Non-Patent Document 2: Paviou AK, Belsey MI. The therapeutic antibodies market to 2008. Eur
I Pharm Biopharm. 2005 Apr;5%(3):389-96

Non-Patent Document 3: Kim SJ, Park Y, Hong HI. Antibody engineering for the development
of therapeutic antibodies. Mol Cells. 2005 Aug 31,20(1):17-29, Review ,

Non-Patent Document 4: Hinton PR, Xiong M, Johlfs MG, Tang MT, Keller S, Tsurushita N.
An engineered human IgG1 antibody with longer serum half-life. J Immunol. 2006 Jan
1:176(1)346-56 _ :

Non-Patent Document 5: Ghetie V, Popov §, Borvak J, Radu C, Matesoi D, Medesan C, Ober R,
Ward ES, Increasing the serum persistence of an IgG ﬁfagment by randorm mutagenesis. Nat
Biotechnol. 1997 Jul;15(7):637-40 '

Non-Patent Document 6: Rajpal A, Beyaz N, Haber L, Cappuccilli G, Yee H, Bhatt RR,
Takeuchi T, Lemer RA, Crea R. A peneral method for greatly improving the affinity of
antibodies by using'combinatoriai Hbraries. Proc Natl Acad Sci U S A, 2005 Jun
14;102(24):8466-71. Epub 2005 Jun 6

Non-Patent Document 7: Wu H, Pfarr DS, Johnson S, Brewah YA, Woods RM, Patel NE, thtc
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 Respiratory Tract. J
Mol Biel. 2007, 368, 652-665 _ _
Non-Patent Document 8: Flanson CV, Nishiyama Y, Paul S. Catalytic antibodies and-their
applications. Cur Opin Biotechnol. 2005 Dec;16(6):631-6 ‘

Non-Patent Document 9: Rathanaswami P, Roalstad S, Roskos L, Su QJ, Lackie S, Babeook J.
Demonstration of an in vivo generated sub-picomolar affinity fully human monocional anﬁbcdy
to interleukin-8. Biochem Biophys Res Commur. 2005 Sep 9;334(4):1004-13

Summary-eithe-rvention _
[Problems to be solved by the inventienDisclosure]

The above noted circumstances led to the discoveries of the present inventiendisclosure.
Accordingly, an objective of the present mventiondisclosure 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 compesitions containing such antigen-binding molecules, and
methods for producing such molecules and compositions,

[Means for Solving the Problems]

Dedicated studies on methods for binding polypeptides having antigen-binding ability,

such as antigen-binding molecules, to the anfigens multipie times, and methods for improving



the half-lives of -such molecules in plasma (biood) (improving their pharmacokinetics) were
conducted herin.  As & 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 plasma (blood), it would be able to bind to antigens multiple times and have a longer
- halfHife in plasma.

Accordingly, the presmllt imventiondisclosure relates to methods for binding antigen-binding
molecules to antipens multiple times, methods for improving the pharmacokinetics of
antigen-binding moleculss, and methods for producing antigen-binding molecules with improved
pharmacokinetics; the present m@nﬁaﬁ_d_mck}__sgﬁ also relates to antigen-binding molecules that are |
capable of binding to antigens multiple times and antigen-binding molecules with improved
pharmacckinetics. More specifically, the present ipventiondisclosure providés;

[11 an-anﬁgaﬂ-binding molecule having a KDPHS.8YKD{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 KID(pHS.8)/KD(pH7.4) value is 10 or
higher; '

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

[4] the anfigen-binding molecule of any one of {17 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 molecuie
has an antagonistic activity; ‘
[6]. the antigen-binding molecule of any one of [ 1] to [5], wherein the antigen-binding molecule
binds t0 & membrane antigen or a soluble antigen;

[7} the antigen-binding molecuie of any one of [1] to [6], wherein the antigen-binding molecule
is an antibody;

{81 a pharmaceutical composition comprising the antigen-binding molecule of emy one of {17 to
7%

[9} 2 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 pF
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;



[50] & pharmaceutical composition comprising an antigen-binding molecule produced by the
production method of any one of [43] 1o [49].
[Effects of the InveationDisclosure]

The present %ﬁ%ﬂéeﬁdisciosm;e provides methods for making singlc 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 canbe
improved and such molecule can exert mote superior in vivo effects than those of ordinary
antigen-binding molecules.

In one aspect, there is provided a pharmaceutical composition comprising an antibody having

a KD}pHS 8VEKD{(pHT.4) value, defined as the ratio of KD for the antizen at pH 5.8 and KD for the
antigen at pkl 7.4, of 2 or higher and 10000 or less, and having a longer half-life in plasma. wherein at

least one amino acid of the variable region has been substituted with histidine, or at least one histidine
nias been inserted into the variable recion.

Brief Deserintion of the Drawings

FI(. 1 is & diagram depicting a dsgradation pathway of antibodies bound to
membrane-bound antigen. '

FEG 2 is a disgram depicting a mec henism by which EgG molecules are salvaged by
FcRa. ‘ ‘

FIG. 3 is 2 schematic diagram depicting the re-binding of IgG molecules to new antigen
following dissociation from membrane-bound antigen within endosomes.

FIG, 4 is a schematic diagram depicting the re-binding of IgG molecules to new anfigen
following dissociation from soluble anfigen within endosomes.

FIG. 5 is a diagram depicting the process of panning using an antigen-immobilized
column.

. FIG. 6 presents graphs depicting the results of phage ELISA for clones acqun*ed by
colurnn panming.  The upper graph depicts WT and the lower graph depiets CLJ.

FIG. 7 is a graph depicting the biclogical neutralization activity of 4
pH-dependently-binding anti-IL-6 receptor antibodies. ‘

FIG. B presents graphs depicting results of Biacore sensorgram for binding of
pH-dependently-binding anti-IL-6 recepior antibodies fo soluble IL-6 receptor at pH 7.4, The
top graph depicts WT, the second graph from the top depicts H3pl/L73; the third frraph from the
top depicts H170/L82; and the botiom daplcts CLHB5/L73.
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FIG. 9 presents graphs depicting results of Biacore sensorgram for binding of
pH;dapendentljf-b.mding anti-IL-6 receptor antibodies to soluble [L-6 receptor at pH 5.8.  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 graph depicts CLHS/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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CLAIMS

1. Apharmaceutical composition comprising an antibody having a KD(pHS5.8)/KD(pH7.4)
value, defined as the ratio of KD for the antigen at pt 5.8 and KD for the antigen at pH 7.4,
of 2 or higher and 10000 or less, and having 2 longer half-life in plasma, wherein at least one
amino acid of the variable region has been substitted with histidine, or at least one histidine
hasg been inserted inio the variable region.

2. The pharmaceutical composition of claim 1, wherein the antibody has the
KD{pH5.8Y/KD(pH7.4) value, defined as the ratio of KD for the antigen at pH 5.8 and K> for
the antigen at pH 7.4, of 10 or higher.

3. The pharmaceutical composition of claim 1, wherein the antibody has the
KD(pH5.8YKD(pH7T.4) value, defined as the ratic of KD for the antigen at pH 5.8 and KD for
“the antigen at pH 7.4, of 40 or higher.

4. The pharmaceutical composition of any one of claims 1 to 3, wherein the antibody has an
antagonistic activity,

5. The pharmacentical composition of any one of claims 1 io 4, wherein the antibody binds
0 a membrane antigen or 2 soluble antigen.

6. The pharmacentical compesition of any one of claims 1 to 5, wherem the antibody binds
to an antigen selected from the group consisting of 1L-1, IL-2, TL-3, IL-4, I1.-5, IL-6, TL-7,
IL-8,¥0.-6, IL-10, TL-11, 1D-12, IL-15, IL-31, 1123, TL-2 receptor, IL-6 receptor, OSM
receptor, gpl30, IL-5 receptor, CD40, CDA4, Fas, osteopontin, CRTHZ, CD26, PDGE-D,
CD20, monocyte chemotactic factor, CD23, TNF-o, EMGE-1, o4 integrin, ICAM-1, CCR2,
CDila, CD32, IFNy, BLyS, HLA-DR, TGF-8, CD52, and TL-31 receptor.
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CLAIMS

1. An -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-biug malecule of claim 1, wherein the KD(pH5.8)Y/KD(pH7.4) value is 1 or
higher. '

3. The antigen-binding of claim 1, wherein the KD{pHS5.8Y/KD(pH7.4) value is 40 or
higher.

4. The antigen-binding molecule of‘any one of claims | to 3, wherein at least one amvino acid of
the anfigen-binding molecule has been\gubstituted with histidine, or at least one histidine has

been nserted into the antigen-binding mdecule.

5. The antigen-binding molecule of any one off¢laims 1 to 4, wherein the antigen-binding

molecnle has an antagonistic activity.

6. The antigen-binding molecule of any one of claims ¥, to 5, wherein the antigen-binding

molecuie binds o a membrane antigen or a soluble antigdp.

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 molégule of any one of claims
1w 7.

9. A method for improving the pharmacokinetics of an antigen-binding moleciie by impairing
the antigen-binding activity of the antigen-binding molecule at pH 5.8 as comparyd to that at pif

7.4,

10. A method for increasing the number of times of antigen-binding for an antigen-bindi
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5

compared to that at pH 7.4.
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11. s ethod for jncreasing the number of antigens that can be bound by an antigen-binding
molecul impairing the antigen-binding activity of the antigen-binding molecule at pH 3.8 as

compared b, that af pH 7.4.

12. A method fo? dissociating within a cell an antigen from an extracellularly-bound
antigen-binding molgeule by impairing the antigen-binding activity of the antigen-binding

molecule at pH 5.8 assompared to that at pH 7.4,

13. A method for relaasin 50 antigen-binding molecule, which has been bound to an antigen and
infernalized into a cell, in an axtigen-free form to the outside of the cell by impairing the

antigen-hinding activity of the attigen-binding molecule at pH 5.8 as compared to that at pH 7.4.

14. A method for increasing the abilithof an antigen-binding molecule to eliminate an anfigen in
plasma by impairing the antigen-binding getivity of the antigen-binding molecule at pH 5.8 as

cornpared to that at pH 7.4,

15. The method of any one of claims 9 to 14, whigein the KD{pHS.8YKD(pH7.4) value, defined
as the ratio of KD for the antigen at pH 5.8 and KD\or the antigen at pH 7.4, is 2 or higher.

16. The method of any one of claims 9 to 14, wherein theKINpHS. 8YED(pH7.4) value is 16 or
higher. \

17. The method of any one of claims 9 to 14, wherein the K

3.8/ KD(pH?7.4) vatue is 40 or
higher.

18. A method for improving the pharmacokinetics of an an‘figcnwbindin molecule by
substituting at least one amino acid of the antigen-binding molecule with h*id'me, or inserting at

izast 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 kistidine,

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

20. A method for increasing the nomber of antigens that can be bound by an antigen-binding N
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,

or inserfing at least one histidine into the antigen-binding molecule.
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215A method for dissociating within a cell an antigen from an extracellularly-bound
antigén-binding molecule by substituting at least one amino acid of the antigen-binding
molecube with histidine, or inserting at least one histidine into the antigen-binding
molecule.

22. A method Yor 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 leastone amino acid of the antigen-binding molecuie with histidine, or
inserting at least onehistidine into the antigen-binding molecule.

23. A method for increas 1ig the ability of an antigen-binding molecule to eliminate an
antigen in plasma by substit iting at least one amino acid of the antigen-binding molecule
with histidine, or inserting at keast 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(pHS.8)/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(pH35.8)/KD(pil7.4) value before thistidine substitution or insertion.

25. The method of any one of claims 9 fo herein 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
antibody.

aptigen-binding molecule is an
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28. A'pharmaceutical composition comprising an antigen-binding molecule produced by
a method\comprising the steps of:

{a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to
pH 10.0;
(b) determining
pH 6.5;

(c) selecting the antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH
10.0 is greater than tha?\& pH 4.0 to pH 6.5;

(d) obtaining the gene encdding the antigen-binding molecuie selected in (c); and

{e} producing the antigen-bif\ﬁi{ng molecule using the gene obtained in (d).

29. A pharmaceutical oompositi\o\x}\ omprising an antigen-binding molecule produced by
a method comprising the steps of:

e antigen-binding activity of the antigen-binding molecule at pH 4.0 to

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

{(b) allowing the antigen-binding molecuie boupd to the antigen of (a) to stand under a
condition of pH 4.0 to pH 6.5;

(c) collecting the antigen-binding molecule that\c}s octated under the condition of pH 4.0
to pH 6.5; \
(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and

(e) producing the antigen-binding molecule using the genegbtained n {d).

30. A pharmaceutical composition comprising an antigen-bindihg molecule whose
binding activity at a first pH is greater than that at a second pH, wherein the antigen-
binding molecule produced by a method comprising the steps of:
(a} binding an antigen-binding molecule to an antigen-immobilized collupn under the
first pH condition;

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

(¢} 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).
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31. A'pharmaceutical composition comprising an antigen-binding molecule whose
bindingactivity at a first pH is greater than that at a second pH, wherein the antigen-
binding mylecule is produced by a method comprising the steps of:

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

(b) eluting the ahtigen-binding molecule from the column under the second pH condition;
(c) amplifying thé\
(d) collecting the elited antigen-binding molecule;

(e) obtaining the gene'encoding the antigen-binding molecule collected in {(d); and
(f) producing the antigencbinding molecule using the gene obtained in (e).

ene encoding the eluted antigen-binding molecule;

32. The pharmaceutical comyposition of claim 30 or 31, wherein the first pH is 6.7 to 10.0
and the second pH 18 4.0 to 6.3

33. The production method of anyone of claims 28 to 32, which further comprises the
step of substituting at least one aming acid of the antigen-binding molecule with histidine,
or inserting at least one histidine into the antigen-binding molecule.

34. The production method of any one of ¢laims 28 to 33, wherein the antigen-binding
molecule is an antibody.




