M73,
Fv2-1gGl, Fv3-M71, Fv3-M73, Fvad-IgGl, Fvd-1gG2, Fv4-M58, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison
with H3pl/L.73-1gG1, for which the time until the antibody disappears from the plasma as well as

- the time where the soluble IL-6 receptor and membrane-type IL-6 receptor are bound by the

antibody in the body were found to be prolonged considerably in comparison with WT, as shown

in cynomolgus monkeys in Example 9.

[Example 15] PK/PD Test of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions Using Cynomelgus Monkeys
Construction of Known High-Affinity Anti-IL-6 Receptor Antibody

A mammalian cell expression vector was constructed io express the high-affinity
anti-IL-6 receptor antibody VQ8F11-21 hig(G1 described in US 2007/0280945 A1 (US
2007/0280945 A1, amino acid sequences 19 and 27), as & known high-affinity anti-I1-6 receptor
antibody. An antibody variable region was constructed by PCR combining synthetic

oligo-DNAs (assembly PCR).  The constant region was amplified by PCR from the expression

vector used i Example 1. The antibody variable region and antibody constant region were
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ligated by assembly PCR and inserted into a vector for expression in mammals. The resulting

H chain and L chain DNA fragments were inserted into mammalian cell expression vectors (o

-construct the H chain expression vector and L chain expression vector of interest.  The

nucleotide sequences of the resulting expression vectors were determined by a method known
among persons with ordinary skill in the art.  Expression and purification were carried out using
the constructed expression vectors. Expression and purification were cartied out using the
method described in Example 1 to obtain the high-affinity anti-11-6 receptor antibody (high

. affinity Ab).

PE/PD Test in Cynomolgus Monkeys

The pharmacokinetics and pharmacological efficacy were evaluated in cynomolgus
monkeys for the pH-dependently-binding antibodies H3pl/1.73-1gG1 and Fv1-M71, Fvi-M73,
Fv2-I1gG1, Fv3-M73, and Fv4-M73 and the known high-affinity anti-IL-6 receptor antibody
(high affinity Ab). H3pI/L73-IgG1, Fvl-M71, Fv1-M73, Bv2-IgG1, Fv3-M73, or Fv4-MT3
was administered to cynomolgus monkeys by single~-dose infravenous administration at 0.5
mg/kg, while the high affinity Ab was administered by single-dose intravenous administration at
1.0mg/kg. Blood samples were collected before administration and over time.  The plasma
concentration of each antibody was measured in the same manner as in Example 9. The time
courses of plasma concentrations of H3pl/L73-1gGl, Fvl-MT71, Fvi-M73, Fv2-IgGl, Fv3-M73,
and Fv4-M73, 45 well as the high affinity Ab are shown in FIG. 21, In order to evaluate the
pharmacological efficacy in terms of the degree to which the cynomolges monkey
membrane-type IL-6 receptor is neutralized, cynomolgus monkey 1L-6 was administered |
subcutaneousty into the lower backs of the animals daily at 5 pg/kg from day 3 to day 10 (from
day 6 1o day 10 with respeet to the high affinity Ab) after the administration of antibody, in the
same manner as in Example 9. The CRP concentration of each animal was measured 24 bours
after each administration. The time courses of CRP concentrations with the administration of
each antibody are shown in FIG. 22. In order to evaluate the pharmacological efficacy in terms
of the degree of nentralization of cynomolgus monkey sotuble IL-6 receptor, the concentration of
the unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was
measured in the same manner as Example 8. The time courses of the umbound cynomolgus
monkey soluble IL-6 receptor concentrations with the administration of each antibody are shown
in FIG. 23.

As aresult, the antibody concentrations in plasma were maintained high for each of
EvI-M71, Fvi-M73, Fv2-IgGl, Fv3-M73 and Fv4-M73 in comparison with H3pl/L73-IgG],
while the concentrations of CRP and the unbound cynomolgus monkey soluble IL-6 receptor

were maintained at low levels. Namely, this result showed that the time where the
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membrane-type and soluble IL-6 receptors are bound by the antibody {or in other words, the
duration of neutralization) was prolonged by the antibodies in comparison with H3pl/L73-IgG1.

In addition, these pH-dependently-binding anti-IL-6 receptor antibodies were confirmed
for their neutralization effects and sustained efficacy equal to or greater than that of the known
high-affinity anti-IL-6 receptor antibody (high affinity Ab) administered at 1.0 mg/kg, at only
half the dosage thereof, i.e., at 0.5 mg/kg. Therefore, the pH-dependently-binding antibodies
were elucidated to have the neutralization effects and sustained efficacy superior 1o those of the
known high-affinity anti-IL-6 receptor antibody.

Those antibodies shown in Table 12 for which PK/PD tests were not carried out using
cynomolgus monkeys as in this test, have also been confirmed to demonstrate improved
pH-dependent binding to the membrane-type IL-6 receptor in comparison with H3pl/1.73-1gG1.
Therefore, the time during which the membrane-type and soluble 1L-6 receptor are bound by the
antibodies (or in other words, the duration of newtralization and sustained neutralization effects)
are also thought to be prolonged for the antibodies in comparison with H3pl/L73-1gG1.

In Example 9, for H3pl/L73-1gG1, the time until the antibody disappears from the
plasma as well as the time where the solubie 11.-6 receptor and membrane-type IL-6 receptor are
bound by the antibody in the body (sustained neutralization effects) were found to be prolonged
considerably as compared with WT, Fv1-MT71, Fv1-M73, Pv2-IgGl, Fv3-M71, Fv3-M73,
Fv4-IgGl, Fv4—igG2, Fv4-M58, and Fv4-M73, having superior sustained neutralization effects
to M3pl/L73-IgG1, are therefore thought to have remarkably improved sustained neutralization |
effects as compared with WT.

In contrast to anti-IL-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor
antibodies that are made to $trongly bind to the antigen at the pH in the plasma of pH 7.4 but
only weakly bind to the antigen at the pH in endosomes of pH 5.8, make it possible to reduce the
patient dosage and administration frequency of the anti-IL-6-receptor antibody, and as a result,
they can considerably reduce the total administration amount.  Therefore, the
pH-dependently-binding anti-IL-6 receptor antibodies are thought to be extremely superior as a

pharmaceutical for use as an IL-6 antagonist.

[Example 16} Construction of pH-Dependently Binding Anti-IL-6 Antibody
Expression and Purification of Anti-IL-6 Antibody
. In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that

pH-dependently bind to the IL-6 receptor were successfully created by imparting the dependency
through infroducing histidine substimtiqns and the like into the variable region, in particular, the
CDR sequences of the humanized anti-IL-6 receptor antibodies. It was found that all of these
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antibodies repeatedly bind to the IL-6 receptor and demonstrate a considerable improvement in
PK/PD.

Therefore, it was confirmed that the pH-dependent ability of an antibody to bind to an
antigen could be confered to another antibody that binds o an antigen other than the IL-6
receptor using a similar method. Human IL-6 was selected as the antigen, and an anti-IL-6
antibody including the H chain {WT) (amino acid sequence: SEQ ID NO: 62) and L chain (WT)

(amino acid sequence: SEQ ID NO: 63), which binds fo IL-6 as described in WO 2004/039826,

(“Anti-IL6 wild type™) was constructed.  Using a method known to those skilled in the art, gene
fragments encoding the antibody amino acid sequences of inferest were inserted nto mammalian
cell expression vectors to construct the H chain expression vector and L chain expression vector
of interest.  The nucleotide sequences of the resulting expression vectors were deterrnined using
a method known to a skilled person.  Anti-IL6 wild type was expressed and purified by the

method described in Example 1.

Construction of pH-Dependent Anti-} -6 Antibody

To confer the pH-dependent ability of the antibody to bind to IL-6, histidine substifutions
were introduced into the amino acids in CDR of the anti-IL-6 antibody (Anti-IL6 wild type)
including the H chain (WT) {(amino acid sequence: SEQ ID NO: 62) and L chain (WT) (amino
acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR amino acids and

subsequently screening, several clones that demonstrate the pH-dependent binding were obtained.

The binding at pH 5.5 was significantly reduced as compared with the binding at pH 7.4.  The
positions of histidine substitution in the pH-dependent clones are shown in Table 13.  The
examples include “Anti-IL6 clone 17 including the H chain (c1) (amino acid sequence: SEQ ID
NO: 64) and L chain (c1) (amino acid sequence: SEQ ID NO: 65}, and “Anti-IL-6 clone 2”
including the H chain (c1) (amind acid sequence: SEQ ID NO: 64) and L chain (¢2) (amino acid
sequence: SEQ TD NO: 66).  Anti-IL6 clone 1 and Anti-IL-6 clone 2 were expressed and
purified by the method described in Example 1.

[Table 131 Positions of Histidine Substitution in pH-dependent clones
H32, H59, Hél, H99
1.53, 154, 1.90, L94

Analysis of Binding of pH-Dependent Clones to Human [L-6

Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
Biacore T100 (GE Healthcare) for the three types of antibodies prepared as mentioned above:
Anti-IL6 wild type, Anti-IL6 clone 1, and Anti-IL~6 clone 2 (buffer: DPBS(-} (pH 7.4 or pH 5.5),
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150 mM NaCl).  The antibodies were bound to a sensor chip on which recomb-protein A/G
(Pierce) was immobilized by amine coupling, and then human IL-6 (Toray) adjusted to an
appropriate concentration was injected on the chip as an analyte.  All the measurements were

carried out at 37°C.  Association rate constants k, (1/Ms) and dissociation rate constants ky (1/8)

were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation

constants KD (M) were calculated based on those values (Table 14).  Furthermore, the ratio of
affinity at pH 5.5 and pH 7.4 was calculated for each clone to evaluate the pH-dependent
binding.

Table 14] Comparison of Binding of pH-Dependent Clones to IL-6

Sample] pH | ka(i/Ms) ! kd(i/s) L KoOw KD{pH5.5)/KD({DHT 4)
Wild type pHT.4 | 205E+07 3. 81E~04) 1.91E-11 0.8
pH5.5 | 1.62E+07 245E-04; 1.61E-11 |
clone] | pH7.4 | {07E+07 4, T1E-03] 4.38E-10 | ‘0.4
pia.5 | 2.05E+08 :9.26E-0%! 4.52E-08 ’
clone? pH7.4 [B8BEF+06 283603 2.94F-10 ! (25
: pHE.5 | 2 76E+06 11.10E~02! 3.988-00

The ratio of affinity at pH 5.5 and pH 7.4 (KDXYpH 5.5/(KD){pH 7.4)) calculated, which
indicates the pH-dependent binding to human IL-6, was 0.8, 10.3, and 13.5 for Anti-IL6 wiid
type, Anti-IL6 clone 1, and Anti-IL6 clone 2, respectively.  That is, the pH-dependent binding
ability of each clone is more than 10 times greater than that of WT. The sensorgrams of
Anti-IL-6 clone 2 at pH 7.4 and pH 5.5 are shown in FIG. 26.

Thus, it was shown that, as in the case of the anti-IL~6 receptor antibodies,
pH-dependently binding anti-IL-6 anitbodies that bind to the antigen strongly under plasma
neutral conditions, but weakly under intraendosomal acidic conditions can be constructed by
introducing histidine substitutions and the like mainly into the CDR amino acid sequences. As
indicated in Examples 1 to 15, an apti-IL-6 receptor antibody that has the pH-dependent binding
ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably improved. That is, it was
suggested that Anti-IL-6 clone 1 and Anti-IL-6 clone 2, which have the pH-dependent binding
ability, repeatedly bind to more antigens with significantly improved PK/PD, as compared with
Anti-IL6 wild type.

[Example 17] Construction of pH~Dependently Binding Anti-IL-31 Receptor Antibody
Expression and Purification of Anti-I ~-31 Receptor Antibody .
In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that

pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH
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dependency through' introducing histidine substitations and the like into the variable region, in
particular, the CDR sequences of the humanized anti-{L-6 receptor anttbodies. It was found
that all of these antibodies repeatedly bind to the IL-6 receptor and demonstrate a considerable
improvement of PK/PD. :

Therefore, it was confirmed that the pH dependent ability of an antibody to bind to an
antigen could be confered to another antibody that binds fo an antigen other than the [L-6
receptor using a similar method.  Mouse IL-31 receptor was selected as the antigen.,'and an
anti~fL.-31 receptor antibody including the H chain (WT) {(amino acid sequence: SEQ ID NO: 67)
and L chain (WT) (amino acid sequence: SEQ Iy NO: 68), which binds te the mouse I1.-31
receptor as described in WO 2007/142325, (“Anti-IL31R wild type”) was constructed. Usinga
method known to those skilled in the art, gene fragments encoding the amino acid sequences of
interest were inserted into mammalian cell expression vectors to construct the H chain
expression vector and L chain expression vector of interest.  The nucleotide sequences of the
resulting expression vectors were determined using a method known to a skilled person.
Anti-IL3 IR wild type was expressed and purified by the method described in Exampie 1.

Construction of pH-Dependent Anti-11.-31 Receptor Antibody :
To confer the pH-dependent ability of the antibody to bind to the IL-31 receptor, histidine

substitutions were introduced into the amino acids of CDDR of the anti-1L.-31 receptor antibody
(Anti-IL31R wild type) including the H chain (WT) (amino acid sequsncé: SEQ ID NO: 67) and
L chain (WT) (amino acid sequence: SEQ ID NO: 68). By histidine substitutions m the CDR
aming acids and subsequent screening, several clones that demonstrate the pH-dependent
binding were obtained. The binding at pH 5.5 was significantly reduced as compared with the
binding at pH 7.4. The position of histidine substitution in the pH-dependent clones is shown
in Table 15.  Anexample is “Anti-IL31R clone 17 including the H chain {c1} {amino acid
sequence: SEQ ID NO: 69) and L chain (WT). Anti-IL31R clone 1 was expressed and purified

using the method described in Example 1.

[Table 15] Position of Histidine Substitation in pH-dependent clones
H33

Analvsis of Binding of pH-Dependent Clones to Spluble IT-31 Receptor
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using

Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
Anti-IL31R wild type and Anti-fL31R clone I {buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM
NaCl, 0.01% Tween 20, 0.02% NaNs). The antibodies were bound to a sensor chip on which
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recomb-protein A/G (Pierce) was immobilized by amine coupling, and then the soluble mouse
1L-31 receptor (prepared according to the method described in WO 2007/142325) adjusted to an
appropriate concentration was injected therein as an analyte. All the measurements were
carried out at 25°C.  Association rate constants k, {1/Ms) and dissociation rate constants kg (1/s)
were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation
constants KD (M) were calculated based on those values (Table 16).  Furthermore, the ratic of
affinity at pH 5.5 and pH 7.4 was calculated for each clone to evaluate the pH-dependent
binding.

{Table 16] Comparison of Binding of pH-Dependent Clones to Mouse IL.-31 Receptor

Sample | pH | ke(t/Ms) | kdi/) | KDGM) | KD(HSS/KD(pHTA)
oHT.4 | 140E+05 |3.40E-03, 2.30E-08 §
pHES5 |5.10E+05 |3.60E-03! 7.40E~08
pHT.4 | 1.70E+05 |3.30E-03 2.20E-08

cloned 10058.0
pHES5 | 1.10E+03 1240602 2.20E-D5

3.2

Wild type

The ratio of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5){KD)Y(pH 7.4)) calculated, which
indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000 for
Anti-JL31R wild type and Anti-IL31R clone 1, respectively. That is, the pH-dependent binding
ability of Anti-IL31R clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-IL31R clope 1 at pH 7.4 and pH 5.5 are shown in FIG. 27.

Thus, it was shown that, as in the cases of the anti-[L-6 receptor antibodies and anti-IL-6
antibodies, pH-dependent binding anti-IL-3] receptor antibodies that bind to the antigen strongly
under plasma neutral conditions, but weakly under intraendosomal acidic conditions can be
constructed by introducing histidine substitutions and the like mainly into the CDR amino acid

sequences. Asindicated in Examples 1 to 15, an anti-]L-6 receptor antibody that has the

..pH-dependent binding ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably

improved. That is, it was snggested that Anfi-IL.31R clone 1, which has the pH-dependent
binding ability, repeatedly binds to more antigens with significantly improved PK/PD, as
compared with Anti-IL31R-wild fype.

{Example 18] Repetitive Binding to Antigen by pH-Dependently Bindiﬁg Antibody
Expression and Purification of Antibodv Administered to Mice

The four types of humanized JL.-6 receptor antibodies described below were prepared.
As the antibodies that do not pH-dependently bind to the IL.-6 receptor, WT-1gG1 including H
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(WT) (amino acid sequence: SEQ D NO: 9) and L (WT) (amino acid sequence: SEQ ID NO:
10), and H54/1.28-1gG1 including H54 (amino acid sequence: SEQ ID'NO: 70) and L.28 (amino
acid sequence: SEQ ID NO: 12) were expressed and purified using the method indicated in

Example 1.

As the antibodies that pH-dependently bind to the IL-6 receptor, H170/L82-1gG1

of Exampie 3 including H170 (amino acid sequence: SEQ ID NO: 4} and L82 (amino acid
sequence: SEQ ID NO: 7), and Fv4-IgG1 of Example 10 including VH3-IgG1 (SEQ 1D NO: 23)
and VL3-CK (SEQ ID NG: 27), were expressed and purified using the method indicated in
Example 1.

Analysis of Binding of Each Type of Antibody to Solubie II-6 Receptor

Kinetic analysis of antigen-antibody reactions at pH 7.4 and pH 5.8 was carried out using
Biacore T100 (GE Healtheare) for the four types of antibodies prepared: WT-I1g(Gl,
H54/1.28-1eG1, H170/L.82-IgG1, and Fv4-1gG1 (buffer: 10 mM MES (pH 7.4 or pH 5.8}, 150
mM NaCl, 0.05% Surfactant-P20).  The antibodies were bound to a sensor chip on which

recomb-protein A/G (Pierce) was immobilized by amine coupling, and SR344 adjusted to an

appropriate concentration was injected therein as an analyte.

dissociation from SR344 of each type of antibody were observed on a real-time basis.

The association with and
All the

measuremenis were carried ouf at 37°C,  Association rate constants k, (1/Ms) and dissociation

rate constants kg (1/s) were calculated using Biacore T100 Evaluation Software (GE Healthcare),

and dissoctation constants KD (M) were calculated based on those values (Table 17).

[Table 17]

Comparison of Association Rates (k.), Dissociation Rates (kg), and Dissociation

Constants of Each Type of Antibody Against Soluble IL-6 Receptor (SR344)

phki7 .4

pH5.8

oM Dependency

Sampie fali/Ms) kdi/s) KDMkell/Ms) kd(i/s) KO [kalpHs8ykebiT 4 KDEHEB/IDEHIY)
WieGi  J40E<05 94F-04 {9E-00|BIEHE 2TE-03 3.1E-0 2.9 16
H54/L08-6G1 [R.3E+05 14E-03 {76-00] 24F+06 27E-03 1IE-09 20 0.7
HIT0/L80420HB TE405 11E-03 L6E-0% 105405 14E-02 10E-07) 114 1.8
Feb-led]  [OBEH5 G5E-04 §7E-10i 145406 376-02 26E-08) 388 273

The ratio of affinity (KD) at pH 5.8 and pH 7.4 {or each antibody was calcuiated. The
KD ratio, which indicates the pH-dependent binding to SK344, was 1.6, 0.7, 61.9, and 27.3 for

WT-1gG1, H54/L28-1gG1, H170/L82-IgG1, and Fv4-IgG1, respectively.

In addition, the ratio

of dissociation rate (kq) at pH 5.8 and pH 7.4 for each antibody was calculated.  The kq ratio,
which indicates the pH-dependent dissociation rate for SR344, was 2.9, 2.0, 11.4, and 38.8 for
WT-IgG1, H54/L.28-1gG1, H170/L82-1gG1, and Fv4-IgG1, respectively. Thus, it was
confirmed that H170/L§2-1g(G1 and Fv4-1gGl demonstrate the pH-dependent binding, while the
conventional antibodies WT-IgG1 and H54/1.28-IgG1 hardly exhibit the ability. In addition,
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since the affinity (KID) of these antibodies at pH 7.4 was nearly equal, their ability to bind to
SR344 in the plasma was thought to be equivalent.

In Vivo Pharmacokinetics Test Using Mice
The pharmacokinetics of SR344 and the anti-human IL-6 receptor antibody were evaiuated

following administration of SR344 (human IL-6 receptor, prepared in Example 1) only or
simultaneous administration of SR344 and the anti-human IL-6 receptor antibody to mice that do
not e.xpréss the human [L-6 receptor {C5 7BL/6T : the anti-human IL-6 receptor antibodies do not
bind to the mouse IL-6 receptor).  An SR344 solution (5 pe/ml) or a mixed solution contzining
SR344 and the anti-human -6 receptor antibody (5 ug/mb and 0.1 mg/mL, respectively) was
administered into a caudal vein by single~dose administration at 10 mL/kg.  Since the
anti-human 1L-6 receptor antibody was present in an adequate excess amount relative to SR344,
it was thought that nearly all of the SR344 molecules were bound by the antibody. Blood
samples were collected at 15 minutes, 2 bours, 8 hours, 1 day, 2 days, 3 days, 4 days, 7 days, 14
days, 21 days, and 28 days after administration.  The collected blood samples were immediately
centrifuged for 15 minutes at 15,000 rpm and 4°C to obtain the plasma. The plasma se?arated
was stored in a freezer set 10 -20°C or lower until the time of measurement.  Above-described
WTnIgGl., F54/1.28-1gG1, H170/L.82-IgG1, and Fv4-IgG1 were used as the anti-human IL-6

receptor antibodies.

Measurement of Anti-Fluman IL-6 Recentor Antibody Plasma Concentration by ELISA

The concentration of human IL-6 receptor antibody in mouse plasma was measured by
ELISA. Anti-human IgG (y-chain specific) F(ab")2 antibody fragment (Sigma) was dispensed
onto & Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand
overnight at 4°C to prepare anti-human IgG-immobilized plates. Calibration curve samples
having plasma concentrations of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, and 0.0125 pg/ml., and mouse
plasma samples diluted 100-fold or more were prepared. 200 pl. of 20 ng/mL SR344 was
added to 100 pL of the calibration curve samples and plasma samples, and then the samples were
allowed to stand for 1 hour at room temperature.  Subsequently, the samples were dispensed
into the anti-human IpG-immobilized plates, and allowed to stand for 1 hour at room temperature.
Then,l Biotinylated Anti-Human IL-6R Antibody (R&D) was added to react for 1 hour at room
temperature. - Subsequently, Streptavidin-PolyHRP80 (Stereospecific Detection Technologies)
was added to react for 1 hour at room temperature, and chromogenic reaction was carried out
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as a substrate.
After stopping the reaction with 1 N sulfuric acid (Showa Chermical), the absorbance at 450 nm
was measured by a microplate reader.  The concentration in mouse plasma was calculated from



16

20

25

35

105

the absorbance of the calibration curve using the analytical software SOFTmax PRO (Molecular
Devices). The time course of plasma concentration after intravenous administration as

measured by this method is shown in FIG. 28.

Measurement of SR344 Plasma Concentration by Electrochemiluminescence

The concenfration of SR344 in mouse plasma was measured by electrochemiluminescence.
SR344 calibration curve samples adjusted to concentrations of 2000, 1000, 500, 250, 123, 62.3,
and 31.25 pg/mL, and mouse plasma samples diluted 50-fold or more were prepared. The
samples were mixed with a solution of Monoclonal Anti-human IL-6R Antibody (R&D)
ruthenium-labeled with Sulfo-Tag NHS Ester (Mﬁ:so Scale Discovery), Biotinylated Anti-human
[L-6R Antibody (R&D), and WT-IgGl, and then aliowed to react overnight at 37°C.  The final
concentration of WT-IgG1 was 333 pg/ml, which is in excess of the concentration of .
anti-human IL-6 receptor antibody contained in the samples, for the purpose of binding nearty all
of the SR344 molecules in the samples to WT-IgG1. Subsequently, the samples were
dispensed iuto an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed to react
for 1 hour at room temperature, and washing was performed. Immediately after Read Buffer T
{(x4) (Meso Scale Discovery) was dispensed, the measurement was performed by the Sector PR
400 Reader (Meso Scale Discovery). The SR344 concentration was calculated based on the
response of the calibration curve using the analytical software SOFTmax PRO (Molecular
Devices). The time course of SR344 plasma concentration after intravenous administration as

measured by this method is shown in FIG. 25.

Effects of pH-Dependent Binding

With respect 1o the time course of antibody concentration of WT-IgG1 and H54/1.28-1sG1,
which do not demonstrate the pH-dependent binding, and HI170/L82-1gG1 and Fv4-Ig(G1, which
demonstrate the pH-dependent binding, the time course of concentration was roughly identical
for WT-1gG1, H54/1.28-1eG1 and Fv4-1gG1, while H170/1.82-IgG1 was eliminated slightly
more rapidly. The data of the time course of plasma concentration was analyzed by the

pharmacokinetics analysis software WinNonlin (Pharsight). The half-lives in the plasma of
WT-1gG1, H54/L28-1gG1, Fv4-1gGl, and H170/L.28-1gG1 were 21.0, 28.8, 26.2, and 7.5 days,
respectively. _ ‘

As described in Example 2, when the antigen is a soluble antigen, an administered
antibody binds to the antigen in the plasma, and is retained in the plasma in the form of an
antigen-antibody complex. Generally, in contrast to extremely long plasma retention time of an
antibody {the elimination rate is extremely low) due to the fimction of FeRn, the plasma

retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is
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bound to an antibody has a prolonged plasma retention time similar to that of an antibody (the .
elimination rate is extremely low). Similarly, when the antigen of humanized IL-6 receptor
antibody, SR344 (soluble human IL.-6 receptor), was administered alone, SR344 was extremely
rapidly eliminated (plasma half-life: 0.2 days). However, in the case of concurrent
administration of SR344 with a conventional antibody, WT-IgG1 or H54/L.28-1gG1, which does
not demonstrate the pH-dependent binding, the elimination rate of SR344 was considerably
reduced, and the plasma retention time of SR344 was prolonged (plasma half-life: 5.3 days for
WT-IgGl, 6.3 days for H54/1.28-Tg(G1). ~ This is because nearly all of the SR344 molecules
were bound by the antibodies administered together, and thus SR344 bound by the antibodies
had a prolonged plasma retention time similar to that of the antibody, due to the function of
FcRn as described above.

In the case of concurrent administration of SR344 with the H170/L82-IgG1 or Fv4-IgG1
antibody, which demonstrates the pH-dependent binding, the elimination of SR344 was
significantly rapid (piasma half-life: 1.3 days for H170/L82-1gG1, 0.6 days for Fvd-IgG1), as
compared to the case of concurrent administration with WT-IgG1 or H54/1.28-IeG1. This
tendency was particularly prominent for Fv4-IgG1,  Since the affinity of Fv4-IgG1 at pH 74 is
equivalent to or stonger than that of WT-IgG1 and H54/1.28-IgG1, it is thought that nearly ali of
the SR344 molecules were bound to Fv4-IgGl. Even though Fv4-IgG1 demonstrates
equivalent or slightly longer plasma retention and slower elimination compared 1o WT—IgGI and
H54/1.28-1gG1, the elimination of SR344 bound fo Fv4-IgG] was extfemely rapid. This can be
explained by the concept of the present technology shown in FIG. 4. In the case of '
conventiona! antibodies that do not demonstrate the pH-dependent binding, an antibody-soluble
antigen complex is taken up into endosomes by pinocytosis in the plasma, and binds to FcRn
expressed in endosomes under intraendosomal acidic conditions.  Since the antibody-soluble
antigen complex bound to FeRa transfers to the cell surface as it is, and again returns to the
plasma, the antigen bound io the antibody has a prolonged plasma retention time similar to that
of the antibody (the elimination is exiremely slow). On the other hand, in the case of antibodies
that demonstrate the pH-dependent binding, the antigen dissociates from the antibody under
intraepdosomal acidic conditions, and thus only the antibody binds to FeRn and returns again to
the plasma.  Since the antigen dissociated from the antibody is degraded in lysosomes without
returning to the plasma, the elimination of antigen is extremely repid as compared to the case of
antibodies that do not demonstrate the pH-dependent binding. Némei.y, in the case of
concurrent administration of SR344 with the WT-1gG1 or H54/L.28-IgG1 antibody, which does
not demonstraie the pH-dependent binding, the elimination of SR344 is slow to the similar
degree as the antibody, since SR344 binds to WT-IgG1 or H54/1L.28-I2G1 both in plasma and

endosomes. In contrast, in the case of concurrent admindstration of SR344 with the
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HE 70/1.82-1gG1 or Fv4-IgG1 antibody, which demonstrates the pH-dependent binding, the
elimination of SR344 is extremely rapid, since SR344 dissociates from the antibody in the
intraendosomal low-pH environment.  That is, since the H170/L28-1gG1 and Fv4-1gG1
antibodies, which demonstrate the pH-dependent binding, dissociate from SR344 in the
intraendosomal low-pH environment, the majority of H170/L82-1gG1 or Fv4-IgG1 that has
retorned again to the plaéma with FeRn is thought 1o be not bound to SR344. Thus, as shown in
FIG. 4, it was revealed that, by dissociating from an antigen in the intraendosomal low-pH

environment and refurning to the plasma with FeRn without binding to the antigen, an antibody

- that demonstrates the pH-dependent binding can again bind to an antigen in the plasma. It was

also shown that, by repeating this process, the antibody that demonstrates the pH-dependent
binding can repeatedly bind fo multiple antigens.  This is consistent with the Biacore data
shown in Example 7, demonstrating that pH«dependent antibodies can repeatedly bind to
antigens. Thus, by enhancing the pH-dependent binding of an antibody to an antigen, the
number of times of repetitive antigen binding can be increased.

When the antigen is 2 soluble antigen, and the antigen binds to an antibody under plasma
neutral conditions, but dissociates from the antibody in endosomes and the antibody returns to
the plasma with FcRn, the antibody can again bind to an antigen under plasma neutre] conditions.
Thus, an antibody that has the ability to dissociate from an antigen under intraendosomal acidic
conditions can bind to antigens multiple times.  As compared to when an antigen bound to an
antibody does not dissociate from the antibody in endosomes (i.e., the antigen bound to the
antibody returns to the plasma), if an antigen bound to an antibody dissociates from the antibody
in endosomes, the plasma elimination rate of the antigen is increased, since the antigen is
transported to lysosomes and degraded., Thus, the plasma elimination rate of an antigen can be
used as an index to determine whether an antibody can bind to the antigen multiple times.
Determination of the plasma elimination rate of an antigen can be performed, for example, by
administering an antigen and an antibody in vivo, and then measuring the plasma antigen
concentration afier the administration, as shown in the Examples.

An antibody that demonstrates the pH-dependent binding can repeatedly bind to mulfiple
antigens in contrast to the case of a conventional antibody that does not demonstrate the
pH-dependent binding. Thus, the amount of antibody administered can be considerably
reduced, and the administration intervals can be greatly prolonged.

The repetitive binding to multiple antigens of this mechanism is based on pH-dependent
antigen-antibody reaction. Thus, regardless of the type of antigen, if an antibody demonstrating
the pH-dependent binding that binds fo an antigen at pH 7.4 of plasma but dissociates from the
antigen af intraendosomal acidic pH can be constructed, then such an antibody can repeatedly
bind to muitiple antigens.  Accordingly, the preseni technology is useful in that it can be
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applied not only to antibodies to the IL.-6 receptor, IL-6, and the 1L-31 receptor, but generally to
any antibody to any antigen, regardless of the type of antigen.
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CLAIMS

1. An antigen-binding molecule having a KD(pH3.8Y/KD(pH7.4) value, defined as the ratio of
KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, of 2 or higher.

2. The antigen-binding molecule of claim 1, wherein the KD(pHS . 8)/KIMpH7 4) value is 10 or

higher.

3. The antigen-binding molecule of claim 1, wherein the KD(pHS 8YKD(pH7 .4) value is 40 or
higher.

4, The antigen-binding molecule of any one of claims 1 fo 3, wherein at least one amino acid of
the antigen-binding molecule has been substituted with histidine, or at least one histidine has

been ingerted into the antigen-binding molecule.

5. The antigen-binding molecule of any one of claims 1 to 4, wherein the antigen-binding

molecule has an antagonistic activity.

6. The antigen-binding molecule of any one of claims ] to 5, whersin the antigen-binding

molecule binds to 2 membrane antigen or a soluble antigen.

7. The antigen-binding molecule of any one of claims 1 to 6, wherein the antigen-binding

molecule is an antibody.

8. A pharmaceutical composition comprising the antigen-binding molecule of any one of claims
1o 7.

9. A method for improving the pharmacekinetics of an antigen-binding molecule by impairing
the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH
7.4. '

10. A method for increasing the number of times of antigen-binding for an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as

compared to that at pH 7.4,
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11. A method for increasing the number of antigens that can be bound by an antigen-binding
molecule by impain'ng the antigen-binding activity of the antigen-binding molecule at pH 5.8 as

compared to that at pH 7.4,

12. A method for dissociating within a cell an anti gen from an extracellulariy-bound
aniigen-binding molecule by impairing the antigen-binding activity of the antigen-binding

molecule at pH 5.8 as compared to that at pH 7.4,

13. A method for releasing an antigen-binding molecule, which has beent bound to an antigen and
internalized into a cell, in an antigen-free form to the outside of the cell by impairing the
antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH 7.4.

14. A method for increasing the ability of an antigen-binding molecule to eliminate an antigen in
plasma by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as
compared to that at pH 7 4.

13. The method of any one of claims 9 to 14, wherein the KD(pH5.8/KD(pH7.4) value, defined
as the ratio of KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, is 2 or higher,

16. The method of any one of claims ¢ to 14, wherein the KD(pHS.8YKD(pH7.4) value ié 10 or

higher.

17. The method of any one of claims 9 to 14, wherein the KD{(pHS.8)/KD(pH7.4) value is 40 or
higher.” |

18. A method for improving the pharmacokinetics of an antigen-binding molecule by
substitufing at least one amino acid of the antigen-binding molecule with histidine, or inserting at

ieast one histidine into the antigen-binding molecule.

19. A method for increasing the number of times of antigen-binding for an antigen-binding
molecuie by substituting at least one amino acid of the antigen-binding molecule with histidine,

or inserting at least one histidine into the antigen~binding molecule.

20. A method for increasing the number of antigens that can be bound by an antigen-binding
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,

or inserting at least one histidine into the antigen-hinding molecule.
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21. A method for dissociating within a cell an antigen from an extracellularlv-bound
antigen-binding molecule by substituting at least one amino acid of the antigen-binding molecule

with histidine, or inserting at least one histidine into the antigen-binding molecule.

22. A method for releasing an antigen-binding molecule, which has been bound to an antigen and
internalized into 2 cell, in'an antigen-free form to the outside of the cell, by substituting at least
one amino acid of the antigen-binding molecule with histidine, or inserting at least one histidine

into the antigen-binding molecule.

23. A method for increasing the abilify of an antigen-binding molecule to eliminate an antigen in
plasma by substituting at least one amino acid of the antigen-binding molecule with histidire, or

inserting af least one histidine into the antigen-binding molecule.

24, The method of any one of claims 18 to 23, wherein the histidine substitution or insertion
increases the KD(ptl5.B)/KD(pH7.4) value, defined as the ratio of the antigen-binding activity at
pH 5.8 and the antigen-binding activity at pH 7.4, as compared to the KD{(pF5.8YKD(pH7.4)

value before the histidine substitugion or insertion.

25. The method of any one of claims 9 to 24, wherein the antigen-binding molecule has an

antagonistic activity.

26. The method of any one of claims 9 to 25, wherein the antigen-binding molecule binds to a

membrane antigen or a soluble antigen.

27. The method of any one of claims 9 to 26, wherein the antigen-binding molecule is an

antibody.

28. A method of screening for an antigen-binding molecule, which comprises the steps of:

{a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0; .

(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
and

(c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 to pH 6.5,



10

15

20

25

30

35

112

29, The screening method of claim 28, which comprises the step of selecting an antibody whose
antigen-binding activity at pH 6.7 to pH 10.0 1s twice or higher that of the antigen-binding
activity at pH 4.0 to pH 6.5..

30. A method of screening for an antigen-binding molecule, which comprises the steps oft

() binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;
(b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0 to pH 6.5; and 7 '
(c) obtaining an antipen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5.

31. A method of screening for an antigen-binding molecule whose binding activity at a first pkt
is greater than that at a second pH, which comprises the steps of:

(a) binding an antigen-binding molecule to an antigen-immobilized column under the condition
of a first pH; , . ' |

(b) eluting the antigen-binding molecule that had bound 1o the column at the first pH from the
column under the condition of a second pH; and

{c) collecting the eluted antigan«bin{iir_xg molecule,

32. A method of screening for an antigen-binding molecule whose binding activity at a first pH
is greater than that at a second pH, which comprises the steps of:
{a) binding an antigen-binding molecule library to an antigen-immobilized colurn under the

condition of a first pH;

* (b) eluting the antigen-binding molecule from the colmmn under the condition of a second pH;

(c) amplifying the gene encoding the eluted antigen-binding molecule; and
{d) obtaining the eluted antigen-binding molecule.

33. The screening method of claim 31 or 32, wherein the first pH 15 6.7 to 10.0 and the second
pH is 4.010 6.5.

34. The screening method of any one of claims 28 to 33, whersin at least one or more amino
acids of the antigen-binding molecule has been substituted with histidine, or at least one histidine

has been inserted info the antigen-binding molecule.

35. The screening method of any one of claims 28 to 33, for obtaining an antipen-binding

molecule that is superior in retention in the plasma.
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36. The sereening method of any one of claims 28 to 33, for obtaining an antigen-binding

molecule that is capable of binding to an antigen two or more times.

- 37. The screening method of any one of claims 28 to 33, for obtaining an antigen-binding

molecule that is capable of binding fo more antigens as compared to the number of its

antigen-binding sites.

38. The screening method of any one of claims 28 to 33, for obtaining an antigen-binding

moiecule that dissociates an extracellularly-bound antigen within a cell.

39. The screening method of any one of claims 28 to 33, for obtaining an antigen-binding
molecuie that is bound to an antigen and internalized into a cell, and released 1o the outside of

the celi in an antigen-free form.

40. The sereening method of any one of claims 28 to 33, for obtaining an antigen-binding

molecule that has increased ability to eliminate an antigen in plasma,

41. The screening method of any one of claims 28 to 40, wherein the antigen-binding molecule is

used as a pharmaceutical composition.

42. The screening method of any one of claims 28 to 41, wherein the antigen-binding molecule is

an antibody.

43. A method for preducing an antigen-binding molecule, which comprises the steps of:

(a} determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0; | |

(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
(¢) selecting the antigen-binding melecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5;

(d) obtaining the gene encoding the antigen-binding molecule selected in (¢); and

(e) producing the antigen-binding molecule using the gene obtained in (d).

44. A method for producing an antigen-binding molecule, which comprises the steps oft
(a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;



10

15

20

25

30

114

(b) allowing the antigen-binding molecule bound to the antigen of (&) to stand under a condition
of pH4.0 topH 6.5; | ' |

{¢) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5; ’

(d) obtaining the gene encoding the antigen-binding molecule obtained in (¢); and

{&) producing the antigen-binding molecuie using the gene obtained in (d).

45. A method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of: |

(a) binding an antigen-binding molecule to an antigen-immobilized colummn under the first pH
condition;

(b) eluting the antigen-binding molecule, which is bound to the column at the first pH, from the
column under a second pH condition;

(c) collecting the ehuted antigen-binding molecule;

{d) obtaining the gene encoding the antigen-binding molecule obtained in {¢); and

{e) producing the antigen-binding molecule using the gene obtained in (d).

46. A method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of:

{a) binding an antigen-binding molecule library to an antigen-immobilized colurnn under the first
pH condition; _

(b) eluting the antigen-binding molecule from the column under the second pH condition;

(¢} amplifying the gene encoding the ehrted antigen-binding molecule;

{d) collecting the eluted antigen-binding rﬁolecule;

(e) obtaining the gene encoding the anfigen-binding molecule collected in (d); and

(f) producing the antigen-binding molecule using the gene obtained in (&)

47. The production method of claim 45 or 46, wherein the first pH 15 6.7 to 10.0 and the sscond
pH is 4.0 t0 6.5.

48. The production method of any one of claims 43 to 47, which further comprises the step of
substituting at least one amino acid of the antigen-binding molecule with histidine, or inserting at

least one histidine into the antigen-binding molecule.

49. The production method of any one of claims 43 to 48, wherein the antigen-binding molecule

is an antibody.



50. A pharmacentical composition comprising an antigen-binding molecule produced by the
production method of any one of claims 43 {o 49.
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SEQUENCE LISTING
110> CHUGA! SEIYAKU KABUSHIK! KAISHA

<120> ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING 7O TWO OR MORE ANT | GEN MOLECULES
REPEATEDLY

<1305 C1-AGBOIY2P

<140> PCT/dP2009/05730%
141> 2009-04-10

160> JP 2008~104147
{181>  2008-04-11

150> JP 2008-247713
151> 2008-09-26

190> JP 2000-068744
151> 2008-03-19

<160> 70 .

170> Patentln version 3. 4
210> 1

Q11> 118

212> PRY

13> Artificial

<2200
<223> An artificially synthesized peptide sequence

<400> 1

Gin Val Gln Lau Gln &lu Ser @iy Pro &ly Leu Y&l Lvs Pro Ser Giu
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Thr Leu Ssr Leu Thr Cys AEaIVai Ser Gly Tyr Ser ile Ser Asp Asp
20 25 30 '

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly Tyr 1le Ser Tyr Ser Gly [le Thr Asn Tvr Asn Pro Ser Leu
50 55 80

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn &ln Phe Ser
65 70 75 80

feu Lys Leu Ser Ser Va! Thr Ala Ala hsp Thr Ata Ala Tyr Tyr Cys
85 _ 80 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Giy Giu Giy
100 105 110

Thr leu Val Thr Val Ser Ser
116

Qe 2

211> 167

<212> PRT

213 Artificial
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220>
223 Anoartificilally synthesized peptide seguence

406> 2

Asp ile Gin ¥iet Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

hsp Ser Vat Thr lle Thr Cys Gin Ala Ser Gin hsp iie Ser Ser Tyr
- 20 25 30

Ley Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro 6hu Leu Leu |le
35 40 45

Tyr Tyr Giy Ser Glu Leu His Ser Glv Val Pro Ser Arg Phe Ser Gly
50 ‘ 55 I

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr {le Ser Ser Leu Glu Alg
65 70 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gly &in Gly Ash Arg Leu Pro Tyr
85 %0 gh

thr Phe Gly GIn Gly Thr Lys Val Glu lls Glu
160 105

Qi 3
QI 119
212> PR
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213> Artificial

<220>
223> An artificizlly synthesized peptide sequence

400> 8
Gin Vel Gln Leu GIn &lu S.er Gly Pro Gly Leu Val Lys Pro Ser Glu

z 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 | 30

His Ala His Ser Trp Val Arg Gin Pro Pro Gly Glu 8ly Leu Giu Trp
35 40 45

Ite Gly Tyr {ie Ser Tyr Ser Giy !le Thr Asn Tyr Asn Pro Ser leu
50 85 60

Lys Giy Arg Vel Thr ite Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 . 75 80

teu Lys Lewt Ser Ser Val Thr Ala Ala Asp Thr Als Ala Tyr Tyr Cys
85 80 85

Ala Arg Ser- Leu Ala Arg Thr Thr Ala #et Asp Tyr Trp Gly Glu Gly
100 105 _ 110

Thr Leu Yal Thr Val Ser Ser
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116

SL210> 4

<1y 118
212> PRT

213> Artificial

220>
<223> An artifticially synthesized peptide seguence

4005 4
Gin Yal Gin Leu Gin Glu Ser Gly Pro 8ly Leu Val Lys Pro 8er Glu

1 5 He 15

Thr Leu Ser Leu Thr Ovs Ala Val Ser Gly His Ser iie Ser His His
- 20 25 3

His Ala His Ser Trp Val Arg Gin Pro Pro Gly Giu Gly Leu Giu Trp
35 40 45

lte Giy Tyr {ie Ser Tvr Ser Gly ife Thr His Tyr Asn Pro His Leu
50 55 60

Lys Giy Arg Val Thr 1ie Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 86

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
a5 80 g5



6/113

Ala Arg Val Leu Alg Arg |le Thr Ala Het Asp His Tfp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

CH b

Q1 116

212> PRT

213> Artifisial

<2207
223> An artificially synthesized pepiide sequencs

400> b
Gin Vel Gin Leu Glin Giu Ser Gly Pro Gty Leu Val Lys Pro Ser Glu

5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Sar His Asp
20 25 | 30

His Ala Trp Ser Trp Yat Arg Gln Pro Pro Gly Gle Gly Leu Giu Trp
35 40 45

Iie Gly His {le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr ile Ser Arg Asp Thr Ser Lys Asn &in Phe Ser
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65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 85

Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Tpr Leu Val Thr Vai Ser Ser
115

VAL

211> 107

212> PRT

213> Artificial

L2200
223> An artificially synthesized peptide sequence

<A00> 6
Asp lle Gin Met Thr Gln Ser Pro Ser Ser leu Ser Ala Ser Val &ty

1 5 10 15

Asp Ser Va! Thr Ile Thr Cvs 8in Ala Ser §ln His tle Ser Ser His
20 25 30

Leu Asn Trp Tyr &ln Gin Lys Pro'Giy'Lys Kla Pro Glu Ley Leu e
35 40 - 45
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Tyr Tyr Gly Ser His Leu His Ser Gly Va!l Pro Ser Arg Phe Ser Gly
50 E5 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr fle Ser Ser Leu Glu Ala
&5 76 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly &in Gly Asn Arg Leu Pro Tvr
85 : 90 g5

Thr Phe Gly Gin Gly Thr Lys Val Giu [le Glu
100 105

1 7

ARV U]

212> PRT

13 Artificial

{220
223> Anartificially synthesized peptide sequance

400> 7
Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

‘Asp Ser Val Thr {ie Thr Cys Gin Als Ser &in Asp fle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lvs Ala Pro Glu Leu Leu ile
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o £0 45

Tyr Tyr Gly Ser His Leu His Ser Gly Val Pro Ser Arg Phe Ser 8ly
50 55 60

Ser Gly Ser Giy Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Giu Ala
65 70 % 80

Glu Asp Ala Als Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Lau Pro Tyr
85 90 95

The Phe Gly Gin Gly Thr Lvs Yal Giu [le Giy
100 105

210> 8

211> 107

Q12> PRT

213> Artificial

2200
223> M artificially synthesized peptide sequence

400> 8
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Lsu Ser Ala Ser Val Gly

1 b - 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Bin Asp lle Ser Ser His
20 25 30
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Leu Asn Trp Tyr Gin Gin Lys Pro Giy Lys Ala Pro 6lu Leu Leu lis
35 40 45

Tyr Tyr Giy Ser His Leu His His Gly Val Pro Ser Arg #he Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr 11e Ser Ser leu8lu Als
65 70 75 8O

Glu Asp Ala Ala Thr Tyr Tyr Cys Glv GIn Gly His Arg Leu Pro Tyr
85 90 a5

Thr Phe Gly &In Gly Thr Lys Val Glu lle Glu
100 | 105

210> 8

21> 448

<212> PRT-
213> Artificial

220>
273> An artificially synthesized peptide sequence

CAQ0> 0
Gin Val Gin Leu &in Glu Ser Gly Pro Gly Leu VYai Arg Pro Ser Gin

i 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Giy Tyr Ser tle Thr Ser Asp
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20 25 : 30

His Afta Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ple Giy Tyr E[e Ser Tyr Ser Gly lie Thr Thr Tyr Asn Pro Ser Leu
50 55 68

tys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lvs Asn Gln Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ais Ala Asp Thr Ala Val Tyr Tyr Cys
85 30 | 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 106 - 110

Ser Leu Val Thr Vat 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 Lau
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 185 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
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165 170 : 175

an Sar Ser 81y Leu Tyr Ser Leu Ser Ser Vail Val Thr Val Pro Ser
: 180 185 190

Ser Sar Leu Gfy Thir Gin Thr tyr lie Cys Asn Val Asn His Lys Pro
195 200 205 - '

Ser Asn Thr Lys Val Asp Lys Lys Val &lu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Oys Pro Pro Cvs Pro Ala Pro &lu Leu Leu Gy Gly Pro
725 230 235 240

Ser Yal Phs Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Mei {ls Ser
© 245 250 255

Arg Thr Pro-Gfu Val Thr Cys Val Val Val Asp Val Ser His 6lu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val &lu Val His Asn
275 280 . 285

Ala Lvs Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 3060

Vai Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
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305 - 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro [le &lu Lvs
325 T 330 335

Thr 1ie Ser Lys Ala Lys Gly Gin Pro Arg Giu Pro Glm Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp &lu Leu Thr Lvs Asn Gin Yzl Ser Leu Thr
358 360 365

Oys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Giu Trp Glu
370 375 380

Ser Asn 6ly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 300 g5 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 Giu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Q21 10



Q211 214
212> PRT
213 Artificial

<2207
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223> An artificially synthesized peptide sequence

<400> 10
Asp lle Gin ¥et Thr Gln

1 5

Asn Arg Yal Thr 1ie Thr
20

Leu Asn Trp Tyr Gin Gin
35

Ser Pro Ser Ser Leu Ser Ala Ser Vail &iy
16 15

Cvs Arg Ala Ser Gln Asp {le Ser Ser Tyr
25 30

Lys Pro Giy Lys Ala Pro Lys Leu Leu lle
40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly

50

Ser Gly Ser Gly Thr Asp
1 70

Glu Asp ile Ala Thr Tyr
85

Thr Phe Gly Gin Gly Thr
100

95 60

Phe Thr Phe Thr lie Ser Ser lLeu Gin Pro
75 80

Tyr Cvs Gin Gin Gly Asn Thr Leu Pro Tvr
80 g5

bys Val Giu lle Lys Arg Thr Val Als Ala -
105 110
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Pro Ser Val Phe |le Phe Pro Pro Ser Asp Giu 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 Gln Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Giu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser [eu Ser
165 170 ' 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tvr Glu Lys His Lys Val Tyr
180 185 180

Ala Cys Blu Val Thr His Gin Giy Leu Ser Ser Pro Val Thr Lys Ser .
19 200 205

Phe Asn Arg Gly Giu Ovs
210

Q21 1

Qi 19

<212> PRY

Q13> Artificial

Q200
223> An artificially synthesized peptide sequence
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<400> 11

ain Val Gln Leu 8in &iu Ser Gly Pro Gly Leu Val Lys Pro Ser Gly
1 5 10 5

Thr Lau Ser Leu Thr Cys Ala Val Ser &ly Tyr Ser lie Ser Asp Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro &ly Glu Giy Leu Glu Trp
35 0 45

e Gly Tyr tle Ser Tyr Ser Giy Ile Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr lie Ser Arg Asp Thr Ser Lys Asn @ln Phe Ser
65 70 15 B0

ieiy Lys Let Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 g5

Aia Arg Val Leu Ala Arg [le Thr Ala Met Asp Tyr Trp Gly Giu Giy
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<21y 12
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<2y 107
<212> PRT
213> Artificial

<2200
<223 An artificially svnthesized peptide sequencs

<400 12
Asp tle GIn Met Tar Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

i 5 10 15

ksp Ser Yzl Thr tle Thr Cys Gin Ala Ser Gin Asp Ile Ser Ser Tyr
20 28 20

Leu Asn Trp Tyr.Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu ile
35 40 45 :

Tyr Tyr &iy Ser Giu 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 lLeu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Oys GlIn Gin Gly Asn Ser Leu Pro Tyr
85 : 80 95

Thr Phe Giy Gin Gly Thr Lys Val &lu lle Giu
100 105



210>
2
<212
215

13

220>
223

<400> 13

1404
DA
Artificial

atpggeteega gotgtateat cotettotts

gtocaasctge aggagagoes Tocageloit

teoecogtpt
cotegagaag
coatototoa
aaactoagea
cggactaceg
accaageEEce
goggoectse
teaggcesee
tactooctca
tgoascgtiga

tgtgscaaas

cteectacte

gtettgagte

aaggoagagt
gegteacags
statggacia
catéggtctf
gotgootget
tERCCRECEY
goagogtzet
atoacaageo

ctoacacate

aattagogac

gattggatac

gacaatateg

CECGRAGECS

ctgesotpaa

gocootggcs

saaggactac

cgigecacace

gacogtesce

Gagoaacact

cecaccgige

18/113

gtagcascag
gtgaaacctia
gatoatgoot
attagttata
BEAZACACCE
gogeotiatt
ggoacooiog
seetoctoca
ticocegaac
ticoogpete
tocagoagot
aaggtggaca

scageacotyg

Ancartificially synthesized nuclectide sequence

ctacaggtst

segagacoot

ggagotgegt

stogaateas

soaagaassa

gttptgoasg

tcacagtcte

agageaccte

cegteaceet

tectacapte

tEggoaceca

agaaagttea

aactocotipgse

ceactoooay
gagcotzace
tcgocageea
asactataat
gtteagocty
atcoctaget
ctoagoectee
tggegecaca
gtopteeras
cteaggacto
gacctacatc
gcccaaatct

gggacegtes

60
120
180
246
300
360
%20
480
540
800
660
720

780
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gteticetet tcocccoccaaa acccaaggac accoicatga totsocoggas
acatgogtor tggtegacet gagccacgaa gaccctgapg tosagtioaa
gacggeptee aggtzoataa tgccaégaca aagceceEs aggagragta
taccgtgtee tcagogtcct caccgtéctg cacoaggact ggetgaatee
zagipesape totocaacaa agccctscéé gocoooatop agajaacoat
aaaggecage cosgagaace acaggietac accotgocos Gatcooggea
aapaaccage teoagooigac ctgectegtc aaaggetiot atooccagega
pagteegaga goaatgggoa gocgeagaac aaclacaaga ccacgoeics
tecgacgget coticttect ctacagoaag ctcacoeigy aceagagoag
geeaacgtet totcatestc agigatgcat gaggototes aséaccacta
_ agoctotcoc tetetoocgpy taaa

Q216> 14

211> 32

212> DNA

213> Artificial

2200
223> An artificially synthesized nucieptide sequence

400> 14
gacatcoaga fgaccoagag cocaageage otgagogoea gogiggetsa

atoacctzte asgecagoca ggacatcage agitaceiga atigelacca

¢catgaggtc
stgetacgty
CaaCagcacy
caaggagtac
clecagagso
tgageigace
sategoopte
cgtgotggac
gtggoageat

cacgaagasag

cagogtgace

geagaageca

840

300

860

1020

1080

1140

1200

1260

1320

1380

1404

60

120
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ggaaaggetc cagagstect gatotactac gpctoogaac tgcactetge totgocaago

epaticagoes gtarcgglag cggtacopac Ticaccitca ccatcagesg cotogageca '

gaggacgccg ctaccltacts ctgegepoag getaaccgge ticcatacac glicgeccaa

gegaccaagy tggaaatoga 2

216> 16

211> 15

212> PRT

213> Artificial

{220
223> An artificially synthesized peptide sequence

<400> 15
Gly @iy &ly Gly Ser Gly Gly Gly Gty Ser &Gly Gly Gly Giy Ser

1 5 10 15

210> 16

211> 24

<212> DHA

Q1% Artificial

{2200
273> An artificially syntheisized primer sequence

<400> 16
ttceecaccar ccigtoogee iotg

21 17

180

240

300

321

24



SAR D2
L2
Q213>

220>
{223>

<400>

21/113

24
DNA
Artificial

kn artificially svntheisized primer sequence

17

ceteaagcss aggeccocas toGo

210>
ARDS
AV
213>

2200
223>

<4007

18

32

DA
Artificial

‘An artificially syntheisized primer ssguencs

18

tagaatteoos coatgotgge cptoggetge go

VAL
Q211>
Q212>
Q213>

290
223>

<400>

19

57

DNA
Artificial

An artificially syntheisized primer sequence

18

attecggeoe cttatoagte gtoatgatea tgatgtegts cogsagaaga atelipe

210>

20

24

32

57



<211y 1131
212> DNA
213> Arti

<2207

ficial

22/113

<223 An artificially synthesizad nuciesotide sequence

<400> 20

gaattocace atectepcog fopgotgosc

geoggogete gocoocggegs getgooctse

teteccagea
tettcacteg
ggEaaggass
GGEEBGCEEC
coageictos
gaECacteon
gEGCEaagac
gitggcaztc
tgtegegage
tocgoctgee
ctggcaagac

tocgagclgaa

gacagoetga
gttetoaggs
ctgeteotga
cgoceggete
teeticogea
totocgacea
ttocageage
COgEEEgEaE
gagcicagea
aacatoacag
soccacicot

cegetoaaaga

ctotgaccie

agocagetgt

getogeteca

gascteteca

agagoooest

ccaageotet

cgtgocagta

acagctettt

azacicagac

teactgoogt

geaactcatc

cattoacasc

getgetepnt gocotgctes copoonegrg
acaggagete gogagapgte tectzaccag
COCAPEEEEa gagooggasg acaatrooac
aggotoocac cicagoagat pppotgmest
gotocatgac toigpazact attcatgcta
cttgotegte gatgitoooe copappagee
cagoaacglt gitigteagt geestoctor
gotetteste aggaagtiic agaacagicc
ttococageag toocagaagt totootecea
ctacatagte tocetgtzce togcoagtag
cittoageet tgtapgaatet fpcagoctza
geccagaasc coocgoteee toaptgtoac
tttctacaga ctacggttte agetcagata

atggatggtc aapgacctos agoatcacts

6C

120

180

246

300

360

420

480

540

600

660

720

780

840
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tgtcatosac gacgectgge goggoctgag goacgtgety cagcttcete cocaggagga

gttoggenas ggcgagtgga geegaghggag cocegaggce atgpecacge cttggacass
atccaggagt cetocagoty agasceaget plocaccces acgcaggoas ctactactéa
tacagatgat gataatatte totooagaga ttctoeaaal gogacaeges toccagtsca
ageticttol toggtaccac atoatcatoa toaccactga taascggece ¢

210> 21

21> 448

{ZiZ> PRY

213y Artificial

220>
223> An artificially synthesized peptide sequence

400> 2t
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu

i 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val 8er Giy Tyr 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

iie Gly His tle Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro His Leu
50 55 60

500

960

1020

1080

1131
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Gin Asp Arg Val Thr ile Ser Arg Asp Thr Ser
65 ‘ 70 15

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr
8h 80

Az Arz Phe Leu Ala Arg {le Thr Ala His Asp
100 ‘ 105

Thr Leu Val Thr Va! Ser Ser Ala Ser Thr Lys
115 120

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
130 135

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro
145 150 155

hsn Ser Gly Ala Leu Thr Ser Gly Val His Thr
165 170

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val
180 185

Ser Ser Leu @iy Thr Gin Thr Tyr tle Cys Asn
185 200

Lys Asn

Ala hla

His Trp

Gly Pro

125

Gly Thr

146

Val Thr

Phe Pro

Val Thr

Val Asn
205

§1n Phe Ser
80

Tyr Tyr Cvs
05

Gly Glu Gly
110

Ser Val Phe

Ala Ala leu

Val Sar Trp
160

Ala Val Leu
175

Val Pro Ser
180

His Lys Pro
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Ser Asn Thr Lys Val Asp Lvs Lys Val Glu Pro Lys Ser Cvs Asp Lys
210 215 220

Thr His Thr Cys Prb Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
275 230 235 240

Ser Val Phe Leu Phe Pro Pro Lvs Pro Lys Asp Thr Leu Met lle Ser
245 750 . 255

brg Thr Pro Glu Vai Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 . 270

Pro Giu Val-Lys Phe Asn Trp Tyr Val Asp Gliv Val Giu Yal His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
200 ‘ 285 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lvs Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Giu Lys
325 330 335

Thr lie 8er Lys Ala Lys Gly &in Pro Arg &lu Pro Gin Va! Tyr Thr
340 345 ‘ 350
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Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365

Cys Leu Yel Lys @iy Phe Tyr Pro Ser Asp tle Als Val Glu Trp Glu
370 375 380

Ser Asn Gty Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val lLeu
385 3580 385 400

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

Ata Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Giy
435 440 445

Lys

210> 22

211> 449

212> PRY

Q213> Artificial

{220>
223> An artificially synthesized peptide sequence
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400> 22

Gin Val &in Leu &in Glu Ser &ly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tvr Ser lle Ser His Asp
20 | 25 .30

His Ala Trp Ser Trp Yal Arg Gin Pro Pro Gly 8iu Gly Leu Giu ?rp‘
‘ 3 40 : 45

Yie Giy His Ile Ser Tyr Ser Gly lle Thr Asn Tvr Asn Pro His Leu
50 55 80 -

Gin Asp Arg Val Thr [le Ser Arg Asp Thr Ser Lvs Asn Gin Phe Ser
g5 70 75 80

Leu Lys Leu Ser Ser Yal Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 80 85

Ala Arg Phe Leu Ala Arg lle Thr Ala-His Asp His Trp Gly Giu Gly
100 108 - 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 Y

Pro feu Ala ?#o Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
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130 1356 140

Gly Cys Leu VYal Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 ' 155 180

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phs Pro Ala-Va! Leu
165 171 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Vat Val Thr Val Pro Ser
. 180 185 : : 180

Ser Ser Leu Gly Thr Gin Th% Tyr lie Cys Asn Val Asn His Lys Pro
185 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Gys Asp Lys
S0 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Yzl Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met {le Ser
245 250 , 255

Arg Thr Pro Glu Val Thr Cys VYal Val Val Asp Val Ser His Glu Asp
260 265 270

BPro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
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275 280

kla Lys Thr Lys Pro Arg Glu Glu Gin Tyr
©290 295

Vai Ser Val Leu Thr Val Leu His Gin Asp
305 310

Tyr Lys Cys Lys Vai Ser Asn Lys Ala Leu
325 _ 330

~ Thr ile Ser Lys Ala Lys Gly Gln Pro Arg
340 345

Leu Pro Pro Ser Arp Asp Giu Leu Thr Lys
355 360

Cys Lsu Va! Lys Gly Phe Tyr Pro Ser Asp
370 375

Ser Asn Gly Gin Pro 8iu Asn Asn Tyr Lys
385 390

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410

Ser Arg Trp @ln Gin Gly Asn VYal Phe Ser

285

Asry Ser Thr Tyr Arg Yal
300

Trp Leu Asn Gly Lys Gly
316 320

Pro Ala Pro lle Glu Lys
335

Glu Pro Gin Yal Tyr Thr
350

bsre Gin Val Ser Leu Thr
385

He Ala Yal &lu Trp Giu

380

Thr Thr Pro Pro Va!l Leu
305 400

Lys Léu Thr Val Asp Lvs
415

Cys Ser Val Met His Glu
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420 475 430

Ala Leu His Asn His Tyr Thy Gln Lys Ser Lsu Ser Leu Ser Pro Gly
435 440 445

fys

210> 23
211> 449
<212y PRI
21 Artificial

<220
223> Anoartificially synthesized peptide seguence

LADD> 23
“Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

| 5 10 15

Thr Leu Ser Leu Thr Cys Afz Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly &lu &ly Leu Giu Trp
35 44 45

I1e Gly Phe [le Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro Ser Leu
50 55 60



31/113

Gin Giy Arg Val Thr lle Ser Arg Asp Asn Ser Lvs Asn Thr Leu Tvr
65 70 75 80

Lau Gin Met Asn Ser Leu Arg Als Glu Asp Thr Ala Val Tyr Tvr Cys
85 g0 85

Ala Arg Ser Leu Ala Arg Thr Thre Ala HMet Asp Tyr Trp Giv Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ssr Ala Ser Thr Lys Gly Pro Sar Val Phe
115 120 125

Pro Ley 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 Giy Aia Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Lau
165 176 175

Gin Ser Ser 8ly Leu Tyr Ser Leu Ser Ser Val Val Thr VYal Pro Ser
180 185 190 ‘

Ser Ser bLeu Giy Thr Gln Thr Tyr 1ls Gys Asn Val Asn His Lys Pro
195 200 205
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Ser hsn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 - 220

Thr His Thr Cys Pro Pro Gvs Pro Ala Pro Glu Leu Lau Gly 8ly Pro
225 230 235 240

Ser Yal Phe feu Phe Pro Pro Lys Pro Lys Asp Thr Leu Het lle Ser
245 250 255

hre Thr Pro Glu Val Thr Cys Vel Vai Val Asp Val Ser His Glu Asp
- 260 285 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu ¥al His Asn
275 280 285

kia Lys Thr Lys Fro Arg Glu Glu Gla Tyr Asn Ser Thr Tyr Arg Val
240 295 300

Yal Ser Val Leu Thr Vaf Leu His Gln Asp Trp Leu Asn Gly Lys Gly
306 210 315 320

Tyr Lys Ovs Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys
325 330 335

The ile Ser Lys Ala Lys Gly Gin Pro Arg &lu Pro Gin Val Tyr Thr
340 345 350



33/113

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 Giy Gla Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Va! Leu
385 380 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys teu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln Gin Gly Asn Val Phe Sar Cys Ser Val Met His Glu
‘ 429 425 ©430

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro &ly
435 440 445

Lys

210> 24

Q211> 448

212> PRY

213> Artificiai

220> _
<223>. An artificially synthesized peptide sequence
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A00> 24

Gin Val Gin Lau Gln Glu Ser Gly Pro Gy Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser |le Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Giu Gly Leu Blu Trg
35 40 ‘ 45

e Gly Phe tie Ser Tyr Ser Gly lle Thr Asn Tyr Aén Pro Thr Leu
50 55 80

Gin Gly Arg ¥Yal Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tvr
gb 70 15 80

Lou GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
88 90 9%

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 Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Afa Pro Ser Ser Lys Ser Thr Ser Gly Glv Thr Ala Ala Leu
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130 135 140

Gly Cys Leu Val Lys hsp Tyr Phe Pro Glu Pro-Val Thr Val Ser Trp
145 150 185 160

kst Ser Gly Ala Lau Thr Ser Gly Val His Thr Phe Pro Als Val Leu
185 - 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Sar Ser Leu Gly Thr Gin Thr Tyr tie Cys Asn Val Asn His Lys Pro
185 200 205

Ser Asn Thr Lys'Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 - 220

Thr His Thr Cys Pro Pro Ovs Pro Ala Pro Glu Leu Leu Giy Gly Pro
225 230 235 20

Ser Val Pha Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Wet [le Ser
245 2h0 255

Arg Thr Pro Giu Val Thr Cys Vgl Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Giu Yal Lys'Phé Asn Trp Tyr Yal Asp Giy Vel Glu Val His Asn
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275 280 28b

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val.
290 ' 205 * 300

Val Ser Val Leu Thr Val Leu His G6ln Asp Trp Leu Asn Gly Lys Glu
305 C310 315 320

Tyt Lys Oys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro !le Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Yal Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Va! Ser Leu Thr
355 _ ‘ 360 385

Gys Lew-Val Lys Gly Phe Tyr Praﬁﬁféﬁ@%ema Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pre Val Leu
385 380 386 400

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 Het His Glu
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420 B ‘ 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lvs

216> 2%

211> 214

<212> PRT

Q213> Artificial

Q220
223> An artificially synthesized peptide sequence

<AB0> 25
Asp He Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr Jle Thr Oys Gin Ala Ser Arg Asp {le Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro 6lu Leu Leu e
35 _ 4G 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Vai Pro Ser Arg Phe Ser Gly
50 55 80
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Sar Gly Ber Giy Thr Asp Phe Thr Phe Thr tie Ser Ser Leu
85 70 75

Giu Asp Ala Ala Thr Tyr Tyr Cvs Gly Gin Gly Asn Arg Lau
4] o0

Thr Phe Gly Gin Gly Thr Lys Vel Glu e &lu Arg Thr Val
100 105 110

Pro Ser VYal Phe Iie Phe Pro Pro Ser Asp Glu Gin Leu Lys
115 120 125

Thr Ale Ser Val Val Oys Leu Leu Asn Asn Phe Tyr Pro Arg
130 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin Ser Giy Asn
145 150 155

Glu Ssr Val Thr Glu 8In Asp Ser Lys Asp Ser Thr Tyr Ser
165 170

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
180 185 190

Ala Gys Glu Vai Thr His GIn Gly Leu Ser Ser Pro Val Thr
195 200 ' 205

Giy Ala
80

Pro Tyr
85

Ala Ala
Ser Gly
rﬁiu Ala
Ser Gin

160

Ley Ser
1715

Yal Tyr

Lys Ser
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Phe Asn Argz Gly Giu Cys
210 '

210> 26

G 214

212> PRT

213> Artifiscial

{2200
223> Ao artificially synthesized peptide seguence

400> 76
Asb Ha.G{n Wet Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Vai Gly

1 b 10 15

Asp Ser Vgi Thr 1le Thr Oys Gin Ala Sar Arg Asp !le Ser Ser His
20 25 - 30 '

Leu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu ile
35 40 45

Tyr Tyr Gly Ser His Leu Giu 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 Giu Als
65 70 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gly 8in Gly Asn Arg Leu Pro Tyr
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85 90 95

Thr Phe Gly Gln Gly Thr Lys Vel &lu Jie Glu Arg Thr VYal Ala Ala
S0 105 118

Pro Ser Val Phe [le Phe Pro Pro Ser Asp Glu Gin Leu Lys Sar Gly
“ 115 120 o125

Thr Ala Ser Val Va! Oys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 13 140

Lys Val Gin Trp Lys Val Asp Asn Als Lezu GIn Ser Giy Asn Ser Gin
145 ] 155 160

. Glu Ser Val.Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Lgu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lvs Ala Asp Tvr Giu Lys His Lys Val Tvr
180 185 o190

Ata Cys Glu Vai Thr His Gin Gly Leu Ser Ser Pro VYa! Thr Lys Ser
195 200 205

Phe Asn Arg Giv Glu Cvs
210

210> 27
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L1 214
212 PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

@oo> 27
Asp lle Gln Net Thr &in Ser Pro Ser Ser Leu Ser Ala Ser Vai Giy

1 5 10 15

Asp Ser Val Thr ile Thr Cys Gin Ala Ser Thr Asp lle Ser Ser His
20 i3 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro &lu Leu Leu ile
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Giy Va! Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr ile Ser Ser Leu Glu Ala
85 70 7% 80

Glu Asp Ala Ate Thr Tyr Tyr Oys Gly Gin Giy Asn Arg Leu Pro Tyr
85 80 85

Thr Phe Gly Gln Gy Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100 105 110
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Pro Ser Val Phe [le Phg Pro Pro Ser Asp Giu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arez Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Lau Gin Ser Gly Asn Sar Gin
145 150 155 160

Giu Ser Val Thr Glu Gln Asp Ser Lvs Asp Ser Thr Tyr Ser Ley Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 160

Ale Cys Glu Yal Thr His &ln Gly Leu Ser Ser Pro Va! Thr Lys Ser
195 200 B 205

Phe Asn Arg Giy Glu Cys
210

210> 28
211> 3286
{212 PRY
{213 Homo sapizns

<400> 28
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Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cvs Ser Arg
1 5 10 15

Ser'Thr Ser Giu Ser Thr Ala Ala Leu Giy Cys Leu Val Lys Asp Tyr
20 _ 25 30

Phe Pro Giu Pro Val Thr Vaf Ser Trp Asn Ser Gly Ala Lsu Thr Ser
' 35 40 45

Gly Vai His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 _ 60

ieu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe iy Thr 6in Thr
85 70 ' 75 80

Tyr Thr Cys Asn Vai Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 : 80 95

Thr Val Glu Arg Lys Cys Cys Yal Glu Cys Pro Pro Cys Pro Ala Pro
100 105 119

Pro Val Ala Gty Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys &sp
115 120 125

Thr Leu Met lie Ser Arg Thr Pro @&lu Val Thr Gys Val Val Val Asp
130 135 _ 140
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Val Ser His Giu Asp Pro Glu Val Gin Phe Asn Trp Tyr Va! Asp Giy
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Giu Glu Gin Phe Asn
185 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Yal Val His Gin Asp Trp
180 185 160

Leg Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser fsn Lys Giy Ley Pro
185 - ' 200 ‘ 205 '

Ala Pro lie Blu Lys Thr Ile Ser Lys Tht Lys Gly 8In Pro Arg Glu
210 215 220

Pro Gln Yal Tyr Thr Leu Pro Pro Ser Arg Glu Glu ¥et Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Giy Phe Tyr Pro Ser Asp lle
245 750 285

Ala Val Glu Trp 8lu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lvs Thr
260 265 270

Thr Pro Pro Met lLeu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285
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Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
280 285 300

Ser Val Met His Glu Afa Leu His Asn His Tyr Thr &In Lys Ser Leu
305 310 316 320

Ser Leu Ser Pro Gly Lys
328

Q10> 29
Q11> 324

212> PRT _
@13 Artificial

{2205
223> An artificially synthesized peptide seguence

400> 28
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

i 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu &ly Cys Lev Val Lys Asp Tyr
20 25 30

Phe Pr§ Glu Pro Val Thr Val Ser Trp Asn Ser @iv Ala Leu Thr Ser
35 40 45

Gly VYai His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60



46/113

ieu Ser Ser Val Val Thr VYal Pro Ser Ser Asn Phe Giy Thr Gin Thr
65 - 70 15 80

Tyr Thr Gys Asn Val Asp His Lys Pro Ser Asn Thr Lvs Val Asp Lys
85 90 a5 '

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pre Cys Pro Ala Pro
100 . 105 10

Pro Vai Ala &ly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met ile Ser Arg Thr Pro Glu Vai Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Yal Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Glu Gfu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Ya! Val Ser Vai Leu Thr Vai Yal His Gln Asp Trp
180 185 180

Leu Asn Gly Lys &lu Tyr Lvs Cys Lys Val Ser Asn Lys &lv Leu Pro
1eb 200 205



474113

Ala Pro 1le Glu Lys Thr tle Ser Lys Thr Lys Gly Gin Pra Arg Glu
210 215 220

Pro Gin Vai Tyr Thr Leu Pro Pro Ser Arg Glu Giu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Sar Asp lie
245 250 255

Ata Val Glu Trp Glu Ser Asn Giy Gin Pro Giu 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

teu Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe 3er Cys
786 205 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 s 320

Ser Leu Ser Pro

210> 30
Q2> 324



48/113

212> PRY
213> Artificial

20>
223> An artificially synthesized peptide ssauence

400> 30
hia Ser Thr Lys Gly Pro Ser Vel Phe Pro Lau Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Oys Leu Val Lys Asp Tvr
20 25 30

Phe Pro Giu Pro Yai Thr VYal Ser Trp Asn Ser 8iy Ala Leu Thr Ser
35 40 45

Giy Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 50

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
g5 70 75 7 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lvs Val Asp Lys
85 80 85

Thr Val Glu Arg Lys Ser Cys Val &lu Cys Pro Pro Gys Pro Ala Pro
100 105 119



49/113

Pro Val Ala 8ly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met 1le Ser Arg Thr Pro Glu Ya! Thr Cys Val Vai Val Agp
130 135 140

Val Ser &in Glu Asp Pro Glu Val Gin Phe Asn Tro Tyr Yail Asp 8ly
145 150 185 160

Yal Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Vai Lew Thr Val Yai His Gin &sp Trp
180 185 190

Let Asn Gly Lys Glu Tyr Lys Gys Lys Val Ser Asn Lys ny leu Pro
195 200 205

Alea Pro [le Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gln Yal Tyr Thr Leu Pro Pro Ser Gln Glu Glu Wet Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro 3er'Asp He
245 750 255



50/113

Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lvs Thr
260 265 270 '

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Ley Thr Vai Asp Lys Ser Arg Trp GIn Glu Giy Asn Val Phe Ser Cvs
280 285 300

Ser Val Met His Giu Ala Leu His Asn His Tyr Yhr Gin Lys Ser Lsy
305 310 315 320

Ser Leu Sar Pro

Q10> 31
Q11> 326
12> PRT
213> Artificial -

2205
2% An artificially synthesized peptide seguence

<400> 31
Afa Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Al Pro {ys Ser Arg

1 5 0 15

Ser The Ser Glu Ser Thr Ala Ala Leu &iy Cys Leu Yal Lys Asp Tyr
20 25 30



51/113

Phe Pro Glu Pro Va! Thr Vai Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 £5

Gly Vai His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Ley Tyr Ser
50 55 - 60

Leu Sar Ser Val Val Thr Val Pro Ser Ser Asn Phe 8ly Thr &in Thr
65 0 15 80

Tyr Thr Oys Asn Val Asp His Lys Pro Ser Asn Thr Lvs Val Asp Lys
85 90 g5

Thr Val Glu Arg Lys Oys Cys Val Glu Gys Pro Pro Gys Fro Ala Pro
100 105 110

Pro Val Ala &ly 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 VYal Val Val Asp
130 135 140

Val Ser His Glu Asp Pro &lu Val Gln Phe Asn Trp Tyr Va!l Asp Gly
145 150 155 160

Val Glu VYal His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 _ 170 175



52/113

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 140

Leuy Asn Gly Lvs Glu Tyr Lys Cvs Lys Val Ser Asn Lys Gly Leu Pro
185 200 - 205

Ala Pro tie Glu Lys Thr lle Ssr Lvs Thr Lys Gly Gin Pro Arg Giu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Het nr Lys Asn
225 230 235 240

Gin Yal Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp iie
245 250 255

Ala Yal Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Wet 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 &ly Asn Val Phe Ser Cvs
280 295 300

Ser Yal ¥e® His Glu Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu
305 310 318 320



53/113

Ser Leu Ser Pro Gly Lys
325

21> 32

Q> 324

{212> PRY

213> Artificial

220>
233> An artificially synthesized peptide sequence

400> 32
Ala Sar Thr Lys Giy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

i 5 10 15

Ser Thr Ser Gly Glv Thr Ala Ala Leu Gly Lys Leu Vaf lys Asp Tyr
20 2b 30

Phe Pro Glu Pro Va! Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 ' 45

Gly Val His Thr Phe Pro Ala Val Ley Gin Ser Ser Gly Leu Tyr Ser
50 55 50

ieu Ser Ser Yal Yal Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 T 75 80



54/113

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn
85 80

Thr Val Glu Arg Lys Ser Cys Val Glu CQS Pro
106 10

Pro VYal Ala Gly Pro Ser Val Phe Leu Phe Pro
115 120

Thr Leu Met tie Ser Arg Thr Pro Giu Val Thr
130 135

Val Ser Gfn Glu Asp Pro Glu Val Gln Phe Asn
145 150 185

Val Gl Val His Asn Ala Lys Thr Lys Pro Arg

165 170

Ser Thr Phe Arg Val Val Ser Vai Leu Thr Val
180 185

Leu Asn Giy Lys Glu Tyr Lvs Oys Lys Val Ser
195 200

Aa Pro lle &lu Lys Thr fle Ser Lys Thr Lys
210 215

Thr Lys Val Asp Lys
95

Pro Oys Pro Ala Pro
110

Pro Lys Pro Lys Asp
125

Cvs Val VYal Val Asp
140

Trp Tyr Val Asp Gly
160

Glu Gy Gin Phe Asn
175

Val His Gln Asp Trp
180

Asn Lys Gly Leu Pro
206

Giy GIn Pro Arg Giu
220



55/113

Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu &lu #et Thr Lys Asn
225 230 A B 235 240

&in Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp [le
245 250 255

&la Vel Gia Trp Giu Ser Asn Gly 4in Pro Giu Asn Asn Tyr Lys Thr
260 265 ' 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Sar Phe Phe Leu Tyr Ser Lys
275 280 785

Leu Thr Val Asp Lys Ser Arg Trp Gin Glu 8ly Asn Val Phe Ser Cvs
290 285 300 '

Ser Val Met His Gilu Ala Ley His Als His Tyr Thr &ln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 33
Q11> 443
212> PRT
213> Artificial

{220%
223> An artificially synthesized pepiide sequence



56/113

<400> 33
Gin Val Gin Leu GIn &lu Ser Gly Pro Gly Leu Va! Lys Pro Ser Glu

1 ] : [{ 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser ile Ser His Asp
20 25 . 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 49 45

ie Bly Phe fie Ser Tyr Ser Gly lle Thr Asn Tyt Asn Pro Ser Ley
50 ' 55 80

Gin Giy Arg Val Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
g5 70 75 80

Lau 8in Met Asn Ser Leu Arg Ala Glu Asp Thr Als Val Tyr Tyr Ovs
85 a0 85

Aia Arg Ser leu Aia Arg Thr Thr Ala Met Asp Tyr Trp Gly &lu Gly
1006 105 _ 110

Thr Leu Yal Thr Val Ser Sar Ala Ser Thr Lys 8ly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Gys Ser Arg Ser Thr Ser Giu Ser Thr Ala Ala Leu
130 135 140



57/113

Gly Cys Leu Val Lys Asp Tyr Phe Pro 8lu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Giv Yal His Thr Phe Pro Ala Val Len
165 170 175

Gin Ser Ser fly Leu Tyr Sar lLeu Ser Ser Vai Val Thr Val Pro Ser
' 180 185 180

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
185 200 205

Ser Asn Thr Lys Val Asp Lys Thr VYal Glu Arg Lys Oys Cys Val Glu
210 : 215 220

‘Gys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser VYal Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr lLeu Met lle Ser Arg Thr Pro Giu
245 250 255

Val Thr Oys Val Val Val Asp Val Ser His Giu Asp Pro Glu Val &in
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



58/113

?ro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
200 255 300

Thr Val VYal His Gin Asp Trp Leu Ask Giy Lys Glu Tyr Lys Cys Lys
305 310 315 320

¥al Ser Asn Lys Gly Lsu Pro Ala Pro tie Giu Lys Thr lle Ser Lys
325 . 330 335

Tar Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 359

Arg Glu Glu Met Thr Lvs Asn Gln Val Ser Leu Thr Oys Leu Val Lys
355 360 385

Giy Phe Tyr Pro Ser Asp 1fe Ala Val Glu Trp Glu Ser Asn Gly GIn
- 315 380 -

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 -390 355 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 - 415

&in Gly Asn Val Phe Ser Gvs Ser Val Met His Glu Ala Leu His Asn
420 425 430



59/113

His Tyr Thr Gin Lys Ser Leu Sgr lat Ser Pro
435 440 -

<10, 34
<Zil> 443
<212> PRT
Q213> Artificial

200>
223> An artificiaily synthesized peptide seguence

400> 34
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 .15

Tar Leu Ser Leu Thr Gys Ala Val Ser Gly His Ser fie Ser His Asp
20 5 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly ieu Glu Trp
35 40 45

iie Gly Phe |le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser lLeu
B 55 §0

Gin Gly Arg Val Thw lle Ser Arg Asp Asn Ser Lvs Asn Thr Leu Tyr
65 H 75 80



Leu Gin Met Asn Ser lLeu Arg
85

Ala Arg Ser Lau Ala Arg Thr
100

Thr Leu Vai Thr Val Ser Ser
115

Pro Leu Ala Pro Ser Ser Lys
130 135

Gy Cys Leu Val Lvs Asp Tyr
145 150

Asn Ser Gly §Ia leu Thr Ser
165

Gin Ser Ser Gly Leu Tyr Ser
180

Ser Asn.Phe Gly Thr Gin Thr
105

Ser Asn Thr Lys Val Asp Lys
210 215

60/113

Ala Glu Asp Thr Als Val Tyr Tyr Cys
80 85

Thr Ala Het Asp Tyr Trp Giy Glu Gly
106 110

kla Ser Thr Lys Gly Pro Ser VYal Phe
120 128

Ser Thr Ser Gly Giy Thr Ala Ala Leu
140

Phe Pro Glu Pro Val Thr Yal Ser Irp
155 160

Gly Val His Thr Phe Pro Ala Val Leu
i 175

Leu Ser Ser Val Val Thr Val Pro Ser
185 190

Tyr Thr Oys Asn Val Asp His Lys Pro
200 205

.erﬁ Giu Arg Lys Ser Cys Val Giu
' 220



61/113

Cvs Pro Pro Cys Pro Afa Pro Pro ¥al Ala Gly Pro Ser Vai Phe Ley
225 230 235 240

Phe Pro Pro Lvs Pro Lyvs Asp Thr Leu Met lle Ser Arg Thr Pro Glu
' 245 250 285

Val Thr Cys Yal Vai Val Asp Val Ser Gin Glu Asp Pro Giu Val Gin
260 265 210

Phe Asn Trp Tyr Val Asp Gly Val Glu VYal His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu &In Phe Ash Ser Thr Phe Arg Val Val Ser Val Lsu
290 295 300

Thr Val Val His Gin Asp Trp Leu Ash 8iy Lys Glu Tyr Lys Oys Lys
305 310 315 320

Yal Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thw lie Ser Lys
325 330 335

340 345 350

&in Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 : : 360 365
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Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Ase Gly Gin
370 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Het Leu Asp Set Asp Gly
385 380 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Giu Aly Asn Yal Phe Ser Cvs Ser Val Met His 8lu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 ' 440

210> 35

11 443

<212 PRY

213> Artificial

2200

223> An artificially synthesized peptide sequence

400> 35
Gin Val Gln Leu &in Glu Ser Gly Pro Glvy Leu Val Lvs Pro Ser Glu

t 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Giy His Ser ile Ser His Asp
20 25 - 30



63/113

His Ala Trp Ser Trp VYal Arg Gln Pro Pro Gly @lu Gly Leu Glu Trp
35 W 45

ite Gly Phe |le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 85 80

Gin Gly Arg Yal Thr lte Ser krg Asp Asn Ser Lys Asn Thr Leu Tyr
85 70 75 80

Leuy Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Alas Val Tyr Tvr Cys
85 90 _ 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Bet Asp Tyr Trp Gly Glu Gly
100 - 108 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys &ly Pro Sar Val Phe
118 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser &ly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu VYal Lys Asp Tyr Phe Pro Giu Pro Vai Thr Val Ser Trp
145 150 155 160

Asn Ser 8ly Ala Len Thr Ser Gly Val His Thr Phe Prc Alas Vel Leu
165 170 _ 175



64/113

Gin Ser Ser Giy Leu Tyr Ser Leu Ser Ser Vai Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cvs Asn Val Asp His Lys Pro
1495 200 205

Ser Asn Thr Lys Val Asp Lys The Val Giu Arg Lys Ser Lys Val Glu
yalt] 215 220

Oys Pro Pro Cys Pro Ala Pro Pro Yal Ala Gly Pro Ser Val Phe Leu
225 230 235 ' 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Vai Val Val Asp Val Ser Gin Glu Asp Pro Glu Val &in
260 265 270

Phe Asn Trp Tyr Yal Asp Giy Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Ley
290 295 360

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Ovs Lys
305 316 ‘ 215 320



65/113

Val Ser Asn Lys Gly Leu Pro Afa Pro 1ls Glu Lys Thr [le Ser Lys
325 330 _ 335

Thr Lys Gly Gln Pro Arg Glu Pro Gln Yal Tyr Thr Leu Pro Pro Ser
340 345 350

MnGhlmn%ﬂ:ﬁwissAmaﬁn¥ﬁ Ser Leu Thr Oys Lau Val Lys
iz 366 - 365

Gly Phe Tyr Pro Ser Asp lle Ala Vai Glu Trp &iu Ser Asn Gly Gln
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 Va! Asp Lys Ser Arg Trp Gin
405 _ 410 . 415

Glu 8ly Ash Val Phe Ser Cys Ser Val Met His Glu Ala Ley His Als
420 425 430

His Tyr Thr Gin Lys Sar Leu Ser Leu Ser Pro
_435 440

210> 36
211> 445



66/113

Q12> PRT
213> Artificial

{2205 .
223> An artificially synthesized peptide sequence

400> 3%
Gln Val Gin Leu &in &iu Ser Gly Pro Gly Lesu Vai Lys Pro Ser Glu

i 5 10 : 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Giu Trp
35 40 ' 45

|te Gy His 1ie Ser Tyr Ser Giy ile Thr Asn Tyr Asn Pro His Ley
50 55 80

Gin Asp Arz Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 79 75 )

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val Tyr Tur Oys
85 g0 85

hia hrg Phe Leu Ala Arg fie Thr Als His Asp His Trp Gly Glu &ly
160 105 110



Thr Leu Val Thr Val Ser Ser
{15

Pro teu Ala Pro Ovs Ser Arg
130 135

Gly Cys Leu Val Lys Asp Tyr
145 150

Asr Ser Giy Ala Leu Thr Ser
185

Gin Ser Ser Gly Leu Tyr Ser
180 '

"Ser Asn Phe Gly Thr &ln Thr
185

Ser Asn Thr Lys Va! Asp Lys
210 215

Cys Pro Pro Cys Pro Ale Pro
225 230

Phe Pro Pro Lvs Pro Lys Asp
245

Ala Ser
120

Ser Thr

Phe Pro

Gly Val

Lay Ser

185

Tyr Thr

200

Tar Val

Pro Val

Thr teu

- 67/113

Thr Lys Giy Pro Ser Val Phe
125

Ser Glu Ser Thr Ala Ala Leu
140

Glu Pro Val Thr Val Ser Trp
105 160

His Thr Phe Pro Ala VYal Leu
170 175

Ser Val Yai Thr Val Pro Ssr
160

Cvs Asn Ya! Asp His Lys Pro
205

Glu Arg Lys Cys Cys Val Glu
220

Ala Gly Pro Ser Yal Phe Leu
235 240

flet iie Ser Arg Thr Pro Glu
250 255



68/113

Val Thr Cys Vel Val Yal Asp Val Ser His &iu Asp Pro &lu Val Gin
260 265 210

Phe Asn Trp Tvr VYal Asp Gly Val Glu VYal His Asn Alg Lyvs Thr Lys
. 275 280 285

Pro Arg Blu Glu GIn Phe Asn Ser Thr Phe Arg Val Yal Ser Val lLeu
290 ' 205 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys fvs Lys
305 310 315 ‘ 320

Val Ser Asn Lys Gly Leu Pro Ala Pro {le Glu Lys Thr lie Ser Lys
325 | 330 335

Thre Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Biu et Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Vai Lys
355 360 ' 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
310 ‘ 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 360 385 400



69/113

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 Tys Ser Val Het His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro @iy Lys
435 4o 445

<210> 37

211> 443

<212> PRY

<213>  Artificial

{2200
<293>  An artificially synthesized peptide sesguence

400> 37
Gin Vel Gin Leu Gin Glu Ser 8iv Pro Giy Leu Va! Lvs Pro Ser Glu

1 5 HY 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lie Ser His Asp
20 25 30

His Afa Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

e &y Hi_s {le Ser Tyr Ser Giy lie Thr Asn Tyr Asn Pro His Leu
50 55 _ 80



70/113

Gin Asp Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn
85 ’ 70 75

Leu bys Leu Ser Ser Val Thr Ala Alas Asp Thr Ala Val
85 a0

Ata Arg Phe Ley Ala Arg {le Thr Ala His Asp His Trp
100 105

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lvs Gly Pro
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
130 135 : 140

Glv Cvs Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
145 150 155

Asn Ser Gly Ala Leu Thr Ser Giy Val His Thr Phe Pro
165 110

&in Ser Ser 8ly Leu Tyr Ser Lsu Ser Ser Val Val Thr
180 185

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Oys Asn Val Asp
195 200 205

Gin Phe Ser
80

Tyr Tyr Cys
85

Giy Gle Giy
110

Ser VYal Phe

hla Ala Leu

Val Ser Trp
160

Ata Val Leuy
175

Val Pro Ser
180

His Lys Pro



71113

Ser Asn Thr Lys Vai Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210" 215 - 220

Cvs Pro Pro Cvs Pro Ala Pro Pro Val Ala Giy Pro Ser Val Phe Leu
225 230 . 235 _ 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met !le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Vai Asp Val Ser Gin Gfu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 . 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 285 300

Thr Va! Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 _ 310 315 320

Yal Ser Asn Lys Gly Leu Pro Ala Pro ile Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350



72/113

Gin Glu Glu Met Thr Lys Ash GIn Val Ser Leu Thr Cys Leu Val Lys
385 360 365

Gly Phe Tyr Pro Ser Asp ile 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
385 300 K{ I 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trb fifn
45 410 415

Ghu Gly Asn Va!l Phe Ser Cys Ser Vai Met His Giu Afa Leu His Als
420 85 . 430

His Tyr Thr Gin Lys Ser teu Ser Leu Ser Pro
435 440

210> 38

Q211> 44b

212> PRT

213> Artificial

220>
223> An artificially svnthesized peptide seouence

400> 38



73/113

Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser tie Ser His Asp
20 25 30

His Ata Trp Ser Trp ¥al Arg Gin Pro Pro Gly &lu &ly Leu Glu Trp
35 40 45

Ile Gy Phe fle Ser Tyr Ser Gly lie Thr Asn Tvr Asn Pro Thr Leu
50 55 §0

Gin Gly Arg Val Thr 1le Ser Arg Asp Asn Ser Lvs Asn Thr Leu Tyr
85 70 75 80

Letu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg. Ser Leu Alz Arg Thr Thr Ala ¥et Asp Tyr Trp Gly Glu Gly
106 " 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser VYal Phe
115 120 ) 125

Pro Leu Ala Pro Cvs Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 ' 135 140



747113

Gly Oys Leu Val Lys Asp Tyr Phe Pro &lu Pro Vel Thr Val Ser Trp
145 150 155 160

hsn Ser Giy Ala Lew Thr Ser Gly Val His Thr-Phe Pro Ala Val Leu
165 170 175

&in Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Sar Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
185 ‘ 200 206

Ser Asn The Lys Val Asp Lys Thr Val Glu Arg Lys Cys Gys Yal Giu
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 tle Ser Arg Thr Pro Giu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp PrB_GEu Val &ln
260 285 20

Phe Asn Trp Tyr Val Asp Givy Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



75/113

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arz Val Val Ser Val Leu
290 295 SOQ

Thr Val Val His &ln Asp Trp feu Asn Bly Lys Gfu Tyr Lys Cys Lys
305 . 310 315 320

Val Ser Asn Lys Glv Leu Pro Ala Pro ile Glu Lys Thr lie Ser Lys
325 330 335

Thr Lys Gly Glp Pro Arz Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Giu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 - 385

Giy Phe Tyr Pro Ser Asp [ie Ala Val Glu Trp Glu Ser Asn Gly Gin
3 375 380

Pfc Glu Asn Asn Tyr Lys Thr Thr Pro Pro Mef Leu Asp Ser Asp Gly
385 380 385 400

Ser Pha Phe ey Tyr Ser Lys leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Giv Asn Val Phe Ser Cys Ser Va! Met His Glu Ala Leu His Afa
420 425 430



76/113

His Tyr Thr &in Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 ' 445

210> 39
211> 443
2tZ> PRT
213> Artificiel

{2207
223> An artificially synthesized peptide sequence

<AD0> 38
Gin Val GIn Lew Gin Glu Ser 8ly Pro Giy Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Yal Ser Gly His Ser lie Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Giuv Gy Leu Glu Trp
35 40 45

lte Gly Phe lle Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Thr Leu
- b0 56 80

Gin Gly Arg Va! Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
85 70 75 8G

Leu Gin Met Asn Ser Leu Arg Ala Gly Asp Thr Afs Val Tyr Tyr Cys
85 90 85



Ala Arg Ser Leu Ala
100

Thr Leu ¥al Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Lau Val Lys
145

"~ Asn Ser &ly Alz Leu

165

Gin Ser Ser Gly Leu
180

Ereg

Thr

Ser Ser

Ser

Asp
150

Thr

Lys
135

Tyr

Sar

Tyr Ser

Ser Asn Phe Gly Thr Gin Thr

195

Ser Asn Thr Lvs Vai Asp Lys

210

215

77113

Thr Ala Met Asp Tyr Trp Gly Glu &ly

105

110

Ala Ser Thr Lys &Gly Pro Sar Val Phe

120

125

Ser Thr Ser Gly Giy Thr Ala Ala Leu

140

Phe Pro Giu Pro Ya! Thr Val Ser Trp

155

160

Gly Val His Thr Phe Pro Ala Val Lsu

170

175

Leu Ser Ser Vai Val Thr Vai Pro Ser

185

180

Tyr Thr Cys Asn Val Asp His Lys Pro

260

205

Thr Val &lu Arg Lys Ser Oys Val &iu

220

Cys Pro Pro Cys Pro Ala Prb Pro Val Ala Gly Pro Ser Val Phe Ley

225

230

235

240
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Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [le Ser Arg Thr Pro Glu
245 B0 255

Val Thr Cys Val Val Val hsp Val Ser &ln Giu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Gio Gin Phe Asn Ser Thr Phe Arg Val Yal Ser Val Leu
250 295 300

Thr Val Vel His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Ovs Lys
305 oo 310 7 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro e Glu Lys Thr ile Ser Lys
325 330 335 -

Thr Lys Giy &In Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gin Giu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys lLeu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380



757113

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 385 400

Ser Phe Phe Ley Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Oys Ser Val Met His Glu Ala Leu His Ala
420 425 430‘

His Tvr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 40

21> 6

{212> PRT

<213> Artificial

220>
<223 hn artificially synthesized peptide sequence

<400> 40

His Asp His Ala Trp Ser
1 5

210> 41

CAR PN

212> - PRT

213> Artificlal
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{2205
<223> An artificially synthesized peptide seguence

<40G> 41

His lie Sar Tyr Ser Giy [le Thr Asn Tyr Asn Pro His Leu GIn Asp'
i 5 10 15

210> 42

211> 16

212> PRT

213> hkrtiticial

{2205 ,

223> An artificiaily synthesized peptide seguence

E00> 42

Phe ile Ser Tyr Ser Gly He Thr Asn Tyr Asn Pro Ser Leu an Gty
i 5 10 15

Q210> 43

211> 16

212> PRT

213> Artificial

2200 &
223> hn artificially synthesized peptide sequence

400> 43

Phe fle Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Thr Leu Gln Gly
1 5 - 10 15



210>
211>
LD
218

<9205
€293y

<4005

81/113

44

10

PRT
Artificial

An artificially synthesized peptide seouence

44

Phe Leu Alg Arg e Thr Ala His Asp His

1

10y
211>
212
Rk

220>
<223>

<400>

5 10

45

10

PRT
Artificial

An artificially synthesized peptide segusnce

45

Ser leu Ala Arg Thr Thr Ala Bet Asp Tyr

1

210>
211>
VAV Y
VAR Y

{220>

5 10
48
30
PRT
Artiticial
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223> An artificially synthesired peptide sequence
CA00> 46

Gin Val Gln Leu Gin Glu Ser Gly Pro Gly Leu VYal Lys Pro Sar Glu
1 ) 10 15

Thy Leu Ser Leu Thr Sys Alz Val Ser Gly Tyr Ser ile Ssr
20 ' 25 30

2100 47

211> 80

212> PRY

213> Artificial

220>
{223 An artificially synthesized peptide sequence

400> 47

Gin Val Gin Leu &ln Glu Ser Gly Pro Gly Leu Vai Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Va!l Ser Gly His Ser [le Ser
20 25 30

210> 48

i 14

212> PRT

213> Artificial

<2205
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223> An artificially synthesized peptide ssauence
CA00> 48

Trp Vai Arg Gin Pro Pro Giv Glu 81y Leu Glu Trp e Gly
1 5 10

210> 48

iy 32

212> PRY

213> Artificial

L2200
223> An artificially synthesized peptide seguence

<400> 48
Arg Val Thr 1le Ser Arg Asp Thr Ser Lys Asn &ln Phe Ser lLeu Lys

[ 5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Oys Ala Arg
20 25 30

{2i0> 50

Q21> 32

212> PRY

213> Artificial

<2207
223> An artificially synthesized peptide sequence

<400> 50
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Arg Val Thr iie Sar Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys
1 5 18 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 - 30

<210> 51

Zity 32

212> PRT

213> Artificial

{2207
(223> hn artificially synthesized peptide sequence

400> 51

hre Val Thr [le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu 8in
1 : 5 10 15

Met Asn Ser Leu Arz Ala Glu Asp Thr Ala Va! Tyr Tyr Oys Ala Arg
20 25 . 30

{2300 52
2ty
212> PRY
213> Artificial

2200
{203 An artificially synthesized peptide seguence

<400> 52
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Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser_
1 5 , 10

216> 53

211 1

<212 PRY

213> Artificial

220>

{223 An artificially synthesized peptide sequence

400> 53

Gin Ala Ser Arg Asp lflte Ser Ser His Leu Asn
1 5 10

210> o4

WAV b

212> PRT
"<213> Artificial

. <2200

223y An artificially synthesized peptide sequence

400> 54

Gin Ala Ser Thr Asp lle Ser Ser His Leu Asn -
1 5 10

Q10> 55
Q1 7
Q12> PRT
213> Artificial
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220>
<223> An artificially synthesized peptide sequence

400> 55

Tyr Gty Ser His Leu Leu Ser
1 5

210> 58

Qi 7

212> PRT

{218 Artificial

{220
975> An artificialiy synthesized peptide segusnce

<400> 56

Tyr Gly Ser Ris Leu Glu Ser
1 5

210> 57

211> 8

212> PRY

<213 Artificial

220>
233> An artificially synthesized peptide sequence

<400> 57

Gly Gin Gly Asn Arg Leu Pro Tyr Thr
i - 2]
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210> b8

211> 28

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 58

Asp lle Gin Wet Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
H 5 10 “1b

Asp Ser Val Thr iie Thr Gys
20

210> 58

211> 15

212> PRT

213> Artificial

Q220
223> An artificially synthesized peptide seguence

400> 5§
Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu ile Tyr

1 5 10 15

216> 60
21> 32
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212> PRY
<213 Artificial

{20
223> hn artificially synthesized peptide sequence

<400> 60

By Val Pro Ser Arg Phe Ser Giy Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 : 15

Phe The |le Ser Ser Leu Glu Ala Gluy Asp Ala Ala Thr Tyr Tyr Cys
20 25 ‘ 30

210> 61

21 10

212> PRT
4213 Artificial

{220>
223> An artificially synthesized peptide seauence

L400> 61
Phe Giv &In Gty Thr Lys Val Giu e Glu

1 5 10

210> 62
211> 448
212> PRT
213> Artificial

{2200
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223> An artificially synthesized peptide seuuence
LE00> 62
Giu Val Gin Leu Yal Glu Ser &y Gly Lys Leu leu Lys Pro Gly &ly

1 5 16 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe
20 25 30

hla Met Ser Trp Phe Arg Gin Ser Pro Giu Lys Arg Leu Glu Trp Val
35 40 45 '

hiz Giu Vte Ser Ser Giv Gly Ser Tyr Thr Tyr Tyr Pro Asp Thr Vai
50 55 60

Thr Gly Arg Phe Thr Tie Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
85 70 _ 75 80

Leu Glu et Ser Ser Leu Arg Ser Blu Asp Thr Ala ¥et Tyr Tyr Oys
85 90 a5

Ala Arg Gly Lsu Trp 8ly Tyr Tyr Ala Leu Asp Tyr Trp Gly Gin Giy
100 : : 106 110

Thr Ser Yal Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phs
115 120 125
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Pro Leu Ala Pro Ser Ser Lvs Ser Thr Ser Gly Giy Thr Ala Ala Leu
130 135 140

Gly CGys Leu Vel Lys Asp Tyr Phe Pro &lu Pro Val Thr Yal Ser Trp
145 : 150 155 160

Asn Ser Gly Afa Leu Thr Ser &ly Val His Thr Phe Pro Ala Val Ley
165 170 - 175

fiin Ser Ser Giv Leu Tyr Ser Leu Ser Ser VYai Val Thr VYal Pro Ser
180 i85 180

Ser Ser Leu Gly Thr Gin Thr Tyr fle Cys Asn Val Asn His Lys Pro
185 200 205

Ser Asn Thi Lys Val Asp Lys Lys Val Glu Pro Lys Ser Oys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu leu Gly 8ly Pro
225 230 235 240

Sar Val Phe Leu Phe Pro Pro Lvs Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Gilu ¥al Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 _ 265 270
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Fro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val &lu Val His Asn
275 280 ' 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Ash Ser Thr Tyr Arg Val
290 285 300

Val Ser Val Lsu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys &lu
305 310 315 s

Tyr Lys COys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro {le Glu Lys
‘ 325 330 335

Thr lle Ser Lvs Ala Lys Glv Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345 , 350

Leu Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn €ln Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp ile Ala Val &iu Trp Glu
370 : 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lvs Thr Thr Pro Pro Val Leu
385 : 340 385 400

fsp Ser Asp &ly Ser Phe Phe Leu Tyr Ser Lys lLeu Thr Val Asp Lvs
405 416 415
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Ser Arg Trp Gin Gin @iy Asn Val Phe Ser Oys 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

2100 63

211 213

212> PRY

213> Artificial

{2200
223> An artificially synthesized peptide saguence

400> 63
Gin e Val Leu {le Gin Ser Pro Ala lie Met Ser Ala SerrPro Gly

1 5 0 15

Glu Lys Val Thr Mat Thr Cys Ser Ala Ser Ser Ser Val Sar Tyr Het
20 25 30

Tyr Trp Tyr Gln &ln Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr
35 : 40 45

hsp Thr Sér Asn Leu Ala Ser Gly Val Pro Val Arg Pha Ser Gly Ser
50 55 60
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Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Net
85 70 75

ksp Alz Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Gly Tvr
85 8o

Phe 8ly Gly Gly Thr Lys Leu Giu lle Lys Arg Thr Val
100 105

Ser Val Phe {ie Phe Pro Pro Ser Asp Glu Gin Leu Lys
{15 120 125

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
130 135 o 14D

VYal Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn
145 150 188

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser
165 170

Thr Ley Thr Leu Ser Lve Ala Asp Tyr Glu Lvs His Lys
180 185

Cys Giu Val Thr His Gin &ly Leu Ser Ser Pro Val Thr
185 200 . 205

Glu Ala Giu
80

Pra Tyr Thr
ab

Ala Ala Pro
110

Ser Gly_Thr

Giu Ala Lys

Ser Gin Giu
180

Leu Ser Ser
178

Val Tyr Ala
180

Lys Ser Phe
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Astt Arg Giy Giu Cvs
210

Q210> 64
Q1> 448
212 BRT
213> Artificial

220>
(223> An artificially synthesized peptide sequence

400> 64
Giu Yal Gin Leu Val Glv Ser &ly Bly Lys Leu Leu Lys Pro &ly Gly

1 5 10 15

Ser Leu Lys Leu Ser Cvs Ala Ala Ser 8lv Phe Thr Phe Ser Ser His
20 25 30

Ala Bet Ser Trp Phe Arg Gin Ser Pro Glu Lys Arg Leu Glu Trp Va!
35 40 45

Ata Glu tle Ser Ser Gly Gly Ser Tyr Thr Tyr His Pro His Thr Val
50 55 60

Thr Gy Arg Phe Thr tle Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 : 75 _ 80
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Leu Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Qys
- 85 90 95

Ala Arg Gly Leu Trp Gly His Tyr Ala Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Ser Val Thr Val Sar Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 126

Pro Leu Aia Pro Ser Ser Lys Ser Thr Ser 8ly Gy Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phs Pro Glu Pro Vaf Thr Va! Ser Trp
145 150 155 169

Asn Ser Gly Ala Leu Thr Ser &ly Val His Thr Phe Pro Afa Val lLeu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leuy Ser Ser Val! Val Thr-Val Pro Ser
}80 185 180

Ser Ser Leu Gly Thr Gin Thr Tyr lle Gys Asn Val Asn His Lys Pro
195 200 - 205

Ser Asn Thr Lys Val Asp Lys Lys Val Giu Pro Lys Ser Cys Asp Lys
210 215 , 220
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Thr His Thr Ovs Pro Pro Oys Pro Ala Pro Glu Leu Leti Gly Gly Pro
225 _ 230 235 240

Ser Val Phe Leu Phe Prc Pro Lys Pro Lys Asp Thr Leu Het {le Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Vel Val Asp Val Ser His Giu Asp
260 265 270

Pro Glu Yal Lys Phe Asn ?rb Tyr Val Asp Gly Yal Giu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val
280 285 300

Val Ser Val Leu Thr VYal Leu His &In Asp Trp Let: Asn Gly Lys Glu
305 310 315 - 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325 . 330 335

Thr ile Ser Lys Ala Lys Gly Gin Pro Arg Giu Pro GIn Yal Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 - 360 365
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Ovs Leu VYal Lys 8y Phe Tyr Pro Ser Asp {ie Ala Val Glu Trp 8lu
370 375 380

Ser Aen 8ly Gln Pro &iu Asn Asn Tyr Lvs Thr Thr Pro Pro Val Leu
385 3480 385 400

ksp Ser Asp Gly Ser Phe Phe leu Tyr Ser Lys Ley Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phé Ser Cys Ser Val et His Glu
£20 425 430

Ala Leu His Asn His Tyr Thr Gln Lvs Ser Leu Ser Leu Ser Pro Gly
435 440 445 '

Lys

210> 65

21 213

<212> PRT

Q13 Artificial

{2200
223> hn artificially synthesized peptide sequence

400> 65

Gin ile ¥al Leu He Gin Ser Pro Ale ile Het Ser Ala Ser Pro Gly
1 5 I 5



@iu"Lys‘

Tyr Trp

Asp Thr
' 50

Gly Ser
85

‘Asp Ala
Phe Gly
Ser VYal
Ala Ser

130

Yal Gin
145

98/113

Val -Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 .2 ‘ 30

Tyr Gin Gln Lys Pro Gly Ser Ser Pro Arg Leu leu Ile Tyr
35 . o 4D 45 '

Ser Asn His Ala Ser Giy Val Pro Vail Arg Phe Ser Gly Ser
55 60 '

Giy Thr S-er-Tyr.,\l.Ser"lseu Thr H_e Ser Arg Met Glu Ala Siu
' 10 75 80

Ata Thr Tyr Tyr Cys Gin His Trp Ser Giy His Pro Tyr Thr
' -85 _‘ g0 . 85

Giy Gly Thr Lys Leu Biu lie Lys Arg Thr Val Alas Ala Pro
o1 105 110

Phe {le Phe Pro.Pro Ser Asp Giu Gin Leu Lys Ser Gly Thr
115 : 120 125

Yal Yal Cys leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
1358 140

Trp Lys Val Asp Asn Ala Leu Gin Ser &ly Asn Ser Gin Glu
150 N 155 160
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Ser Val Thr Giu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 ‘ 175

Thr Leu Thr Leu Ser Lys Alz Asp Tyr Glu Lys His Lys Val Tyr Ala
180 185 190

Cys Géu,Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
‘ 195 ' 200 205

Asn ﬁrg Gly Glu Cys
210

2100 66
211> 213
212> PRY
213> Artificial

{2
223> An artificially synthesized peptide sequence

400> 66
Gin iie Val Leu tle GIn Ser Pro Ala '|le Met Ser Ala Ser Pro Gly

1 5 10 ' 15

Giu Lys Val Thr Met Thr Cvs Ser Ala 3er Ser Ser Val Ser Tyr et
20 : 25 30



160/113

Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro
35 40

Asp Thr Ser His His Ala Ser &ly Val Pro Yal
50 55

Giy Ser Biy Thr Sar Tyr Ser Leu Thr fle Ser
85 70 15

Asp Ala Ala Thr Tyr Tyr Cys Gin His Trp Ser
85 ‘ 90

Arg Leu Leu e Tyr
45

hrg Phe Ser Gly Ser
80

Arg ¥et Glu Ala Glu
80

Giy His Pro Tyr Thr
95

Phe Gly Gly Gly Thr Lys Leu Glu [le Lys Arg Thr Val Ala Ala Pro

100 185

Ser Val Phe lls Phe Pro Pro Sar Asp Giu Gln
15 120 '

Ala Ser Val Val Cys Lsu Leu Asn Asn Phe Tyr
130 135

Val Gln Trp Lys Val Asp Asn Ala Leu Gin Ser
145 150 155

Ser Val The Giu Gin Asp Ser Lys Asp Ser Thr
165 : 116

110

leuLys Ser Giy Thr
125

Pro hrg Glu Ala Lys
140

Gly Asn Ser Gin Glu
160

Tyr Ser Leu Ser Ser
175



101/113

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lvs His Lvs Val Tyr Ala
180 185 180

Cys Giu Val Thr His GIn &ly Leu Ser Sar Pro Val Thr Lys Ser Phe
195 200 205

Asn Arg Gly Giu Cys
210

Q10> 67
AN
<2125 PRT |
Q1D Artificial

{2205 _ |
223> An artificially synthesized peptide sequence

<4005 67
Gin Val GIn Leu Val Gin Ser Gly Ala Giu Val Lys Lys Pro Gly Ala

i 5 10 15

Ser Val Lys Val Ser Ovs Lvs Ala Ser -Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Mot His Trp Val Arg Gin Ala Pro Gly Gin Gly Lew &lu Trp fet
35 40 45

Gly Tep tle Asn Pro Asn Ser Gly Gly Thr Asn Tvr Ala Glin Lys Phe
50 55 . 6D



1027113

Gin 8y Arg Val Thr ¥st Thr Arg Asp Thr Ser iie Ser
65 70 : 75

Wet Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val
85 : 90

Ala Arg Glu Asp VYal Val Pro Ala Ala Met Ser Phe Tyr
100 105

Asp Vai Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser
115 120 125

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
130 ‘ 135 140

Gly Giy Thr Ala Ala Leu Gly Cys Leu Vel Lys Asp Tyr
145 150 155

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
165 170

Thr Phe Pro Ala ?ai Leu Gin Ser Ser &y Lesu Tyr Jer
180 185

Val Yal Thr Va! Pro Ser Ser Ser Lsu Gly Thr Gin Thr
185 200 205

Thy Ala Tyr
80

Tyr Tyr Cys
g5

Tyr Giy et
110

Ala Ser Thr

Ser Thr Ser

Phe Pro Glu
160

Gly Val His
175

Letr Ser Ser
180

Tyr ile Cys
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Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
210 215 220

Pro Lys Ser Oys Asp Lys Thr His Thr Cys Pro Pro Gys Pro Ala Pro
225 230 235 240

Glu Leu Leu Giy Gly Pro.Ser Val Phe Lau Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu et lle Ser Arg Thr Pro Glu Val Thr Ovs Val Val Val
260 265 270

Asp Va? Ser His Giu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 286G 285

Gly Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
2580 295 360

Asn Ser Thr Tyr Arg Val Val Ser Va! Leu Thr Val Leu His Gln Asp
305 310 315 320

Trp Leu Asn Gly Lys Glu Tyr Lys Oys Lys Val Ser Asn Lys Ala Leu
RY 330 _ 335

Pro Ala Pro iie Glu Lys Thr |le Ser Lys Ala Lys Gly Gin Pro Arg
340 345 350



104/113

Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
355 360 - 365

~ Asn Gin Val Ser Leu Thr Cys Leu Yal Lys ély Phe Tyr Pro Ser Asp
370 375 380

{le Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
385 380 385 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Loy Thr Yal Asp Lys Ser Arg Trp Glin Gin Gly Asn VYal Phe Ser
420 A5 430

Cys Ser Val Met His &lu Als Leu His Asn His Tyr Thr Gin Lys Ser
435 440 445

Leu Ser Leu Ser Pro Gly Lys Gly
450 455

<210> 68

211> 214

212> PRT

213> Artificial

L2207
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223> An artificially synthesized peptide sequence
<400> 68
Leu Pro Val Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly Gin

1 : 5 : 10 15

Thr Ala Arg tle Thr Cys Gly @ly Asn Asn fle 8ly Ser Lys Thr Vai
20 25 30

Tyr Trp Tyr Gin Gin Glu Pro Gly Gin Ala Pro Val Leu Val Val Tyr
35 &) ‘ 45

Asp Asp Thr Asp Arg Pro Ala Gly lle Pro Glu Arg Phe Ser Gly Als
50 ‘ 55 60

© hsn Ser Gly Asn Thr Als Thr Leu Thr lle Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ya! Trp Asp Ser Ser Thr Asp His
85 80 g5

Giv Yal Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gin Pro Lys
100 105 10

Ata Asn Pro Thr Val Thr Lau Phe Pro Pro Ser Ser Glu Giu Leu Gln
115 : 120 125
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Aia Asn Lys Ala Thr Leu Vai Cys Leu [le Ser Asp Phe Tyr Pro Gly
130 | _ 135 140

Ala Val Thr Val Ala Trp Lys A%a‘Asp,GEy”Sef Pro Val Lys Ala Gly
145 T 150 . 155 160

Val Giu Thr Thr Lys Pro Ser Lys Gin Ser Asn Asn Lys Tyr Ala Ale
165 170 175

Ser Ser Tyr Leu Ser beu Thr Pro &lu Gin Trp Lys Ser His Arg Ser
180 ) 185 180

Tyr Ser Cys Gln Val Thr His &lu &ly Ser Thr Val Glu Lvs Thr Val
145 200 205

Ala Pro Thr Glu Cys Sef
210

210> 69
211> 456
<212> PRT
Q213> Artificial

220
<223> An artificially synthesized peptide seguence

<400, 69

Gin Yal Gln Leu Val Gin Ser Gly A!é Glu Val Lys Lys Pro Gly Ala
} 5 10 ib
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Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr 8y Tyr
20 ' 25 30

His #et His Trp Val Arg &In Ala Pro Gly Gln Glv Leu Giu Trp Met
35 40 45

Gly Trp lle Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
50 - 55 60

Gin Gly Arg Val Thr Het Thr Arg Asp Thr Ser ile Ser fhr Ala Tyr
85 70 ' 75 : 20

Het Glu Leu Ser Arg ieu Arg-Ser Asp Asp Thr Ala Val Tyr Tyr Cys
8 ) 90 ‘ a5

_Ala Arg Giu Asp Val Vai Pro Ala Ala Wet Ser Phe Tyr Tyr Gly Wet
160 105 110

hep Val Trp 8ly Arg Qly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
115 120 125

Lvs Giy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 ‘ 135 140

Gly Gly Thr Ala Ale Leu Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu
145 150 155 160



1087113

Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser Giy Val His
185 170 175

Thr Phe Pro Als Vai Leu Gln Ser Ser Glv Leu Tyr Ser ieu Ser Ser
180 185 18D

Vai Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr lle Lys
145 200 205

Asn Yal Asn His Lys Pro Ser Asn Thr Lys Vai Asp Lvs Lys Val Giu
219 215 220 :

?ro Lys Ser Gys Asp Lys Thr His Thr Gvs Pro Pro Gvs Pro Ala Pro
225 230 235 240

Giu leu Leu Gly Gly Pro Ser Vel Phe Leu Phe Pro Pro Lys Pro Lys
245 260 255

Asp Thr Leu Met fle Ser Arg Thr Pro Glu Vai Thr Gvs Val Val VYal
280 265 270

Asp Yzl Ser His Giu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 ' 285

Gly Vai Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
260 285 306



109/113

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp
308 310 315 320

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
325 330 335

Pro Ala Pro lle Glu Lys Thr ile Ser Lys Ala Lys Gly Gin Pro Arg
340 T 345 350

- Giu Pro Gin Val Tyr Thr Leu Pro Prm-Ser hrg Asp Glu Leu Thr Lys
3585 360 365 -

Asn Gin VYal Ser Leu Thr Cvs Leu Val Lys Gly Phe Tyr Pro Ser Asp
3 375 380

lte Ala Val Glu Trp Glu Ser Asn Giy Gin Pro Glu Asn Asn Tvr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Giy Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln &ln Giy Asn Vai Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
435 440 445



110/113

Leu Ser Leu Ser Pro Gly Lys Gly

450

210>
211>
Q12
Q213>

226>
223>

460>

455
10
449
PRT
Artificigl
An artificially synthesized peptide sequence

10

Gin Val Gin Leu GIn Giu Ser Gly Pro Gly Leu Val Lvs 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

Gln Ale Trp Ser Trp Val Arg Gin Pre Pro Gly Glu Gly Leu Giu Trp

35 . 40 45

lie Giy Tyr 1ie Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu

50

55 60

Lys Gly Arg Val Thr [le Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser

65

70 15 80



Leu Lys Leu Ser Sar Val Thr
85

Ala Arg Ser Leu Ala Arg Thr
100

Thr Leu Vel Thr Yal Ser Ser
115

Pro Leu Ala Pro Ser Ser Lys
130 135

Gly Cys Lau Vai Lys Asp Tyr
145 150

Asn Ser Gly Ala Leu Thr Ser
‘ 165

Gin Sar Ser Giy Leu Tyr Ser
180

Ser Ser Leu Gly Thr Gin Thr
185

Ser Asn Thr Lys Val Asp Lys
210 215

111/113

Alz Ala Asp Thr Alz Ala Tyr Tyr Cys
40 95

Thr Ala Met Asp Tyr Trp Gly Glu Gly
105 110

Ala Ser Thr Lys Gly Pro Ser Val Phe
120 126

Ser Thr Ser Gly Gly Thr Afa Alz Leu
140

Phe Pro Glu Pro Va! 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 tle Gys Asn Yal Asn His Lys Pro
200 205

ivs Val Glu Pro Lys Ser Cyvs Asp Lvs
220



Thr His Thr Oys Pro
225

Ser Val Phe Leu Phe
245

Arg Thr Pro Glu Val
280

Pro Glu Val Lys Phe
275

Ahla Lys Thr Lys Pro
290

¥al Ser VYal Leu Thr
305

Tyr Lys Cys Lys Val
325

Thr tle Ser Lys Ala
340

112/113

Pro Oys Pro Ala Pro Giu Leu Leu
236 235

Pro Pro Lys Pro Lys Asp Thr Leu
250

Thr Cys Yal Val Val Asp Val Ser
265

Asn Trp Tyr Val Asp Giy Val Glu
280 285

Arg Glu Glu Gin Tyr ksn Ser Thr
245 300

Val Let His 8in Asp Trp Leu Asn
310 315

Ser Asn Lys Ala Lsu Pro Ala Pro
330

Lys Gly Gin Pro Arg &iu Pro Gin
345

Leu Pro Pro Ser Arz Asp Glu Leu Thr Lys Asn Gln Val

355

360 365

Gly Giy Pro
240

Met |le Ser
255

His Glu Asp
210

Val His Asn

Tyr Arg Val

Gy Lys &iu
320

tle Giu Lys
335

Val Tyr Thr
356

“Ser Leu Thr



113/113

Cys feu Val Lys iy 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 | - 385 : 40

hsp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lvs Leu Thr Val Asp Lys
' 405 410 415

Ser Arg Trp Gin &In &1y Asn Val Phe Ser Cys Ser Val Met His Giu
420 425 £30

Ala Leu His Asn His Tyr Thr Gln Lvs Ser Leu Ser Leu Ser ?ro Gly
435 440 445

Lys
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