1 DESCRIPTION ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO OR MORE
ANTIGEN MOLECULES REPEATEDLY 5 Technical Field The present invention relates to
methods for improving the pharmacolcinetics 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 10pharrnacolcinetics, antigen-binding molecules having increased number
of times of antigen-binding, and methods for producing such molecules. Background Art Antibodies

are drawing attention as pharmaceuticals as %ﬁg&ﬁ% stable in plasma 15and have few adverse
effects. At present, a number of IgG-type antibody pha euticals are available on the market and
many more antibody pharmaceuticals are currently under development (Non-Patent Documents 1 and

2) Meanwhile ARTiEENeR NDIRgEE S AARCANE © SraPNEgsPeAlioRRT e AREEKtcals have
been developed, including those rf lon, antigen-binding ability,
pharmacolcinetics, and stability, m}ﬁ%@gﬁgﬁggﬁg@g&ﬁ%&ﬁ&%%unogemdw (Non-Patent
Docéiment 3). In general, the requisite dose of an antibody pharmaceutical is very high. This, in turn,
has led tpdaabianssiguch as high production cost, as well as the difficulty in producing subcutaneous

formulations. In gé]eor%/, the dose of an antibody pharmaceutical may be reduced by improving antibody

pharmacolcineticS PRI G SRR 1 SSEBmEY medpremacokirrianafature has
reportedantéghodintbngnprisvides antiboeth phwitn anokisatict e sing tetific iah st b titutien-dfraitaineracids
in constap; %Mﬂf@éﬁ@&@?%@ﬂ%@%ﬁﬁﬂ%@diﬁg‘?ﬂéf&ufﬂe@Hgyi]ﬁ%%{f:?g%ﬂhas been reported

as a technology for enhancing antigen-binding ability or antigen-neutrali n‘g‘actlwt (Non-Patent
Dotumeht B E’?&%ﬁ%@ﬁﬁ%ﬁé‘ﬁf@?@ﬁ@ﬁ%‘%@ Hih e b iRt introduction of
amino aeitiprtdiislisgniodheBhR ROrydoiawerimbleadgion or such. The enhancement of
antigen-binding ability enables improvement of in vitro biological activity or reduction of dosage, and

further epnahles improvement of in vivo efficacy (Non-Patent Document 7). The
antigen-ﬁ%ﬁ’%ﬁ%%pacity of a single antibody molecule depends on its affinity. By increasing the

affinity, an antigémiéanie aeutralinag:nesivallarmmatictof ansantihogir3ByaNobBeH gskan be
usesl to gnbancedleAviRadyalinity FHbgIme ?ﬁ‘nﬁfbg}%ﬁfgw%rpe 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

20 the risk of immunogenicity (Non-Patent Document 3). In general, the requisite dose of an
antibody pharmaceutical is very high. This, in turn, has led to problems, such as high
production cost, as well as the difficulty in producing subcutaneous formulations. In theory, the
dose of an antibody pharmaceutical may be reduced by improving antibody pharmacokinetics or
improving the affinity between antibodies and antigens.

25 The literature has reported methods for improving antibody pharmécokinetics using
artificial substitution of amino acids in constant regions (Non-Patent Documents 4 and 5).
Similarly, affinity maturation has been reported as a technology for enhancing antigen~binding
ability or antigen-neutralizing activity (Non-Patent Document 6).  This technology enables
enhancement of antigen-binding activity by introduction of amino acid mutations into the CDR

30 region of a variable region or such. The enhancement of antigen-binding ability enables
improvement of in vitro biological activity or reduction of dosage, and further enables
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 neutralized by smaller amount of an antibody.

35 Various methods can be used to enhance the antibody affinity. Furthermore, if the affinity

could be made infinite by covalently binding the antibody to the antigen, a single antibody



could be made infinite by covalently binding the antibody to the antigen, a single antibody 2 molecule
could neutralize one antigen molecule (a divalent antibody can neutralize two antigen molecules).
However, the stoichiometric neutralization of one antibody against one antigen (one divalent antibody
against two antigens) is the limit of pre-existing methods, and thus it is impossible to completely
neutralize antigen with the smaller amount of antibody than the amount 5 of antigen. In other words,
the affinity enhancing effect has a limit (Non- Patent Document 9). To prolong the neutralization effect

of a neutra |Z|n %E{) a certain PeI’IOd the d must %a(admlnlstered at a dose higher than
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antlgen-neutral effect for a tar et period with smaller amount of the antibody than the amount of
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hydrolyzing its pept| e bonds. An antibody can repeatedly neufralize antig e s by catalyzing guch
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at a same dose ascoodipaveth terdsr wdmmmﬁh@ﬂtah/a@tﬂgentmhznﬁl@z&@bﬁw s Lesgibedabove,

there ha%ﬁtpﬁﬁ 10 J8RAKLS, %%rod C qre 255u erl inVivo effect than
ordinary neutra%lz?ng anaé) d?es tﬁ9 % a smg e anUbodyﬁ%ﬁn fzmsén qI110 Cﬁtlgen molecules.

Thus, frEfH 4R SO SHHESES re ﬁ‘;efﬁt’j%Féh@%ﬁéﬁ%ﬂ“%aﬁu%ﬁlwf&h%ﬁénﬁ%dﬁ@b‘éﬂfbr new
technola@amm@twﬁaaamdu@t@o@fmehﬁnmey m@p&eaﬁmﬂﬂe@eﬁmaﬂmﬁtwo effect
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and technologies for producing them. However, there have been no reports of catalytic
antibodies having sufficient catalytic activity as a pharmaceutical agent.  Specifically, in an

20 antibody in vive 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 to an ordinary non-catalytic neutralizing
antibody.

As described above, there have been no reports of antibodies that can produce a more

25  superior in vivo effect than ordinary neutralizing antibodies through a single antibody
neutralizing 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
novel antibody molecules having a stronger in vivo effect than ordinary neutralizing antibodies
by individually neutralizing multiple antigen molecules.

30 Prior art documents related to the present invention are shown below:
[Prior art documents]
[Non-Patent Documents]
Non-Patent Document 1. Monoclonal antibody successes in the clinic. Janice M Reichert, Clark
J Rosenswelg, Laura B Faden & Matthew C Dewitz, Nature Biotechnology 23, 1073-1078

35 (2005)



35(2005) 3 Non-Patent Document 2: Pavlou AK, Betsey MJ. The therapeutic antibodies market to
2008. Eur J Pharm Biopharm, 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):17-29. Review 5 Non-Patent Document 4: Hinton PR, Xiong JM, 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 S, Borvak J, Radu C, Matesoi D, Medesan
C, Ober RJ, Ward ES. Increasing the serum persistence of an IgG fragment by random
mutagengsisi-Reteni0Biotentnicl; PeapwakL SiFrasii 0 Notheapent Dotimdins &raRigptl 2X008elaz N,
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the Upper and Lower Respirator Tra g J Mal B ol 2007, 368, ?%%% Non-Patent Document 8:

Hanson CY? RigHSERLYMea ($Q] Vc‘%}ml B ETHR B8RS 288 8hin Biotechnol.

2005 Dec]1616)1632663don-Patent Document 9: Rathanaswami P, Roalstad S, Roskos L, Su Q.J,

Lackie S @&P@Q&%@Q&&Q%%@ﬁ&ﬁf@%%w Q, %}%@t?d@@a @'0191%{8&{ AUl AURRR R
monoclonal antibody to interleukin-8. Biochem Bl%pm/s es Commun. 2005 Sep 9; 334(4%‘]1004 13 25
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and methods for improving the 30pharmacokinetics of anti inding molecules, as well as
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for improwig Ybung 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 Biol. 2007, 368, 652-665
Non-Patent Document §: Hanson CV, Nishiyama Y, Paul S. Catalytic antibodies and their

20  applications. Curr Opin Biotechnol. 2005 Dec;16(6):631-6

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

25  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

30  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 compositions containing such antigen-binding molecules, and
methods for producing such molecules and compositions.
[Means for Solving the Problems]

35 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



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-bcinding activiy at the pH of plasma (blood), it would
be able to bind to antigens multiple times and have a longer 5half-life in plasma. Accordingly, the
present invention relates to methods for binding antigen-binding molecules to antigens multiple 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 to
antigen-thaiadf hete odlss thapkaeiits sapsteadbitndigrprantigeths irllaphacirkiesasd wettgen-binding
igen B e N AL B E e e Y40 fo the.
antigen-binding molecule having a : .4) value, defined as the.ratio of 10.for the
antigen ZETACS AT E8 TP AR SP O B o UG Lrn T3F e A QU BFRNG Motecule
of [1], whireititherkddipHBIBNKD{pFRId beaiblke o bindrtd Bhigsas, nBllple tmtgenddindémy!ongkecule of
[1], vghergmfmgelﬁpﬁ%@/KD(pH?A) 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-bindi olecule has.been substituted
Wit hisidine. or SERSELTGh MEAE WS DUAR S0HEs T T BB ARG WORie. o] the
antigen-birdéavglescstesufeafsanyltople tinks] todiihdyHereimptlee iagtige pHeimdingkmeleswie has an
antagonighig activiiyii iRl ﬁ%%an@g%&%@imm@%tﬁl%g%ﬁ%%h@iﬁg RlihrE N 8aproved

antigen-binding molecule binds to a membrane antigen or a soluble antigen; 2557] the antigen-binding
moleculePBFERFBRETITH] 1S BT HSREing %i%ﬂgsﬁis%ﬁaiﬁ@tW* a%éﬁ% BAlEHIBOE 715] a
phartnaceatatdd obimpdsitian aomprisimg the antigendbndipgnrboldgerofameometbifdptovfd], [9] a
method for Improying &g p%ﬂ%&%@%‘ﬂgf ﬁ%%@@ﬂ%%%&ﬁ?&%@&“'e by impairing 30 the

antigen-binding a'ctivi;[}/éiof the antigen-binding molecule at pH 5.8 as compared to that at pH 7.4; [10]

a method bRt AR MAEL GRS i NRIEh iRk oA ArigeRsin aghiBtiecifie by
impairinddbefantigentbindimgpHchiginn o kibefantgemipndistopi dldcul atr pib%e8 as compared to that at
pH 7.4, ?2] the antigen-binding molecule of [1], wherein the KD(pH5.8)/KD(pH7.4) value is 10 or
15 higher;
[3] the antigen-binding molecule of [1], wherein the KD(pHS5.8YKD(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
20  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 soluble antigen;
25 [7] the antigen-binding molecule of any one of [1] 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
71
[9] a method for improving the pharmacokinetics of an antigen-binding molecule by impairing
30 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;



[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; [12] a method for dissociating within a %;JII an antigen from an extracellularly-bound
Santigen-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 antigen-binding molecule at pH 5.8 as compared to
that at pH 7]4;mefict] fomechmditgrtheorembig fraatadsing thitaraaht onndinging arioteodientbngliminate an

antigen Ml@eﬂnaopxﬂmﬁﬁ%@glé%&%&mﬁéﬂ@damiyﬁm@famfg@mmn ingdingnoleswe gtpH 5.8

as compared to that aé)H 4. [15] the method of any one of [9] to [14], wherein the

ICD(pH5" &} ?.Eg &R ddfined as the ratio of 1CD for the antigen at pH 5.8 and 10 for the
antigen &t HH mdhisdXardiigbartihs[W8hthe neltodntfgnyione wf §oirtoeluhriyHeraid the
ICDEPHS, SUID (RHTAD ¥RlER 1 mﬂaﬁgﬂg%&% mgifiad ofdny anenefiRl e [hdlawperein the

ICD(pH5.8)/KD(pH7.4) value is 40 or hi%ﬁer; L method for improving the pharmacokinetics of an
antigen-BIRGHYTRORINE BY SEuRisediiqHAd 4 RddiBne amino acid of the antigen-binding molecule

with histiditles mreihsdrfingeitdsaghonatijstidingingorthizandtgehitiridinbemotecuttio [4i9}stigrathod for
increasingdh gupphe gl dmes tantiasnsbinainorerAR anigRcinging BRAlsSule R syRRtuing at

least one amino acid of the antlgen-bin,dlng molecule with_ histidine, or inserting at least one histidine

into the ANHGEHIIRSRAHSISEAIIOBIAEF & WRAMSION YR ARG MieAh PR St BHiigERSPdt tan be
bowad by a]jea:m_réggj_a}lﬁdmdﬂtqg:m@gﬁwaﬂﬁytwasiﬂqﬁﬁg@-l_éa@xgnncﬁmpﬂrh@tagﬂﬁmﬁte andigérsbinding
mo'eculehistiding: ol AReiting-atisashone i dpmdnadimanieno iRding malgedle,, (211 a
method for dissdciating within a cell an antigen frorm an extracellularly-bound antigen-binding molecule
by substemBag et tedbtieHnifro acid of the antigen-binding molecule 30with histidine, or inserting at

least on¢ilistidineihid dfaantgenfjirjding Mokdeuten {R2KDMPEMGNED(diFasinglas dafigenabinding
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the outslo ety ,%@%%E%ﬁ%%%&%ﬁ?@%@ R B e Wit
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increasingsHae; ability of an antigen-binding molecule to eliminate an antigen in plasma by substituting
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substitutiégher: insertion
[18] a method for improving the pharmacokinetics of an antigen-binding molecule by

20  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;

25 [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-binding molecule;

[21] a method for dissociating within a cell an antigen from an extracellularly-bound
antigen-binding molecule by substituting at least one amino acid of the antigen-binding molecule

30  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 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;



Sincreases the 1CD(pH5.8)/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(pH5.8)/1CD(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; 10[26] the method of any one of [9] to [25],
wherein the antigen-binding molecule binds to a membrane antigen or a soluble 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-binding molecule, which comprises the steps of:  (a) determining the

antigen-biAdigretvicios inscaptgahethdingohl catigcatprisy mppauis toebmiytel aterniigindithe
ant?gen-bbﬁm dj apﬁwgtilafﬁbgmaﬂ%zmraﬂiﬁgg adest &%&ﬂ@%@i&@ﬁi@ﬁ%@@ﬂ@&ﬁh%ﬁ%ﬁw g}n
antigen-binding molecule whose.antigen-pinding activify at Jtop .0 1s greater than the
antigen-blilﬁ%ﬁ%gl%%%ll\%%é &t f) ' _181{15: [5%&%% %%Ié&él erg?l"l_f%c frethod of [28], which comprises the
step of sdfttthg metodipbay whesé Bbtige2Binvikeyan iikthiati g Thwipiamoirstwioe or higher that
of tlhs ﬁnﬁwea%@@h@w Eyi%/]@n?ﬂ#(ﬂ@?.t@) @%&,ﬁi&ﬁ%@a@:ﬁ{@P%ngé%%i'.{?gef%ﬁﬂiﬁg%?ﬂt?iQﬂigg
molecule, which comprises the . .steps of:.(a) bin n antigen-binding e ntigen under a
conditiontB 3 659 BF G RG0S STATS HhE mita i B RE B R AR S L G antigen of
(a) undervaloomhditiontisf ImktidifetoubbiiBiBomod ifgrodtaining an antigen-binding molecule that
diSSOCiatfﬁSd'f ndening sendiionelidrbd @ [eHBeein i3 %ﬁgg&_@mﬁgﬂ?ﬁ ERRNIPgfonaN
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antigen-binding molecule whose binding activity at a first pH 30is greater than that at a second pH,
which cofpHREEHREEEEof: (a) binding an antigen-binding molecule to an antigen-immobilized
colufhn uhidé tbhenethoditid myfandinst [SHio (B) & luliaceth¢hantitienrbhmaing: molecule thatshad bound to

the colu%ﬁ;ﬁgﬁgmgﬂ gpﬁgm;@gﬁm&nder the condition of a second pH; and
[271 the method of any one of [9] to [26], wherein the antigen-binding molecule is an antibody;
[28] a method of sdreening 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

15 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;

20 [29] the screening method of [28], which comprises the step of selecting an antibody whose
antigen-binding activity at pH 6.7 to pH 10.0 is 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 antigen under a condition of pH 6.7 to pH 10.0;

25 (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 an antigen-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 pH

30 is greater than that at a second pH, which comprises the steps of:

(a) binding an antigen-binding molecule o 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 the
column under the condition of a second pH; and

35 {(c) collecting the eluted antigen-binding molecule;



35(c) collecting the eluted antigen-binding molecule; 7 [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; 5(b) eluting 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 is 6.7 to 10.0 and the second pH is 4.0 to 6.5; 10[34] the screening method of
any one p2[p8itei{83hiwtreraina{de astanfiecor hindiegamifis weids:oft héndintiganiiigding firolgHule has
been substiuted with fistidine. or.atleastinas Lisuding hasheen inserted into the antigen-binding
molecule; [35] the screening method of any one of [28] to [33% for obtaining an antigen-binding
moleculdth B FeABY SR SIBAMSRY e IR, i ey tise strupnhilzRretAbIrSr aFighe of [28] to
[33], for obtdinimgodia Ardigeh-binding molecule that is capable of binding to an antigen two or more

times; [3(76)%1&%{?’%%‘%9%&%98&& A ?IJ&%LOCL?&M%&QQH}%@8@%&1@%@4@9@%0'90“'9

that Is capable of binding'to more antigens as compared to the number of its antigen-bin sites;
20[38] tHE)SERRERTIE HhEtERRE SResrihd o 18] R fesp-RirdBeahierals:efhen-binding molecule that
dissociatds et ckdl vlardy-hotirah dntigien wikituk.cell. [39] the screening method of any one of [28]

to [33], f teﬁ@ig'pcg:@ﬂ tégﬁgfg' [ m %ﬁ 513 t{ a ti and.internalized,into a
cell, and?rje easeé to t’hgaé&ut&de o%gpgelﬁi an z;;:nt%elfiﬁ?tlr?ez}éeP 01?2113, g‘ffgoo?@:&eaé’é%g‘éan?ﬁ%“ﬁé%%’od of any
one of [28]419 T@ﬁ]?ifor obtaining an antigen-binding molecule that has increased ability to eliminate an

antigen i3 plasmaiedditbtheseening setboef A vnenifagltaddowhargisthenaniiggaskinding

moleculgys j3ed, o ARIAIMAGSHIIGAL RRTRARIAN. wi HiG:SE SPANGM SR SlAvane of 28] o
[41], wherein the antigerizbinding molecule is an
been inserted into the antigen-binding molecule;

[35] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule

that 1s superior in retention in the plasma;
15 [36] the screening method of any one of [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 [28] to [33], for obtaining an antigen-binding molecule
that is capable of binding to more antigens as compared to the number of its antigen-binding
sites;
20 [38] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that dissociates an extracellularly-bound antigen within a cell.
[39] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that 1s bound to an antigen and internalized into a cell, and released to the outside of the cell in
an antigen-free form;
25  [40] 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] to [40], wherein the antigen-binding molecule is
used as a pharmaceutical composition;
[42] the screening method of any one of {28] to [41], wherein the antigen-binding molecule is an
30 antibody;
[43] a method for producing 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 moelecule at pH 4.0 to pH 6.5;
35  (c) 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 to pH 6.5;



30antibody; [43] a method for producing 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 pfl 4.0 to pH 6.5; 35(c)
selecting the antigen-binding molecule whose antige%-binding activity at pH 6.7 to pH 10.0 is greater
than that at pH 4.0 to pH 6.5; 8 (d) obtaining the gene encoding the antigen-binding molecule selected
in (c); 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 of: (a) binding an antigen-binding
molecule {d) abtaintige theigder encodidiite efijptd6 M ndi piidd @ub(lsylatteding ¢theaadtigen-binding

molecule (pLpskiheACHIRR.OF A SRNCLLIRARI A SROCIRN ALARADBPH 6.5; (<) collecting the

antigen-binding molecule dissociated under the condition of pH 4.0 to pH 6.5; SA(?%) obtaining the
gene encbitihg TELQAHGERIBINGIAG #haRiAR-BIRRR RIS call s @ FipEsRicthg Y@sdtftigen-binding
molecule @simgdhe genetataiiediig (0)idddlacnmethatbéanprdducingdicantiggi-hQihdinglmalgcule

whosg bi%@%ﬂ%&%%ﬁ%%{%&~8ﬁd& Eﬁéf@éuﬁ@%&%ﬂ%@‘t&sﬁh%gﬂ %ﬁ%‘%ﬁﬁe’g}gﬁﬂ?ﬁ%ﬂ ifLgps o

(a) binding an antl% g molecule to an antigen-immo e first pH condition;
15(b) eluhgthe GiigBrsinding molecule, which is bound to the column at the first pH, from the
column ugentaeiagntlu thanditiatihfoh chitedt dgthigseuiad dunilge nhbioshagiorolggHies.o to pH

6.5,
(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and
10 (e) producing the antigen-binding molecule 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 pl, which comprises the steps of:
(a) binding an antigen-binding molecule to an antigen-immobilized column under the first pH
condition;
15 (b)eluting the antigen-binding molecule, which is bound to the column at the first pH, from the
column under a second pH condition;
(¢) collecting the eluted antigen-binding molecule;
(d) obtaining the gene encoding the anfnigenmbinding molecule obtained in (¢); and
(e) producing the antigen-binding molecule using the gene obtained in (d);
20 [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;
25  (c)amplifying the gene encoding the eluted antigen-binding molecule;
(d) collecting the eluted antigen-binding molecule;
(e) obtaining the gene encoding the antigen-binding molecule collected 1n (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
30 is4.0to6.5.
{48] the production method of any one of [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 mto the antigen-binding molecule;
[49] the production method of any one of [43] to [48], wherein the antigen-binding molecule is
35  anantibody; '



(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and (e) producing the
antigen-binding molecule using the gene obtained in (d); 20[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-bindihg 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; 25(c) amplifying the gene encoding the eluted antigen-binding
molecule; (d) collecting the eluted antigen-binding molecule; (e) obtaining the gene encoding the
antigen-pidiaghmoleceds cdbeatposindul ;oan ldngredusingiHealitigenlkinding edotedule tising the
gene 0bﬁ%ﬁ%ﬁ%ethod%ﬂﬁ?%ﬁ%@gﬁ% me nod of [45] or [46], wherein the first pH is 6.7 to 10.0
and the second pH 30is 4.0 t06.5. [48] the production method of any one of [43] to [47], which further
compriseStiste & WitiMing at least one amino acid of the antigen-binding molecule with
histidine, or inseiftlrgpatsteastenneidristidividantoctie dsnfivg emebing vigphe alatide; bindikdhitle qatedtction
metgod bany s AR eEdIs Aoe N malseuR R anian, © 19012

pharmaceutical composition comprising an antigen-binding mo e prodticed %Yt e production
method BIAHDBABtEEBPIE pAoY, frermiaemse tidnatirsriohy PRESSFRBRInEVEAtRSHIpIOVidEs methods for
making singieadtigen-iihdiogcukleculestohoepeaiedbt hindvwodmudtipiraantiganoneigiedles. When an

antigen-%q%agm%&%opém%sto 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. 10Brief Description of the Drawings
10 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 IgG molecules are salvaged by
FcRa.

15 FIG. 3 is a 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 [gG molecules to new antigen
following dissociation from soluble antigen within endosomes.
FIG. 5 is a diagram depicting the process of panning using an antigen-immobilized

20 column.

FIG. 6 presents graphs depicting the results of phage ELISA for clones acquired by
columm panning. The upper graph depicts WT and the lower graph depicts CLS5.

FIG. 7 is a graph depicting the biological neutralization activity of
pH-dependently-binding anti-11.-6 receptor antibodies, '

25 FIG. 8 presents graphs depicting results of Biacore sensorgram for binding of
pH-dependently-binding anti-IL-6 receptor anttbodies 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

30  pH-dependently-binding anti-Il.-6 receptor antibodies to soluble IL-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 CLHS5/L.73.

FIG. 10 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-I1.-6 receptor antibodies to

35  membrane-type [L-6 receptor. The top graph depicts WT; the second graph from the top



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 IgG molecules are salvaged by FcRn. 15FIG. 3 is
a 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 antigen following dissociation from soluble antigen within
endosomes. FIG. 5 is a diagram depicting the process of panning using an antigen-immobilized 20
column. FIG. 6 presents graphs depicting the results of phage ELISA for clones acquired by
column pdemitgHFpELIPp SregitaphaiapidromMTicatog theeiowBr] grab$ldepiciseCbBom graph@efidtsa graph
depicting¢therbjplegical neutralization activity of pH-dependently-binding anti-IL-6 receptor antibodies.

25FIG. 8 presents_graphs depicting results of Biacore sensorgram far binding of .

o -dependently-bikting A -m%r&ie@ﬁ?agramiﬁﬁaﬁa% SRR @!@?&%&&?Q%m%lw%ﬁ graph
depicts WiliitHe SegeptbgeaphdiamitheR®pidepicts H3pl/L73; the third graph from the top depicts
H17Q/L82; and t'ﬁ@%@f@?gﬁiﬁﬁ%g—@-tgﬂﬁﬁ&ﬁ?Sﬁ%%ﬁ%ﬁ&?ﬂ%@%ﬂ&%b‘?ﬁﬁ ore

sensorgram for binding of 30pH-dependently-binding anti-IL-6 receptor antibodjes to soluble 1L-6
receptor SXRSFHBB! TheHolsRraeuEBiotng tink-2 Eara grA5H IR 6 Hepicts H3pI/L73; the
third graph from #i&1dp depictephdadi8e tanddhe pottdmtibadl plepicis Glddbit#idns of FIG. 10

presents gra ieting results ofBi far iati ' lation (pH
5 of i oL - B L e L o ey R e

top graph depicts WTIHHe s geihd grigingrimerrisss ebratprds Riapme saassidatirmypiph from the
top idepigisi Hi F&i 8 abihdhe: katiomn-¢ repipiie pistid&lidd 5 Ahomol fukGnddkis e Biacore sensorgram
ndicating repeatpgtbindiod ot Aispendciv INADvb-AigoRRiAE Arbodiss ig,aR4. SFIG
is a graph depicting the total amount of bound antigen in a repetitive bindin
monkeys, in relation to pH-dependently-binding anti-IL-6 receptor antibodies.
FIG. 161isa 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

15  receptor antibodies.

FIG. 17 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 1L-6 receptor. In order moving from the top, the results for WT,
H3pl/L73-1gG1, Fv2-IgGl, and Fv4-1gG1 are shown.

20 FIG. 18 is a graph depicting time courses of plasma antibody concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (WT, H3pI/L73-IgG1, Fv2-IgGl, and
Fv4-1gG1) 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-dependently-binding anti-IL-6 receptor antibodies to

25  membrane-type IL-6 receptor. Moving from the top down, the results for WT, Fv4-IgGl,
Fv4-1g(G2, and Fv4-MS58 are shown.

FIG. 20 is a graph showing time courses of antibody plasma concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (WT, Fv4-IgG1, Fv4-IgG2, and Fv4-M58)
in human IL-6 receptor transgenic mice..

30 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 Fv1-M71, Fv1-M73,
Fv3-M71, and Fv3-M73 are shown.

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

35  pH-dependently-binding anti-IL-6 receptor antibodies in cynomolgus monkeys, during



experiment of pH-dependently-binding anti-IL-6 receptor antibodies to 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 receptor transgenic mice. FIG. 14 is a graph depicting time courses of
antibody plasma concentrations of 10pH-dependthh/-binding anti-IL-6 receptor antibodies in
cynomolgus 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

cynomolggmimsritoyse itiaanblicd-lg gH-Bepbhide fw-Ditidingvarkidl -6t v3btEptordditibddiést  FIG.

17 presen hs depistingdesulis £{.B IGO0 38RO #3s9&iation (pH 7.4) and dissociation
(pH 5.8) of p -ﬁjﬁ%&ntly-bin&ing anti-11_-6 receptor ga odies to membrane-typellL-G receptor. In
order moving fr {55 EREPILSTRIS TOR WRE Cﬁ’éb%’lg_? SO SSRGS OBR P EVAIGE E e shown.

20FIG, 18askaygraprebepictinglirepcodests-bindlagrmstialitioadyepimcentibationglédpl/1.73-1gG1 -,
pH"éep%ﬁ@m%t?iﬁ@iﬂﬁi?ﬁjﬂﬁi@%@%&ﬂrﬁ?{t@%@%‘%ﬁ%’@%@Mﬁ:éﬂ%'itﬁ)é%-@ﬁirﬁ&grgé""'961) in

human IL-6 receptor transgenic mice. FIG. 19 presents graphs depicting results of Biacore
sensorg@RHS association (pH 7.4) and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6

receptor antibodi&s.td425memphaleeityine 6 ceceyptost Mbdwvngdiype thexvap owmdhileyedulis for WT,
FV4'|gGr!z'c§ﬁ(t%i'l g&gcﬁgﬂl@{g‘ iﬁﬂé%% %nkeys,ﬁkﬁe?a%éﬁl QD&EQ:‘P&M%IB}%%&%:J&@-W%

antibody plasma concentrations of pH-dependently-binding anti-IL-6 receptor antibodies (WT, Fv4-1gG
|, Fva-IgeZPiidpeisefHAm (M 96 - reekpldl erdidgihic-nlive-1goid V2 M brésdité-Yaphs
depictingnésifisaffiBigcate sensirgradeefmssociation (pH 7.4) and dissociation (pH 5.8) of
pH-dependentlypindiag.ailb:G TeRepisr Abories imempiaRe: g |vif (5RRIiMavd rom the
top down, the results for Fv1-M71, FV1-M73, FV3-M71, and Fv3-M73 are shown. FIG. 22 is a
graph d&gitihg sy L shrées§tEnthddy PR M A Ebrre Hebtiehernsi 38 gk Heh erbdhtlyAsistiks anti-IL-6
receptoriatitiie diestiomsynbene lghis nenkeysatibisngist in the aligned sequences,

FIG. 26 presents a Biacore sensorgram depicting the pH-dependent binding of an
15 anti-IL-6 antibody, Anti-IL6 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 [L-6, from above.

FIG. 27 presents a Biacore sensorgram depicting the pH-dependent binding of an
anti-IL-31 receptor antibody, Anti-IL31R clone 1, to the I1.-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 I1L.-31

20 - receptor, from above.

FIG. 28 depicts the time course of plasma antibody concentration after intravenous
administration of a mixture solution containing SR344 and an anti-human IL-6 receptor antibody
to mouse.

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

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

to mouse.

Mode for Carrving Out the Invention

The present invention provides methods for increasing the number of times of
30 antigen-binding in antigen-binding molecules. More specifically, the present invention
provides methods for increasing the number of times of antigen-binding in antigen-binding
molecules 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 number of times of antigen-binding in antigen-binding molecules by substituting
35  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



11 administration of H3p1/L73-1gGl, 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 a graph depicting time
courses of CRP concentrations in cynomolgus monkgys, in relation to pH-dependently-binding
anti-1L-6 receptor antibodies (H3p1/L73-IgG1-, 5Fvll -M71-, Fv1-M73-, Fv2-1gG1-, Fv3-M73-, Fv4-M
73 -, and high-affinity-Ab-administered groups). FIG. 24 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 (H3 pl/L73 -IgG1-, Fv1-M71-, EVI-M73-,
Fv2-1gG mgtheds T 3acfeading 718 nipded ¢ gmasfifiapidtemtimitingerethgougshding nriEcdss By

diagram depictingFRLIERS, Egﬁﬁlﬁﬁﬂd’fﬁ%@é@ﬁﬂgﬂﬂh&_@ﬁ&s (Rl dy 3 ehheanerains (VHI,
VH2, VH3, VH4) ang light Fl%én%%q L I, VL2, VL3). Asterisks indicate locations where amino acid

mutation€BGEL IR EIBREGEE uences. FIG. 26 presents a Biacore sensorgram depicting the
pH-dependent bitiblingr ot aniiEaniilzleoanibolby, niattiots Gocloneeasing Hhéranpidr dllaatidepktsab. The

CUrves i%%%%%%8%9%%‘@'&%1&%5%ﬂ&@@&f&.1010&0?953%1%@&5{%9 dﬁr&%rﬁgﬂ%nﬂo}@ from above.
FIG. 27 presents a Biacore sensorgram depicting the pH-degenden b!grg‘%ﬂgbof an anti-IL-31 receptor

antibody PREGRSIRERAGHET 5T D PRRPTHP B S BAEA S AR ERYE S8 Eorgram
at pH 5.5mdeadpbpdnpAdaoy B0 25]gend iRinmpnghnhiyl bt 3di@drpdeptornfpandtoabet at neuEGpHES

depits e, ) 35, O BRI GO E SRRCSHAURIYSH G IDUE AR AT EHAR oA XLe

solution containing SR344 and an anti-human IL-6 receg?tﬁor antibody to mouse. FIG. 29 depicts the

time couféd BF SRIEIARSTRIA BEhEEKEEiBI? SRElCiRY URHEHL eSS RN R B BF L AT AT RS Sittion
containinig 8k 3ddgandaidiaptivlyadns| br Grectpiart &ribody hctiddusmtdthdarfop GabsiyitigeOut the
Invention, The.B&Seh DYARLANREQYIER: MO (A6 1Ge AHA RGPS AlMES Hber of
antigens 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

15 from an extracellularly-bound antigen-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 ability at acidic
pH as compared to that at neutral pH. Furthermore, the present invention provides methods for
dissociating within a cell an antigen from an extracellularly-bound antigen-binding molecule by

20  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 addition, the present invention
provides methods for dissociating within a cell an antigen from an extraceliularly-bound
antigen-binding molecule through substituting, deleting, adding, and/or inserting amino acids in
the antibody constant region of antigen-binding molecule.

25 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. 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

30  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 addition, the present invention provides methods for releasing an

35  antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an



30antigen-binding in antigen-binding molecules. More specifically, the present invention provides
methods for increasing the number of times of antigen-binding in antigen-binding molecules 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 p]révides methods for increasing the number of times
of antigen-binding in antigen-binding molecules by substituting 35histidine 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 12 methods for increasing the number of times of
antigen-iitigitig fneeafiotigeto-in ding daoldbel esl b s otstitubng hdslet s tddindd inpdfodserting amino
acids in fheaniibagy CoRRARIHRAMMBEF SRR IRMIY BIolRGHaSy R PIRSRRLIAVENtON also
provides methods for increasing the number. of antige sihat 5can be %om:?%b ﬁ?fn antigen-binding
molecule. More SPeOESHyPHFETHRS f?ﬁ%‘ﬁﬁﬁﬂ’ﬁ%b?%& U HETRBYEE RS 5{ d'the number of
antigensuizesarrdénh awicchie am cdintigets birdimgs nnaiéounte. by Mopainag flkelbntlyeredsimding ability at
acidic Pk} as6AMRAMEHCHBALAL REUNElAkR F HIthAImOTer SR RiesRRYERHRNRIVIdesimathods for

increasing the number of antigens that can pbe bpound by an antigén-binding molecule by substituting

histidineSIesT oAt BHRAdm P A Be BmamesRRiR s R HotSHifR O A rempA hi9dadidne
histidinenitodhetantifeth-bimndiegtheqleselas nireaitditiony s prehexds foventieasprg didediitgthdds for

increasing éﬁggil&{!ﬂﬁﬁﬁlg d@m&m&h&m&@%@é&g By pnantgeninding.maeae Arauely

substituting, d€leting, adding, and/or. inserting amino acids in thé antibody constant region of

antigen-PidmiPmaEtindse s pddadingRAon 1S5 BrsTiTeshetRors s Hes R M within a cell
anlantigefigbhicdindinpextiacelbs)arlyr- badingantig erbintingmole culeiddo rectpetificallyrthepresent
inventiop. provi t (i it ithi 3 | YA \VAS nd
e L B B B e et ot
neutral gEiCtpg R SRR MG ATERA G dbithe ridndteomT s st ptinbARitaRT -Ripdingn

antigen frohscaleextracellularly-bound antigen-binding molecule by 20substituting histidine for at least

e e <ot I DIORLIOS SEHS BUSEIOR BTSRRI

. . . <
antigen-binding molecule. (n addi ion, present invention pr

celan antigen-hadingrelgasesiuldge sopriEdige e RTERG I HORRINE HiPYiRS Bishaersdry, deleting,
adding, iansHeviiseripgaamingmeiits bf thei patibisliigonsiactiedisnlohgitigaskieding molecule.
peen bOU AT B R IR s e e o,
More spasifieainpreadhp reasitinvention piovrrssabeisdeteompsmarigaphartaerBridingimolecule,
which hastheanbeundiesruartigenaathintey Ralizaeinie a4 kel ihaanantgendfeetorm to the outside
of }He Cglrlftig%r{[Epn%{riiréqr}c%c%?éisgoerr}h%g}%gga?l?fizlai:@{ g}zeaﬁigc&%&g into the antigen-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
25  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 antigens 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 climinate
30  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 anfigens in plasma by substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding molecules.

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

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



30as 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 félast one histidine into the antigen-binding
molecule. In addition, the present invention provides methods for releasing an 35antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an 13 antigen-free form
to the outside of the cell, through substituting, deleting, adding, and/or inserting amino acids in the

antibody;eansianirefionobistipethindiogtioolec e . [Hhet e seplinvetirp @sapovidesisrethods for
increasi . abjlit tigen-bindi I eliminate antigens in plasma. More specifically,
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invention pro |0€eﬁs:r£rinéﬂ§)odz oPiﬁ% (jvir‘riigrg1 H]éoﬁ%grre ACoKItetics of antigen-binding molecules by
substituting histitiersifortk peaseommpaning teidnhgtre biodimgpliineling atiswulEsdngnserting at
least onegistidinariMRIbErAAlgsRARIAGING MRIRGHEE ] Hd%tlﬁf&-&h%%@ﬁ@%{ﬁ\{ﬁ&! igp, provides
methods, for |m$1rov n% theﬁ%lgméacolﬁbn tlcsﬁof anti en%&%g m(glec esb s%ﬁ)s ifuting, deleting,
lding, SPTSF HE A eV ACIEE AP SAD SOY KPP R ch SRR FHEIRRS s,
Futther, théhpresasidinpéhitiodpetvidesrdathoths forsnoteasingohalabdiffeofitbei? Santigen-binding
Pollecul%ﬁge@%lri]mﬁag,&@mfit a%:ﬁag@%&mﬁ% %&U@?ﬂo%@%&@%&@&%@f@&?%QY&%%&H‘eth?qs
or increasin abillty of the antigen-bindi 0 es to eliminate antigens in plasma by impairing
the anti Eg?ha a %ﬁﬁwga 'g‘?ﬁl}ﬁiﬁﬂ%ﬁﬁé@ﬁ@@%ﬁai@ﬁﬁ%ﬁ%ﬁmﬁ%?8 that at neutral
pH. Fu rtﬂ@trﬁbad, titlovpre et dﬁt_ﬁfe_m'mn pribha dgﬁgmﬂbimdm@)mﬂiwea&amgaﬂngabbinydmgmﬂeculg _
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in the antigen-bjnding malecules with histidine or inserting at least.one histidine into the
antigen-BiHEGHRGE8 ARE Y FLARtIE R RE D rRUEAT IR BB grahinsing etibstaramEsbaling the
ability of the antigemitindingherclecules 16l éimleatenantig énsantiglasbiadiyesadistitutiag bdeleting,

adding, gnekios IpsesingamnaRKdsinite Ay ceRRianhasgion alapigenstinding;maigeules.

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

25  antigen-binding molecule can be determined by methods known to those skilled in the art, for
example, using Biacore (GE Healthcare} 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 onto a chip immobilized with the antigen-binding
molecule. Alternatively, when the antigen is a membrane antigen, the activity of binding to the

30  membrane antigen 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 KD(pH5.8)/KD(pH?7.4), which is a ratio

35  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



35Herein, "improvement of the pharmacokinetics”, "amelioration of the pharmacokinetics", "superior
pharmacokinetics" are interchangeable with "improvement of the 14 retention in plasma (blood)",
"amelioration of the retention in plasma (blood)", and "superior retention in plasma (blood)",
respectively, and these phrases are synonymous. H%‘?’ein, 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 56.5 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 asicBmpar8iidNpat 't pralvcOto gl utaty hmitegrefelatsly baantheahrti genehimdilyg activity
of an antigen-bishing: e RS IgsabRihe B s mpraied.ascornared 9 BatRinbkd & desordingly. in the
present invention, agidic p}%{;}tg{plcally pgéo to‘pH 6.§E,ﬁ;])ref_erably pH 5.5 t%gH 6.5, and more
10preferdBiiPHAF's. 8 ARG RREFTH RS BHELe AT IR R R BRS AHE g PP s iefl10.0,

preferablynpetiso{chpHiB0OcmtidmrorstpretBilably piicirativeareiwhtinglphaasgctinypainioghac
antigen-bigding %HQM@@%&E&Q&%MQ&M%%@_@@é@ﬁiqmm%%pﬂéﬁ@*&gs@amweutra' pH"

is interchangable with the phrase "increasing the antigen-binding ability 6f an antigen-binding molecule

at neutraPBRF 4R conparey A5t PRI AR Y ARAMER B i ter pREEahtaRBRTSHb A thean
differencédritherainkddry- e tiods dniditynad aimantigidiedoin die gt dbe cotensiiauldi he iarersgi-between
acidic angeﬁﬁﬂ&%?é_ﬁ]|§§aﬂéﬂéxﬂ)ﬁﬁﬁﬂ,p$?FEQ@S’,alue of KD(pH5.8)/KID(pH7.4) should be increased, as

described below. The difference in the antigen-binding ability of an antigen-binding molecule between
acidic and neutraSFIB3HES/ e iRoPasERl HorsexHBIEnH)eitivet SIS tRSHRLIRRA SaliiAenAtEnt, as an
20artligeintivalngatitityl#taeidie ipthandtiperedsifigghetaitigendaiedingdibiity atnedtsdlpH.
Conditiong piherdhandiei far:Aeruminieg 106.80uden iRding ashvly gan Brcsqleqied apprppriately

by those skilled in the art, and the conditions are not particularly ntigen-binding activity

can be datéifiimngtenst ekiinpiesasidion CORHRIBIE S M Bk & k@37 &) 4o @b athinie
Examplestiersidissosthgomeane, dhesantigQnabiickngrogitvian oft ahl 250ntigendinging matecule can be

o the KD e B e e R
bindthg t&fie BSIGHRIERIgRIEithe ddsasysy BWiﬁ%@fﬁ@%ﬁ@gﬂ-&%@ﬁ&MéRﬁﬁ&f@Wp
immobilizieiwdthHieantigeanbinging footeetipleAlRrnativelyovhetdhe antigendsauvembrane antigen,
the activit 0%1; Q{Lﬂd&gg E%%?o%%@g%%%ﬂ%a{ﬁg eea(cfﬁlgdqg t%%sa%ﬁsed by injecting the antigen-binding
molecule as an analyte onto
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 antigen is a membrane
20 antigen, the antigen-binding activity can be presented in terms of the apparent dissociation rate
constant. The dissociation rate constant (kq) and apparent dissociation rate constant (apparent
kq) can be determined by methods known to those skilled in the art, for example, using Biacore
(GE healtheare) or FACS.
In the present invention, when the antigen-binding activity of an antigen-binding
25  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
30  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-binding 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 substituting histidine for amino acids -
in the antibody (FEBS Letter, 309(1), 8588 (1992)).  Such histidine mutation (substitution) or
35  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



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 KD(pH5.8)/ICD(pH7.4), which is a
ratio 350f dissociation constant (1(D) against an anﬂ@en 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 15 of
ICD(pH5.8)/TCD(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 in the art.
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can be determined by methods.known ta those skilled in.the art, for.ex using Biacore (GE
B B e A B g

healthcare) oF F present invention, when't g
25hdlecetéi iy efahmimrtizen-difdren npipsuieist pldfértadten dishéira cubtitatienpr omditions except
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 that 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
20 50% or more, more preferably 80% or more, and still more preferably 90% or more of the
antigen-binding activity of before histidine substitution or insertion. When the antigen-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
25  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 after histidine substitution or insertion.
Alternative methods for impairing the antigen-binding activity of an antigen-binding
30 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 is known that the pKa can be artificially
controlled using non-natural amino acids (Angew. Chem. Int. Ed. 20035, 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,
35  non-natural amino acids can be used instead of histidine described above.  Such non-natural

amino acid substitution and/or insertion may be introduced simultaneously with the histidine



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 30example,
methods for impairing the antigen-binding activity atIJH 5.8 as compared to that at pH 7.4 by
substituting histidine for amino acids in the antigen-binding molecule or inserting histidine into the
antigen-binding molecule. It is already known that an antibody can be conferred with a pH-dependent
antigen-binding activity by substituting histidine for amino acids in the antibody (FEBS Letter, 309(1),
8588 (1992Y3iStishk histidinasaticatidnqsbbbihation) dnBSinsentbmasiesareaidt paytioukasdy limited, and

any site ipraseanimRIfias. 1onG Asdis AR hinding.AatvbhetRR RIS 0w et tandhat alkpH 7.4
(the value of 16 KD(pH5.8)/KD(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 variablefrethiormTtee vappr dprategenrhbeling histidine mutatioordhaeitioansiteshodn be

abpropriighidaiRiminesiRnRReiled e A HIsI R AN aRabaliviRA ppigeerted at Sa

single site, or tw§|i‘%i more it]eh? It is also possible to introduce non-hjstidine mutation (mutation with

amino actiS SRaAg MelRfe)2hPihe & amecmmerce inHatabR! Ridarelrmethes doaymsditrsuced
simultanébustyibaity histidine s entiomtdtrisdoiosdib etz substifitie 0olosgd. hisidineahtaldeom using a
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increasedFELRAITSHRS 1B BSHREARIESHSHEAN be selected from an antigen-binding molecule library
with @andom histidlinermitatiositodinfentiodifying henibistidinasiesubstiutedifkafpingaaids, of an
antigen-hipgding 1 t ] | f legule, jtis-preferred, hut not

required, that thiﬂ%%%%gj%? ﬁgﬁe%gg%%%%ﬁ%%{%%?&%%b?niﬁﬁgﬁ r%%gé%dég%%p ‘/ﬂ}fiaséigf fistidine
substituti’cﬁﬂ‘*mﬁé%trtfaﬁ%sc%mg%@éﬂt&dﬂﬁgt%ﬁlﬁﬂw%pééﬁo%@ﬁ@ﬁa%ﬁ%tée@é‘tﬁ@ﬁmﬁo@rrﬁg@fﬁ&ﬁ. The

"antigen-bit)ding katiwity < { e thiotig e hidel thgsetile tuleaatripHhE dntitten-Diskidine: sulasi i on 08
insertion s, camy ﬂ@g@&%{-%@ﬂ 7 Istichi stitution gr,insertion”.means that even
after histl('(i%ne Sl?t%rtitutién or inlsertio?l ,a fﬁébf ﬁl%é%%%%ﬁ\%ﬁr%o%xenéﬁ e retains 1006 5nr‘or381rﬁe, preferably

2086% oSS RbRIPITIRSURP 8Os e pta 4Rl sausIe Prefkidney 8894 Jefmorte6bitne
antigen-bigiiig dditviqoémefofatiisiisisecpibstitiivmebirBesinnaWhending aptigea-tinding activity of
antigen T A s A B St SR MR nserton
of one oG24 iFRSTARIAS hAtc teieal Agart Bin i gt srachiedieg thetiviSthe Bitigérisaeifdedotivity
becomesdietnpatpiepeidhatbeiarehispaingsuhsEiAIBRARNSARIAN at pH 5.8 (to increase the
20 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 influence 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
25 weakened compared to that at pH 7.4 (when KD(pHS5.8)/KD(pH7.4) value is increased) by the
above described methods and such, it is generally preferable that the KD(pH5.8)/KD(pH?7.4)
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.
30 Herein, the “improvement of the pharmacokinetics” 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 return to the plasma due to degradation in
cells, or other reasons) 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
35  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. Even if an



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 after
histidine substitution or insertion. Alternative methods for impairing the antigen-binding activity of an
antigen-binding 30molecule at pH 5.8 as comparedo 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 is 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;3(Ty42RndigAmikoACid $irtA88:d 663134 5H/GhnDiSndridhe preisentihve itidrsady

et el e o bo ot . o haital ami
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twg times or more, more preferably five times or. more, and even more preferably ten times qr more as
cofbared to thal GFIRTHHTGIRANARABRRS! Mg Ol RO e RPITARE thereto.

binding to an antigen (for example, the antigen-binding molecule being in an antigen-free form)
is prolonged;
the period where the antigen is free from an antigen-binding molecule in the body is
shortened (in other words, the period where the antigen-binding molecule is bound to an antigen
25  is prolonged); and
the ratio of antigens bound to antigen-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
30 - 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

35  where the antigen-binding molecule is bound to an antigen in the body); and



30Herein, the "improvement of the pharmacokinetics" 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 return to the plasma due to degradation in cells, or other reasons)
after administration to an animal such as human, m ase, rat, monkey, rabbit, or dog, as well as
prolongation of the plasma retention time of the antigen-binding 35molecule 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. Even if an 18 antigen-binding molecule is circulated in plasma,
it cannot bind to &) antigew whHbnmtarebalyigimd beamhethet gntibenlidAcoaridingty, tthd gariadminere the
antigen-bt'mgg,g}molecule can newly binds to another antigen is prolonged (the chance to bind another
antigen increase%%%%éolonging the periaod where the antigen-binding molecule is in an antigen-free
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moleculePfaIssEpis sabsad grrdmdingarale e empaoxedre Weethmighn-binding molecule is
bound to-ghaantigeindbis: PEoIanGE) R be asthessaly alafiigansdaAhED artigerahipRing molecules
against the gpligeps,in e body is neregse TS, 1t the present Invention, the impravement o the
pharmaco Inetics™ encompasses at least: [) prolongation oigtﬁle ime requwe&nfg}sfﬁaé
eliminatishpitipieehergebeisingiedrhs degraBOnD AP RISNeA REtamathnsi fostiiortigbtheirditigen-binding
moleculénolecute, such as half-life in plasma, mean plasma retention time, and ciearance in plasma
20 (“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 is judged to be improved.
These parameters can be determined by methods known to those skilled in the art.  For example,
25  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 in a
form capable of binding to antigens after administration of the antigen-binding molecule is
30 prolonged can be assessed by measuring the plasma concentration of the antigen-free
antigen-binding molecule and defermining 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
35  described in Clin Pharmacol. 2008 Apr;48(4):406-17.



(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 pefi®d 35where the antigen-binding molecule is
bound to an antigen in the body); and 19 (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 efuitidantrénele:tke tasesddharaclimindtion offantigan beund terthdrmintigen-binding
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foiin capahie.akbisdingdaantigenshd Busnin eneamboginas fic thedimpravepe teiiire from
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and cleararice n'%pl?asma 8’(1 armacokinetics: Ens u-nl%srfffﬁl ?(@W&’@r f ﬁ{é %%ﬂ%‘f‘?ﬁ ctice)
Nanzand8) Fofigscamptalained. thSviatblifdlin plasihea of treantigiasmeersteltishcdmeecissassed by
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25tHé parapietuls) can beaagprop isteiyaasaessdd bynwademibattrefiotalthe Alysisonsifighe antigen.
There is no particular limitation on the determination of the plasma concentration of free
antigen and amount ratio of free antipen against total antigen, and in vivo marker assay, but the
determination is preferably carried out after a certain period following administration of an
antigen-binding substance. In the present invention, such a period following administration of
20  an antigen-binding substance 1s 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
25  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 is difficuit to determine, it can be predicted based on
the plasma retention in mice (for example, normal mice, human antigen-expressing transgenic
30  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 described in the
Fxamples herein.
35 Whether an antigen-binding molecule is capable of binding to antigens multiple times

can be assessed by testing whether the antigen bound to an antigen-binding molecule under the



pharmacokinetics analysis software WinNonlin (Pharsight) according to the appended instruction
manual. Alternatively, whether the plasma retention time of an antigen-binding molecule in a form
capable of binding to antigens after administration of the antigen-binding molecule is 30prolonged can
be assessed by measuring the plasma concentratioh 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
exampleasucemehsoundiients atesBBdBseriirdcsinndier Bleavamecel d200& 4ipind 8&0mio6a iz, ard
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days afigsRpNNISHRYRA QfifnanbigenRindéne sHBSARBAIty is prolonged twice that of the
20  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 period where the plasma concentration of the free antigen or the
25  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
30  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 endosome is capable of
binding to antigens multiple times. Compared to when the antigen bound to an antigen-binding
35  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



In the present invention, it is preferred to improve the pharmacokinetics in human. Even when the
plasma retention in human is difficult to determine, it can be predicted based on the plasma retention
in mice (for example, normal mice, human antigen-expressing transgenic 30 mice, and human
FcRn-expressing transgenic mice) or monkeys (for éample, 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 described in the Examples herein. 35Whether an
antigen-binding molecule is capable of binding to antigens multiple times can be assessed by testing
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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 composttion, the proportion of antigen-binding molecules that bind to
antigens twice or more times may mncrease, or the average number of binding events of

25  antigen-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 vitro assay or measurement using

30  mice (for example, antigen-expressing transgenic mice and human FcRn-expressing transgenic
mice) or monkeys (for example, cynomolgus monkeys).

In the present invention, it 1s 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

35  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 times.



30molecule 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 osome is capable of binding to antigens multiple
times. Compared to when the antigen bound to an antigen-binding 35molecule 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 22 dissociates in endosomes, the antigen is
delivered to a lysidsorine ‘ancrthengthgradetkrarichtiigsn thbatatendfcctionimbtip arodithgearttigémgrom
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capable of binding to_antigens multiple times_using the rate of elimination of antigen from plasma as an
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antigen-exprésdizg] ndesgbaientiodyaia hewrahzigRimekedessing transgenic mice) or monkeys (for
example, cynompgus proRKEYSention, “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
25  that can be bound by an antigen-binding molecule in an antigen-binding-molecule composition
may increase, or the proportion of antigen-binding molecules 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.
30 However, when it is difficult to determine the number in human, it may be predicted based on
the results obtained by in vifro assay or measurement using mice (for example,
antigen-expressing transgenic mice and human FcRn-expressing transgenic mice) or monkeys
(for example, cynomolgus monkeys). When the antibody is a neutralizing antibody, the
above-described number of times of antigen-binding of the antigen-binding molecule is generally
35  assumed fo correlates with the number of antigens which can be neutralized by an

antigen-binding molecule. Thus, the number of antigens which can be neutralized by an



In the present invention, 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 35more, 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 times. 23 Herein, "increasing the number of
antigens that can be bound by an antigen-binding molecule™ means increasing the number of antigens
that can be bound by an antigen-binding molecule during the period until the antigen-binding molecule
is degradestiren-bisssemenkalcelmitedaamiisiratioheahthe asligan dindibgimtbeeyts to an animal
such as h : se, or 5 monkey. In general, antibodjes a have two binding
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~number i@igﬂméﬁ‘rgjtcmﬂé’ Qﬁig&ﬁ%‘ﬁ{%@ﬂﬁﬁ&ﬁﬁ: is dissociated from the antigen-binding molecule
20 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
25  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 at
neutral pH. In general, FcRn 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
FcRn. Thus, in a preferred embodiment, when the antigen is a membrane-bound antigen, the
30  present invention includes methods for enhancing the endosomal dissociation of antigens from
antigen-binding molecules and thus enhancing the FcRn binding of the antigen-binding
molecules, 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 antigen-binding molecule can bind to FcRn in the presence or
35  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



the results obtained by in vitro assay or measurement using mice (for example, antigen-expressing
transgenic mice and human FeRn-expressing transgenic mice) or monkeys (for example, cynomolgus
monkeys). When the antibody is a neutralizing antibody, the above-described number of times of
antigen-binding of the antigen-binding molecule is g&herally 35assumed to correlates with the number
of antigens which can be neutralized by an antigen-binding molecule. Thus, the number of antigens
which can be neutralized by an 74 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.
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antigens e tim nt e body, b |n|3 rln an antigen- b;ndln 5 olecu ose
Bmdﬁ%gg oFBLe ARER ALY ARNINSIEING A0 & aﬁ DB OISEH S

antigen-bindingactivity at-aci |c pH-is lower th e pPresent invention 8o relates
to methodetbpdiclitasiPisecahtysAgRat are greater in number than the number of antigen-binding

sites of an antlgene@umlm Hf&@@ﬂl@rhﬁxviﬂﬁgéﬁ IR e EFANARNY RAAI Y Mmmiﬁlﬁ%ﬂﬁ%éﬂ%mdmg |
antigen-hinding,m le whose antige CtIVIt H is lower, than that at neutral p1-T.
Prel%erablm %%pl)re%eﬁfulnventan ?greqz%%t ogls }(gﬁﬁﬁghzm&% 1 (l))%nm%l F&‘%%§an

preferabl?lﬁh@dhm@?e@h@@ns b@}a@mﬁﬁtmﬁh@ @@%@h@@ﬁ@g@mmmm&wﬁ@mném@@w is
lower thamemhg&mm@l@kims The.prasesitinvention, alﬁ@xiﬁ&ﬁ@%ﬂ@ m&hggﬁﬁ@g gissociating within

a cell an ar{tl ceII arly bohmg antl n- b|nd|n molec |mpa|r| tgi]
antigen- blnéﬁq? #];/%?%gcgr?tl‘gien%ma?ng mo ecu? eCtegtcal B}—elags \{75%281{@?% “é?lﬁ%utral pH.
In the pré@@}wwhv@ﬁﬂ@rﬁ* cthie adtitferrenpiphle tigisbeiatepoiriom tHematigesntimding molenite

anmherﬁwmm@aﬁ%ﬂg@mémmﬂar?mﬁeazmﬁt&%lmw@da@\Qlﬁp&sﬁiggrw%'@&@r@aﬂy
endosome. Inthe resent in enﬁton ‘a antﬁgn IS dISS ed wﬂ?ﬂg}%cell from_an

extracell T3B! 8%{H{Fg°8n Bidng tieg ¢ e hRo ?1 tedey EhPReeseRh RS
internalizedripaocd eethatiat thedifig o thid . anbirgdersihelitigandieding indissdeidtethdnortitbds of the

antigen-binding mﬁﬁm&%ﬁm tﬁ@linﬂfa@eﬁsr&m@lﬁg%eaxla@rp&mﬂg&qﬁﬁaw%%ﬂoﬁ@em@
dissociated ;12% tlg n-bin d| moleculﬁwthln a Urtrqwcrease?g}[/vhen compar to before

impairin ?r Mg aB o e glﬁ’(ﬂ S ibah s QRFE B s RHhared to that
at ﬁéutraﬂrnkgeﬁsj(mmnlman@ aﬁegpnebamhrwenmbmmmnmetmmm&mﬂdﬂwmmmmgelIular

25binding, of-af &N HIRRLING NG BRIEHY S BRE ST ANANIIAER IR R B IRaliRg Rk e
proteins.

The methods of enhancing the binding of an antigen-binding molecule and FcRn within
a cell are alternatively expressed as the methods of promoting the FcRn binding of an

20 anfigen-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

25  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. It is acceptable that the proportion of
antigen-binding molecules that are released to the outside of the cell increases when compared to

30 before impairing the antigen-binding ability of the antigen-binding molecule at acidic pH as
compared fo 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

35  the anfigen-binding molecule a property that the antigen-binding molecule becomes more easily



antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that at neutral pH.
In general, Fclin binds to an antigen-binding molecule within an endosome. However, an
antigen-binding molecule bound to a membrane anjigen is assumed not to bind to FcRn. Thus, in a
preferred embodiment, when the antigen is a membrane-bound antigen, the 30present invention
includes methods for enhancing the endosomal dissociation of antigens from antigen-binding
molecules and thus enhancing the FcRn binding of the antigen- binding molecules, by impairing the
antigen- b| d|n ility of an a egﬁ@lndmg molec the oma }E) acidic pH as.compared to
that ot 8 BERTE 1S A COUHE A GRS ST A A S BB
molecuIécandkim@tmﬁgﬁmrdﬂm@emdmdcmtoraﬁbsence of the antlgen If dissociation of the antigen
from the a“t'ge”t’ﬁt@ﬁéﬁﬁd}f&o@Ettﬁf‘eé@ﬂbi%tlg%?&h%%@n%%t?&@%QH%grQé’siH%O%'Q&ﬁ of the

antigen-binding a,blllty of the anfigen-binding 25 molecyle at intraendgsoma aC|d|cng as compared

to that aPBIESTR& (e B Th ﬁéﬁu?ﬂﬁﬁm}%‘%ﬁ i B2 X RRATHE ST BN ee from an
antigen"atahtbeshbanidgehihithiegmethaddcobteipre pbisnventiosd Rebarelesstedl\wHethbr tha antigen

is membgane-paund Qf-SallsiTAR @Hﬂﬁﬁ&@éﬂﬂg&ﬁﬁ'%ﬁ&ﬁ@ free IR e ?&f‘eﬁ%ﬂﬂ&@”” to

plasma with FcRn, the antigen-bihding molecule can bind to the antigen again. By repeating this

process, (AR Rl ARG O BleSeah B lasmanehen e AT EmoRndiRe Saple e DS ent invention,
"enhancmiptihéstectdni-omding ©f ascantidensivadinghmo lecihke ptein amceallidoémnetsiagessarily mean

that eve%ﬁﬁy%%mftt @hrgﬁt& #%Bt@gﬁé%%qmnttésaﬁﬁ sﬁtﬁgtetﬂet’tt@ﬁ Qrtion.ak.ap

anligpen bindihg molecu 10free ffom an antigen that blnd to FCRn within a c Increases when

aré‘é%“tf’ét%‘i‘é’frﬂﬁéﬁﬁh“gftﬂ@ @tﬁt@%ﬁwﬂtﬁ@ﬁé@ IR gAY AT g REnEsETe BHTthe
endosomalpik! aasmmaeﬁeddmﬁa@d@dﬁeﬁbammwmﬁf@tﬁereﬁh@aﬂgﬁmm@diﬁigtm@teﬁuIes in the

method %(?FI‘:B@‘]SIF c;tﬁlljn nyentiol on %51e ha g}sg&heépt&%e[h%ﬁar b|n ﬁ«%?ﬁ nta%e1 binding

molecule or exampe an Igen-pinding molecu es omem rane-bound

15ant|gérfsﬂ(ﬁ?émﬁimb@1émﬁgeﬁlﬁ)°§tfcw 5@@1@%@&%@%{%&5@@@%@5@ hadgErosRiding
molecules, mﬂ@mﬁg&nﬁmﬁ&mgu&%&%&ﬁg@hbm %@g&ﬂh&%@ﬁ@ﬁﬂﬁ:@ﬂ@h Ay se|uble heateins.

Th methods of enhancin .bin ob a{nt en- blhdln m%c nd Fc n Wlthl tl are
ﬁ fge ec HC ra IOD glu P] % Qe fion 0 Ol“ﬁl
alternative ex sse &' eth g the n binding SFAR S05N |gen

moIecuIéTWEﬁiﬁ @@é@%@%ﬁhﬁl@@i@ﬂﬁﬁ%ﬁ’@d&ﬂw&le anﬂgeuﬁh@imﬁreerﬂt@r@egeml@w@mén relates
to meth@g&lwd@eaweg@mgﬁgémmmgrﬁmﬁgu&ﬁ m@uﬁhgtesottﬂﬁﬁghﬁgr&de aiagiigsn and

?rtﬁg:;:%‘er?dlﬁ’g &bl Celllltrartl a% Z{ht%i%ﬂe Tr?é\gr%o ecut(l?‘ aitlﬁf %cel i@o%tls g?h%‘%%?ur%%u(tral pH. In
the pres@ﬁﬁiﬁ@@rﬂiﬁt&eﬂﬁeaﬁﬁ@@ﬁ pRaprigen-binding molecule, which has been bound to an antigen
anghintern allzedtrﬁtopee salt i anisptigedieedermimibe putsideritberesihdoasnaldmesesaarily
mean thgrtl %g%%%mg mo Ierggtin%y 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
25  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
30 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 z cell
from an extracellularly-bound antigen-binding molecule by substituting at least one amino acid
in the antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or

35 non-natural amino acid into the moiecule,



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. It is acceptable that the proportion of antigen-binding
molecules that are released to the outside of the cell.increases when compared to 30before impairing
the antigen-binding ability of the antigen-binding 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. Furtheimore, 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 refertB8 RFsILIRTERNSH Bre SrEIRII6hedndoaralserng Aaime rareiens BrogeHs: that the
antigen-bihitinganbieatieuddaore snmee mdsilye26! fetdasetatocth eroa sitieseh theecRiintathe
antioen-Gesi(RBT BRI ABRIAINA NI Malece.s RONRA 12 ahAdldsn AR iR Ged Into 2
cell. Furthermore, t]he present mvention refétes 0 methods for In reasmgnf%e a |ﬁ‘f1y of the
antigen-Bidshes ponseanesis! anvine e buar dsssting s e pirpanatdehertnageil bavelihg Sability of
the antigapHioling molecules at acidic pH as compared to that at neutral pH. In the present invention
‘the abilty o elisjnale aniigens i plasmeaelers (g he.abiih 19 aiminats fiom plagma antigens that
are present in plasma, when'the antigentbinding molecules are admmistere VivO or are secreted in
vivo. Thastigeehintnsamplageatioslimuersaaingareinpisref hisWrtigsnbideas asieirereidiminate
antigen i plasmssemeainnatdheieteef AleliminatigpolantigensisamidlasmawhemfiRiine or

antigen-gg)rﬁ(jingdlrgpleclules ?fﬁte dm%:nist?req in vivo is accelerated as compared to that before lowering
the antigen-[r)ll% mgagbﬁﬁyaa f}réoan |gHel?|- cl%a‘lng molecules at acidic pH as compared to that at neutral
pHI8Vhether thel&pikitle of thstidntigerrbintifgahuigonlecid alistriend ubtgenion ipkestiva.istindeased
can be dejepminedbly. fialR¥emMRle; FAMINSEsNg Skl aigensapdantiger:Rindingmalgcyles in

vivo, and then 15measuring.the concentration of soluble antigens in plasma. When the concentration
of solub At Genb T TS AL HHE 6 AR AROH OB R L A A SR OB RAC
moleculésr isxeaaivicesitoy Yovhariagethendhaglers- biniing csititho htbtig anbigd mpitdlity ofdbecule at acidic
pH than that &t peMiEa) Rldictgan %P&E%&Bi@%ﬂ&ﬁﬁ@%@QW@B&H%%MQ@&@WE%WU'e to

a

eliminate antigens in plJasma is increased. 20The present invention also relates to methods for
improvirg é%éﬁ%ﬁ%@ﬁ%@‘)& IR M AT Ao le e TRPASH QE IR RIRRE-BRHEN-natural
amino amfnﬁlﬁoragtdeas_tamjneseimomﬂmmmmﬁﬂigbn-mmmlemm@wﬁr@hiéﬁdﬂyémr
non-natyrglaminp aaidkiniai e mplecule. FLLhGIMATe e RLeseptinyertion prayides mehads for
increasing the number of times_ 250t anti en-_blndlng of an antltgﬁ$n-b|nd|ng molecule by substituting

! g ! A
histidine G STt STHE eR I At 8Bdp o A BiofHecd siigRHepfosy Yidiehtile or
insertinghistsfidiner aronersinadiiaaliaming ackdtinio dhemalecids. In addition, the present invention

relages to methagsferiactaasiog i WiRRSAOLANIGERR SR 4008 PRUACHY A AHgERIRIndING

molecule by substituting histidine or 30non-nat amino acid for at least one amino acid in the
antigen-m%ﬁfd“mé‘&% Bﬁ)%pﬁﬂg&mm 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 positions are numbered based on
the Kabat numbering (Kabat EA ef al., (1991) Sequences of Proteins of Immunclogical Interest,
25 NIH).

Heavy chain: H27, H31, H32, H33, H35, H50, H58, H59, Ho61, H62, He63, H64, H63,
H99, H100b, and H102

Light chain: 1.24, L.27, 128, 132, L53, 54, L56, L.90, L92, and 1.94

Among the above sites, H32, H61, 1.53, 190, and 1.94 could be universal modification

30 sites.

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

Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, H64, H65, H100b, and

35 HI02
Light chain: 24, 127, 1L.28, 1.32, L53, 1.56, L90, 192, and 1.94



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 substituting at least one amino acid in the antigen-binding molecule with histidine or
non-natural amino acid, or inserting histidine or 35r6h-natural amino acid into the molecule. 27

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 antigen-binding molecule with histidine or non-natural
amino acid, or inBértinbistigtickne oemomumataurairemind iackbritortgtbabmoldplglsites, prafrsedresent

invention glga prevides Methadsirsincirasing dhe-abilify.ofHbeaigaRshipringmelecuia igsgliminate

antigens in plasma by_substituting at least one amino a id in_the antigen-binding mqlecyle with
histidine SFHSRRHERREF i’ &c%%?oﬁﬁéeﬁﬁ*?g H icﬁﬂé B %r?—‘?{ﬁm’?ﬁflg?n?ﬂé%@%%gh @]\ﬁwolecule.
10The siternbinisticting b idoddauddl. inin adititmot giciefsdlostithiioniommser oyt téipisshiet of
partipulagly g oh iSRG, A1 LRURANRH AMERGRSE e Pa Subafiied or inserted at any site

Preferred sités of histidine or non-natural amino acid substitution or insertion include, for example,
sites within a regiORFIRRE AL SR %Hﬁét(éﬁ'tﬁé“é‘ﬁﬂdéﬁ%iﬁﬁqﬁf@'%‘ﬂﬂ%ﬁﬁ@%ﬁﬁ&%%ﬁ?ﬁﬁ folecule.
For examfiplewivizen thesantgehchindiigaotedide isanantitiodyrliSauithdsibeseinclude an antibody

variable region %&P)Bch e %@q%rg?%gigﬁq@@non-natural amino acid mutations is not particularly

limited. Histidine or non-natural dming acid may be substituted or inserted at a single site, or at two or
more sites. Furthaéghichain: derbtiort-ddtititie In¥ertion, and/or substitution of other amino acids may
be jptroduced simuianeeustipwitls the Mistidise: pronon snaiumekaImiie acichauhsittfiomler insertion. 20In

the presentipventanuhenihe sugensbindiod molssula s an anbady pasaibla.siien ahbistidine or
non-natural amino acid substitution inc ude, tor'example, sites within the CDR sequénce or sequence
responsiEFEY the CDR structure of an antibody. Such sites include, for example, the sites listed

below. The amirRegsidip@siions A eitiMmagreddasethonihekabatedumbearingiikabatdnmenat) (1991)
Sequences of Proteins, of Immunological Interest, 25N1H).. Heavy: chain: H27, | - -H33,
ot HO A troo A iR Cp e BBy B i R SUR & Bl amg S

L325L53widb4, L56, L0, L92, and L94 Among the above sites, H32, H61, L53, L90, and L94 could be
universal modificafion IRSUESS the Jﬁ.-é@éﬁﬂim@r@mme istheablbsesoniar dedbiddmpandledaliseceptor),

preferable m%fjifica iQn sites iﬂclu e thte following. However, the modification sites are not particularly
limited thEFBED R\ ehER P HE# N3N 4932, H35,1150, H58, H61, H62, H63, H64, H65, H100b, and
The antigen-binding molecules of the present invention are not particularly limited as

long as they have the specific binding activity to an antigen of interest.  Preferred

20  antigen-binding molecules of the present invention include, for example, substances 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, or one,
or two or more of them.  Alternatively, when an antigen-binding molecule includes CDR as a

25  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 includes an antibody constant region,
the present invention relates to methods for improving the pharmacokinetics of antigen-binding
molecules by modification (for example, amino acid substitution, deletion, addition, and/or

30  insertion) of the antibody constant region in the antigen-binding molecule.

In addition, when the antigen-binding molecule includes an antibody 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.

35 Furthermore, when the antigen-binding molecule includes an antibody constant region,

the present invention relates to methods for increasing the number of antigens that can be bound



35 H102 Light chain: L24, L27, L28, L32, L53, L56, L90, L92, and L94 28 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, H31, H32, H35,
H58, H62, and H102; combination of L32 and L53;@nd combination of L28, L32, and L53. In addition,
preferred combinations of substitution sites of Sheavy and light chains include the combination of H27,
H31, L32, 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, H58Y A6 I agRr Ry ing moderule smodiication (frermaplowniae aeidauhgitionndeletign. receptor
(e.g., humaivibh; 3ddreceptatjoreferabiaimeniiicatian: siemine ae ndsHanaremie.medification
sites are not par IEHE"” H{Qit%ﬂ etgtaigto.ﬁ en-bﬁ% ardinl% Ctue %b?ﬁ' eSsites Pg%one site mna be
substituted with histidine or’non-natura &mino acid. Alema ivéiy, mu‘%fﬁpalké Sited Fr?élys/ & S &uted
with histféfereieroreatiraralahsoo metiads for fisgopieing ds binteplasentiave fivonare applicable to

an;iantli@gﬂ?aaﬁmmmag@lﬁﬁig@g@fﬂ&ﬁ@@w@ﬁwﬁ Qfogﬂf(gjﬁtia?t{mxaﬁpzzaﬁrﬁﬁﬂ%mbinging_ y
molecules,of. resent invention are not particularly. limited. as, long as they.have the specific binding
activity tio’)ugﬁné%%gnérﬁfe 2?%18%%@%9}9%@%8& %Sﬁ%?d@ﬁﬂ‘fﬂ%fﬁ&‘?ﬂ%fre%ﬁré@%ﬁ PBrEséfit invention
include, #oiasahpiéngotsdesnlses having an antigen-binding domain of an antibody. The
antigen-binding dannaimefam Rt BRInLNIRsY axampieChiR endayatiableciegion nMyhen the
antlgen-ﬁllgdlrég dtomalnt.of an antltgod i %&3{ tlle antlgen-blndln%_m lecule may include all of the six
CORs of & RRSTRARBURR B e PRI B AT HER SRREFRERIOL) ST K BR Binding
mdléculddpiibriesl GOR zgigeSid dingradizdimof ancinibadyntivercibR foay fnchedeaidéne teid

deletion aubsfieMmcaHMIG, SRdiYIANARHONCR SNAYREPANA = PRdition, BHIRE ARG Ny NEN the
antigen-b gm 7 o%%cule includes an antibody constant regjon, the present invention relates’to
methodé)#g ?rf?ﬁtll DR RS R eed R st S ARy SRR Faolecules by modification (for

example, aminolacitlesubostituthen, tte letigendddiion rare/ole 30ihsdrtian kof bodvantibody eghstant
region indhgantigenbinding melesUifmods 1BAdditam Whenihe ArtgeR:Rinding melesie ingludes an

an{igody cogstant regti,on, the present invention provides methods for increasing the number of times of
antigen-SiFHRTYE FAETHS 4R MATEIA S HTBREIRaURNR ABURFRIIIR GBRMkErhRDsHIHE el LiBstitution,

deletionaddition, 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 FcRn-binding region.  After internalized into
cells, antigen-binding substances including an FeRn-binding region can return to the plasma by

20 the FcRn salvage pathway. The FeRn-binding region is preferably a domain that directly binds
to FcRn.  Preferred FcRn-binding region includes, for example, antibody Fc regions.
However, the FcRn-binding region of the present invention may be a region that can bind to a
polypeptide having the ability to bind to FcRa such as albumin or IgG, since such region that can
bind to the polypeptide having FcRn-binding ability can binds indirectly to FcRn via albumin,

25  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

30  asreceptor proteins (membrane-bound receptors and soluble receptors) and cell 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 improved by the methods of the present invention include, for

35  example, IL-1, [L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 1L-9, IL-10, IL-11, IL-12, IL-15, IL-31,
IL-23, IL-2 receptor, IL-6 receptor, OSM receptor, gp130, IL-5 receptor, CD40, CD4, Fas,



addition, and/or insertion) of the antibody constant region in the antigen-binding molecule.
35Furthermore, when the antigen-binding molecule includes an antibody constant region, the present
invention relates to methods for increasing the number of antigens that can be bound 29 by an
antigen-binding molecule by modification (for exarﬁWIe, 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 dissociating within a cell an antigen from an 5extracellularly-bound antigen-binding
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to FeRn such agreiipiindt lgtensincaistioftifegiomtha aaidiid & merpalipentdaibang
cntigen DA e LD s e e on e
not partietflssly ysswnsueisahtivogledastiote pasigaalind vy pire o (rangiyehindmibsdies) whidse
pharmageiinaiasiis @ hedmuoyed:dy theeihadsmabte-piesenhiventon inchdanionhexarnle,
antibOdi?nSc Qggsrae ?é’gggizt%a’{‘&??&r 0 u%l?zggﬁrzﬁn?ucﬁue antigen-binding molecule including both
antigen-binding activity and FcRn-binding region includes, for example, antibodies. The
antibodies preferred in the context of the present invention include, for example, Ig( antibodies.
20 When the antibody to be used is an IgG antibody, the type of IgG is not limited; the IgG
belonging to any isotype {subclass) such as IgGl, IgG2, 1gG3, 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 Set U S A. 2006 Mar
25 14;103(11)%:4005-10) and those potentiate or impair the binding to FcRn (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 IgG?2.
When the antigen-binding molecule 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
30  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 a humanized antibody, etc.  The antibodies
also include bispecific antibodies, antibody modification products linked with various molecules,
and polypeptides including antibody fragments.
35 “Chimeric antibodies” are antibodies prepared by combining sequences derived from

different animals. Specifically, the chimeric antibody includes, for example, antibodies having



30as receptor proteins (membrane-bound receptors and soluble receptors) and cell surface markers,
and antibodies that recognize soluble antigens such as cytolcines. Preferred examples of membrane
antigens of the present invention include membrang proteins. Examples of soluble antigens of the
present invention include soluble proteins. Antigen ]recognized by antibodies whose
pharmacolcinetics is to be improved by the methods of the present invention include, for 35example,
IL-1, IL-2, IL-3, 1L-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-I5, IL-31, IL-23, IL-2 receptor,
IL-6 receptor, OSM receptor, gp130, IL-5 receptor, CD40, CD4, Fas, 30 osteopontin, CRTH2, CD26,
PDGF-Dh@p2andriah ehtencrasisldtaclicrégoros, (80P nEnf-antiiddyBul] behintentdinghCaM, CCR2,
CD11a, gdaatriNy) Bhitas oA DRmEPhdBadsD52, and IL-31 receptor. Particularly preferred
antigens include IL-6 receptor. Furthermore, the aptigen-binding molecule, of interest in the. methods of
the present 5inveﬁl‘f8§?’i’%ﬁ%&8 Senib s F&‘?ﬁI%W&B%m&&@ﬁfﬁcaﬁ%ﬂ@f@o@magonistic
antigen-birdinchrooikegetes)tanty dettgemizig digipnsdleDResotiaviagt tnodigdnistid fotivityn(abomistic
o L e o aC i
antagonistic antigen- Ing molecules, in particular, antagonistic antigen-binding rmaolecules tha
recognizfé%%%%?&ﬁé rhib%?f&%ﬁ%%@@ééﬁf&%, SRGRIIBTAIRIgRAS S rHeoeiRBIdRE S or
example(188 antégomistitaitigert- HedihgBethtedal Vg tChabiniz es. ANsoeplos sah ik ahe.

lgand- reseRian QBRI RIBAAS PR ERIL ARSI s slnaling s digled via the

receptor, In the present invention, the antlgen-blndl?% moleculé of interest Is not particularly limited,

and mayHEPBFRP &G BRIHIP bl tatd< 3 Tl an b2 Binéfvg molecule of the 15present invention
préferably includéispeoificatifendsbiattngeaiivityitadyigen thindintheegine pasichfe Rvibéntling region. In
particul igen-hindi I prasent. i To)a %] region;that binds to
aman £ R e b pen e 8 SR ing
region ifBfdEROBBIZEXEMAE e S G PRESSRELTHB S B RSY SBRiTIFREBHI S LPTRROFesent
inventiodiifieteslespfosiesampleant@Graiihodies. 20When the antibody to be used is an 1gG antibody,

the type of IgG i imited; I nNQIRG tQ any.i e (subelass) such as laGl,.1gG2,1g03, or
Ig04 can be use(?éit.ﬂi%ert é&%gﬁg@%ﬁ%i@‘ﬂﬁ% ﬁrc?%lﬂﬂzoégjg%oﬁn%%{ Sn%%%/f%ee ’i%??oeéﬁrggfe i’nlfgo the constant

redion of BESTEhEGD YT ReumsESs selvilth B ieinmtionddd TrridtiSdd éaa-Afaideador example, those
potentiat@tiddigaia thy Pndingon 38y TecRrioriFyooidath Axwa - Beitl S Ao0057d85, dAb-Fe,

and Fc fusion proteins.  Of these, molecules including an Fc domain have the activity of
binding to FeRn, and are therefore suitable for use in the methods discovered in the present
invention.

20 Further, 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 functions
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

25 2002/020565), Affibody (WO 1995/001937), Avimer (WO 2004/044011; WO 2005/040229),
and Adnectin (WO 2002/032925). If 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

30  fusion protein that binds to a target, including, for example, TNFR-Fc fusion protein, ILIR-Fc
fusion protein, VEGFR-Fc fusion protein, and CTLA4-Fe fusion protein (Nat Med. 2003
Jan;9(1):47-52; BioDrugs. 2006;20(3):151-60).  If such receptor proteins and receptor-Fc
fusion proteins can bind to target molecules in a pH-dependent manner, it is possible for a single
molecule to bind multiple target molecules.

35 Moreover, the antigen-binding 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



2514;103(11):4005-10) and those potentiate or impair the binding to FcRn (.1 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 gonstant region such as of IgG2. When the
antigen-binding molecule 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 30antibody, 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

sequenceai@isurmiaaitdd-artibesy, kit hiecantibddies)H1863neudd bispeifidiaribigdies, antibody
modificagendaredngtsHinked NpihvaKRIS FAGIaEUWEs Handtp elypariidies nsiuding-aathadsfragments.
35"Chimeric antlbodles".g([e nube%ie%gregﬂred %ﬁ-‘%fomzmlf% secgje%:es derived from different
animals "SBRE AL PIRE ARG BEHG HE T BR G g gﬁﬁ@,e MBS having 31 heavy and
light chain variaBlerthgrmegioitkefaoiibedms of thramitrody ianehh envyas acliet wledifi e msganti@)segions
fror%atrégm%bd_ @%Wmodiﬁﬁ%@?@%@g@%@&ﬁﬁ@%&%w %?Crmgb%m aahaRReH fifagman gr;tibodies,
are antibodies ip which co mentaril) ermining regions s) of an antibody derived from a
oo SN b, S HRSLS, TS B EHrRor o Wi DRSS P Stibody,
Methodsfarmd@nErping ICEIR SVAr& KA ol { RED 206416 78 &7 Ubi ez ERIGTR ik, ehlinmidinslegical Interest
(1987), %ﬂﬂ@?uﬁl&tgﬁ?x@wﬁﬁ%@cﬁ%@%@ﬁk%ﬁ’ﬁﬁﬂ%%%a'-’ Nature (1989)342:877). General

genetic recombination technolo%les suitable for this purpose are also known (see European Patent

Application EP 28824018 RS ebErdyre e theaenmtinal rteddacanRrtbsdapa: fs, in the
saiie anﬁbmﬂmxhﬁzié;em&,eugniﬂh@ teg mngﬂnaﬁ:mbng alﬁﬁtgiiﬁfma‘dtgpﬁiomﬂmﬁdsisp&@ﬁmﬁ@iiﬁhady may
be an anf B%H%él‘ﬁ‘ﬁ[%ﬁ@%&8%‘96’&96%8%&‘86‘1&%@&8@@ﬁd%&%ﬂ%@%%ﬁﬁﬁg%ﬁ@s two or

more different epitopes on a same antigen. Furthermore, polypeptides including antibody fragments
“include, 3BHEARPIRE REpARdAs RN SHASEEments, scFv (Nat Biotechnol. 2005 Sep:
23(9):1126-36), Borneaimpi]ddie e 0aiQs2004/0b882hay¥ R0 82008 h«safticht (WO
2005/03 AR:F E ' RSO les. includi E in have the
activity (ﬁﬁﬁ%ﬁﬁg to %ﬁ%ﬁ%@%ﬁﬁ%ﬁ%@ §S‘lt,lolta g?ﬁggeﬂ%ﬁ?ﬁt % %g#gd%%d?&é@g%g@%%}é present

inventiotogmdeinenceie BstigEnbasdiat wid e resigsaradevdpls ibsstibrtie pkest hownddatioh may

antigen. Then, the antibody translocates to 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 antibody molecules (Drug Discov Today.

20 2006 Jan;11(1-2):81-8). When a single molecule of IgG antibody binds to antigens in a
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 case of typical
antibodies, 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

25  three or more antigen molecules.

The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is
due to the function of FcRn which is known as a salvage receptor of IgG 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

30 to FcRn transfer to lysosomes where they are degraded, IgG molecules that bound to FcRn
translocate to the cell surface and return again in the plasma by dissociating from FcRn under the
neutral condition in the plasma.

AHernatively, when the antigen is an antigen that binds to a soluble antigen, the
antibody administered into the body binds to the antigen and then is taken up into cells while the

35  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 cells,



be antibody-like molecules. An antibody-like molecule is a molecule that can exhibit functions 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, DARP#% (WO 252002/020565), Affibody (WO
1995/001937), Avimer (WO 2004/044011; WO 2005/040229), and Aclnectin (WO 2002/032925). If
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 receptotipreteibodica keeedptandse 30figsivntpecteiibtdatshindwtdadargett geokuaitag,. foll Bxample,
TNPR-F ¢ hislponnteindt Wi (RO aIBIain o E&E%@‘é&?@d}f 1% ARGk 4 bifec fusion
protein (Nat Med. 2003 Jan;9(1):47-52; BioDrugs. 2006:20(3):151-60Y. If such receptor proteins and
receptor%%%ﬂfﬂﬁﬁéﬁébe ﬁ?ﬂﬂ%f%ﬂg‘@ﬁhﬁﬁéﬁd&%‘%@ﬁ@ﬂ%ﬁ@ﬁﬂ%t manner, it is possible for a
single molecule Thbindsant iiptetargetoatecilas wBbl ardbydicstietintigendandigmsatdcaie may be
a0 uaatlennd proiRi st aRnd on AL AEIR dRAbIR A leieLARIAR fi peualzing
effect, an |nc example, mutant IL-6 BO J. 1994 Déc 15;13(24):5863-70). If such
artificial h@%@ﬁ@é@ﬁ%@@ﬁ&@ﬂﬁ.@%@%ﬁiﬂ@%@%ﬁé e Bmadas g de ?ﬂ@@&@gw Bose
pH- c:lep%ﬁ@eﬁmaatwsmsmém&ﬁm@MQsmm ihinduneiiipiestay gethy elrioigleses.
Furthermare badies of. t S hai tibodies
with mor§lffl ecétlzlscl‘j%g1 hn ins incl n%glg gr g)%ﬁ?g el?italﬁzrjlgt}:bo e{s}gv!\)/l%%etrlr{]%%q T{ d%gj %%Eéf/?[a%)l??i&%%
99/5434%)] t%mbm@%\a@% HiTiséntha %Hé@%‘fﬁﬁt%%ﬁ@&’ﬁ@%%@ A HUEerD#61739; WO
gzllmmgzayg% %ﬂ%éﬁZéQﬁZ i mr% %&ﬁlﬂﬁ%‘ﬂﬂéh fd}]dlﬂéﬁlh@dieﬁe%wgﬁsmmwmmsecmg
cNAc 79255). Alt t ethods of the present invention,are,no ted to gny specific
theory, tévﬁiﬁfre AfEHe ?lptbe eesﬁcrlﬁa%gqrtl% antugen {%cf ing zﬂ)(f%/a amgl &hnyvzé‘i‘ker%asy P
comparddinsiasatedeibuad] prifagse dnhigvenaation tee pRstaackrit eo! éﬁdﬂ%@r@m@ﬁl@lﬂne
binding E&ﬁh@l%ﬂﬁﬁnlﬁm&%i@@iﬁ@ﬂl@%ﬁ%@m f%mm the prE@nexamRIe: Whesvtheantibody
is an anép?d tg S to a embrane ap en t d%n%dmlnlst%led into the bod inds to the
antigen Fakei &vu’f %rtoepr%a)ﬁzatl nio ¢ en FoSomes-in eﬁ’ils StogetfHer with' the antigen
anéalSwhniemﬁ@amubwge@ haephetmagiﬁmeménaimgmawﬁmm the @ﬁtﬁ?@@lymtbﬁgmsetm%o‘émes

while th%@%ﬁ@%%&%&%f@dﬁ}&g@ﬁs@ag%ﬁ,sammiﬁggﬂmb@%ear@i@%ﬂ@féﬁ@s@&a @me
together. with the antl en. The int éoalléatlon -mediated eliminati nfrorgt@ﬁﬁp%% % %cal

antigen-4&p o%lﬁ?rg YR " hECSTRH LR R H: ﬁ%eélﬁr?‘ ROt FoLS altibody
molecules (DrudDistonRodhy pRGROVE Janiord (0i2Y: 81a8hewHen dsigiomekscliféeofy®antibody

binds to40USLRSHR Bndosomes, and thus discovered that antibodies that strongly bind to antigens under

20  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 in the cytoplasm of
eukaryotic cells and are responsible for the metabolism of macromolecules in the process from
25  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 neutral (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
30  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 FcRn, translocates to the cell surface, and returns again in the plasma in a state not bound to
antigens. As a result, the antigen-binding molecule can bind to antigens multiple times, and the
pharmacokinetics is improved.
35

<Antigen-binding molecule substances>



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 case of typical antibodies,
one molecule of IgG antibody cannot bind to three gx more molecules of antigen. For example, a single
IgG antibody molecule having a neutralizing activity cannot neutralize 25three or more antigen
molecules. The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is due
to the function of FcRn which is known as a salvage receptor of IgG molecules. When taken up into
endosomes via pjnocytosis, I9G molecules bind to FoRn expressed in the endosomes under the acidic
condition in the %H&‘é}saﬁ%& ‘g\ﬂﬁrgq‘ﬁéiﬁ%{@’&ﬂ@E%ﬁﬁ?ﬂﬂ%%@‘bﬁiﬂ%t@qﬁéﬂﬁeﬁ%@ﬁ% to tysosomes
where theytiges-tizgiaged:ivi$ anplédules phbs basoker BeRrnHianshprare toghel og)] stefaesiand return
again in 1S A: ' jati 1 ral ition.in the plasma. Alternatively,
e the e e B R e body
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moleculeanBhe presprisiedentans seasanisthalloabeaaogiasdnatlongin aptigpnsrsigh as 5
membra&%&qq%%rgttaﬂf%ngup into endosomes by internalization, while the antibodies that are kept
bound to the antigens tral?lslpbaite to lysosomes and are degraded, the IgG antibodies whose antigens
disk®ciated in thsdhB8somisesobidbiadricruien ohthapecesprovsetidn Wwendosembmdbrecifically,
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weakly hinds o the antigen wit ndosome can bind to.an antigen in 10pJasma and be taken up
while keq[?tvfrgrrr%rgﬁngﬁ‘éecgéﬁ%éxawm ?%g %ﬁﬁ’g@ﬁl ‘fﬁ@ﬁﬁ%%%% iﬁla#‘?é%%fﬂ ?%@ﬁ%fﬁ‘éﬁﬁo?ﬂd
dissociatacfpfie theb metipg pefviliead nHos 8 rmwdytherd binkt to ReRevandlightislocate to the cell surface;
and return againyip:fe-RlasmBStede AoiRUAGIRANL BRNSRNSutaize MUt Mg mRrape-bound
anpgens. Fiur%i]grga?nre, the.Pr%i?Je%#r%e tors dﬁco ered tllg%[{an antibody having the property of
strongly Bithing 1 Atigehdin Asha’bit %%%th%k? ng TS AR E e R P ERE osome can
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and canwr]FutraIize mFItigle soluble anti ,/p% In particular, the present inventors noted that the pH
in the plASMy A AIFFAPEME AT TR PR thés SHHOESH RS SAF R dRetabRE g that ARt oeRee that
stronglyrseferes anthyeiimant@déithe antigen-binding molecule includes antigen-binding molecules

20 whose antigenmbindi'ng 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
invention bas antigen-binding activity at pH 5.8 that is lower than that at pH 7.4, wherein the
value of KD{pHS5.8)/KD(pH?7.4), which is a ratio of KD for the antigen at pH 5.8 and that at pH
7.4, 1s preferably 2 or greater, more preferably 10 or greater, and still more preferably 40 or

25  greater. The upper limit of the KD(pH5.8)/KD(pH7.4) 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

30 ka(pHS5.8)/kq(pH7.4), which is a ratio of the kg for the antigen at pH 5.8 and the k4 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 ky(pHS5.8)/ky(pH7.4) value is not
particularly limited, and may be any value, for example, 50, 100, or 200, as Jong as production is
possible using the technologies of those skilled in the art.

35 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 limited;



20 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 in the cytoplasm of eukaryotic cells and are
responsible for the metabolism of macromolecules ¥ the process from 25 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
neutral (normally, pH 7.4). Accordingly, an antigen-binding molecule whose antigen-binding
activity ahewislier pheiswsakendhaniheantigen-hindingastiyly, ahaeurbinkhisdsehagatigan in :}he
plasma whi I is;taken. up.into cells, and.then dissociates, from the antigen in the
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6.5 is loviertiithntatastiyidisspaetpHIpothprafigebinenigercinsting haoidiculenditimsend that
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activity at.pH 7.4 is. higher than that at pH 5.8, 10As for. the antigen-bindjng molecules of the present
inventiorﬁg ﬁgﬁ%éaéeﬁﬁ?é%ﬁg%ﬁf&?ﬁanaﬂaﬁ%t%%. f AR HRR SATord AN BAWRYIZS the

antigen-bitigieny sutititle ainptd. 5. S\ isalowwelt, tivatip tnebbidtlip grad el ts Zvdotieere sndiinitatieriaty the

differencg m;birtﬂ@@dm%t.iyimm thenantigenminding activity %&%@&99&&8&%&%&&0&%@6“
slightly. A prefe:{e

odiment of an antigen-bindjng molecule of the present invention'whose
15antigen-bindi %}%V%F{n %&/@% b

e s
4Rt B8 BT Mot LA TP I SR MRS ARBETRIMERE molecules
whbse astigety-hindifgiastivineathphitiat aspilitd orchréatentan-tiatapphbldid maraipreferred

embodiment ofdhaptigeniking Qﬂz%@&ﬁ%@ﬁlﬂ%%ﬁl@%i&?&HH@H‘%M‘H&%&E yhpse
antigen-bindin Li‘%i‘i“v'ty at pH 7.4 is ten times or greater than that at pH 5.8. A still more preferred

embodirfigh UHBG iy PRI el ler T ORRIBS Uil O HING HIBl SELRS B Sy en
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not particularly limited and may be any site, as long as the antigen-binding activity at pH 5.8 is
20 weaker than that at pH 7.4 (the KD(pHS.8)/KD(pH?7.4) value is greater or the
ka(pH5.8)/ka(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 determined by those skilled in
25 theart. One amino acid may be substituted 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 amino acid, deletion, addition, insertion, and/or substitution and such of other amino
30  acids may also be simultaneously 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 to those skilled in the art.  Antigen-binding molecules whose
KD(pH5.8)/KD{pH7.4) or ke(pH5.8)/ks(pH7.4) is increased as compared to before mutation can
35  be selected from antigen-binding molecules into which histidine or non-natural amino acid

mutation has been introduced at random.



Specifically, in a preferred embodiment, the antigen-binding molecule of the present invention has
antigen-binding activity at pH 58 that is lower than that at pH 7.4, wherein the value of
ICD(pH5.8)/1CD(pH7.4), which is a ratio of 1CD fo§ he 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 25greater. The
upper limit of the KD(pH5.8)/1CD(pH7.4) 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. hi another preferred embodiment, the antigen-binding molecule of the present invention
whose antigen-bifefiecd eatiggrabmdimeanslrswisr thish mEetepe risdidise or lanmomtural amino
30lcd(pHibi8)dkd (P Inidsicisdamaitaiofiihe ke o8 BeariigrmabatipB anditbrikd for the antigen at
pH 7.4, that is,2 or greater, more preferably 5 or greater, even more pref ly 10 or greater, and still
ore orol e e B B R R R AT 2 e B By
limited, An&iaNNNBEEMIOBIDal R pled Socqrivelenizoohasnberpdyptodustioiisippdsible using
the techpefegierohthass skilag dhthe BhaRtanditiansethes thap m@ﬁ;&aﬁmmm “an
antigen-g)lil%dié\lgb?c 1\/nl'g/n!ls @%?suiggd can,be af%rjopriatel selected by those skilled in the art, and the
conditioA8 e it BTN AY f U SHE RS SRt AT SHE PRSP B A Aied out, for example,
under cantigionbiotinEsthiffahairid STdyadentitsdubelthe i Examiplesy Fuitheterimrthe
antigen-hiskhing 3ethviy,ahas antige RcRinding:meleculecan hendgtermingst by methods: kpwn to those
skilled in the tart,f r%(am%?ﬁ?lﬁing%%iaﬁ?reétloo (GE Healt care) or the like, as described in the
ExampléZ. %5 llgeig%% U UK A SHAGS DI aTE HiBISEURS B %%%‘W%fiﬁ‘o@ﬁ 9% -antigen
at HeididlpHhnsigsiyotidsariated trofthherdigigen nhoe nible eidefonhadtabiticoconditidn; ant ihat after
internalizgtion dnigurel: fehinds ip r aRR-apdis-aasikoigleaserkiodhe Haife of b8, cells.Lhe
antigen-bi dlri}? molecul%r Iez:?'sqg to the outs{l e of the cells. without being dggraded inside the cells
can binci”é%ﬁ’i OBt i%é AL Bt figly! #he- BihaR GrREICHRTE PEitreample,
an antigerhiatind arent atzingutatieculey tegarticrethdnitding tnetebinéitatcdagiyadigsGelates from the
antigen Hider the gndeseniahacidic,6andiian fRrBINd a%@ﬁ%@%{z@%ﬂt{gﬁ@ﬁlﬁ}é@ﬁﬁ timgs. 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 AP & B eRkeiSr HHcFSASATgHA HOREDBIREHeR. qniasrassr pddisHdberinhaem: aparal
gntigenmmqm@imglm;amﬁgvhésmggambmmw%@mﬁ& h;t M@Bdﬁxmeﬂtthammaé@timu 7.4 .
'nc'ude%@@@gﬁpmmgmgs@&&%caﬁs%aahwsff;sﬁe%'ﬁ?o%%aﬁﬁn%rw& 36id aﬂeta@t%gqj%gﬁgp{%%&%m%'ecu'e Is

substituted with histidine ar a non-natural amino acid, or in which at least or] Iné or a non-natural
amino aqdiAdhpEBHSFRBIICIN eI RS W QT tHE RItaiHE Orehons- Rt RcaTHseraian Putation is
introdudeskisiont pRhidquiadyt limitad ans so ay hd anysitentigelobihdis gheastigenvioging.astivity at pH

5.8,s 2 : I 7.4).value js.greater,or the .
kdg(gH5%m/%% pﬁ&?%‘e\ggﬁl}%ﬁg rézéé&er Pagg %(J)%ré%lgrgﬂé e o%s%%%ﬁ?&ﬁ%%&‘é%’r% eine Lfid%nvariable

regions CORVE dRianasapiicthistdes masthtiEnebirgsriemolecule is an antibody. The number

of amino acids Fubthesi vt fiedanitiehistiding ordlesuRaturaliBmine: asithand eaaupdagr of amino
acids tocBSs'Béi?Fé[% 590 e ARRIGRRalel ASSHINGD Py, (NaRe skiliechin 2oi0e At Qe amino acid may
be substituted wi IStidine or non-natural amino acl , Or one"amino ac%{dmmay%e |nser€ted, or two or

more afgdchisdwsypeiévitnsmidied wilhrstkandtet Aainbtu thr i Hagstiontiveledemore amino
adds maythednsertesdiiareenshoapatiien e subsiittiionsifoistid penosiIRenaalRE amino acid

g;aniﬁgﬁg?%tﬁﬁ%%ﬁ% sgéfoafn?{%%z{}aé%ﬂ%!a%ﬂ'é‘g%%%iQﬂgreﬁ?éiﬁ%bgt?odﬂti?fz‘rd&‘esﬁ{g%Qﬁ&&‘%’ O Sipstitution
described in the Examples.
When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
weakened compared o that at pH 7.4 (when KD{(pHS.8)/KD(pH7.4) value is increased) by the
30  above described methods and such, it is generally preferable that the KD(pHS5.8)/KD(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 invention 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
35 topH 10.0. For example, the antigen-binding molecules may be agonistic or antagonistic

antigen-binding molecules. Preferred antigen-binding molecules of the present invention



30acids may also be simultaneously 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 insﬁad of alanine in alanine scanning which is known
to those skilled in the art. Antigen-binding molecules’'whose ICD(pH5.8)/KD(pH7.4) or
kd(pH5.8)/kd(pH7.4) is increased as compared to before mutation can 35be selected from
antigen-binding molecules into which histidine or non-natural amino acid mutation has been introduced
at random. 36 Preferred antigen-binding molecules with mutation to histidine or to non-natural amino
acid andindliede Bntgerbindiriegantivioent pa-Hisdspwelctvdes thahaepbtdl, 4nncitagentgicexample,

antigen-binging MRIseUIeS e SERNIORRINAIRG Acbdthal Rilufaf afien e spyiatian.de fistidine or to
non-nat ral({laml o acid is e%%%/glent_t%the tigen-binding activity at pH 7.4 Sbefore the mutation to
histidine BPYSRRTHEEHAR 8 eat{l]ﬁ &EhiShvention, "an antigen-binding molecule after

QRS
histidin_e or nc_)n-ﬁmdmmmm$mmﬁmha$mﬂnﬁmbﬂi¢&hg ammtyxﬂ)ad) - eguivalleatito that of
the gntigen-binding Meleguig,helons iistiding oHGRARMAb ARIRG AT My RleN” Means,dhat, when
the antigen-hinding acél\ég[i%%gsré ntlgﬁ:n-blndlng molecule before histidine or non-natural amino acid

mutatiorPRE L EFF8ek B Redh G P AR SRR iy Sh Binditg! esiddeecarér histidine
or non-nBtoteahardihomacichogitatibnds: st IHS). 10% or more, preferably 50% or more, more preferably

80% or more, angustl) QK PreferpRlyrPOYo.prMess; 136, AYIeOINHRIAFIVITy AR {4 After

histidine_or non-natural amino acid mutation may be greater than the antigen-binding activity at pH 7.4
before hiLhdiAt 8 3AGEIIAI amino acid mutation. When the antigen-binding activity of the
15&htigen-bindingginotbaintd 3desedskd ik ich 3ubstiutian Iorinsertiandf fstidine or non-natural

amino aci, the apigernging eV e palupiss BNIRSAYEING SUBRILIon, el addton.

and/or insertion and stich of one or more amino acids into the antigen-binding molecule so tﬁat the
antigen-Bfiting activity becomes equivalent to that before histidine substitution or insertion. The
present inventiolWatsohecludies ssid aptig andindigmblecids wWhesehindme@antivity has been
made equivaientas adesll Aksbstion,delation. sddion. andiornsarion.of.ene. rmere amino
acids after histidine substitution or msertlor% Further, when the antlgen-agln mS molecufe is a
su%tanb@i%&é%ﬁ%n antibody constant region, in another preferred embodiment of the

antigen-binding maleculeiwosE antigerr-hinding-mcivitysatHs 518JsHewensaanthatabpk] 44, the
present'gy@ftion includes 25 methods for modifying antibody constant regions contained in the
inding molecules. Specifici%a&r;ﬁ%es of antibody constant regions after modification include

antigen- . _
the constant rediégty slexgiibéd iih Bids53, L36IHEh k9. amtidettbinding activity of the

antigen-binding wukstanegiat pHhorBdsivepkanedcompamditodnal kb 48R ferred

ICD(pH5.8)/KD(pH7.4) value is increase e 30 above described me such, it is
e R D e e e P hidad: Tl et eHe by five
times orcriBbenaiies ef&R mbrd prEterbisls, tdafikes. ondidiéZisentpared o gt afdhdé Brigihal
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enion T SH T S SN OB 5 P e Rl acoy i 40 i
agonistic or antdgbenghie antigen is IL-6 (e.g., human IL-6), preferable modification sites include the
25  following. However, the modification sites are not-particularly limited thereto,
Heavy chain: H32, H59, H61, and H99
Light chain: .53, 1.54, 1.90, and 194
When the antigen is the I1.-31 receptor (e.g., human IL-31 receptor), preferable
modification sites include H33. However, the modification sites are not particularly limited
30  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,
35 IL-2,IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, TL~15, IL-31, IL-23, IL-2
receptor, IL-6 receptor, OSM receptor, gpl130, IL-5 receptor, CDD40, CD4, Fas, osteopontin,



antigen-binding molecules. Preferred antigen-binding molecules of the present invention 37 include,
for example, antagonistic antigen-binding molecules. In general, an antagonistic antigen-binding
molecule inhibits receptor-mediated intracellular sig{éaling by inhibiting the binding between a ligand
(agonist) and the receptor. Furtheituore, the presentinvention provides antibodies in which amino acid
on at least 5 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 et al., (1991) Sequences of
Proteins of Immunological Interest, NIH). Heavy chain: H27, H31, H32, H33, F135, HSO, 1458,
H59, H6 L 1HE221 482 6HBIAGEHAS, 198, Mkooby wriddm@RtEotayhiackaif. D22, TS, ¢.28M(32- 1. 83, L54,

L56, L9Gink&O2iand ARHADORY, the BhovDsitesnAIA 6 LIl R DHRIPGR0 9k somd fe yniversal
modificatiocn giies. When the antigen is the IL-6 receptor (e.g., human IL-6 receptor), preferable
modification Sites include the following However, the modification sites are not particularly 15limited
thereto. Heavy chaificula2y pre8arad 3p1EE36 inchbip, tSH, -Plédcepi®2, H63, H64, H65, H100b, and H102

Lorchan Lol 8, SRS 4, 0 DB gl i acc
is substituted at multiple sites, preferre ombinatigns of substitution sites jnclude, for example, the
combination off-E%,HP-ef ‘?gaﬁ’aﬂ?i?égf’%‘grﬂgﬁﬁ%ﬁ%ﬂ#@?}%@%,&i%ﬁ%&‘%ﬁg BEEHS H102:
combinatieiudt kabadad. 53Asintb dembimatipmof&28indity aciivitsanthtaddittondingefexied
combinamﬁeff%w&aasl%@mg%%%@w apddigifchalpsdpelidedhn rembinaian alfiadnd43l, L32,

and L53.. When the antiﬁen is IL-6 (e.g., human IL-6). preferable modificafion sites include the

25fo||ow¥r‘f§.it{3fé)%é’§é?, R RiodifidARNIEnE %Vée&épﬂawamﬁ?’mw&%ﬁé‘pe%?%eavy chain: H32,
H580 H61, and HA® biugih chiaimtihasly, df5de bB8Beaind Le@dion is not particularly limited, and may be of

any origin. It is possible to use, for example, mouse antibodies, human antibodies, rat
antibodies, rabbit antibodies, goat antibodies, camel 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.

15 The antibodies 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

20 ahuman 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

25 CDRsare known (Kabat ef al., Sequence of Proteins of Immunological Interest (1987), National
Institute of Health, Bethesda, Md.; Chothia ef al., Nature (1989) 342:877). General genetic
recombination technologies suitable for this purpose are also 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

30  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 a system that uses conventional
expression vectors.  Such DNAs can be synthesized by PCR, using as primers several
oligonucleotides prepared to 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

35  are selected such that the CDRs form a suitable antigen binding site.  If required, amino acids in
the FRs of an antibody variable region may be substifuted so that the CDRs of the reshaped



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 limited 30thereto. The
antigen-binding molecules of the present invention may recognize any antigen. Antigens recognized
by antibodies of the present invention specifically ifflude the above-mentioned receptor proteins
(membrane-bound receptors or soluble receptors), membrane antigens such as cell surface markers,
and soluble antigens such as cytoldnes, for example, IL-1, 35IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-11, IL-12, IL-15, IL-31, IL-23, IL-2 receptor, IL-6 receptor, OSM receptor, gp130, IL-5 receptor,
CD40, Cliddhydnasytidsiéopanfirm IGERIHAEP2BindRe fb (Sh2 8. menocde-ehrB0AIIgRtant factor,

CD23, INk- 5!1\/@ B-I [ ' 7 CD1lla, C IFNy., BLYS, HLA-DR, TGE-f3,
CD52, al\rgﬂg' I?I(_yl31 réceégt%é(.) é‘éﬁ%ﬁﬂg’ﬁ%%% gr%dﬁ%%g%%s%n@ﬁ%%‘fééﬁ@% 85% or. tg‘?‘%&e}jecgy

antigen-BiRdipmuIEsaTE s dPaRecpralsshbands ifionibre de Seitisd 9808 2R3 o7 prefdkawsivisodiment of
the present infertionothaaniigeicbinding TbRewesirslCinantibogics. ¥ptinidies bayinge:
antiboy e e R T RS P IS 2 possible o use 196, oGz,
IgG3, 1gG4, and WheR thomibedighr bamipsay oivansiprase shimesistiaibodios pahicwatkedmited, and
may be ehdmdesgine € irgossiblenadsrifodiexarpRimiseanitogies iHnanapibpdiesy st
ZEEEESE!%%méag@%%aﬂﬂ?i%ﬁé?é%g‘éq%%@é%ﬁ%%?%%ﬁ?%ﬁ%ﬁ%%ﬁ B B e
antibodi&® Withgimin &/ e iiepeersdbantintaeid sughtanhommahizetechtioddids 1S Timeaantibodies
may)alsereddbg abeyerdesshingdispasificrrniibadisso ahedymodiication psqdiets to which
oo Sl ALY O FREHRIAtin of SEh A58 L L fedaft i 0 Sace b man-mouse
chimeridrahibscy vioeeleanygiie, of DNutdodydiervad fotibedyihvegiommaydedihkedistanDNA
encoding:20a buiwe ABHPOANfaseaiRbdNis SanbRINSCHREININ A0 SXRISSSIRRNRAIRS @Rfhdptroduced
intoa h produce.the chimeric antibody "Humanized antibodies" are also referred to as
reshape %Of%%%%@¥QG§WS£%%ﬁM@ﬁM i eREh Essto A er¥RAifg Fedjion
(COR) dfuanaorintihvaly. mahenainfonegmnpial erivol fenishtraaspiatibedits phefCDR’ ofdddeman
antibody:Memodm forEeRt YL antibodies include, for example, 1gGs (IgG1, IgG2, 1gG3, and
IgG4). 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 is not limited thereto. The FRs derived from a human antibody, which are used
20 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.
25 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
30  that at pH 7.4 may be artificially modified through histidine substitution described above or the
like so that their antigen-binding activity at pH 5.8 becomes lower than that at pH 7.4.
Alternatively, aniibodies 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 library or
hybridemas as described below.
35 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



25CDRs are known (Kabat et al., Sequence of Proteins of Immunological Interest (1987), National
Institute of Health, Bethesda, Md.; Chothia et al., Nature (1989) 342:877). General genetic
recombination technologies suitable for this purpose are also known (see European Patent Application
EP 125023; and WO 96102576). Humanized antibddies can be produced by known methods, for
example, the CDR of a mouse antibody can be determined, and a DNA encoding an 30antibody in
which the CDR is linked to the framework region (FR) of a human antibody is obtained. Humanized
antibodies can then be produced using a system that uses conventional expression vectors. Such
DNAs céusbédisyntiiesizey dyaPER ausisgoasiprsidransivodial oigtnoblentddy prehadedkiomaie

portions;ihat everarWilb Mhe.snddegions of beth e RRaNER.(588,ih¢ mefhaddeacrbged in WO

98/13388)..Human antibody FRs linked via CDRs 35are selected such that the CDRs form a suitable
antigen BHERTY SRS rRiGTRTE ARNRn 8 AERAS RO RRE 1SR SHATE APER4BIESEEBn may be
substitutgdsdathat thedGCHRRseditbdseshapiedd9. human antibody can form a suitable antigen binding

site{Sato, K. et g, Laneer Resn(h8PN2 AV 1hLPIRARE JeSIdUes RIOGE Redhakfan be

modified include portions that directly bind to an antlgen via non-covalent’bonds (Amit et al., Science

(1986) 298Psreng aGhtshdidrarirsiese SPaate B et B e RS s A& Chothia et al., J.
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einde o9 A A e AR P a5 an
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constani86iRnY Rimbtbadinsiet 3Ry sAlypRsACensRNuretoaaihvman taflisdHreiambhsdised,
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humaniz&d antiboties,” i FARTEUA N RBEFETASY, ARA 1A HerVieer S S5 antiBBaY of any

isotype.analysthef vheistikstan dleanestesn delgioniootehineriecanenkemsanisbagdheahotrbdeoftienpresent
inventiogrmayae: mpddies hy: delatienhsuhstitution Onse o Man el on sand suahhis@dong as the
binding specificity of the O{iﬁinal %E ibodies is exhibited. 25Since theéwmg{]%g%nicit% in the human
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presentdnxABioNIBYDe (IePared By @Y nelitpds fos xamples avtibodies whese antigerwlinding
activity H_5.8 is originally greater than or comparable to 30that at pH 7.4 may be artificially

modifie histidine substitution described above or the
As for methods for obtaining genes encoding antibodies from hybridomas, known

25  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 cells
(hybridomas) by conventional screening methods, synthesizing cDNAs of antibody variable

30 regions (V regions) from mRNAs of the obtained hybridomas using reverse transcriptase, and
linking them with DNAs encoding the desired antibody constant regions (C regions).

More specifically, 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

35  limited to these examples. For example, it is possible to use whole proteins and partial peptides

of proteins of interest.  In addition, it is known that substances comprising polysaccharides,



like 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 angantibody library or hybridomas as described below.
35When 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 40 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 obtaiﬁgg%g/%%fg%l ]gg’naé%egﬁgqﬁ?ﬁsé gr?ﬁg%%?é‘s f#cl)%shéierﬁgf’%% S?SHE@H‘F 6‘?‘?0@ fal antibodies.
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ibraries,,FQr mple, regarding .gntibo age libraries, one can refey to the literature such as
Clackson e%%?ﬁ%%u%l 91%@%3%?2%%1&@%&@8?, J{%Wm@ - @'@é‘f %ﬁ ‘i%g‘,lw};ﬁéfhouses
etal?, Nudldio AcitieRed. 4.9l srin 2detalGhiffithoktl 28Rl 7EBHBE) dnd 99¢h. 13W324 .10:60; Vaughan
etal., NatyreuBiiorbinolaay 4996l #:13R91h @lchdeRangssRiehianyRPilication Nop41P-A)
H20-504970 (unexamélrr%(;u ﬁJ%%?,nese national phase publication corres ond_lngh}o a non-Japanese

internatidPI AR ARt O B B TethBEREEYER 2 RGEEREY using
eukaryotittigelis msiibtaxescfivdi 5/ 1530B) amigeris dsainkidislay methatisr Foitkelsoréyteshnologies

to Obtai%M@&&%ﬁ@ﬂ@éﬁﬁ&?é’u@ﬁ'é@iH&Mﬁme%ﬁ?géh@&ﬂﬁ’ggé{zﬂﬁ’@%&g{&ﬁ'ﬁ& kagyq. For

example, variable regions of human antibodies can be expressed on the surface of phages as single

chain arfflSESsAYLIYS PLEIR G L HR IR et S ISP FRS G €RES B0 sittiBhs can be
selectedr4@ewetjoacdly sipofstiecseiestechpirages danudaterniea tell BIXMAceguehces«angoding the
variable;fegi Qfshuman antibodies that bind to the antigens. Once the DNA sequences of scFvs that
bind to 20the aritigens is revealed, suitable expression vectors can be produced based on these '

sequences to oBARPHIRELAMS SRS Cahbe e iRbtAd a8 HPEORR AR ARENAR SRS aPRranEan refer to
WO 92/84r34zi Wy Gn82¢RO LMD AR/06213 ] (¢VKatB3Y 1 283G ARG SFh ¢ 2 W Qa0 DO pbd8rednd WO
95153 metha taini I ihodies,from ridomas, known
Zggch?fgl’o%ﬁggénay be %%é?ga%l%%@ , %&%@Eggﬁiﬁ?ﬁgﬁgéﬁ Eé}s,?r%d gr%’?é)grgl)gl g{ngne g c(‘é%(npressing
the desiPedSsAHgEHA RSB NG F GBI 45 mssalidnsbifsrmdamsulisamerrhas@ding to
conventiginadttmmSnizafigmanethodde fdsing dhp ke sulling: imehurermedsrwilhkhawnspasent cells by
conventj ' , Screenin n nal antibody producing cells (hybridomas) by
conven:Ll% a g%%%r%{%%r%gt%@gg g}%ﬁ ggﬁﬁ%%%ﬁﬁiﬁsgé?%%%&%}%aﬁa Ie%b?i%’isorrﬁ}sé ?’ésgions) from

mMRNAsBFSHerettsmied itsidomtd< sy esrsr sl iraddiaprdasgeridinting theamyinthDNms encoding
theodesuedbatiipeny repassars regions keowgiandhumanMeiBaRecHieatly cbensitizinGantigens to obtain
e e e e T O R L it
antigenfeie: IFBRESASe dhByadrelfPlesEnmaclpitah e e antibledcrbrdnahivding ssihatsitsenst use
whole piefiptis andipantialReBiEesviro sensitization of human lymphocytes with desired antigens or
cells expressing the desired antigens, and then fusing the sensitized lymphocytes with human
25  myeloma cells such as U266 (see Japanese Patent Application Kokoku Publication No. (JP-B)
HO1-59878 (examined, approved Japanese patent application published for opposition)).
Furthermore, desired human antibodies can be obtained by immunizing transgenic animals
carrying a complete repertoire of human antibody genes, with desired antigens (see WO
93/12227, WO 92/03918, WO 94/02602, WO 96/34096, and WO 96/33735).
30 Animal immunization can be carried out by appropriately diluting and suspending a
sensitizing antigen in phosphate buffered saline (PBS), physiological 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 produetion can be
35 confirmed by measuring the titer of the antibody of interest in animal sera using conventional

methods.



of proteins of interest. In addition, it is known that substances comprising polysaccharides, 41 nucleic
acids, lipids, and such can be antigens. Thus, the antigens of the antibodies of the present invention
are not particularly limited. The antigens can be prggared by methods known to those skilled in the art,
for example, by baculovirus-based methods (for example, WO 98/46777) and such. Hybridomas can
be produced, for example, by the method of Milstein et 5al. (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 macromolecule having immunogenicity, such as albumin.

Alternatively, if fstEsshrprogitrien sabagtirinssvendymmrspioble artgeniyumsdgiitiem with other
molecul@gsiwhenigansmerpiBisne ol asuRssuel 9 Membranerdigens o exatpliadgceptors) are

used aod GagenR, PorLons AL e exeEaluRLIS RIS L G METINe lgens can bp used a5 2
fragment, or tefls expressing trarnsmembrane molecules off thelr cell sufface may be used as

immunogiihBracticeppitdsayio Hsaticihtf eelid-£8R be Whetimeahbpdniivivideing eallpmals bsindfappropriate

sensitizineiangenmdescnbriaboueirliornativelpolibarvradacinaicalls candasRieRAIRd 15by in
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t
immuniza |a”osr‘11;I Such' mm‘%%yuﬁé”é%ﬁ? AT ifict 35?8%%@%8?&5%,%%%%%7. Such

animals(R&fudendeneampikerbemengsohens aaiee (FikAhd Rawrstdts;, lagoronpiassbicings rabbits;

and primaies i ueng RAnRkeYs SHERASGYRIHRIOYS PeNKeYss esur mankeysaRgboons, and

chimpanzees. In additign, tfransgenic animalg carrying human 20antibody gene repertoires are also

known, [ "using these animals (see WO 96/34096; Mendez et
SR R TR Se L e B ABEBY

al.]Wat. Genet. Ng97garEs 24686)¢ isted e tiiusinbosichetrahs génicdainimeals bfodcexanople, desired

human gptibodies Raving binding-Retity1aga) HGRRS AN &%g%ﬂ&dm 1Y UERREasIzation of
human gﬁngz%o%%ﬁ@nth desired antigens, or cells expressing the desired antigens, and then fusing
|

the sen AHES Utk S5RRPEERME SO BRIAREMIBE D (eaucTsp A BE (At
ApplicatiotitkidkekusRubliegitos) Nolt (3RLE) 4 bEOS78 (extmigedts dpmavBd Japdne $& dd@nt

applicatigppmblishied fonAraesiiom)nfusheimerendasited fg‘mgmg@ﬁ%&% SampPeIobtaiped by

immunizing tra@r\%enlc animals carrying a complete repertoire of human antibody génes, with desired
antiyen$ SEE R WEIDY R 1510 55t SURRGES 84 0BHBRIVE bEIaRNYs [aHalWesiob/73s).
30AnimathdnigiihiZgtioh aahlha -Cared:atii) by Hehebpriaiélly dilkithe gadd:stspaesingiavesnsitizing

antigené%ﬁﬁ@é&ﬂ?&&d?éé@&%? Qﬁ%&ﬁ_ﬁ%rﬁng&Mg%%g@g#@%t@fré Chy AR mixing | iwgtaoa”

adjuvanit to emulsify, Iif necessary. This is then intraperit {yor sg(T c%{janeously Injected into
nipfetE&djuvant is preferably

animals®pHihase dawsshiomybatirsen havsychilaFEre DAl
administered sd¥atdh titie pewtbieauntelifil HayaiRaikotlyproctiction canahe 3beomnirmadsby

MegSUeLINE-HISE % ARHE RS IPRIE St L ANINR, SEEARIRG FRRRIQNA! a5 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
antibodies, sheep antibodies, and camel antibodies. Chimeric antibodies are antibodies

25  including H chain and L chain variable regions of nonhuman mammal antibody, such as mouse
antibody, and the H chain and L 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 introducing the vector into a host to produce the antibody. A humanized antibody, which is

30  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 complementarity determining regions (CDRs) of an antibody of a nonhuman
mammal such as a mouse. The resulting DNA can be ligated to a DNA encoding a human
antibody constant region. The ligated DNA can be inserted into an expression vector, and the

35 vector can be introduced into a host to produce the antibody (see EP 239400 and WO 96/02576).
Human antibody FRs that are ligated via the CDR are selected when the CDR forms a favorable



methods. 42 Antibody-producing cells obtained from lymphocytes 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, Monoclonal Antibodies: Principles and Practice,
Academic Press, 1986, 59-103). When required, h)ig‘ridoma cells can be cultured 5and grown, and the
binding specificity of the antibody produced from these hybridomas can be measured using known
analysis methods, such as immunoprecipitation, radiohnmunoassay (MA), and enzyme-linked
immunosorbent assay (ELISA). Thereafter, hybridomas producing antibodies of interest whose
specificigntaftimibndnaciicity Hagbsemdeteiminedcanthe faubelonéddyonethedmabolyas:tiabiing

dilution. %W&sm?éagmgé%WH?B{Q%@@EH%&ME%H% yitigomas or

antibody-producing cells (sensitized lymphocytes, and su es that can specifically bind to

2NS] h) using pro

the antdORIEPTEF SRAHFHTE HgBRUEIRoTRS EofthplchErtEs d o den B briéahiing the antibody
constant regiondh Hddiadsopossinlade cltoe deegbatsHson anRivditising BT &R ddnaunoglobulins
are glassified inta fi i t I I nd lgM. These 15¢lasses are further
s e B T B e e o
IgA-2; arRl SHER: W@h&ﬂ%lfé??&lﬁnéﬁ%éeﬁéﬁﬁ%ﬁ?@@‘&ﬁ*ﬁiﬁ%ﬁ%ﬁﬁ)ﬁtﬁo%%%élammﬂéésaﬁe not
particulafily diatiedeaRdimkal( 0sigmaE-fiomanthadiesdhalmnging anyoRthaseslasses.Qr subclasses;
however, JaGy s, periisulagly Prsfeliedy Hereln, isRassibis.damodibytchainencoding genes and
L-chain-_encoéln e esé using genetic engineering technologies. englflc%ﬁymo%lﬁe antibodies,
such as’éﬁ?ﬁﬁ’éfﬁé] HEEIE apd RN Sarapinsydred o fishl tidye béeh artlfiehaty mmadified for the
pu[goseméﬁwgz@%mchat@mp,g@u%mmq%efef%mggsgyagﬁé@%fd}%mgﬂggamﬁ%@ﬁgﬁ@@riateIy

roduceg-for gpiibodi uch as mouse antihodies, rat antibodies, rabbit antibodie mster
zntibodigg%hsege)ﬁ’ gﬁﬁ%@ie‘&?n?@f%@%%n %8%%’.0 }finseer uegirﬁ?b(gg%sog Hé%t%ga e% 25including H

chain aniiadiiagianiablécregiceausnae hnmelasniadiaiaimiansdis dforedeniousdantibody and the
-1 chain@nddsighainteonranhisigens ehiimandanlibpdwifRinsticartibrdiascambambtained by

ligating @ DNA encoding a yariable regign of a mouse antibody, to %A ncoding.a. cqonstant region of
a humar%.l gﬁﬁ?&o‘%},‘{%@%ﬁ%{%’%%ﬁt eonégfhﬁe?(rﬁpee?siﬁc;’novgﬁ%}? gﬁ‘)é ﬁﬂ?@o thz tt(ﬁ%h?/é%[%?l to a host to
produceaiiibeditibrsaiues, hiimahizsd wntibbdyroltizly e daksbecalivaxamesddpeddusman antibody, can
be syntheisizedhnRCRsiRgiserskal aligeausieotides-Epd used 30 Mhatdhgydhava.Rueriapping
portionsc?tsgkfﬁe%ndg of DNAngﬁlenc&sr%%gf%%ned to |ng the C%mqllement%%tﬁ/? determining regions
(CDRs) Bf 5h SAB LS SR RAHRIRAN SPelich AL RR0s AR AL UING DNA can be ligated to
a DNA efitbbigorimineanlamtibdeylcomstantifegiomtifiveiigated Biinean be inserted into an
eXpressiQn) yREHox) a;m&?ﬁiﬁéva%ﬁ%@aa buintroguced o ahoslile pheduss,the antibody (see EP
239400 WQ 96/025 62.,Huma antibody FRs that are ligated via the CDR ‘are selected when the
C 92 forrte 35 atnartic cid and ghutamic acid;
(4) basic: arginine, histidine, and lysine;
(5) residues that affect the orientation of the chain: glycine, and proline; and
{6) aromatic: tyrosine, tryptophan, and phenylalanine.
In general, a total of six complementarity determining regions (CDRs; hypervariable
25 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 capable of
recognizing and binding to an antigen, although its affinity is lower than the affinity of the whole
binding site. Thus, antibody genes encoding 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
30 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 ammo acid residues in the CDRs may reduce the
35  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.



43 antigen-binding site. If necessary, amino acids in the framework region of an antibody variable
region 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: 10.01-10.06). In addition to the
humanization described above, antibodies may be modified to 5improve their biological properties, for
example, the binding 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 cassette mutagenesis. In general, mutant antibodies whose
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insect cells such as S9, 821, and Tn5. CHO-DG44, CHO-DX11B, COS7 cells, HEK293 cells,
and BHK cells are preferably used to express the antibodies of the present invention. Among

20 animal cells, CHO cells are particularly preferable for large-scale expression.  Vectors can be
introduced into host cells, for example, by calcium phosphate methods, DEAE-dextran methods,
methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, and
lipofection methods.

Regarding plant cells, for example, Nicotiana tabacum-derived cells and duckweed

25 (Lemna minor) are known as a protein production system. Calluses can be cultured from these
cells to produce the antibodies of the present invention. Regarding fungal cells, known protein
expression systems are those using yeast cells, for example, cells of genus Saccharomyces (such
as Saccharomyces cerevisiae and Saccharomyces pombe); and cells of filamentous fungi, for
example, genus Aspergillus (such as Aspergillus niger). These cells can be used as a host to

30 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.

35

<Screening methods>



35antigen-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. 44 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 organism
such as human or mouse. Furthermore, the present invention provides genes encoding the antibodies
of the present invention. The genes encaoding the antibodies of the present invention may be any

genes, and may D& BRSS! kg Revidstaheds ¢S sereamngior antigegrinedinsracihaisesent
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plant 15%&_3% s%ﬁgézna’%ﬂﬁ‘é%?%sé’|r%?°/&%‘fﬁ%‘a %@ﬂ?é??n”g:&"’ & Ma i§r)ﬁ'a |a%n%:1§ﬁl§%loﬁr & H%%%E%t(\]. Exp. Med.
(1995) 198s@atys wd 21k Jo3n 3w xhnselbinalBrexnbamysamstoe kithsey) ientpmalio/ero;
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antibodies of thes presRAMNINVEIHARRSAIRG BO9RILSAHSHYA0WBFOLRIN SR RRICR. SYRigms are

th? e usin%eygflst cgﬁl , for example, cells ﬁ'f genus Saccharomyces (such as Saccharomyces

cetdvisidE 5l Salehalt SRIYRESHOfMBERS 8id cells of filamentous fungi, for example, genus Aspergillus

(such adaspemiiivimpihedutitresbiodits cativitey ufed asigendsinttiR0prdeide ahpHastibadies of the
present jgvgntion. Bacterial cells can be used in the prokaryotic production systems. Regarding
bacterial eﬁ{l% %rlodu_ction systems using Bacillus subtilis are known in addition to the production
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system npBiE AR ARB e ANBRES R Sldhrartaen iEing mpstiie APt - Ariambifes of the

present andention.
20 (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.

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 limited, as long as it is an
antigen-binding activity at a pH between pH 6.7 and pH 10.0. However, for example, a

25 preferred antigen-binding activity 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

30 atapH between pH 5.5 to pH 6.5, and a 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

35  molecule can be assessed as dissociation constant (KD), apparent dissociation constant (apparent

KD), dissociation rate (kq), apparent dissociation rate (apparent kq), or such. These constants



35 <Screening methods> 45 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 5screening for
antigen-binding 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
extracellularly-bound antigen. The present invention also provides methods of screening for an
antigen-B¥dikdFserRiBaEN N s pdURP R dA e sk ethimtbesal lenarppleaing BiasesdsE o the
outside okthdced)isancantipsinirecHaas, The 10present invention also provides methods of screening
for an antlgen-bﬁdmg mcglﬂesctléleotpsaetlhca%f increa 1ed gﬁ:llt t0 ellmlr{l%ew%nglgaens %r}}%la}ls a.

Erei, ng an. en-pinding molec ‘ 1
Furthermore, the presen mveﬁtlon also frow esgme 0 s%Flscreenln or an en-bmoﬁﬁg molecules

which arépaiitict iy JseraFvibh s seeptss i cbolit A enmbbsifionss a same mepdekiaalithehe
present inyesfigNcpriaygides:Metiosis ahs cHoRRIS (aiapUatadainditm: anieieculeH which gomprise the
100 (o) SO B ety of the antgenbincing molecule at pH 4.0 0 pH 6.5
and 20(c) selectity anfeisnge htiirriingimolteaebiibee abifgerebimting tactivily &tand &t e il 10.0 is
greater thandhel aigen-iaeingiacii vifyiativkl 18- 1@ Bid ntiokh bR SeteanitgyReHrpds of the present
partcu I TR LN e P SR TULA B R o B SR AR P 0.0,
HolWeverHdPdkiarpisisr abDoiefe niegh cattig redsipeiirgadyivity fines eingigeterbinding! biotvity at a pH
between,pit A punshpht 8. @Bs@ MarenRraiepedaniiagnhinging eﬁwﬁ@vﬁé}sﬁﬁp@sﬁ.tigen-binding activity
at pH 7..4. Further, the antig n-blndln%j.agtlvu of th_e ant| en-b_l ding molecule at pH 4.0to pH 6.5 is
not particularly HitEd 458 foHty EiTE &R %{mébﬂﬁ&ﬁaffﬁ %W@Oﬂgfgﬁrﬁmg f'pH 4.0 and pH 6.5.
Howevetnfigeastandple neopraftas cuttachigemisinglthg siepiviedz is an antigen-binding activity 30at a pH
betwee e{?'ﬂi§d§a§%ﬁ'§n@i§m@%éiﬁ‘@%%l@éﬁf@%e&%ﬂﬂgéﬂ191891‘%%@&&%% ISramaiesprpsling activity
at P%_' > )C)Eralgcl;!ng' t51ie 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
20  antigen-binding molecules, which comprise the steps of:
{a) selecting an antigen-binding molecule that does not bind to an antigen under a condition of
pl 4.0 to pH 6.5;
(b) binding the antigen-binding molecule selected in (a) to an antigen under a condition of pH
6.7 to pH 10.0; and
25 (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;
30 (b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0to pH6.5;
() 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

35  {e) obtaining the eluted antigen-binding molecule.



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 antigerth- inding 35molecule can be assessed as
dissociation constant (1CD), apparent dissociation constant (apparent 10), dissociation rate (kd),
apparent dissociation rate (apparent kd), or such. These constants 46 can be determined by methods
known to those skilled in the art, for example, using Biacore (GE healthcare), Seatchard plot, or FACS.
Herein, "the step of selectin%an antigen-binding molecule whose antigen-binding activity at pH 6.7 to

pH 10.0 is greatéPEEsPERit & BHY 08y PHresatsh S dSHhERIB AHISE as M BEEBISSEelecting an
antigen-hineiinignpeteddde vk anehadi descdibedinighactiviihatiptl @b g ptdpsthoSrigplawer thastéhabat pH
6.7 to Yt iffer b tigen-hindi tivity at p H 10.0 and that
a4 e A B B B 6.7 pi
10.0 is gragtermxniniedtinrayortdhsuenbeHs Wesdicitd fSbinding activity at pH 6.7 to 10pH
10.Gris preferablyimtisarenr@reértpremarmriaiondly e dinesargseatdTsangisiiferore preferably 40
times ora%reater thgn the ntigen-vp}'q(c:lliln&) acti.vit){h%t%—| 34(.) ) to pH 6.5. Furthermore, the present

invention §f§8nﬁ}?{)r§/|81§smrﬁe%oa% 0 scree%ﬁrgIS or antigen-binding molecules, which comprise the steps

of: (a) bitfdisflcanirariiarismdiyiing melreve hatsloganiinadiaasoriigonustsHrenestion a0.0; 15(b)
placing thig antigenshinding molecule that bound to the antigen of (a) under a condition of pH 4.0 to pH

6 5; and (c). obtaining the antigen-bindi olecul é{watr&'s ociate{j under, the congdijtion of pH 4.0 to
o o5 e A s Sl RSP aBhins ST incing
maiBculés/ whithi€dmprise the steps of: (a) selecting an antigen-binding molecule that does not bind

to an angigeyhdnsies hEaRGIAL Bhb 48 IKRNER-Phdin PipdiRGHigANlaRR thndingiRalesyl selected
in(a) to gu:} %nzgige!rbﬁr;lder a condition of pH 6.7 to pH 100; and
(d) amplifying the gene encoding the antigen-bindihg molecule that dissociated; and
(e) collecting the eluted antigen-binding molecule.
15 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 limited; however, the number is in general ten or less.

When a phage library or such is used in the screening methods of the present invention,

20  the step of amplifying the gene encoding the antigen-binding molecule can also be a 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 parficular limitation. For example, binding
of the antigen-binding molecule and the antigen may be carried out by contacting an antigen with

25  an immobilized antigen-binding molecule, or by contacting an antigen-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 sohution.

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

30 which comprise 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 the
column under the condition of a second pH; and

35 (c) obtaining the eluted antigen-binding molecule.



25(c) obtaining the antigen-binding molecule that bound to the antigen under the condition of pH 6.7 to
pH 10.0. Furtheilmre, 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; 30(b) placing the an‘tli en-binding molecule that bound to the antigen of
(a) under a condition of pH 4.0 to pH 6.5; (c) 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 35(e) obtaining the eluted antigen-binding molecule. 47 The steps

of (a) to (d) may berfegseatedisressriorentivres!svimueyides prebeds ifasneimngrivides the methods
describegrafpeueinathghibriudinga e pialrapeating the: siepsnfi(alia kdivice anmosg dimes. The

number for.repeating the steps of (a).to (d) is not particularly limited; however, the number is in general
ten or Ieg%r?I’S?—%lﬁ gi%nngrrés,et@ee g%éé%ﬁ invention also provides methods of screening for

antigen-bi diffy irtore calégsnwhishngonmd ed alibretep so inigr setentiiglimadenigem-bindinhemolecule
that gloessptibinch 10 3pspptigen under a condition. of pH 4.0 to pH 6:5; (b) binding the

bt hE DR A O ALY GG e HUGeH DRHGPfe BB BT of BEPE#o pr
10.0; (djarhiifadgtheteneténdoding kelentidenttindify malechimthatdtisgeaiateitiand {e)
collectingem@ligtgqlﬁptigen-binding molecule. 15The steps of (a) to (d) may be repeated twice or
more tim((a? 'o-!;lt’]alxjr?i’ng]&g gaelaggrgubinding molecule that bound to the column in step (c).

10 Furthermore, the present invention also provides methods of screening for
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 library to an antigen-immobilized column under the
condition of a first pH;

15 (b) eluting 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.

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

20 of (a) to (c) 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 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 is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and pH 6.5;ina

25 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 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

30 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 preferred combination, the first pH is pH 5.8 or pH5.5 and
the second pH is pH 7.4.

Antigen-binding molecules that are screened by the methods of the present invention
may be any antigen-binding molecules. For example, it is possible to use the above-described

35  antigen-binding molecules in the screening of the present invention. For example, it is possible

to screen anfigen-binding molecules including natural sequences or antigen-binding molecules



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 limited,;
however, the number is in general ten or less. When a phage library or such is used in the
screening methods of the present invention, 20 the4tep of amplifying the gene encoding the
antigen-binding molecule can also be a 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 carriegiQuipy @@mw&tgs@@@nﬂaemmiﬂm@mmmomﬁ@ﬁeranmwmlmgn@&%ﬁ@s aHaby
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In the screening methods of the present invention, non-natural amino acids may be used
mstead 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 amino acids of antibody constant regions.

20 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

25  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

30 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

35  invention can be used as screening methods for obtaining antigen-binding molecules that can

bind to the antigen two or more times.



(c) amplifying the gene encoding the eluted antigen-binding molecule; and (d) obtaining the eluted
antigen-binding molecule. The steps of (a) to (c) may be repeated twice or more times. Thus, the
present invention provides the methods describ 8 above further including the step of repeating the
steps 200f (a) to (c) twice or more times. The number for repeating the steps of (a) to (c) is not
particularly 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 pHSs, for example, the first pH is between pH 6.7 and pH 10.0, and
the second pH ishEtsEaesHAtGUNBFENS Bolncies thetarpredeahitiod indingtio maheaititaphids
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substitution Qr insertion is not particularly limited, and may be introduced at any site. Furthérmore,
histidine @ﬂﬁ%ﬂlﬁt‘?&ﬂ By ARURREPMERS 5%%8&@2:@&%5 éhﬁﬁgeﬁnﬁiéy@@é“?ﬁtroabéédﬂﬁ two or more
sites. Fusﬂne&mng&npﬁ&fésrﬁtmmzembimhngdn@lﬁpbléessehaﬂsarﬁeﬁﬁrﬁgnﬁﬁhmmmm%@ventlon

inciude, i g@@ﬂlﬁ@@ﬂ%@ﬂ%&%@%@% & Lhasdngmediiet authgrrpgpstant regions,

en-bin molecules that are scree the met e present invention 10may be a
er SYERgEU hgerdBiERRE molecules introduced with histidine substitutions or insertions at

different sites, fofurkamptes nhiigtidinedsgampiegules that are bound to an antigen and internalized

into a cell, and released to 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

20 screening methods for obtaining antigen-binding molecules that are bound to an antigen and
internalized into 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

25 invention 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

30 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 original libraries. Libraries containing antigen-binding molecules
with increased histidine content can be used in the screening methods described above and the

35  production methods described hereinafter.



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. 15In 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 amino
acids of antibody constant regions. 20Antigen-binding substances that are screened by the screening
methods of the dréseritsnvehtineramay histphepareddny ambmptimdedoy exdmpddsrivisnposbilie to use
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molecules, which comprise the steps of:
(2) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0;

20 (b) determining the antigen-binding activity of the antigen-binding molecule 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
greater than that at pH 4.0 to pH 6.5;
(d) obtaining the gene encoding the antigen-binding molecule selected in (c); and
(e) produéihg the antigen-binding molecule using the gene obtained in (d).

25 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;

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

Furthermore, the present invention provides methods for producing antigen-binding

35  molecules, which comprise the steps of:



obtaining antigen-binding molecules that can neutralize more antigens as compared to the number of
the antigen-binding sites of the antigen-binding molecules. 10Furthermore, antigen-binding molecules
that are capable of dissociating within a cell from ap,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 capable of dissociating within a cell from an

15extracellularly-bound antigen. ~ Furthermore, antigen-binding molecules that are bound to an
antigen dabispiestinglpleapiigenabiedingmociefeds dntdapenot b iofhanidemuadeantigepnfiderisim when
administgred tor@pingls, such as humans, mice, or monkeys can be obtained by the screening

methods é he ,present invention. Thus, the screenj th o(ﬁ he, present invention can he used
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internalizéteiied @ ¢ell, and released to the outside of the cell in an antigen-free folio.

FurthermeyeopatiggniRindingeiesylemn fatsamheaBidieliminaleapigans: heasmamhebH
administgrﬁi to 5; als such as humans, mice, or monkeys can be obtained by the screening
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the 35prodlutition ofetidds dedtvbied hereinafter. 51 Libraries with increased histidine content

can be f@%ﬁﬁ%@yg%%tm@gemm Aesariiliedin e At whishipclids e fellewing mathod. 20

types o let codons (trinucleotides) encoding 20 types of amino acids can be incorporated at equal
frehﬁjenc@f vhen synthesizing nucleic acids to prepare a library by the trinucleotide-method (J Mol Biol.
2008 Fefal)mupliBin¢4he1gb82 ¢0) 4Gt har éRulicitnedpesijon indaie ehiosdtie; library can be made to

contain E g@ﬁgtﬁég:ﬂl%!r%?u%g%z%e%g&%ﬂ[r%g?ﬂqgg&ghe frequency of histidine in the position mutated

for the library can crease increasig the proportion of a histidine-encoding trinucleotide as
compard§ RPINBIRE G BPRF SROGRECIBS 2ty i g Fplesur srlegisthissie) BadkMethods for
producing)gntigesiHincing fueteblieisz moleclieRiegent ipvertianforides methods for producing

anggen-binding oleciies whose ANEEbINAIRG ety tthe endosomal ks Igwer han that at the
plasma pH. The present invention also“provides methods for producing antigen-binding molecules that
are supé}ﬁ@Yi#PS the methods described above, which further comprise the step of repeating steps (a) to
(d) twice or more fimes. 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 of screening for antigen-binding
25  molecules, which comprise the steps of:
(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);
30 (c) collecting the antigen-binding molecule that bound to the antigen under the condition 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 {e); and

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



the retention in plasma. The present invention also provides methods for producing 15antigen-binding
molecules that axe especially useful when used as pharmaceutical compositions. Specifically, the
present invention provides methods for producing antigen-binding molecules, which comprise the
steps of: (a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0; 20(b) deteiinining the antigen-binding activity of the antigen-binding molecule 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
greater than that at pH 4.0 to pH 6.5; (d) obtaining the gene encoding the antigen-binding molecule
selected in (c); ablgP{éy)prodlaimy trereprigrehtisiprlingrmisisoue. usﬁ@&h@fgpmeebi‘ameﬂdm (d). 25The
present lﬁml&m@%%ﬂf@@%§c¥"1§‘éh%§xf9rvﬂmﬂ%lﬂ%%&§§ﬁ§é'E}Qz'@%ﬁ}ﬁ' k GgRaprise the
steps of: (ﬁg bmdln ntl% é‘ &%Eﬂ ol 1:ule totan e@ pH 6.7 H 10 ) aIIowmg the
antigen-biHAG b o 8ty 18> déf?ﬁ%a@ 8@6 %1 to pH 6.5:
30(c) colissting ﬂievamrgénslgmﬁmﬁmmmsmamgsomated under the condltlon of pH 4.0 to pH 6.5;
(d) gptaining thememe&meeﬁwﬁ&%ﬁm@%mm'&%%m neghin (5 And4ebpnd tgcmg the

e [

ti b ained.in (d Furthermore, the presentinvention
oo LB 1P B G A A ARG i e R TSP Sss of 52 (a)

selectingamamtgkaspslirig molecule that does not bind to the antigen under the condition of pH 4.0

to pH 6.3;(ah éﬁgjtﬂgéﬂ&geﬁlt!ﬂﬁ&&ﬁmﬁﬂé@ﬁm%m R RHTRRE S the AtigRORiRding

molecule select in (a)
pH condition;

10 (b) eluting the antigen-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 (¢); and
(e) producing the antigen-binding molecule using the gene obtained in (d).

I5 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 library to a column immobilized with antigen under the
first pH condition;

20 {b) 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;

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

25 Steps (a) to {c) 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
(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,

30  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

35  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



5(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 (c); and (e)
producing the antigen-binding molecule using the gene obtained in (d). In addition, the present
invention provides methods for producing antigen-b'ﬁding 10molecules, which comprise the steps of:
(a) 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 to the antigen in (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 to?pid. Ibe5es (aifratuskt) nghthéstdme envotinguiabadissociitbal sptiginsiirsimgl tholbeelle; (e)
collecting,tigarlutad; aRtaeinkinding R oireisns ) Ablriningihe NS RN ERMING s Antigen-binding

molecule collected in (e); and ,(g) producing the antigen-binding molecule using the gene obtained in
(0. ZOSte%%sO Yﬁ;‘}[%s“(’aﬁ’?ﬁ %eo & e&‘gg%é%sb &P fimes. Thus, the present invention provides the

methods describéd%d»@{andﬂ@rﬁmdh&o@mﬁmimﬁh@s_tém ehtigpedtindisteps @y td () twice or more
times. T%@g&ﬂ%&ﬁg MERSIRPS (1) /D) jirepsatathisneippiicHaridmied haweyer, itis

generally ten tinbe}:s orless. Furthermore, thg}iresent invention provides methods of screening

for antigeRBHUINGBBRATRERES Bt ipalhisheeshersepand:pihy $echingraiitigen-binding
moleculertiigeddesding ditiditp thtartiggitiindeetheldohtlitiehpd gi4, 4fite mblbpbeféh}dinding the
antigen [ ,{G%% IR A 0. Rntigen:hindi F (n (a); 30(c)
collectinlgéﬂt%%%n%t}gen- %rﬁﬁgr%é&ig%ﬁzf%o%n%%% %}2%%%%%%%5%?%%&%@25%%&& 6.7 to pH
arly tmied, as iong as the

10.0: antigen-binding molecule at pH 4.0 to pH 6.5 1s not partic

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

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

15 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.

20 The difference in the antigen-binding activity at pH 6.7 to pH 10.0 and 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.  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 that at pH 4.0 to pH 6.5.

25 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 imited. For example,
the antigen-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. Alternatively, the antigen-binding molecule may be bound to the antigen

30 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 1s 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

35 second pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH
1s pH 7.4 and the second pH is pH 5.8 or pH 5.5.



(d) amplifying the gene encoding the dissociated antigen-binding molecule; (e) collecting the eluted
antigen-binding molecule; (0 obtaining the gene encoding the antigen-binding molecule collected in
(e); and 35(g) producing the antigen-binding molecule using the gene obtained in (0. 53 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 particularly limited; however, it is generally ten times
or less. 5Furthermore, the present invention provides methods for producing antigen-binding
molecules whoselbmditwgraatifitycd carfitdtpidnsofreatersthad sbailt gHsetansatpihlehfesrpprise the
steps of: indl i ind] . ' 'I%ﬁ% it ' éjer the first
o concitan o o B L e e frr

pH condiBBHaSH (R RBRIIeH tiidErPEeEdMsacRH ditond efcbileanf dhmeenad athitibeasmding
moleculepkty obtadpbpatbegene enadodiog the fanigenhinsinermaleauletoiested ndeprang (e)

prodycin%@%@@gg&m%ﬁggwqﬂewle using the gene obtained in (d). 15Furthermore, the present
invention provides methods for producing antigen-bindig molecules whose binding activity at a first

pH is greater thaf ii&eabindEoRa prsyHich s pisdsecthbysteprrofugslrbimehg drrasaithsd-binding
moleculeatibrannty acolyminivenisiaitizednuitkasiioepepeed theifisst kieangdisRouke @) elting the
e RS 0 s s B e e
obtaining’fié gereounsibtitigahesdivinémpieding rhoturdewllamtedinidine andation is introduced
10 is not particularly limited and may be introduced at any site. Furthermore, 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 af least one amino acid in an antigen-binding molecule with histidine or inserting at
least one histidine into antigen-binding molecules.

15 In the production 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.

Furthermore, in another embodiment, the antigen-binding molecules that are produced
by the production methods described above inciude, for example, antigen-binding molecules

20 including modified antibody constant regions.  Accordingly, the production methods of the
present invention may further comprise the step of modifying the amino acids of antibody
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

25  present invention can be used as methods for producing antigen-binding molecules that are
superior in the retention in plasma.

Furthermore, antigen-binding molecules produced by 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

30 be used as methods for producing antigen-binding molecules that are capable of binding to the
antigen two 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

35 monkeys. Thus, the production methods of the present invention can be used as methods for



(f) producing the antigen-binding molecule using the gene obtained in (e). 25Steps (a) to (c) may be
repeated twice or more times. Thus, the present invention provides the methods described above,
which further comprise the step of repeating stepsd(sa 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, 30the 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

preparecbbydaepgrestigm- Fiodieganoideylits shpo ssibbieptdblesy pradmdstimgoantiboghies ap@mepistihg
libraries (phaog ibkeriesHnf e ikeaniibgdies and libraries that are 35prepared from hybridomas

obtained by immunizing animals or from B cells of immunized animals, antibodies and libraries
(libraries with higﬁileb?fe@ﬁf%fﬂmﬁména%ﬁ%%m DRAfHE S R HERIPIAHR MTRRSESd Rith histidine
or non-natusedhiciminntiacidrat spetiicsibe s;apabldhd dieappeeparediny itetiducmadhistidine mutations or
non-nat i i j ' - [ tj [ ibraries, . In the
idlgn v S e R e AR L
pH 6.7 td Pre-1Bcnrotistionmethafs M arcasiioy asinne anhe esch i hadhvity afutag a pH
betweenaptipen/bamdl b0 0ulés piefareachsatig en dindiiginag tvitlitsatbelt &loanpid between pH 7.0 and

pH 8.0, r lgen-binding activity is that at pH 7.4. Alternatively, the
%@ﬁﬁ}glg{%l ; 85‘?%%’%%9.

antigen-bin ity of the artigen-binding molecule at pH 4.0 to pH 6.5 is not particularly limited,

as long as the 158RbgERKnemGgachinding melegelssimodusrdbr brMalwipprreisds ofitrerred
antigen-bircingiactiviiniarhetrptd bebapsslpb beiniobothf b andhagnoradisfeiad.antigen-binding
soory LS SRR 51 Rl g gpg o can
approprig@apmistered 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 being bound to an antigen and internalized into a cell and being released to the outside

15 ofthe 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

20 with increased (high) ability to 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-binding
molecules for used as pharmaceutical compositions.

25 Genes obtained by the production methods of the present invention 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 ¢oli (E. coli) is used as the host, preferred cloning vectors include pBluescript vector
(Stratagene); however, various commercially available vectors may be used. When using

30 wvectors to produce the antigen-binding molecules of the present invention, expression vectors are
particularly useful. The expression vectors are not particularly limited as long 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 virro expression; pET
vector (Invitrogen) is preferred for £. coli; pME18S-FL3 vector (GenBank Accession No.

35  ABO009864) is preferred for culture cells; and pME18S vector (Mol Cell Biol. 8:466-472 (1988))

is preferred for bodies of organisms. DNAs of the present invention can be inserted into the



15determined 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. 20The differehce in the antigen-binding activity at pH 6.7 to pH
10.0 and 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. 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 thvactdalhatqitetiiotopiethbd 2 5tn thempledbgtigrtvethdds destribedabore sifee

antigen bingtha paigedle MY har Bt ishearuganuadet A 6eAiR AT lRaeRFon is not
particularly limited, For example, the antigen-binding molecule may bé bound to the antigen by
contactin%"ﬂ?esér’r‘iﬁ@%ﬂ Wttt the immobilized antigen-binding molecule, or by contacting the
antigen-binding Misdedivle: itk detlinmmabilizedcaniienmAieraadiveloihaantigembindingssiolecule

mayde t] by tacti igen.and antigen-binding_molecule in.a solution.
In thsebpr%%d%%g(ggglrggtﬁ%ﬁ%%ggﬁbe%ﬁﬁ%g%%@%ggﬁg%ﬁg {slqeec%mr?11 elﬁr}sg?ﬁlglf eoger%/ﬂf)ﬁ, as long
as they dP&HEs RisiiialicoH s prerar o §%@%@W§Fﬂﬁesﬁ@§@mc§é%n% pHs SoerieEvesie, the first
pH is betweanghu® shibtickpHul@oandehe Seeardiddd s betneaniptd 4G ane ibk6cbedl S mere
preferre binati he first is b enpH 7.0 an 8. d cO is,between pH
5.5and p 6r.%s;o %g%rr?% ngélés ggr}é'p p%é zérlr%%” c%gm alzr%tlosn{ijs‘t%g w&@@f S%%%ej? fn ﬂ%eékélg%bnd pH is
pH 5.8 oPP-58K283, and Raosyrstreal pramsr celseombinknbeeds theVieaiemasbe drispgrpsdititerample,
thetfirst p%kﬂsia:aaeweﬁmxpﬁkﬂe@%aag fl!ﬂe@e&n%@gcm@i&@w;ﬂidt&pkw ﬁ@dib%'ﬂaftﬂoéﬂd pH 10.0;bin a
more preferred combination, the first pH is betwe H55 H 6 n se is between
pH 7.0 a%%C&ﬂPQFS?E% '|r]i% Y % [ rhlgreéR e é’ﬁ%I 183%@%% |on%qt%§%ﬁ§‘ta?pfl—%§lsﬁtﬁs ?é%%%S 5 and the
second plbiEspH dha, Wiley Antigen-Biadand hdl&eulizs feritcarepiiodlycartibyitneiprot oetiosthedthods
]gescribed abovmoébteceny@ﬁtmmgdr@_mgw@&hﬁ’&@fe%g j _@;W%&miﬁgoz&ﬂﬁﬁéﬁ_s indc;lude,
or exam antigen- ules. i ich a t one amino acid, is sybstituted with histidine or
at least o%ﬁgh%ﬁc%%%’%%&%%@ﬁ r@s@é’ 5\%@3@%%&3@%@%&%%& Ytliced 10is not
particulafiyeimigscbandehaythsdntro depmdnzaninsushes Al heidetrbe Afstidime (FOfatio maylbe

introduceg: Ao eI 880 ALIMA-HLEANRSLES. The prEiyfedhRIREAMGHBNIBEIRGAS RE thrRiesENt
g of substituting a A(@git one amino acid in an antigen-binding
0

invention may, further comprise the ste [ t
moleculd S et G LS A 2ok BRA i ADL PPt olEes. NETHTRe
productienennstingdd. ebthieresagitdirdeatioerensmnatural amino acids may be used instead of

histidine. Therefg) iBY SO ' ve-mentioned
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cul B8RS BARRIEESS Rsrser bl Rstisdsttfeishiped B ths NEISBET 18F example,

antigen-biddirigsmislegtidelim, 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
25 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
30 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 polypeptide 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
35  antigen-binding molecules 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



20including modified antibody constant regions. Accordingly, the production methods of the present
invention may further comprise the step of modifying the amino acids of antibody 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 8duction methods of the 25present invention can
be used as methods for producing antigen-binding molecules that are superior in the retention in
plasma. Furtheiniore, antigen-binding molecules produced by the production methods are
expected to be capable of binding to the antigen two or more times when administered to animals such
as hummm&ese@ra@@ﬁfeys%huSn&k@@rﬁauﬁﬂmmh@mcr)ﬁmmehemhﬁganﬁmmgn 30be used
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present invention can be used as method for roducing antigen-binding molecules 20with increased
(high) aﬁﬁﬁ@t@séhm rﬁw}elﬁ.glfﬁ ?ﬁ Qesh ae s, and purified as substantidlly pure and homogenous

antigen-binding molecules. The methods for isolating and purifying antigen-binding molecules
are not particularly limited, and isolation and purification methods usually used for polypeptide
20  purification can be used. Antigen-binding molecules may be isolated and purified, by
appropriately selecting and combining, for example, chromatographic columns, filtration,
ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and
recrystallization.
25 Chromatography includes, for example, affinity chromatography, 1on exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography,
and adsorption chromatography (Strategies for Protein Purification 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
30  such as HPLC and FPLC. Columns used for affinity chromatography include, protein A
columns and protein G columns. Columns using protein A include, for example, Hyper D,
POROS, and Sepharose F. F. (Pharmacia).
If needed, an antigen-binding molecule can be modified arbitrarily, and peptides can be
partially deleted by allowing an appropriate protein modification enzyme to act before or after
35  purification of the antigen-binding molecule. ~Such protein modification enzymes include, for

example, trypsin, chymotrypsin, lysyl endopeptidases, protein kinases, and glucosidases.



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 antlggen-binding molecules for used as
pharmaceutical compositions. 25Genes obtained by“the production methods of the present invention
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 coli) is used as the host, preferred cloning vectors include pBluescript
vector (Stratagene); however, various commercially available vectors may be used. When using
30vectors AqRiodye& thpntigsiabinding molecules of the present invention, expression vectors are
particularly usefy). The expression vectors are not payticylarly Jimited as long as the vectors express

the antigen-bind g ATGREGIAESR GRTBT IRVERLH PRP KSR hr i Tes iR AR AR ahighie For

example{mBESWvector (Promega) is preferred for in vitro expression; pET vector (Invitrogen) is
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usiy arAvaieR A .axnakpesitom Evand Hive, Rpasitiest) ol pwninaysheé wseanas dhSEQdie medium.
15They R@y bgwsed it sesitn) H4ppipree s suchaskBBier fetal calf serum (FCS). The cells may
Incubatiis B o B 2 015 S0 il e 0 PSR At S hangeq.
aerated seftusgirattt vashdoe ss aspitkpptdpfispebpesitionisighsishrayi benidolspriteesibopciypeptides
of interegkgadBalithm 20astioanhindRaInaacriesgxriassad e hast salkarasesigieddnto the
Iurgg : Ogrg Sn 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 ID NO: 1 (H53 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 (HS3 variable region) have been

25  substituted with His;

(f) an antibody that includes a heavy chain variable region (CLLH5) 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

30 sequence of SEQ ID NO: I (H53 variable region);

(g) an antibody that includes a 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 56,

and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable region) has

been substituted with His;



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 25used as systems
for producing polypeptides in vivo. A polynucleotidé®f 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

?ovines (Ve @te&ﬁryaﬁafﬁa%&i&ll%ﬁi@ﬁ@lmmglﬁgt%/l\@%ﬁqﬁoaﬁé«%%%)an -Eﬂgfr%@m éﬂel%y bfeth
ransgenic anlimais. re e, olynu otl caodaing. an | -pINdINg Mmplecule o e
B S M o NG (G B TCCR b A 3
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apntigen-pinding molecules n aine r.om 1l roduce Yy, tne transg wnicn are
N tio s kSN R b bkt R e e
administéléd wariaploropiiatehto triorerasebttidusedumt bfisnilk containing the antigen-binding molecule
produceghoy,theitansaapin I0aLs {RRRIBLA! -vﬁiﬁ’él@e@fﬂ?{‘{@i&?%%% B0 kcid seitlﬁléﬁé"és such
es o

as silkworms | be used to produce the antigen-hinding molec e present inyentign. When
Sikwornt® ST HEAIB0R ée%mﬂa% @ﬁ?&&%ﬂé@ﬁcﬁ%i?@%ﬁaﬁﬁaw%ﬁﬁam@t olecule of
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molecules of the present invention, for example, tobacco may be used. When'tobacco is used, a
polynucl@g’ﬂf&‘éoéc Eb'ding an antigen-binding molecule of interest is inserted into a plant expression
vector, fd) dfexdmdleipMaNE0hahdadhe ohitie vatible serirodi ¢@chiniaHeddtRrichsh charadle
Agrobacttgéiggw %qﬁgiens. The bacteria are then allowed to infect tobacco such as Nicotiana
tabacum, an ﬁ1e desired antigen-binding molecules can be collected from their leaves (Ma et al., Eur.

J. ImmufB! 31 gotbosly: thahinchadesihe heaverhainisapsblpreiRninfd & Mt died Chamerwpler) with

sinflar bagienasffler cloning, the desired antigen-binding molecules can be obtained 15from the

duckweed cels (kM eial Nat PIGtEChnal, 2006066 240 IENATAN i T s gbtained

antigen-binding ecules may be Isolated from the inside Gr outside™( as the medium and milk) of
host cel¥hiHEplsaferasistiystaptisiybdre ARl M Gafbiiandlis snti Sashiedidg, rlet metliqhss.
methods{erasgdating andAurifypogi antigendeinsipgsmelesi)| eease mnttpai tics aty liritedhantbisolation
and purifisaon methods ueualtsed- (o RAMIERIIS APYIEAION S R et ABiggnpnding
molecules may beisolated and purified,
20 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 (H3pI)
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 (CLHS5)
Specific examples of the light chain variable region having an amino acid sequence in
25  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 1D 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 seﬁ;uence of SEQ ID NO: 6 (L73)
a light chain variable region having the amino acid sequence of SEQ ID NO: 7 (L82)
30 . alight chain variable region having the amino acid sequence of SEQ ID NO: 8 (CLL35)
The amino acid positions and substitutions in each of the above-described antibodies
H3pl, H170, CLHS, 1.73, 1.82, and CLL5 are shown below in Table 1. The amino acid

positions are shown based on the Kabat numbering.

35  [Table 1]



appropriately selecting and combining, for example, chromatographic columns, filtration, ultraffitration,
salting out, solvent precipitation, solvent extraction, distillation, immunoprecipitation,
SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and recrystallization.
25Chromatography includes, for example, affinity cﬂromatography, ion exchange chromatography,
hydrophobic chromatography, gel filtration, reverse-phase chromatography, and adsorption
chromatography (Strategies for Protein Purification and Characterization: A Laboratory Course
Manual. Ed Daniel R. Marshak et al., (1996) Cold Spring Harbor Laboratory Press). Such

chromatdarappie] BB Hszdam Desdu]wa b aU5ng 4wl Prebesc soasm[apay 30 such as HPLC
and FPLLC. i@giurmpsiused forifipity cirompatography nclude| prateiny A colimns and protein G

columns| Galppnns-using protein A include foriexgample, Hyparp] ROROS, japd Sepharose F. F.
(Phannatigits | If needed] an lantigen-birding oleclile tan]be nodified arbitrarily, and peptides can
be partlallv deleted by allowing an appropriate protein modification enzyme to act before or after
35purific ttiof [13é @@Mdﬁ& @ge. S2i¢R4grotein modification enzymes include, for
example In|_ chymatiypsih, IMsykHendo Qgrfida es| protein kinases, and glucosidases. 59
<Anti-1L- r dntidodiedb| H | Burthermdre the present invention provides the anti-IL-6 receptor
antibodi Vo (hn) thelolnHd (s bH Al includes a heavy chain variable region including

an amine pcigpeguenge nbigh Al B3P RONRH Ty RAON A S0 ALAGSILAN 3L ARR A POSTion
32, Trp at position 35, Tyr at position 51, Asn at position 59, Ser at position 63, Me 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 Hispidp) arvanidoshy thikinclibdeiadoagyysthain Naﬁiaﬁhﬂdﬂ@iﬁm{ﬁﬁﬁ%hﬁwng an

amigo agy s%ﬁ&H&%%sE?g@%@%@%ﬂ%‘g@”ﬁg Ai:e Rk FP&’P”%SQ égea@lg Trpb%dpe%SIt"?ﬁU[_s“tfln the

amino acia sequence o varial reglon ave n su stltuted wit S, (C) an
annbodﬂﬁ&@ﬁaemfééeaﬁﬁéaw%ﬁ%%ﬂabm qledrornHAOHRS SATEPRIFB SRR evkj e the WRIgR Tyr at

positionayg A&@tﬁh@mm@cabed\sboab PR s a6 (B2LuEighat Qﬁﬁiﬂ%i&@&@ﬁﬁtﬂk}h@@%ﬁ@ nhaf (et at
position 63 Tyr at posit the ami fSEQ | 11453 va ble
IEF SeTi f% alhé S?%%J %rw mz) dz)1 ansg%g%% % 8 t% escm d g' Ke

region) have been SU es a eavy C ain varla region

(H170) F@@uh@@ﬁdﬁﬁm&w?eqw@%@éﬁw ﬂﬁléﬁ@yﬁ@ilb@@n@@ﬂ/szvm@ﬁlam P8 GMBIL, &Kp at position
3210rp ggqmg&m@;i;p&s&aﬁ:msltlon 59, Ser at position 63, and Tyr at position 108 have been

substituted With};_lui%iennore, the present invention provides the anti-IL-6 receptor antibodies of (1) to

(28) below:
(1) an antibody that includes the heavy chain variable region (VH1-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 21 (VHI1-1gG1);

15 (2) an antibody that includes the heavy chain variable region (VH2-IgG1 variable region) having
the amino actd sequence from positions 1 to 119 in SEQ ID NO: 22 (VH2-IgG1);
(3) an antibody that includes the heavy chain variable region (VH3-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 i SEQ ID NO: 23 (VH3-[gG1);
{4) an antibody that includes the heavy chain variable region (VH4-Ig(G1 variable region) having

20 the amino acid sequence from positions 1 to 119 in SEQ ID NO: 24 (VH4-IgG1);
(5) an antibody that includes the Iight chain variable region (VL1-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 25 (VL1-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);

25 (7)an antibody that includes the light chain variable region (VL3-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 27 (VL3-CK);
(8} an antibody (Fv1-Ig(G1) that includes the heavy chain variable region of (2) and the light

chain variable region of (6);
(9) an antibody (Fv2-Ig(G1} that includes the heavy chain variable region of (1) and a light chain
30 variable region having the amino acid sequence of SEQ ID NO: 7 (L82);



20and in which Ser at position 99 has been substituted with Val and Thr at position 103 has been
substituted with He in the amino acid sequence of SEQ ID NO: 1 (H53 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 25substituted with His; (f) an
antibody that includes a heavy chain variable region (CLH5) 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 be€&id sabstititedy Wit HE BrilanivehidhsJer bepositiom Sertwdelregnsabétitatediwiligfthe and Thr
at positigp,4D3:RapiPeghLbstiyted with lle in the amino acid 30sequence of SEQ ID NO: 1 (H53
variable e%ion); é}ggﬁn gn%i%o%ﬁl‘hat incﬁggs :}gljht chain variabilg region f?Iaving n ar?i 0 acid
equendd) THTEHOBI SRS ORE BrOALES LSS e B8 GHAAR SERAGR SBIOBA! B9 HBh M8t Ser at
position dBjravatidlgle sgpositiaT92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable

regipn) e beaRauRSIvig Hith ki G (R AR ANHRR Wiakindlydesia lolihehall variahle region

(L73) havirig an amind _acid sequence, in which Asp at position 28, Tyr at position 32, and Glu at
position‘BcsS e Aifintracid sequence of SEQ ID NO: 2 (PF1L variable region) have been substituted
with His(13(jranmitidaydviizNidydes iadigitschhsa wadsditelredgipntit 82 hastid saguaminofacid
sequencs%éifbm@;{yr at position 32 and Glu at position 53 in the amino acid sequence of SEQ ID
NO: | (H53 variable region) have been substituted with His; (j) an antibody that includes a light chain

variable(fégiBhatibpdy RHAYVHR HirhB et s daareshandmicReie S1pRamn sauetcdiposition 53,
Ser(at peEIHAD 3) 8kl Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PP IL variable

region) e been, substitu j is;,10(k)a i that incl the.hea in.variable region
of (b) ar?%%n] ﬁg%{%bgﬁgﬁn%t\\/fgﬁ%b e%ﬁlz%h]égf‘ ?@u%ﬁ%hr? gl%%(l%%é%ﬁgmgh%dsa%g\%agg\%nc aa‘i{l n*variable
region ohEchABIRG %@I%ﬁ?%ﬁﬁ%@éﬂ@ Mien oY 3-S%:  (m) an antibody that includes the heavy
chain valiapia seiesi i (HanMb)elighicthainiatable thiagit o) Wd a ligiBpesifihexamples of the
heavy chain variable region ' ijd_éﬁg_uence in which at least one of Tyr at position 27,

ri ' _
Asp at p%%ll%%ﬁcé S%?S%%’?s%?ﬁ%%%?gZ?\gigsmon 35, Tyr at position 51, Asn at position 59, Ser at

pokition(63) amentbpdsitiont 1963 snat matudasdBriber wnghnems aitiredeidcbéghandevhg o ID NO: 1
(H53 vasiahie seidiesyeasdeesEsyistiiaeny2@withciis; include, for example, the following heavy chain
‘(’Sggg'ed%%’n“%n DEOWEHAYRIAR 'S 18319 hRying fhe 3ming 3kl Sequence AT REQ P NO: 3
SEQ ID NO: 36 (VH2-M71);
(19) an antibody (VH2-M73) that includes a heavy chain having the amino acid sequence of
20 SEQID NO: 37 (VH2-MT73);
(20} an antibody (VH4-M71) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 38 (VH4-M71),
{21) an antibody (VH4-M73) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 39 (VH4-M73);
25 (22) an antibody (Fv1-M71) that includes the heavy chain of (18) and a light chain having the
amino acid sequence of SEQ ID NO: 26 (VL.2-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
30 amino acid sequence of SEQ ID NO: 25 (VL1-CK); .
(25) an antibody (Fv3-M73} that includes the heavy chain of (21) and a light chain having the
amino acid sequence of SEQ 1D NO: 25 (VL1-CK);
(26) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 25
(VL1-CK);
35 (27) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 26
(VL2-CK); and



a heavy chain variable region having the amino acid sequence of SEQ ID NO: 4 (HI 70) 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 25which at least one of Asp at
position 28, Tyr at position 32, Glu at position 53, Set at position 56, 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 SEQ ID NO: 6 (L73) a light chain variable region having the amino acid
sequence28) SERUB&OLE (h82)30a ightEhiainmaniakie segitrabrvieg:tieaeni9R@ED sequence of
SEQ ID msaé L5) The amino acid positions and substitutions in each of the above-described
antibodies H3pl, H170, CLH5, L73, L82, and CLL5 are shown below in Table 1. The amino acid
positions are shdWHSERSEEoREHRs R A e Ry 1de1 Br Bhis mENBR9f 60 5861626364 65 95

99100E3d)QRe heavy chain CDR1 of SEQ ID NO: 40 (VHI, 2, 3, 4);
5 (b) the heavy chain CDR2 of SEQ ID NO: 41 (VH1, 2);
(c) the heavy chain CDR2 of SEQ ID NO: 42 (VH3);
(d) the heavy chain CDR2 of SEQ ID NO: 43 (VH4);
(e) the heavy chain CDR3 of SEQ ID NO: 44 (VH1, 2);
(f) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4);
10 (g) the heavy chain FR1 of SEQ ID NO: 46 (VHI, 2);
(h) the heavy chain FR1 of SEQ ID NO: 47 (VH3, 4):
(i) the heavy chain FR2 of SEQ ID NO: 48 (VHI, 2, 3, 4);
(j) the heavy chain FR3 of SEQ ID NO: 49 (VH1);
(k) the heavy chain FR3 of SEQ ID NO: 50 (VH2);
15 (1) the heavy chain FR3 of SEQ ID NO: 51 (VH3, 4);
(m) the heavy chain FR4 of SEQ ID NO: 52 (VH]1, 2, 3, 4);
(n) the light chain CDR1 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 (VL1, VL3);
20 (q) the light chain CDR2 of SEQ ID NO: 56 (VL2);
(r) the light chain CDR3 of SEQ ID NO: 57 (VLI, 2, 3);
(s) the light chain FR1 of SEQ ID NO: 58 (VL1, 2, 3);
(t) the light chain FR2 of SEQ ID NO: 59 (VL1, 2, 3);
(u) the light chain FR3 of SEQ ID NO: 60 (VL1, 2, 3); and
25 (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
30  modified products of antibodies including any of the amino acid substitutions described above.
Such antibody fragments include, for example, Fab, F(ab")2, Fv, single chain Fv (scFv) in which
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
35 lLimited. The antibodies include human, mouse, rat, and rabbit antibodies. The antibodies of

the present invention may also be chimeric, humanized, fully humanized antibodies, or such.
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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., ]. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A. H.

5  Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. & Skerra, A. Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. et al., Methods in Enzymology (1989) 121, 663-66; Bird, R. E. et al., TIBRTECH
(1991)9, 132-137).

The present invention provides methods of producing (1) a polypeptide of the present

10 invention, or (ii) 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 present invention, which comprise the steps of:

15 (a) culturing a host cell comprising a vector into which a gene encoding the polypeptide of the
present invention is introduced; and
(b) obtaining the polypeptide enceded 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
20 (Huston, J. S. er al., Proc. Natl. Acad. Sci. U.S.A. (1988) 10.0, 5879-5883). The H chainand L.
chain V regions in an scFv may be derived from any of the antibodies described above. The
peptide linker 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,
25  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 IgG2, or human IgG4 constant regions.
Preferred 11.-6 receptor to which an anti-IL-6 receptor antibody of the present invention
30  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 a form capable of binding to the
antigen, i.e., soluble or membrane-associated IL-6 receptors. Thus, the anti-IL-6 receptor
antibodies bind in vivoe to soluble or membrane-associated 11.-6 receptors for a prolonged period.

35  Furthermore, the anti-IL~6 receptor antibodies are capable of binding to IL-6 receptors twice or

more times, and thus assumed to be able to neutralize three or more IL-6 receptors.
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<Pharmaceutical compositions>

The present invention also relates to pharmaceutical compositions that include
antigen-binding molecules of the present invention, antigen-binding molecules isolated by the

5 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

10 compositions. The pharmaceutical composition of the present invention may include
pharmaceutically acceptable carriers,

In the present invention, pharmaceutical compositions ordinarily refer to agents for
treating or preventing, or testing and diagnosing diseases.
The pharmaceutical compositions of the present invention can be formulated by

15  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 liquid.  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,

20  physiological saline, vegetable oil, emulsifier, suspension, surfactant, stabilizer, flavoring agent,
excipient, vehicle, preservative, binder, or such. In such formulations, the amount of active
ingredient is adjusted to obtain an appropriate amount in a pre-determined range.

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

25 | Aqueous solutions for injection include, for example, physiological saline and isotonic
solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-manmnose,
D-mannitol, and sodium chloride). It is also possible to use in combination appropriate
solubilizers, for example, alcohols (ethanol and suchy}, polyalcohols (propylene glycol,
polyethylene giycol, and such), non-ionic surfactants (polysorbate 80(TM), HCO-50, and such).

30 Oils include sesame oil and soybean oils. Benzyl benzoate and/or benzyl alcohol 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, benzy! alcohol and phenol), and/or antioxidants.
Appropriate ampules are filled with the prepared injections.

35 The pharmaceutical compositions of the present invention are preferably administered

parenterally. For example, the compositions may be in the dosage form for injections,



HH CLL5 11121221211111111E121111  *In WT, the H 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 5 substitutions described above in (a) to (j), and methods for producing the
antibodies. Thus, the antibodies of the present invegtion also include antibodies comprising not only
any of the amino acid substitutions described above in (a) to (j) but also amino acid substitution(s)
other than those described above in (a) to (j). Amino acid substitutions other than those described
above in (a) to (j) include, for example, substitution, deletion, addition, and/or insertion in the amino

acid 10 SEAMENEP. 8L GRS AN o U0 USEMALGING, PP SSRLDAEIN B RS e 1€
receptor antibodies of (1) to (28) below:
example, they can be administered systemically or locally by intravenous injection,
intramuscular injection, intraperitoneal injection, subcutaneous injection, or such.
- Administration methods can be appropriately selected in consideration of the patient’s
5 ageand 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 example, from 0,001 to 100,000 mg per patient. However,
the present invention is not limited by the numeric values described above. The doses and
administration methods vary depending on the patient’s weight, age, symptoms, and such.
10 Those skilled in the art can set appropriate doses and administration methods in consideration of
the factors described above.

Amino 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 (Gin)
residue into a pyroglutamic acid (pGlu) residue by pyroglutamylation is well-known to those

15  skilied in the art.  Naturally, such post-transiationally modified amino acids are included in the
amino acid sequences in the present invention.

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

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

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

[Example 1] Production of Modified Humanized PM1 Antibody
Preparation of Recombinant Soluble Human IL-6 Receptor (SR344)

25 A recombinant human IL-6 receptor of the human I1.-6 rebeptor;"which served an
antigen, was prepared as described below. A CHO cell line that constantly expresses a soluble
human IL-6 receptor (hereinafier referred to as SR344) (Yamasaki, et al., Science 1988; 241:
825-828 (GenBank #X12830)) consisting of the amino acid sequence from the Ist amino acid to
the 344th amino acid on the N-terminal side as reported in J. Biochem., 108, 673-676 (1990),

30 -was produced.
SR344 was purified from culture supernatant obtained from the SR344-expressing CHO

cells using three column chromatographies: Blue Sepharose 6 FF column chromatography,
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

35  asthe final purified product.



(1) an antibody that includes the heavy chain variable region (VH1-IgGl variable region) having the
amino acid sequence from positions 1 to 119 in SEQ ID NO: 21 (VH1-1gG1); 15(2) an antibody that
includes the heavy chain variable region (VH2-IgG1 variable region) having the amino acid sequence
from positions 1 to 119 in SEQ ID NO: 22 (VH2-1g&l); (3) an antibody that includes the heavy chain
variable region (VH3-IgG1 variable region) having the amino acid sequence from positions 1 to 119 in
SEQ ID NO: 23 (VH3-1gG1); (4) an antibody that includes the heavy chain variable region
(V1-14-1gG1 variable region) having 20the amino acid sequence from positions Ito 119 in SEQ ID NO:

ﬁg\%g‘?ﬁgﬁ%ﬁg@ gg rantibag M&%@JHS{HQ%%W%ME:ersr?@'l!bé{éfl';a@ﬁé@éﬂiﬁﬁ (MELARK varia)ble fegi%n)d
sequence from | ' -CK): . (6) an antibo

that includes the fi&? INERE] 8%%% ?ﬁé@&%fié%@?gﬁﬁ%ﬁgéﬁﬁaﬁﬁé%Sc‘f"c?rs?equencg

from positiotsctcdbab6d dn BE QuHldNCvABaE Pheay; 1 B6(Ry af antibodiothzninstgdescth@lighy ehain

variable region, (¥hg: Sy auanla S RAUAERRRVIRGINIS AN AL EEAUSEGR (o REIons ditg 107 in
SE%nlD NO: 27 (VL3-CK)’ (8) an antibody (Fv1-IgG I) that includes the heavy chajn \(/]%rlable region of

(2) and thENGhPIRATRY/EFRHENUBRAISPEBSTe2S 15 P AFTRiS0 fy D=0 T AGB N tRAFFILNSIES T heavy
chain varéalgtd téfginroniofhaimnd kg ht chaireSvakiablesepiopattalind’ bR ashippacicis@haeRte of
>=0 10 N RhlsRex O8O IR Hghdy LAl {@&lyﬂ%é iha begyrphainyariakle region of
(4) and the IFlg t chain variable region of (5); (11) an antibody (Fv4-IgGl) that includes the heavy chain
variable fe5feiioNg) ahtrntedighranatribar st hegibhs ot 3%%@& 1 35t iy (ASS9GBSAGK) that
includesradieayyichaiidiasingthemingiacigail sgfoenteyobSb@uDmNaka3L (4 Baptantibedyas

e e e
yno

antibody cltides a heavy chain the amino acid'sequence o SEQ ID NO:
35: -Notl-His (SEQ ID NO: 19). The resulting DNA fragment was digested with

EcoR] and Notl and inserted into a 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 a HisTrap
15 column (GE Healthcare 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 cJL-6R).

20 Preparation of Recombinant Cynomolgus Monkey IL-6 (cIL-6)
Cynomolgus monkey IL-6 was prepared as follows. 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 to produce a stable

expression cell line (cyno.IL-6-producing CHO cells). A culture medium of

25  cyno.JL-6-producing CHO cells was purified with an SP-Sepharose/FF column (GE Healthcare
Biosciences), concentrated using Amicon Ultra-15 Ultracel-5k (Millipore), and then further
purified with a Superdex 73 pg 26/60 gel filtration column (GE Healthcare Biosciences). This
was concentrated using Amicon Ultra-15 Ultracel-5k (Millipore) to obtain a final purified
product of cynomolgus monkey IL-6 (hereinafter referred to as cIL-6).

30
Establishment of Human gp130-Expressing BaF3 Cell Line

A BaF3 cell line expressing human gp130 was established as indicated below in order to

obtain a cell line exhibiting If.-6-dependent growth.
Full-length human gp130 cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBank
35 #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



(15) an antibody (Fv4-lgG2AGK) that includes the heavy chain of 02) and a light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK); (16) an antibody (Fv4-M58) that includes the
heavy chain of (13) and a light chain having the amino acid sequence of SEQ ID NO: 27 (VL3-CK);
15(17) an antibody (Fv4-M73) that includes the hez@y chain of (14) and a light chain having the amino
acid sequence of SEQ ID NO: 27 (VL3-CK); (18) an antibody (VH2-M71) that includes a heavy chain
having the amino acid sequence of SEQ ID NO: 36 (VH2-M7I); (19) an antibody (VH2-M73) that
includes a heavy chain having the amino acid sequence of 20 SEQ ID NO: 37 (VH2-M73); (20) an
antibodyl@ftddi0PAL 3 tta iR sadhesaryiighaifcbairingsiberam iroacigsequenite, of SEQrIBINO: 38

(VH4- M%@O@z@ [B@OdmﬁYléﬂgWﬁﬁﬁE@ﬁnﬁwmQ% tmccl‘%\éﬁg@thflg% qing Eﬂ%sequence

of SEQ ID NO: 39 (VH4-M73 2) an antibody (Fv1-M71) th eavyc aln of (18) and
2 ight oA Al SN o Berg D N b (VIHEIRS P e ismsgiy s
(Fv1-M7a)tbaiine Bakes dkies heawy ichais of (Pratet arligBSchathnivihgsing abGine Balsksequence of

e
(Fv3- M7%3%Htt¥ﬁ€l{?&@§ M&%&W‘éﬁ%\ﬂ%ﬁﬂ)ﬂ%ﬁ%% fteﬁa.imﬁ .alsequence of
SEQ ID NENPH4Y nleGi)i (Iﬁﬁ)ra@eamtjb@tdmﬁi@omigdﬁg aﬂtgbhwmﬂtamng:ﬂ@e@mt@@ham
seauenceof BERRNOLRRNEIH: PRRTLan N BOOHDR el st Aol el fpyig e amino
acid sequence o §I¥6 I5NG %T?\%
MI1640 medium contammg 100 ng/mL of human interleukin-6 (R&D Systems), 100 ng/mL
10 of human interleukin-6 soluble receptor (R&D Systems) and 10% FBS to establish a human
gpl30-expressing BaF3 cell line (hereinafter referred to as BaF3/gp130).  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, IL-6 receptornneutraiizing.
activity) of anti-IL-6 receptor antibody.
15
Production of Humanized Anti-I1.-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
20 sequence: SEQ ID NO. 10). In this context, mutations were introduced into the framework

sequence and CDR sequence of humanized mouse PM1 antibody described in 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 L28 (amino acid.
sequence: SEQ ID NO: 12) and PF1L (amino acid sequence: SEQ ID NO: 2). More

25  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

30  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)
35  supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 mi per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cel} density of 5 to 6 x 10°



63 (28) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 27
(VL3-CK). Furthermore, the present invention provides the FRs and CDRs of (a) to (v) below: (a) the
heavy chain CDR1 of SEQ.ID NO: 40 (VH1, 2, 3,4); 5 (b) the heavy chain CDR2 of SEQ ID NO: 41
(VH1, 2); (c) the heavy chain CDR2 of SEQ ID Ndé 42 (VH3); (d) the heavy chain CDR2 of SEQ ID
NO: 43 (VH4); (e) the heavy chain CDR3 of SEQ ID NO: 44 (VH1, 2); (1) the heavy chain CDR3 of
SEQ ID NO: 45 (VH3, 4); 10 (g) the heavy chain FRI of SEQ ID NO: 46 (VH1, 2); (h) the heavy chain
FR1 of SEQ ID NO: 47 (VH3, 4): (1) the heavy chain FR2 of SEQ ID NO: 48 (VH1, 2, 3, 4);  (j) the
heavy chaisfR 3rof GEQHDINOCA9 Miikor (3Rt hEay thaindFRDefdEEniDnidi: 50%H?2); 15
(1) the hgavy chain ﬁﬁ%&ﬁ&%@ﬂ&%%aé&n(m Dt R IRLGAMEHBER A % AN 52

(VH1, 2,3 4) (n_}the light chain D NO: 53 o) the light chaln fSEQ ID
NO: 54 (¥dssh  Thsmicearghie dcw%@e@ mw@e«s@@\mh@/ ipleitg) B Rght dhsin CDR2
of SEQ Iﬂshﬂ@ngﬁﬁ;(bﬁt@uﬁerﬂamhghwmmm&ﬁﬁﬁﬁ@dﬂ)(M@r(ﬁxﬁdielyZ%D ¢Sy thénlightdahain FR1

of SEQ | I [ t chain
PR30 s%%i@a 4 ogr? o1 g '%@ e S AT The
respectivdt 9@&&%@%@56@9@1@5%3(\/) Wﬂﬁth‘é@ﬁ@méhﬁ@%mﬂ?éﬁ%%ﬁt invention
prOVIdeSsnpd:ymml@efy waleding laynane BbieeliriRe anthCRRssofdheralove. (@é;ﬂ@fuae%Eaaﬂtl IL-6
receptor,antibadies of the present inve also include fra ents a 30m d roducts of
antlbodle% mc@glnggany%% Céegtr;ﬁlsﬁo aqé?d%h sti u%ng%escrggu "abov P%e P um ampoogjy’

absorbance was measured at 280 nm using a spectrophotometer. Antlbody concentrations were

10 calculated from the determined values using an absorbance coefficient calculated by the PACE

method (Protein Science 1995; 4:2411-2423).

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

15 Since IgG molecules are divalent, a single IgG molecule can neutralize up to two

antigen molecules when the two sites bind to the antigens; however, it cannot 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

20  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
more antigen molecules with a single 1gG 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.

25 For neutralizing antibodies, there are two types of target antigens: soluble-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

30  endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound fo the antigen moves to a lysosome 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 (Drug Discov. Today,

35 2006 Jan; 11(1-2): 81-8). Since a single IgG antibody molecule binds to two antigen molecules



Such antibody fragments include, for example, Fab, F(ab')2, Fv, single chain Fv (scFv) in which hi 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(9a:1126-36), Unibody (WO 2007059782 Al), and
SMIP (WO 2007014278 A2). The origin of antibodies is not particularly 35limited. The antibodies
include human, mouse, rat, and rabbit antibodies. The antibodies of the present invention may also be
chimeric, humanized, fully humanized antibodies, or such. 64 Specifically, such antibody
fragments are obtained by treating antibodies with enzymes, for example, papain or pepsin, or by

constructihepgefiaglently diedtie snceeantipddy ey smalinesornd dinsey Hrerasgstdydinipsietors, and
then expressiRGthRTAPRrePdalechos) celle{seerdior @xanplentzen Midealrt (Jidnmunol. (1994)

152, 2968-2976, Better, M. & Horwitz, A. H. 5 Methods.in Enzymol 989) 178,476-496; .
Phucckthun A & e e R TR D Tt igicr
Enzymofsdin kogen 29 an 653 w68 cRlevsegexcpearafunvieons dah Rayylmomgel 2999)Sep1 | 663-66;
Birds R. froptal.s DB TEGH HAWIE hidud2HedNaIRIesE M0 R yovidas dopthedsiad producing (i)
a polypeptide of the present 10invention, or (‘I"?H? ﬁé}%ﬁeg%dce%@&)ggds by.a gen eenize%cgggl}t]g}?o
polypep%% o?’fﬁ{?%?%g‘&%n Mo AW HePSiA e SaE CorRprisethe step o cutufing a host cell
comprisieRa westolvitho whiskrgsoknucibetidewetddifignhecBalypdptideushliserptidisestiinvention is
introducg@lsma ard¥le¢ Hically, 81 presanbipvaniianBro Y thors plesedusing a polypeptide

of the present invention, which gomprise the steps of: 15(a) culturing a host cell comprising a vector
into Whi&??%ﬁ%‘gﬁ%%’% %%%ER%%%E d& 6fthe present invention is introduced; and (b) obtaining
thd polypeptide lghoodbatbystheugdrie a memdufEv isnblgai med thicinignigithavaceidascofiastiberly H and

L chaing,m,aUERS6HY, thRt m@iq%gﬁg@%ﬂ%ﬁnmftﬁ&ﬁ@aﬁﬁaﬁg&by@ adinkexipreferably a
peptide %{er Zoﬁ(é—gsto,n, é S, ;ﬁf}a. Pr"ﬁgﬁ Natl. Acad., Sci. UéjA. %’988),10.0, 5879-5883). The H
chain ant 1SRRI Y FRERGAE v )2 yOEHET R AOHTEHT DRI AREBLRRS GRS ABd above.
The peptidierioke degridktibee tvertigiomstindlskasy dos. e xHriel égGrivitrhnd singlendhbén ppptitles of 12 to

19 amingacidasiduass e B RRtiaR e centalatirdy A the MEsELIeIHeRREIUIRS @
constant region, 25the constant r,e%on may be of any type, fc%r]gfxample, IgGl, 1gG2, or IgG4 may be

usetl. TAEEGAERSELRYtH rerafet PP ABITRAY R RiBYE Y CBNEEN f FEISAPKR Ry, the constant
region rajobaremodifie fkfo o nolickigaikstititionthdelatigen anidibiomdand/oR insartiostamrtiecamino

acid seqenap.aHAUAR (9G] SUIAJDER, ' RUTAIGEH S RSIRR DN BIRIEHEGf) receptor

to which an anti-IL-6 receptor antibody of the present invention 30binds is human IL-6 receptor.
return to the plasma again.  The IgG molecule that has returned to the plasma 1s able to bind to

a new membrane antigen again. The repetition of this process allows a single IgG molecule to
20 repeatedly bind to membrane antigens, thereby enabling neufralization of a multiple antigens
with a single IgG molecule (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 antigen-antibody complex. Normally,
while the retention of antibody in plasma is very long (elimination rate is very slow) due to the

25  function of FcRn as described above, the retention of antigen in plasma is short (elimination rate
is fast). Thus, antibody-bound antigens show retention in plasma comparable to that of
antibody (elimination rate is very slow), Antigens are produced in the body at a constant rate
and, in the absence of antibody, presént in plasma at a concentration at which the antigen
production rate and the antigen elimination rate are under equilibrium. In the presence of

30  antibody, most of the antigens are bound to antibodies, resulting in 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 Immunoclogy 1997, 100(1), 110-121; Eur. J. Immunol. 1993,
23;2026-2029). Even if the affinity of antibody for antigen is infinite, antigen concentration

35  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



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 a form capable of binding to the antigen, i.e., soluble
or membrane-associated IL-6 receptors. Thus, the anti-IL-6 receptor antibodies bind in vivo to soluble
or membrane-associated IL-6 receptors for a prolonged period. 35Furthermore, the anti-IL-6 receptor
antibodies are capable of binding to IL-6 receptors twice or more times, and thus assumed to be able
to neutralize three or more IL-6 receptors. 65 <Pharmaceutical compositions> The present invention
also relates to pharmaceutical compositions that include antigen-binding molecules of the present

inventionVaRtgeRoBraidgRrSEeH B Uy i s sErlignivRluRle e DS tha [sreseArtihodhtion, or
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expected P ROFE B arRHIsE D ATREY FrEd of tHe- ARk gehsBiidmepsonBules meirarsthetefore
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compositions orlgf:nar}l!l)?re? 0 agents for treating oppreven%ng, or tlgsﬁng and iagnosing diseases.

The phargitie gaaditesmpolivorsiohehecplesserinia e ieBin sxry teleohn adteambiea Sihideribels known to
thclnse_ Skiﬂﬁﬂﬁﬂdﬂﬂ%ﬁ@tﬁ@hﬁfl@ﬁlﬁ%ﬁaﬂﬂ@&n@fﬂf&ﬂi@ﬁd@éﬂﬁﬁ@”&d@&hﬁ iﬁffﬂ@{ﬁf@ﬁ&%ﬁ%ﬁtﬁtﬂfﬁfr“e
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acceI p_t?bm@e@aﬁ&i@ﬁ ﬂdﬁﬂﬂ%@a&?ﬁ%@dﬁﬁ@% !a_/cmmw?%ﬁﬂitﬁ)ﬂ@tﬁa ?%ﬁ@%ﬂ@gﬁ§?ﬂﬂ%@t%@t§@ & gil y
emuisirtiey, s 1on, mactant, s nzer, orl agent, exciplient, venjcle, preservatve, ninaer, or
such. Ineéﬁ%‘ﬁf’g?r%%?a |o§n%l,eff;ic%yarﬁ1a8’unet feac |?/e\{m§/gg?§ﬁie% ag? s’sseeqofge(gg}%%hee%éopriate amount
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polyalcohels (rapyensieabaaotgthviene glycol, and such), non-ionic surfactants (polysorbate

80(TM), HCO-50,.and such — . . .
(TM) T ﬁus, regar&ess of whether the antigen is a membrane antigen or soluble antigen, if the

dissociation of IgG antibody from the antigen is possible under intraendosomal acidic conditions,

20 asingle IgG molecule wouid 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 to antigens at the cell surface pH, namely pH 7.4.  Since the

25  intraendosomal pH has been reported to be typically pH 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 1gG molecule that strongly binds to an antibody 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 1o neutralize

30  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). pH—dependent binding, whose
binding strength varies between neutral conditions (pH 7.4) and acidic conditions (pH 5.5 to 6.0),

35  is present in naturally-occuiring protein-protein interactions. For example, the

above-mentioned binding between IgG molecules and FcRn known as a salvage receptor for IgG



300ils include sesame oil and soybean oils. Benzyl benzoate and/or benzyl alcohol 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 examplg2 procaine hydrochloride), stabilizers (for
example, benzyl alcohol and phenol), and/or antioxidants. Appropriate ampules are filled with the
prepared injections. 35The pharmaceutical compositions of the present invention are preferably
administered parenterally. For example, the compositions may be in the dosage form for injections, 66
transnasal administration, transpulmonary administration, or transdermal administration. For example,
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described with reference tg Examples, but it is not to be construed as being limited thereto. [Example
1] Produdtitss RidHiAREodiSA2ueH SRR RO BRI S Sion oML AR SSSBIFuman I1L-6

Receptom{sdR3A4yotein-protein interactions between antibodies and antigens, and a mutant antibody

with antigen-binding ability decreased under acidic conditions has been successfully acquired by

15 introducing histidine into the CDR sequence of an anti-egg white lysozyme antibody (FEBS
Letter (vol. 309, No. 1, 85-88, 1992)). In addition, an antibody that is prepared by introducing
histidine into its 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 methods for introducing pH dependency into antigen-antibody reactions have

20 been reported as described above, an [gG molecule that neutralizes multiple antigens by strongly
binding to antigens at the body fluid pH of 7.4 but weakly binding to antigens at the
intraendosomal 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

25  antibody, a modified antibody binds to antigens multiple times iz vivo and thereby shows
improved pharmacokinetics as well as improved duration of the neutralizing effect at the same
dose.

The IL-6 receptor is present in the body in the form of either soluble IL-6 receptor or

membrane [L-6 receptor (Nat. Clin. Pract. Rheumatol. 2006 Nov; 2(11): 619-26). Anti-IL-6

30  receptor antibodies bind to both the soluble IL-6 receptor and membrane IL-6 receptor, and
neutralize their biological action. It is considered that, after binding to the membrane IL-6
receptor, anti-[1.-6 receptor antibodies are taken up into intracellular endosomes by
internalization while bound to the membrane IL-6 receptor, then move into lysosomes while the
antibodies are kept bound to the membrane I1L.-6 receptor, and undergo degradation by lysosomes

35  together with the membrane IL-6 receptor. In fact, it has been reported that a humanized

anti-IL-6 receptor antibody exhibits non-linear clearance, and its antigen-dependent elimination



25A 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 1L-6
receptor (hereinafter referred to as SR344) (Yamasalci, et al., Science 1988; 241: 825-828 (GenBank
#X12830)) consisting of the amino acid sequence from the 1st amino acid to the 344th amino acid on
the N-terminal side as reported in J. Biochem., 108, 673-676 (1990), 30 was produced. 5R344 was
purified from culture supernatant obtained from the SR344-expressing CHO cells using three column
chromatographies: Blue Sepharose 6 FF column chromatography, affinity chromatography using a
column igrgAlErcemEntieodyiispeltific s Srddeibumandisi 206 Bnd wekfiltmaivibedjuibhe Journal
chromategraymIbR #actinog, th\@tﬂlmt%dmgﬁbe mﬁlﬂa %@%M&%ﬁé@ﬁ@%ﬁ&éﬁbp% Eéh?rOdUCt
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Acids RegiB006s 2 elndd( é&ﬁ?@é&&%&héﬁ%&ﬁ@ H0%:e 6P MARIRRRTGY [EmhGrpamplgus

pancrea Iate fra ent enc e entire length of cynomolgus monkey IL-6
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fragmentd- ddmmlﬂatémaimmtnﬁm&lmfca@nmﬂ(&@@ 1 INGle 2D)enceling eaplateicuimniidrdh 6xHis

is addedJanhestsdrrminahpbihs.aatisdegion zﬁMﬁ%cﬁfO?’@ﬁMQH@ g&@&mﬁk (Ggu0R,0f cynomolgus
monkey IL-6 rec cgtorlg@ %fwas 10 ampllfle % PCR usm the oligo DNA primers CynoIL6R N-EcoRI

(SEQ ID'NBARES PRI RS TR NG B RE Fekihiy SRRk AR s
digdstedmeiyhiEpoRt drdiNatiand isertettdhing affrimalian ecthexpresdigageector, and this was then
used to produce a stable expression CHO line (cyno.sIL-6R-producing CHO cells). A culture medium
of cyno g|L-6R-producing CHO cells was purlfled W|th a HlsTrap 1500Iumn (GE Healthcare

Bioscie ....!.‘. PRI e Laneadenty ..'-_.’..‘. | £ LT 800 4 L1748 A AT H G YR flad with a

Superdex 200 pint6HBR e fifthadiolinedhima (BGR hkﬁdidma@&l@émeemhﬁd tﬁ@tammbldacﬁﬂ@l purified
product ofsg Qh%&%%ﬂa%{%‘{é magé&%ﬂhbw989&85&%@?&9&4@@&%@ R BB Booy.
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column @@Hﬁﬁiﬂw@&?@éﬁ&leﬁ%é@?%@%ﬁmﬁ&%ﬁ%@@ﬁfhﬂlﬂsb@qtﬁdéﬁheﬁi@‘ﬁwwore) and
then furtnésmmusifiech it sruperdexstd pgse@a0ige] filvptionscolpsnnIGmiiEsitikataBiosciences).

Thﬁ% 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 H35 in H53 produced 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 L28, L32 and L53 in PF1L produced in Example 1 were

25  substituted with histidines was designated as L73 (amino acid sequence: SEQ ID NO: 6).

Production, Expression and Purification of H3pl/LL73 Expression Vector

Amino acid modification was carried out to produce antibodies modified at the selected

sites. Mutations were introduced into H53 (nucleotide sequence: SEQ [D NO: 13) and PF1L
30 (nucleotide sequence: SEQ ID NO: 14) produced in Example 1 to produce H3plI (amino acid

sequence: SEQ ID NO: 3) and 73 (amino 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
35  expression vector. The nucleotide sequences of the resulting expression vectors were

determined using a method known to persons skilled in the art.  H3plI/L73 which uses H3pi for



was concentrated using Amicon Ultra-15 Ultracel-5k (Millipore) to obtain a final purified product of
cynomolgus monkey IL-6 (hereinafter referred to as cIL-6). 30 Establishment of Human
gp130-Expressing BaF3 Cell Line A BaF3 cell_)4ne expressing human gp130 was established as
indicated below in order to obtain a cell line exhibiting 1L-6-dependent growth. Full-length human
gp130 cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBanlc 35fiNIM 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 68 Letter 1994; 356: 244-248) and inserting a
Zeocin rédtaifeingadd s dbivh %ﬂt‘daécﬁﬁféﬁ%%@@%@bﬂ@@ mathashipscribeddn IL-6R
cDNA wasanppiified by PCR and cloned into pcDNA3.1(+) (Invitrogen) to construct
hIL-6R/pcDNA3.1(+). 10 jig of pCOS2Zeo/gp130 was mixed into BaF3 cells (0.8 x 107 cells)
suspended in PBS, and pulsed using a Gene Pulser 5(Bio-Rad) at a voltage of 0.33 kV and
capacitaléeopdsd) §.FUeBaEP ddisnrading dndery dHedend Miroductibn Yy difeeroporatidiRtreatment
werg cultggﬁg pﬂgggvmgggg@y@yggl it in RPMI1640 medium (Invitrogen) containing 0.2 ng/mL of
mouse inter eukln 3 P protech) and. ) (hereinafter referred to as PBS,
HyClone; . TSCf REKTL64 dtarrcontaining 100 ng/mL of human
interleukin-6 (R&D@Syst@msydlfﬁﬂ hgﬂhﬁpdmo’fffhgmam ﬂmmemmﬁ BredlutfiB. rotibpthr Q‘F@&Dﬁﬂ?@ems)
g”?: ;?‘Vqlgﬁ,%ég @§I?E,H$J; @ISZ*TUGﬁ‘a‘DaQ I@é%ﬁ&l?'iﬁﬁasﬁggﬁaﬁ%gw efs&lwe E%r\%i%r &D
aF3/gp, nce.this Ba proliferates i resence 0

s e R R s R Sﬁﬂﬁ%@@rﬁ;&(ﬁéﬁﬁf %%
recHptortRBQtERlNOY Hotivityyeshant-tndoMeoeptorahtieddy. 15 Production of Humanized Anti-IL-6
Receptor Antibody In the context of the instant example and elsewhere herein, the term "wild
type" is abbrewated as WT the term W|Id type H chajn" is abbreviated as H(WT) (amino acid

- -l : ! Q&MWmed as L(WT) (amino acid
20sequence: SB@M@ei&kﬂmd%@ﬁ@ﬁpdmt&ﬁmmm@ﬁﬁﬂdﬂé@ﬁmﬁm framiempldtesequence
and CDR, seguenceofiumanizad mauseds Vil spiiRadyfescriBed;in %@%ﬁﬁ%&ﬁéﬁﬂ%ﬁ&?@ 15;

53(@) 851-6, to produce modified H chams H53 (amjno acid sequence: S
The library portions were constructed by PCR using primers in which the codon of an ammo

acid desired to be mutated for the library was replaced with CAT, a codon corresponding to
histidine, and other portions were constructed by normal PCR. These portions were then linked
by assemble PCR. The constructed library was digested with Sfil, inserted into a phagemide
vector pELBG lacl that was also digested with Sfil, and then used to transform X1L.1-Blue
20  (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 1 pg/ml in accordance with J. Mol. Biol. 1992; 227: 381-388. Clones that were
found to bind to SR344 were subjected to sequence analysis using specific primers.
Phage titer was determined by ELISA with an anti-Etag antibody (GE Healthcare) and
25  anti-M13 antibody (GE Healthcare). This 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 results 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).
30 7_
[Table 2] Positions of Histidine Substitution Not Significantly Affecting Binding Ability
H31, H50, H54, H56, H57, H58, H539, H60, H61, H62, H63, Ho4, H65, H100a, H100b, H102
124,126,127, 1.28, 1.30, 131, 1.32, .52, 1.53, L54, L56, 1.90, 1.92, .93, 1.94

35  Construction of Histidine-Modified CDR Library




and PF1H (amino acid sequence: SEQ ID NO: 11), and modified L chains L28 (amino acid sequence:
SEQ ID NO: 12) and PF1L (amino acid sequence: SEQ ID NO: 2). More 25specifically, the mutants
were produced using the QuikChange Site-Directeg utagenesis 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 deteiniined
using conventional methodologies known to 30persons skilled in the art. Expression and Purification of
Humanized AntiAllibrREceptde Agnisoaywhich theammbaditssolelefexpidusethydidephethod described

gt ?ﬁgﬂiﬂbﬁmgé’“?ﬁ' R ere pinted
vitrQaen u emeniea wi % Feta 0V|ne eru nvitrogen). e _cejls.were p ate
10 B R T o e B e e TS SRkl SEARARL o 210 6
x 105 69selibart wasconktmsttthtaseOmiteuisgtsn(87 Cf T h2infEr bHemvhibie Idabzamdiight. Then,
the medjygnas removRADY aRRatoheant R PP SE RS M madium: (Ryitragen) was added.

The prepared plasmjd was introduced into the cells by the lipofection method. The resulting culture
supernataht§vest e’ ﬁggf@ﬁf éé%ﬁ{f%éﬁ‘@é%gm‘ﬁ%g&)?%gﬁé&%?min, room 5Stemperature) to remove
cells, and steriliZdgt biyprfitte pngitnsowghe Oc22tunetciltey RIRLESi(r) @i ilipore) ¢ doigam theh

supemajants Arikadies wers nukilieddian theiahiaingsh aultire SUPSHRALLERY & methediimewn to
those skilled in the art uswg& rProtein Aﬂi%p roseTM Fast Flow (Amersham Bigscijences). To

determif@4RR BBHEENTT RFEHBF tHEHAar IhBER Hsotbaf e Wak Heas ara et SBH AT (Sing a
spé6trophtheniktery potibody chnsentrationswer¢hiddalkedatecfrombth & dBternditeddBralué®asing an
absorbange eogfficient calculated by the PACE method (Protein Science 1995; 4:2411-2423).
[Example 2] Production of pH-Dependently-Binding Antibody H3p1/L73 Method for Creating Antibody
Capable of NeutraiiAgaRnhtige Hodif e HBeios %@Woﬁé’é%ﬂ%é‘%ﬂf@%ﬁ’éﬁﬂ”ét%ihgle IgG
moleculénannadutiadizeitthdds theS Yritijeri hal@sulen witkn theatnwoositds dlieddio dhe /Antidie, lrowever,
1t cam gl ikaliemdnres SomaeantashImelEE R TRerRiol (o BAIRGI Waosyimlgigafect of a

neutralizing antibody over a certain period, It is nec,es%%Ey to administer an amount of the antibody
eqlial toBlegrBat e thah RAEAIEANANSE Spfdmas b Hakeuefum Repomee sEsRidy WRo Y eretdadns fmitation

on side using Sfil.

Acquisition of pH-Dependent Binding scFv from Library by Bead Panning

In order to concentrate only scFv having the ability to bind to SR344, panning was
20  carried out twice by the ribosome display method in accordance with Nature Biotechnology 2000
Dec; 18: 1287-1292, The prepared SR344 was biotinylated using NHS-PEO4-Biotin (Pierce)
to obtain an antigen. Panning was carried out using 40 nM of the biotinylated antigen.

Using the resulting DNA pool as a template, HL scFv was restored by PCR using
specific primers.  After digesting with Sfil, the digested HL scFv was inserted into a phagemide

25 vector pELBG lacl that was also digested with Sfil, and then used fo transform XL.1-Blue
(Stratagene).

Escherichia coli cells carrying the desired plasmid were grown to 0.4 to 0.6 O.D./mL in
2YT medium containing 100 pg/mi. ampicillin and 2% glucose. A helper phage (M13KO7,
45x% 10" pfu) was added thereto, statically cultured for 30 minutes at 37°C, and then cultured

30  with shaking for 30 minutes at 37°C.  The culture was transferred to a 50 mL Falcon tube,
| centrifuged for 10 minutes at 3000 rpm, resuspended in 2YT medium containing 100 pg/mL
ampicillin, 25 pg/mb kanamycin, 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 a phage library solution.  10% M-PBS (PBS containing 10%

35  skim milk) and 1 M Tris-HCI were added to the phage library solution to the final concentration
of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an



20 the extent to which the required dose of antibody can be reduced by improving the
phamiacokinetics or affinity of antibody. Therefore, if it were possible to neutralize two or more antigen
molecules with a single IgG molecule, the same d could improve the duration of neutralizing effect,
or alternatively the dose of antibody required to achieve the same duration could be reduced. 25For
neutralizing antibodies, there are two types of target antigens: soluble-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 GRERRD CBMONRFd seemasrettebsribdaimesnebdedndy LAR8ME Ato3386hdbsomds within
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taken ur?%%c rACENGIRReNd6&ome hallzatlcs)n SvEThES T LBRAREEN AteBS The'to the
antigen,sang ma@eﬁg@w@gmbaﬁ@hovvﬁed mqg@amm (ﬁl‘l‘/@l@ﬁtly binds to antigens, it neutralizes
two antigen molecules and undergoes degradation together with the antigens. If the IgG antibody,
aEen ug Into i jlacel 1 g:\dosomes by internalization, can dissociate from the antigen under
|nt [ 5 Betdit®otrditions, the dissociated antibody may be able to bind to FcRn expressed
in the endosomddeEhevigSnglolecivlaalissoeinted: fata ithéMniigert 20d . beneetoEcRwisiiiansferred to

the cell syfface apdihen. g“,a peketed fLoBnfcn emﬁre@%%ﬁl@@miﬁgse in they plasmee ffigreby return
to the plasma ag |n The molecul tha has returned }&%@ﬁ?@? is able to bind to a new

membrafie ant] lllafﬁgtﬁ\c/) Eproc e 4t UEGes iy t@ﬁle%tﬁfﬁ%f%atedly
bind to membsaméEﬁ?tlgeﬁﬁelber@bygr(alﬁhh@(héwwizédﬁahtoﬁlaemmllﬁmteaaﬁu«gﬁﬁaaﬁnllalhmﬂgte lgG

malecule; (Rifr:350 minlRG §35€ QiARoluRaantgesn AR-anibady adminisieragdinds to the antigen

in the plasma, and remains jin the plasma in the form of an antigen- antlpody complex Normally, while
the reteﬁﬁsﬁealeaﬁllba%w%ragﬁlgﬂl% NetelitiHheRrer & iKWty Sibvirie ine He/ml

kanamycin, and 0.5 mM IPTG. After culturing overnight at 30°C, the centrzfuged supernatant
was recovered. 360 ul. of 50 mM PBS (pH 7.4) was added to 40 pl. of the centrifuged
supernatant and subjected to ELISA. A StreptaWell 96-well microtiter plate (Roche) was

25  coated overnight with 100 uL of PBS containing 62.5 ng/ml of biotin-labeled SR344. After
removing the antigen by washing with PBST, blocking was carried out with 250 uL of 2%
BSA-PBS for 1 hour or more. After removing the 2% BSA-PBS, the prepared culture
supernatant was added and allowed to 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 30 minutes at 37°C.  After washing, detection was carried out with an HRP-conjugated
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
35  this panning using the antigen immobilized on the magnetic beads. Clones that were found to

show weak pH-dependent binding ability were subjected to sequence analysis using specific



25function of FeRn as described above, the retention of antigen in plasma is short (elimination rate is
fast). Thus, antibody-bound antigens show retention in plasma comparable to that of antibody
(elimination rate is very slow). Antigens are produced in the body at a constant rate and, in the
absence of antibody, present in plasma at a concefitration at which the antigen production rate and the
antigen elimination rate are under equilibrium. In the presence of 30antibody, most of the antigens are
bound to antibodies, resulting in 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. Natiormair@Gancel hagtitsitioR2O02{He 408 14 8drdr 985 tidiAd evgy mneb @ linic al gnraterrotody w897, 1000),
110-121754r. 4. Immunol. 1993, 23; 2026-2029). Even if the affinity of antibody for antigen is infinite,
antigen concentration 35elevates as antibody is slowly eliminated from the plasma, and the
neutralizing effect of antibody terminates after the concentrations of antibody and antigen become
equal. Aftheitighjanbibsidies of Higiflkdiacstrdngerttis Sodiationhidangt8ht ¢K [Dyean (Magnatizd3saduble
antlgenspgtﬁ';nl1 \éver antibody concentration, antibodies at a concentration half or less than the
concentration of antige resent are unable to neutralize antigens regardless of how strong the affinity
of anub&é@qs}fﬁo&?g % . 2005 Sep 9; 334(4): 1004-13). As is the case with
l1gG moledles2riol BHdis I‘.;Sarll@feriﬁd,g@m@l@@ules bound to antigens in the plasma are also taken
up into endosomes by pinocytosis, and bind to FORn expressed in endosomes under intraendosomal
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25  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 column to which the antigen SR344 was immobilized was prepared. 200 pl of
Streptavidin Sepharose (GE Healthcare) was washed with 1 ml of PBS, suspended in 500 pl of
30  PBS, and contacted with 400 pmol of bictin-labeled SR344 for 1 hour 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 0.45 nm
filter, and then added to the column.  After washing with about 6 mL of PBS (pH 7.4), 50 mM
35  MES-NaCl (pH5.5) 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



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), pH-dependent binding, whose binding strength varies between
neutral conditions (pH 7.4) and acidic conditions (pH™5.5 to 6.0), 35is present in naturally-occurring
protein-protein interactions. For example, the above-mentioned binding between IgG molecules and
FcRn known as a salvage receptor for IgG 72 molecules is strong under acidic conditions (pH 5.5 to
6.0) but remarkably weak under neutral conditions (pH 7.4). Most of such pH-dependently changing
protein-psoteivinteraslibds@aid adsofiatedivithdgstditie plesid Xds! -Bined @iz fK afdf histiliHewdsidue is
in the vicinit.of RHB.ite, 539 1B RoLeR-gissociation state of histidine residues varies between neutral

conditions (pH 57.4) and acidic conditions (pH 5.5 tg 6.0). Specifically, histidine residues are not

charged and funcfor™HE o 8% WESHPHEEe SRR e RetitraP CBRHAIASPIaIRS WHitd tRey
become ppé4itivetyibhdtipedndridfghctice asThyskden/atoeredsadis bagleraddidicradbplliiensi(pd 5.5 to
6.0)slt g e siieRarsch el bk deRenlen i ol ahayggescribed 19G-FeRn interaction
is also associated with histidine residues present in IgG (Mol. Cell. 2001 Apr; 7(4): 867-77).
10Therefore, pH-dependence can be imparted to protein-protein interactions by substituting an amino
acid resiguelinviolved Fhareteingrotein interactions with a histidine residue, or by introducing a

acid resiueliavolved ot t residue, o by introducing &
potwoen anthoUes A A Aok B T Mg S0 R Ra it EerCLESH e

acidic coitn8smlfiepEulsncsveEHRIf B dRITEBY e SIMIBHE SHB A RECIRe R tHe CHR &8Yllence of
an pnti-eggemditeolysoyinengnitiond y KFEHendeitelsi0doh 308% dNdale Blo- 88T 1282 )bl additian, an
antibod tis e i ing histidine ntq its.. e and specifically binds to an
antigenyggzt%'éﬁlgsvﬁ %df%:%%écggﬁggﬂi%? v%g)lily %%r%‘?é%@?eﬁ eu?rﬁz];ﬁ' éiérrl]iaﬁigﬁlsg ﬁ%%ugé%eno?eported
(WO 2004087 51): AlfrbLighambnaeid fsaisereriotMgD P dePe R smeytHms nayeihianttistlriaactions
have ZIO%@GﬂgprOﬁ@éxﬁ&ﬂeﬁﬁﬂf@(éﬁb@}@afﬂ lgﬁ;molgnui@dhallwmﬂm&muﬁml&ai&gens by
stron inding to antige tt Ui 4 but wea inding tq antigens, at the
A R e e R S R —
reldfing WsindEificaticrs warchiinat apiy reguedctheaiaidPandtainrddiy perminbRAYRgHIeoBIRtaining
thelgindd W&d&ﬂi@kﬁ@ﬁﬁ?ﬁé@lﬂs _sus&gmg,@mﬁgﬁﬁp@{@@ E@haﬁtigamﬂiﬂ@gifzﬁﬁamaﬂ% wafodified
- antibo inds tQ an s multiple times in.vivo and the shaws,imprave rmacakinetics as
vl s TSP SR T R R R RRSIRERRET precent
in the bddyranvtheferarvneitset ssaiplecs obthecaprsp shenanstivdritcnerd sechipbngNetGlhalredct.
Rheumasgli 200%.avs bl 81986} WitbHbsé3aracapioasibodies bisdsadathibeciolebledL-6
relgzg]otor gn‘c}jmrr}gnilgé?eng IL-6 receptor, and_neutrallze their bI.0|OgI‘Ca| action. Itis C(.)nsu?lered that, after
birding B He MeriBrane IL-6 receptor, anti-IL-6 receptor antibodies are taken up into intracellular
endosomes by internalization while bound to the membrane IL-6 receptor, then move into lysosomes

while the-aptibagiep angdirrifigung e HisMembiansnl- 1§ raeeptolhaRd Wndergrdagiagation by
Iysosomlgﬁ ?%ggeﬁgg ‘ﬁg} t%ﬁﬂﬁ%ﬂﬁtﬁ&%-ﬁ{ggeptor. In fact, it has been reported that a humanized

L.24, 127, L.28, L32, L53, L56, 190, L92, L.94

25
[Example 4] Expression and Purification of Histidine-Modified Humanized IL-6 Receptor
Antibody
Production. Expression and Purification of Expression Vector of Histidine-Modified Humanized
IL-6 Receptor Antibody

30 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 EcoR1, 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 CLHS5 was

used for the H chain and 173 obtained in Example 2 was used for the L chain, was expressed and

35  purified as IgG. Expression and purification were carried out by the method described in

Example 1.



anti-IL-6 receptor antibody exhibits non-linear clearance, and its antigen-dependent elimination 73
greatly contributes to the elimination of the humanized anti-IL-6 receptor antibody (The Journal of
Rheumatology, 2003, 30; 71426-1435). Thus, one humanized anti-1L-6 receptor antibody binds to one
or two membrane IL-6 receptors (monovalently or d?@alently), and is then internalized and degraded in
lysosomes. Therefore, if it is possible to produce modified 5antibodies 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-IL-6 receptor
antibody), multipfextib&iselceptarsveamigbaelirdtipedinntly svaingieihcav ayizeo bininl sduteesptor

antibody;LAus HREQ TIPAISBRWHL W@Qz@’ﬂ%%%ﬂ%ﬂ@ﬁ%‘E%@ﬁﬁ%@ﬁﬁ%?%@iﬁ%ﬂ%iﬂ@p?ndem
binding anti-IL-6 receptor.antibodies 103’1@6?1# hl;n}B%rove the duration of the neutra |2|n%ef_fect in vivo at the

same doSEBl SQEHEHE M9 -Brpsh Rlitfer it hized Rk B et tsamtids &
H3pl/L73 chain inFadmgiion ofistibinieuintova (€ BRt idashaehHeparté#8S warefhabicfonintiodeting
pH-gepe‘@r@%H&dAﬂg f&b%ﬂﬁ%%[‘f%’é@&@éﬂf?ﬂfﬂ%&%@ﬁ%b‘ﬁﬁb(n@' A9 NO, 83788, 1992)). 15In

order to find amino acid residues exposed on the surface of the variable region. of the F153/PFIL

produceBTRAESER STascaRGhdBiRg s artberdractifef Wi treRlftge P28V HeGi I oS! of
H53/PFID Wak Cliesie¢rloyetislogpsiadelinge 3t MOEsoiiare, (@Ghdmical otopedingaGioup Inc.).

A three'gﬂ[%&%']ﬁi%';} df'»%ﬂ(‘%éﬁi&‘i‘é%&ﬁ.th@fﬁ@%%iﬁ%%?‘?oﬁ%ﬂﬁ% Gadnigrration of; /{ FIL was
used to select H27, H31, 1-135, 28, L32 and L53 (Kabat 20numbering, Kabat, E.A. ét al., 1991,
Sequendabieteihsbmbrmmiadgical 1RHER: Ribish Frlddowms sted foribmE chnipartss2

pHidepengemeartiigen: Dirtding, byhistdineihiratipeiitnd Thésor adingt e whidl dhiesesiddes at H27, H31
and HB%’Q HS e|qroduced in Example 1 were substituted with histidines was designated as H3pl
(amino amgnslgque'nce: SEQ ID NO: 3), and the product in which the residues at L28, L32 and L53 in
PFIL produced in Example 1 were 25substituted with histidines was designated as L73 (amino acid
sequenqExeinQd BN HBreductsm. Nexprassion ancRudfieatiorahkden MTsdmwprestiodyVector
Amino aﬁ@aﬂ?&ﬁ%ﬂ% ' ie . ibodlie f] i

Mutations were ' 3o S BT S _
sedfience: SEQ TheNb 6 1a59pterineearliz EatHIE o prctraipBiT {awiddihefeschumarEeSEQ ID
NO: 3) apd L Z@ifsainoraricuseHuenLe 3 SEQIING 6] Mo spesibicadd thaeQuilslRangs 4.
Site-Directed MylagenesisKll (Siatnagne) was user aesording tp e melfiod degeriped in the
instructions provi &d, "Brd e ésufftlng pfasrﬁla fragments were in ened into a mammalian cell

expressidavésnds dephiitie thé/dediregmterderenpraseionectBebh@n ! eAaHssaskné&ssisn vector.
The nuclaatide SR GUaNTES: 0B UBSLEMNGEXR RS OBYCHORSW¥BEAded at 5 x 10* cells/mL in

20 RPMI1640 medium containing 60 ng/mL of human interleukin-6 (Toray), 60 ng/mL of

recombinant soluble human IL-6 receptor (SR344) and 10% FBS. 50 pul of the suspension was
dispensed into each of the wells of a 96-well plate (Corning). Next, the purified antibody was
diluted with RMPI1640 containing 10% FBS, and 50 pl 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-8,

25  Dojindo Laboratories) diluted two-fold with PBS was added at 20 pL/well, and then immediately
measured for absorbance at 450 nm (reference wavelength: 620 nm) using the Sunrise Classic
(Tecan). After 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

30 HI70/L82 were shown o have equivalent biological neutralization activity in comparison with
the humanized PM1 antibody (WT).

[Example 6] Biacore Analysis of pH-Dependently Binding Antibody
Analysis of Binding of pH-Dependently Binding Clones to Soluble I1.-6 Receptor

35 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 antibody (WT) and




determined using a method known to persons skilled in the art. H3p1/L73 which uses H3pl for 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 Bing'ng Ability by His Modification of CDR 5Using
Phage Display Technology Production of scFy Molecule of Humanized PM1 Antibody The humanized
PM1 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 sequence GGGGSGGGGSGGGGS 10 (SEQ ID NO. 15) between VH and VL
was protiedd. 78 efdctioA.of Hisddin d0hiBadueihiect bs Hsammpsistididd BEarmiAgnM MESHPKas
performediysing §1¢) predupechimanized Ml 205V BNARS anesppiaietedseduesadustidine

library in which any one af.the CDR amino acids is replaced with histidine. 15The liprar rtions were
constru&%@%f@@%‘mélﬁ?&%@ it Wﬁ’l%ﬂﬂ‘glgo%@ @gﬁegrl?ﬁn%%?aa g toége‘g’%%?t%%ﬁ or the
library was-reptatet awith iO8Toa-60 ddh wesrespvediingho digtidire anadytthedpertdonsmane

construcied Ry ROFIRIR GR-dEhest-RostiansvesadhRnditken by assembie RER (e epastusted
library was dnl%ested with Sal, inserted into a phagemide vector pELBG lad that Wméi%%ted with

Sfil, andther\YsHg FCASIHERSTHS X BHIES OB #atdgbne ) NS AUGTI A LTSRS
evaluatelastigjetioningdingp st el e Eik) Sverandlanatydeting SHguercel 60 BiabeRiorbrltesr (SA was

carried %am;e% RlpiQicopiad With RR3dAad hibokak rceardanca it aloRiokidQ92; 227:
381-388. Clones that were found to bind to SR344 were subjected to sequence nalﬁls using specific

primers (P & kite MRS TR AR FHA Bl R BRNWIRT Ahphho-EfRY BRbSIVFIBEGeE 5% d

25anti-Mlchaniibagdyac HHbgithdane hiddiipyvalid wasithenesethtowele cipasitonstdiéfe substitution

of the CDR resi%%%Wé&ﬁibb?@f&%ﬂiﬁlg%ék&ﬁﬁi?ﬁf&%@l&%@%ﬁ inding APty 25 LRTRAERLL,
humanized PM1 HL scFv, based on the results ?jh?étqée ELISA for SR344. The selected positions are

shown ith¢ &bteloraudenb By el alien e Sbtierldd i HddBisncadiithitnd k2 oRdrmbng (Kabat, et
al., 1994 1Setliendedidf Rdoiéifisl af empacthalyyicath nteresty Kt BT allla ChiRdisig onsrofHdistidine
Substitu{iﬁ)ﬂ%&tﬁéﬂg}fﬁ@t@ﬁffecting Binding Ability H31, HSO, H54, H56, H57, H58, H59, H60, H61,

H62, H63, Ho4, HE5, H100a, H100h, H102 L24, L26, L27, L28, L30, L31, L32, 152, L53, L54, L56,
L9b® .92 193, |Aii-1L-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 pH of 5.5 to 6.0 have not been reported yet.
In this study, antibodies were obtained that retain the biological neutralization activity equivalent
to the WT humanized IL-6 receptor antibody and the affinity at pH 7.4, but exhibit the affinity at
pH 5.8 that has been specifically lowered more than 10 times.

20
[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(1/s) KD(M) ka(i/Ms) kd(1/s) KD(M) KD{pH5.8)/KD(pH7.4)
WT 51E#5 {.0BE-03 21E-0B 76E+05 38E03 S0E-08 2.4
H3pliL73  B54E+05 74504 14E-08 178606 QVE-03 DTE08 41.3
H170/.82 68E+05 11E03 16E-03 268404 1702 G4EW 383.5
CLHS/AT3 718405 70E-04 11E-09 38E+08 2BE-0Z 74E-08 §6.1

25 Analvsis of Binding of pH-Dependently Binding Clones to Membrane I1.-6 Receptor

Antigen-antibody 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 IL-6 receptor was evaluated by evaluating the binding
to the IL-6 receptor immobilized onto a sensor chip. SR344 was biotinylated according to a

30  method known to persons skilled in the art, and the biotinylated SR344 was tmmobilized on the
sensor chip via streptavidin by utilizing the affinity between streptavidin and biotin. Al the

measurements were carried out at 37°C, and the mobile phase buffer contained 10 mM MES (pH



35Construction of Histidine-Modified CDR Library 75 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-introducible positions) Q. their original sequence (wild type sequence) or
histidine. The library was constructed based on the sequences of the H chain PF1I-l and the L chain
PF I L 5produced 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 u ﬁ%? primers that were designed such that a position desired to be mutated for

the librafyhabthe¥titjial andindaéid veebator HibtdiNedeperterahendthe elsoaiore waiecdduced by
normal RkeRi® e PERUSNESYBERRTC prmPiBAsAQnEha ibsry portigasichhessrostiens were then

linked b ( ol I 77- [ sed tg.construct a
rlbosome%?%p%%?ﬁ)rar Rfh‘%acMcor ance]f\’/iq?ﬁsf ?Ir?lwrﬁ%%ﬁ g?cné:‘ m%ﬁs%g pf%‘é\én isofiaéufég In order to
carry out®EScHerictidheotiadalefpbasimplitd frdnstatidacmiedDie sEguence (ribosome binding site) and 17
promoter were agjgad o i0gien 1aride, 88 Qt%?ﬁ?@ %gt@1@@&%%@%%9@?%%9&%69080me

Bencs PR GHETSAERELHY b o Gl ALV TG S e TG

ZOcarrleﬂlfosﬁmplceng/hh@ldbO%MW&){pﬁb’fh&)d1|ﬁCblwérHaﬁteiwit& W&tureyBintéGimdlogy 2000
Dec; %Sdﬂs%%h%e?&% ﬂmfwg@@ R34 %%M@ﬁm% aébﬁg y3i5g, "?‘W%E’%MUQH{ &tl(P'%ee) to ogtm
an antigen. Pannin ri sin e bio sing the resu
pool as g?@?ﬁﬁté?g 9ﬁﬁa@éw %]ts? “Ep%gﬁ%rﬁ P@Flafgég éﬁ%ﬂl the
digiéstedidil theate \badiitisertedyinbe élﬁoagannqhb@ﬁ\m@ﬁﬁpﬁlyﬂﬁrwﬁﬂ mm:aﬁ ﬁ:lscsauhg%miswnh Sill,
and then,isedifo I anuek t kalag (SHRIRORRE); and RPRNCHEDIA S0llLRI SATMRY e demied

0

plasmid were %row to 0.4 L in 2YT medium containing 100 ug/mL ampicillin and 2%

glucosel\ﬂ:ﬁé 47 ab%O(WI%N691 A P90 Irsshvad add¥dPinelder SRtdsiocctlithéd%or 30

minutes@n3EG, drrddh elvouftuskown in Table 6.

15 [Table 6] Comparison of Rate Constant of Dissociation of pH-Dependent Binding Clones
directed against SR344 from Membrane {L-6 Receptor

kd(1fs) kd ratio
pHT.4 pH5.8  pHL.8/pHT.4
WT 4.B4E-04 7.15E-04 1.5
H3plf 73 3.44E-04 3.78E-03 11.0
Hi70/A.82 7.70E-04 1.44E-03 1.9
CLH&/AT3 1.04E-03 5.B7E-03 5.5

The highest pH dependency of the dissociation ratio was observed in H3pl/L73

20 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 [L-6 receptor and
membrane IL-6 receptor. It was revealed that H170/1.82, which exhibited the highest
pH-dependent binding in the analysis of binding to soluble IL-6 receptor, showed the lowest

25  pH-dependent binding in the analysis of binding to the membrane IL-6 receptor. In general, it
is known that while IgG molecules monovalently bind to a soluble antigen (afﬁnify), 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.

30
[Example 7] Confirmation of Multiple Binding to Antigen by pH-Dependent Binding Antibody



30 with shaking for 30 minutes at 37C. The culture was transferred to a 50 mL Falcon tube,
centrifuged for 10 minutes at 3000 rpm, resuspended in 2YT medium containing 100 ug/mL ampicillin,
25 ug/mL kanamycin, and 0.5 mM IPTG, and then jacubated overnight at 30C. The culture
incubated overnight was precipitated with 2.5 M NaC1 and 10% PEG, and then diluted with PBS to
obtain a phage library solution. 10% M-PBS (PBS containing 10% 35skim milk) and | M Tris-HCI were
added to the phage library solution to the final concentration of 2.5% M-PBS and pH 7.4. Panning was
carried out by a typical panning method using an 76 antigen immobilized on ma%netic beads (J.

Immunol. Methods gesestrmbindoxaapie 2Pt agpandsihbineing attbad cona b ablolprbum) 19.91-203;
Biotecggﬁﬁgéf%gn&@% M@%prséél’gffbc:amzajm—&ﬁgéﬁ@ﬁe@'ﬁ&ﬁﬁﬂg,aﬁamtmﬁm@&{ame;@@%?3_44
was added.to the prepare ibrary. and the library, was. contacted with the antigen for 60 minutes
37C ST e e o e e e PR SRR 5ot i
milk) wevadsd devirirat adiesaed iachliticad B psinuidy anBirelyiiadsdadisveradiasisdy fRiarahias with
bothy 0.5t i RBSTIRBSHORAINIAY Bk ¥ad WeaeRedQoRit piA)ARKRBS (R idintfier Peadswere
then suspended in 1 m_L of PBS (pH at 3Z , an ttltleﬁ]hage was rec _e(ied irgrgggljg&el . The
recoveré%l%ﬁfé%as%‘ml%%]\%%%a d to" 167 S iogarth e gromtnophiase 10XL T-BRIE* D600 of 0.4
to 0.5) aandibdidinset ostdndifog3e milipéstanagy C Forvisfeetion. Igheaiifbedess Breolowetddiated onto a
225 mmgﬂ%éﬁﬂhﬁ' BIRLRNIAINIRY Kot AQDISe/mL BmRIcHEY #Rh2%e ahiteREeshieRe the Coli were

o begin

used t dditiopal phage culture in_the same manner as descrihed above and repeat the
panning* ’i%ﬁ{ﬁé).s @ﬁ%@éﬁ?ﬂ@lﬁﬂﬁge Figyich ant %h %gifg%?ﬁfﬁl e&BIBeﬁ%g%]é%ﬁgBEﬁfgfied in 100
n116f 2 Yo, Angrmaln dvowpidilirgr2ite gl acd sheagidre 2B pog ritid tetresy ohitigeand cUttiseghevidrmight at

30C. 2 nylaf ‘!ﬁi,ksc%g&?E%dﬂ%&%@%%%@&hé%?lé@oaﬂﬂi%&ég is HMRRbl-ampislinaRdiR%glicose, and
then cultured for 4 hoslrs at 37C. A helper phage (M13K07) was added to the culture at 9 x 108 pfu,

allowed 8 25st4 PRYSRIMIRELEL37C and then shaken for 30 minutes at 37C for infection.
Subsequently, thbamedoticrit wasaeblatetwhitth 800 «ihreé 2IV-HenO8ienImbindipicitiimh@elig/mL

kanamygiry Andy9. oMM AP Gy After itusing QueiBishtRE 3G ecariifuged supes Balanl was
recovered. 360 ML of 50 mM PBS (pH 7.4) was a d?%to 40 pj, ﬁéthe G n}g@% supegpatant and

subfected g I8 A AT ET S EWHIRFRTCId RE MHRER RS & }m%%g LSBT BN gHt with 100

p.1_, of PBS coBiainired GR.Hewihchrof bistinddbe iSRS hht Afteaniebodidn fithkbnartigdh oy andshing
with PBRL. DIgRInG: WASSORG QUL WH PR ME g(t?g"é%.%%ﬁﬁgé%fé%ﬁ% heLE K BQAG «4frer removing

the 2% BSA-PBS, the prepared culture supernatant was added and allowed to, stand for 1 hour at 37C

for antibO@yFBIRHES K 2HRTGTBOIT P BEY PHOTA) BREY A BEIPHF BB PYHES 484 and
incubateduyistandihgifamnd @30 shikuthssabd pE. /Aftensvathing), delectiGrewas celREddout witin an

ncubatesipistandinglonabaatin gessa bing| deieotcnds cRGg LUt an
i 5%55%%%%3%!“ B R e R e

measuréréHenLabsbBahtd e eim4 mimics theantigsp Rigdinh S5 R Hting PO dependent
binding ey adiergcahtapied. ®ylone (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, step 2 was

25  repeated. This mimics the rebinding of antibody that has been returned to plasma by FcRn to a
new antigen. Subsequently, step 2 was repeated to expose the antibody-antigen complex to
acidic conditions. Repeating “step 2 to step 3” muliiple times at 37°C as described above can
mimic the in vivo state in which antibodies are repeatedly taken up from the plasma into
endosomes by pinocytosis and returned to the plasma by FcRn (Nat. Rev. Immunol. 2007 Sep;

30 7(9) 715-25).

The produced pH-dependent binding clones described above were analyzed using

Biacore T100 (GE Healthcare) for their ability to bind to the antigen SR344 multipe times at pH
5.8 and pH 7.4. More specifically, the analysis was carried out as follows.  All the
measurements were carried out at 37°C.  First, the sample antibodies described above were

35  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).



35this panning using the antigen immobilized on the magnetic beads. Clones that were found to show
weak pH-dependent binding ability were subjected to sequence analysis using specific 77 primers.
The positions in these clones where histidine was pg’ogzsent at a high rate are shown in Table 3.

[Table 3] Positions of Histidine Substitution Detected Using Phage Library (Magnetic Bead 5 Panning)
HSO, H58, H61, H62, H63, H64, H65, H102 L24, L27, L28, L32, L53, L56, L90, L92, L94 Acquisition of
pH-Dependently Binding scFy from Library by Column Panning 10No clones having strong
pH-dependent binding ability were obtained by typical panning using the magnetic bead-immobilized
antigen. TRitHadiusted trasomretonowinef rbatbAL IMthassaimsieg asingar dataeh mirassized on
magOI neti@.ﬁ%ﬁseﬂlbﬁdd?é%iﬁm @h@gﬂﬁéﬂimjﬁtﬁéﬁmmk%ﬁmﬁd eiie DeRsiser plate go@m&c&@g .
conditions ted. Thu ge glgnes haying,weak pH de ncy recovered together reduce
T =k gﬁ%%%@d?ﬁ%"?@%é%ﬁﬂﬁ&%ﬁ e s Rl erees E}%‘Sﬁ%%’ﬁ‘?t?ated

clones. mobjingnsfsrel printnyaisifigree shubiavitermisingéd senvndn tarmgerciiasakanidd 3&ta more
stringentpapnRGRaetheriiigndliJhRqkepave beansee BreNoumERO (ST N aagWsiin-of clones

having pH-dependent bindin a}bilit %gyusingté)fj[ming with an antigen-immobilized column. In the
panning GRG o TR T AHO B ST RS SPOLS T A B S OBL e neutral
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imifbbilicledesnmrsigniaty BB 82 auplatd,HAE 23, penringragid gestohmdisineirslvil zedingthdhe
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fraction€@tPodef syere ale I8 PR MM RFHRBLERR &R CRIDIHAI OBl Sy TSl 5RsEE 90 pl of
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PBS, ang,geptaaiedwithid00mmalalkiokin:abelgdaR34d for 1 hour at room temperature.

Subsequently, an empty column (Amersham Pharmacia Biotech) was filled with the above sepharose

antPwashed witH AbOUEHTH S TP BEEEEEL BV MERITHAR Be Ginsloe smase MRy Fhigesivere
diluted tsell fabaaith 016k BSke PBS(H 7)) Epabstottfofighra (G40 fwalfiltencand the magdeetto the

column. Afigx WASRIAG WAL ARAT Q1PES fRH DFE0 MM SFMESNAC) a5 g was allowed to

flow thro%gh, the column to elute antjbodies that dissociate under low pH. The appropriate eluted

fraction<Waned gh s 9t il fﬁ%%gggmaop%dgtal]gmoum of antigens bound during the ten cycles.
The pH-dependent binding clones, particularly H170/1.82 and CLH5/L73, showed the largest

20  total amounts of bound antigens in comparison with WT, and were demonstrated to be able to
repeatedly bind to roughty four times the amount of antigens bound by WT. Accordingly, it
was revealed that by conferring pH-dependent binding ability to WT, such antibodies can

repeatedly bind to antigens and thereby neutralize multiple antigens.

25  [Example 8] PK/PD Test of pH-Dependently-Binding Antibody Using Human IL-6 Receptor

Transgenic Mice
IL-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

30  and neutralize their biological action. It is believed that an anti-1L-6 receptor antibody binds to
a membrane-type I1-6 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 1o a lysosome while still kept bound to the membrane-type IL-6 receptor where it is
degraded by lysosome together with the membrane-type IL-6 receptor. 1f H3pI/L73,

35  CLHS/L73, and H170/L82, which are the pH-dependent-binding 1L.-6 receptor antibodies

evaluated in Example 6, are able to return to plasma via FcRn as a result of dissociation under



solution was added to 10 mL of logarithmic-growth-phase XL1-Blue (0D600 of 0.4 to 0.5) and allowed
to stand for 30 minutes at 37C. The infected E. coli were plated onto a 225 ram x 225 mm plate
containing 2YT, 100 ug/mL ampicillin, and 2% gluc% e. These E. coli were used to begin additional
phage culture 5in the same manner as described above and repeat the panning 6 times. Evaluation by
Phaue ELISA The resulting phages were evaluated by phage ELISA. Clones that were found to
have strong pH dependency were subjected to sequence analysis using specific primers. As a result,
10 several clones showing strong pH-dependent binding as compared to WT were obtained. As shown
in Fig. 62eidsecoditigachiinn endesomesh s actibglite thabhauniss agd sohaatessisEpndiNo: 5,
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clones showingstang piAensndensydnRiammhieaiin 19 G ERagdte Wess resrgchively amplified
by PCR, digested with XhoUNhel and EcoRI, and inserted to a mamma(clglgln cell g)xprgssmn vector. The _

nucleoti&’éogéc?ﬂ@ﬁ?é%g &%%Eﬂ%ﬂf%#@&?ﬁ%ﬁ@%’é’ésgé{%ﬁﬁ‘égw HPethb8 GEHP0°5ebens skilled in
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the method described in Example 1. 79 . Antibody haying even higher pH dependency was
prdduced by comBfTfgTFRABHOSIFOE BRELIPRITRE HE ARHRAYRSAAIELPHS Bontdntrated in the
phage liBtmiplas fvethiidthnsttunteratioforpatdragridsthe dike;ehid2] 45810682 AdIH1 02 jH.H3pl

which was aRteineA o FrRRIRRGEATRIGANTSR-SURPHIVIRY YDA sHElOg-ARA 2R A0 HO9
were further substitutec ) .
were dispensed into an immunoplate (Nunc-Immuno Plate, MaxiSorp (Nalge Nunc

International)) immobilized with anti-human IgG (y-chain specific) F(ab')2 (Sigma), and allowed

20 to stand undisturbed for one hour at room temperature. Goat anti-human IgG-BIOT (Southern
Biotechnology Associates) and streptavidin-alkaline 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 measured with a microplate reader. The concentrations

25  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 H3pI/L73, CLH5/L.73, and H170/1.82 are shown in FIG. 13.

The pharmacokinetics was improved for all of H3pI/L73, CLHS5/L73, and H170/L82 as

compared with WT. In particular, the pharmacokinetics of H3pl/L73 and CLH5/1.73 were

30  improved considerably. A wild type anti-1L-6 receptor antibody (WT) bound to
membrane-type IL-6 receptor is taken up into an endosome within a cell by internalization,
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 contrast, since the pharmacokinetics of
the pH-dependent-binding anti-IL-6 receptor antibodies were improved considerably, the

35  pH-dependent-binding anti-IL-6 receptor antibodies were thought to return to the plasma again



Swith valine and isoleucine, respectively, to produce H170 (SEQ ID NO: 4). The variant production
was carried out using the method described in Example 1. In addition, L82 (SEQ ID NO: 7) was
produced by substituting the 28th histidine of L73, \gglch was produced as an L chain in Example 2,
with aspartic acid. The variant production was carried out using the method described in Example 1.
H170/L82, in which H170 was used for the H chain and L82 10was used for the L chain, was
expressed and purified as I1gG 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
ReceptoriNEeRalzinieadtiofylissCiaten Don et asigBebThe 16 fbcprornieltvatizimgidistivity
was evapsatetlder fauiartibegissshumanized PM1 antibody (WT) and H3pl/L73, CLH5/L73 and
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evaluateg ase o bercBapds (B NBOURANGE AURRPRUISORS 365U AR SHOMR LG, fnH3PILTS,

CLH5/L73 and 30EI1170/L82 were shown to have equwalent biological neutralization activity in

compariSBniRh qﬁé"lﬁﬁﬁrﬁﬁ*?@@?ﬁﬁﬁs%‘fﬂﬁ%ﬂww 3 A 6 aéﬁ)Fgoﬂﬁ%%lgeotpﬁﬁhﬁependently
Binding AniifedsiywaAnahsdik of Biading bf dikdompendbiryrb rxing sGlitrrds:ting dledn énlierfaRexkb ptor

35Kinetig analyses of ANIASHANIPAEYS e AN AL RS B aRtkR. A A WELE Garied Oulysipg Biacore
T100 (GE Healthcare) on the four antibodies: humanized PM1 antibody (WT) and
as for the case relating to membrane antigens, it was determined that m 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).

20 [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 FcRn as a result of dissociation from the antigen,
membrane-type IL-6 receptor, under acidic conditions within endosomes. If antibodies that
25  have returned to the plasma can bind to membrane-type I1.-6 receptors again, neutralization 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 [1L.-6 receptor is also present among IL-6
receptors, the duration of neutralization is thought to be longer for the same dosage with respect
30 to the soluble IL.-6 receptor as well.
The pharmacokinetics in cynomolgus monkeys was evaluated for WT and H3pl/L73.
WT or H3pl/L73 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
35  obtain plasma. The separated plasma was stored in a freezer set to -20°C or lower until

measurements were carried out.



80 H3p1/L73, CLH5/L73, and H170/L82 produced in Examples 2 and 4 (buffer: 20 mM MRS (pH 7.4 or
pH 5.8), 150 mM NacCl, and 0.05% Tween 20). Various antibodies were bound onto a sensor chip
immobilized with recomb-protein A/G (Pierce) by a%ne coupling. SR344 adjusted to concentrations of
9.8 to 400 nM was injected to the chip as an analyte. Association and 5dissociation of the
pH-dependent binding clones to SR344 was observed in real time (Figs. Sand 9). All the
measurements were carried out at 37C. Association rate constants ka (1/Ms) and dissociation rate
constants kd (1/s) were calculated using Biacore T100 Evaluation Software (GE Healthcare), and

dissociation con$BEnECRIITAVIE N EYecortentERdendn thagrasiswf IHEkewRleEsa Tabras)edrddver, the
ratio of the @iinities-at pi hand g6 (7-wecalsyatet forrrashealsiang tedsvaiaia)phiglependent
binding. aAII the measur entls were ﬁﬂri%ﬁ 0L§ at I A%Ja re?lliltlt of {:alc Iatig%fltﬁe a fitnit ratio
betweor  DEE S LI oH P O R na R g M s A s R A S S 934 o2
and CLHBAiyBtr$REA4i ghd ¢°Folel pepartonrasdrae1abidizedspb iméiyhumahisfowingl bretion
pH-dependent hinding.mare thamd sdines-Aighebinn WA . d.8AN: (.26 sacarior @niibediesmthat
strongly bind tolthe antigen at the plasma pH f7.4f3ut V\(eaﬁl @nédlt the antigen at the & 200
ntraendGESTI B B RH L e RO ISk FaBIce AR | Tl oy S s ohined
that retaid-the2biolppidat yreute iratiormbetiViyoEousaddd eds shd WL ld thacidert dtiod reeeptor antibody
and the sahBHdsth b exhRi IS APNY Al & 8ibathas Drenspecificalniowened ragre than

10 times. 2Q [Table 5] Comparison of Ei ding of pH:Dependently Binding Clones Directed Against
SRa44 (EUE TRHEEER FE.17 A SR L ER SR RO R Bt
KD H5Ig KD pebil tei\Hlas: HEQ 5 0 BEI06 RabE 08l BEDE03 @ ABEDS 510H@9 2 400m
temperature.  Biotinylated Anti-Human [L-6R Antibody (R&D) was allowed to react for one
hour at room temperature, and then Streptavidin-PolyHRP80 (Stereospecific Detection |
Technologies) was allowed to react for one hour. A chromogenic reaction was carried out by
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as substrate, then,
15 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 concentrations of WT and
H3pl/L73 after the infravenous administration are shown in FIG. 14.  As aresult, the
20  pharmacokinetics of H3pl/L.73 was improved considerably in comparison with WT in
cynomolgus monkeys in the same manner as in human IL-6 receptor transgénic 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 fo the plasma via FcRn as a result of
dissociation from the antigen, membrane-type IL-6 receptor, under acidic conditions within
25  endosomes.
In order to evaluate the degree to which cynomolgus monkey membrane-type [1-6
receptor is neutralized by the intravenous administration of WT and H3pl/L.73, the effects of
sample antibodies on plasma C-reactive protein (CRP) induced by cynomolgus monkey IL-6
were studied. Since CRP is secreted when IL-6 binds to membrane-type IL-6 receptors, CRP
30  serves as an indicator of neutralization of membrane-type IL-6 receptors. Cynomolgus monkey
O IL-6 (cyno.IL-6 ;;repared 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/L.73. Blood samples were collected from the
saphenous vein immediately before the start of cynomolgus monkey IL-6 administration (day 3)
35  and after the administration at 24-hour intervals (day 4 to day 11), then were separated mto

plasma. The CRP concentrations of individual animals were measured with Cias R CRP



H3p1/L73 5.4E-05 7.4E-04 1.4E-09 1.7E+05 9.7E-03 5.7E-08 41.3 H 170/L82 6.8E-05 1.1 E-03
1.6E-09 2.6E+04 1.7E-02 6.4E-07 393.5 CLH5/L73 7.1 E+05 7.9E-04 1.1 E-09 3.8E+05 2.8E02

87

(Kanto Chemical) using an automated analyzer (TBA-120FR, Toshiba Medical Systems). The
time courses of CRP concentration upon induction with cynomolgus IL-6 with respect to WT
and H3pl/L73 are shown in FIG. 15.  Asaresult, the duration of CRP suppression was
prolonged considerably by H3pl/L73 in comparison with WT. On the basis of this finding, a
5  pH-dependent-binding anti-IL-6 receptor antibody, H3pl/1.73, was thought to return to the

plasma via FcRn as a result of dissociation from its antigen, membrane-type IL-6 receptor, under
acidic conditions within endosomes; and neutralize 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, H3pI/L73 was shown to be able to bind to and neutralize the membrane-type

10 IL-6 receptor more than once, as a single antibody molecule.  Since the duration of suppression
of CRP production by H3pl/IL73 is prolonged in comparison to that by WT, the duration of time
where an antigen, the membrane-type I1.-6 receptor, is bound by antibodies was indicated to be
‘prolonged for H3pl/L.73 than WT.

In order to evaluate the degree to which cynomolgus monkey soluble I1-6 receptor is

15  neutralized by the intravenous administration of WT and H3pl/1.73, the concentration of
unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was
measured. All IgG-type antibodies {cynomolgus monkey IgG, anti-human IL-6 receptor
antibody, and a complex of anti-human-IL-6 receptor antibody and cynomolgus monkey soluble
IL-6 receptor) present in the plasma were adsorbed to Protein A by adding 30 L of cynomolgus

20 monkey plasma to an appropriate amount of rProtein A Sepharose Fast Flow (GE Healthcare)
resin dried in a 0.22 pm filter cup (Millipore).  After spinning down with a high-speed
centrifuge, the solution that passed through (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 1L-6 receptor which is bound to protein A, the

25  concentration of unbound soluble IL-6 receptor can be measured by measuring the concentration
of cynomolgus monkey soluble IL-6 receptor in the pass solution. Monoclonal Anti-human
IL-6R Antibody (R&D) that was rutheniumn-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,

30 500,250, 125, and 62.5 pg/mL and the plasma samples treated with Protein A as described
above. The mixtures were allowed fo react for one hour at room temperature.  Subsequently,
the mixtures were dispensed into an SA-Coated Standard MA2400 96-well plate (Meso Scale
Discovery). After allowing to react for another one hour and washing, Read Buffer T (x4)
(Meso Scale Discovery) was dispensed. Immediately thereafter, the measurement with Sector

35  Imager 2400 (Meso Scale Discovery) was conducted. The concentrations of cynomolgus

monkey IL-6 receptor were calculated from the response of the calibration curve by using the



7.4E-08 66.1 25 Analysis of Binding of pH-Dependently Binding Clones to Membrane IL-6 Receptor
Antigen-antibody reactions to membrane IL-6 receptor at pH 5.8 and pH 7.4 were observed for the
above produced pH-dependent binding clones, usiré% Biacore 1100 (GE Healthcare). The binding to
membrane IL-6 receptor was evaluated by evaluating the binding to the IL-6 receptor immobilized onto
a sensor chip. SR344 was biotinylated according to a 30 method known to persons skilled in the art,
and the biotinylated SR344 was immobilized on the sensor chip via streptavidin by utilizing the affinity
between streptavidin and biotin. All the measurements were carried out at 37C, and the mobile phase
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SR344 from MemBafag4b $RaesPiar it sked alanBil/dsappears from the plasma as well as

the time where soluble and membrane-type [L-6 receptors are bound by the antibody in the body
were found to be considerably elongated for the pH-dependent-binding anti-IL-6 receptor o
antibodies that were made to bind strongly to the antigen at pH 7.4, which is the pH in the

15  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 to 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 is thought to be
particularly advantageous as a pharmaceutical for use as an [L-6 antagonist.

20
[Example 10] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Variable Region
Optimization of Variable Regions H3pl/L.73 and CLHS5/1.82

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

25 effects in Example 8. Therefore, to further improve the pH-dependent binding abilities,
mutations were introduced into the CDR sequence of CLHS obtained in Example 3 to construct
VHI-IgG1 (SEQ ID NO: 21) and VH2-IgG1 (SEQ ID NO: 22). In addition, mutations were
introduced 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

30  introduced into the CDR sequences of 173 and L.82 to construct the modified L chains VL1-CK
(SEQ ID NO: 25), VL2-CK (SEQ ID NO: 26), and VL3-CK (SEQ ID NO: 27). Moré |
specifically, the mutants were constructed using the QuikChange Site-Directed Mutagenesis Kit
{Stratagene} according to the method described in the appended instructions, and the resulting
plasmid fragments were inserted into an mammalian cell expression vector to construct the

35  desired H chain expression vectors and L chain expression vectors. The nucleotide sequences



pH5.0 pH5.131pH7.4 WT 4.134E-04 7.15E-04 1.5 H3p111 73 3.44E-04 3.70E-03 11.0 H | 70/L02
7.70E-04 1.44E-03 1.9 CLH511 73 1.04E-03 5.67E-03 5.5 The highest pH dependency of the
dissociation ratio was observed in H3p1/L73 20fo||o%é{ed by CLH5/L73 and H170/1,82 in descending
order, and each clone demonstrated higher pH-dep&ndent dissociation from the membrane IL-6
receptor than WT. However, the rank of

of the resulting 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 Fv1-1gG1, the antibody having VH1-IgG1 (SEQ ID NO: 21)
5 as H chain and 182 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-IgG1, 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-IgG1. Of these, Fv2-IgG1 and Fv4-IgG1 were expressed and
purified. The expression and purification were carried out by the method described in Example
10 L

Analysis of Binding of pH-Dependent-Binding Clones to Soluble IL-6 Receptor
Kinetic analyses of antigen-antibody reactions at pH 7.4 were carried out on the four
types of antibodies, i.e., the humanized PM1 antibody (wild type: WT), and WT, H3pl/L73-1gG1,
15 Fv2-IgGl, and Fv4-1gGl constructed in Examples 2 and 10, by using Biacore T100 (GE
Healthcare) (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 y chain specific F(ab), (Pierce) was
immobilized by amine coupling, and then, SR344 adjusted to a concentration of 9.8 to 40 oM

was injected thereto as an analyte. The association to and dissociation from SR344 were

20 observed on a real-time basis 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 kg (1/5)
were calculated using Biacore T100 Evaluation Software (GE Healtheare), and dissociation

constants KD (M) were calculated on the basis of those values (Table 7).

25 [Table 7] Comparison of Dissociation Rate Constants of pH-Dependent-Binding Clones from
Soluble 11.-6 Receptor, SR344

Sample ko (1/Ms) kg (1/s) KD (M

Wi 4. OE+05 1. 1E~03 2. 71E-08
H3pI/L73 4. 1E+05 5. 9E-04 1. 4E-09
Fv2-1gG1 3. 9E+05 7. 7604 2. OE-08
Fv4-1gG1 1. 2E+05 1. 0E-03 1. 4E-09

As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants
30 (affinity, KD value} of WT, H3pV/L73-IgG1, Fv2-IgGl, and Fv4-IgG1 to SR344 were,
respectively, 2.7 nM, 1.4 M, 2.0 nM, and 1.4 nM, and they are nearly equivalent. Fv2-IgGl



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 Tihe lowest 25pH-dependent binding in the analysis
of binding to the membrane 1L-6 receptor. In generg 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 0f1-1170/L82. 30 82 As described in Example 2,
pH-depetitehvbitifingrantidoiesintyd e habyie i ding abilintigehs snivblsiélimesesioedificaly, a
pH-depegdpntdindingrpiibedy.dhat ias bound to an antigen is non-specifically taken up into
endosomes, but dissociated from the soluble antigen under the intraendosomal acidic conditions. The
antrbody brnds to FcRn and thereby returns to 5the plasma Srnce the antrbody that has returned to the
I8 B L AlgtiQ & TEBE &S gtitiontorf this process

cnabes thdep%Qﬁgt&ﬁbe}BQH&a %Qegfﬁﬁggrﬁtﬂgx%@-@fﬁ@m NS ultipke times olsdtt e
antibodies ot hav ent bin a ens are dissqciated from the
antibodié8UR ?é&eqr ?#8{]8%’?875”8&40?%%‘?@ %ﬁhﬂsfs ﬁr:ﬁﬁtﬁb@&é V&%been returned
to the plﬁsmégiﬂbbyﬁ@hg féraire 0006 dGE alwidtbnamnd tBardiogecctienotbindrto typwlantigens.
Consequentlyoinas iy &R56 Sy eRENINEIRI te%t-ezeféqgt@dttrpﬁrtrﬁm%d%ﬁ%%s@'&ﬁﬁn'y two

antigens_(in the case of divalent brndrng) Therefore, it was evaluated whether the three

pH-dependerty B iRt St accanEnme 74 e meyhoskaowm mene 8syesni i adinaE kit ples 2
and® wendlabiet tanditic: thi theyl Sad tifed SR3Admohihle: time $h a saaophip d to sheptavidanizad PM 1

antibody(wilgstyie , Wl Blag {Qvﬁﬁﬂ&%ﬁ%tﬁ?re)AWP&é‘ﬁfé‘JJ&&M%%}B%EdeaéEtbaQ%"?%b'”d'”g at

pH 7.4 and dissqciating at pH 5.8 were able to b |n to the aré[é%ﬁen multiple times. The antibody to be

evaluateH% 2888 RS RyHED . pPotdvh WIS (@ red)-imm o828 -4 8R4 & Ehip by s Wmind€oupling
method,pitd @pendbitetphdisg ofopkt WA"waﬁeaﬂé«NMdmﬂMe@emﬂiﬂom%{SDmm%@aKﬂmmd to pH

7 s ghenalgued i lov g an Auabie o, PR AP e AL 4 dsteRal T

brndrng at pH 7.4 mimics the antigen binding in plasma. Stbsequently, buffer adjusted to pH 5.8 alone
(nd contlaﬁqwrats#@gaama%wae&%%ﬁ%tﬂ@%@&ﬁ%@f‘@fﬁéﬂéﬁtrgeﬁ BbiliHeie iibsty-fo acidic

conditio(iBI(3tef)3). This dissociation at pH 5.8 mimics the brndrng state of antigen-antibody complexes

o s SARRRUEALBIARE Ya8 ZRIER eaats i RSt ea sl pipaty 1o e

been returned t a new uently, was repeate o expose the

Sma b
antibodyPBAtER EBFhPI&k i?%éi‘&i%%d&lﬁh@ y ép’é‘atrﬁ@ tepDzSﬁsr‘sl?ém v tapisdinddat37C as
described MBS ¢aH B18Ni¢ shenkf Wue staté 0 chrastipodies areiensalentydiskesiatipiam the

plaﬁna E%gs%ngso @0 me%ﬁx &Pg(ﬁyW&'esc%pc%iﬁ%%rgeq'{%& erﬁla%rg %1? ocmt;a ongl%ge%?vi-f@@und 2007

using Biacore T100 Evaluation Software (GE Healthcare). In a similar manner, sample

concentrations were adjusted to 0.25 ng/mlL, 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 7.4), 150
mM NaCl, and 0.05% Tween 20, and the dissociation rate constants (kq(1/s)) at pH 7.4 were

25  calculated by fitting only the dissociation phase at pH 7.4 using Biacore T100 Evaluation
Software (GE Healthcare). The pH-dependent dissociation rate constants of each clone are

shown in Table 8.

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

pH7.4 pH58 pH Dependency

Sample kd (1/s) kd (1/s)  kd{pH5.8)/kd(pH7.4)
WT 2.5E-04 2.5E-04 1.00
H3pt/LL713 2.6E-04 6.7E-04 259
Fv2-IgG1 3.4E~04 2.4E-03 7.18

Fvd-IgG1 4.7E-04 2.6E-03 5.56




307(9): 715-25). The produced pH-dependent binding clones described above were analyzed
using Biacore T100 (GE Healthcare) for their ability to bind to the antigen SR344 multipe times at pH
5.8 and pH 7.4. More specifically, the analysis was éarried out as follows. All the measurements were
carried out at 37C. First, the sample antibodies des fibed above were 35bound 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 NaC1, and 0.05% Tween 20 (step I). 83 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 1ewiviviES g g pt, depensiviaN 48 leaah e 1005 e Pleds p@Bic(stisp o).
]?Ubieqbl%ﬂﬂih%tg@ﬂﬁé%ﬁgﬂ%ﬁﬁagﬁﬁéﬁ\ﬂ@% t'_ mms}a%ﬁfﬂ@;@ﬂ@?m&qn?@ﬁmﬁo@@@ mﬂggﬁ?\,f\/eg;o
ow for a seconds to expose, the antibody, er acidic conditions (step 3).

Ten setsatrj@[tﬁ & ﬂ%%ﬁnﬁlétgﬁpf#é&%% %56@824@5%%%&? \y}/g?@%ﬁﬂ éo?f’é?%?‘épeated to
observe ttrpgsivshygrarmr ged| 4 & virhidhl idahomstriteEiggher Mifdsheweddpss dissotitition of
SR344 dyringiibhe,agidis X gq@éq&t&;{o},@é}g}@@}gﬁgq%t@@g the proportion of antibody capable of
binding to new aﬁti nfiin,tq?ézubgequent stegEfZ W%S extremely low. In contrast, it was found that the
pH-dependent b a%% BefHEE® particulaity BT 7GRS 18548 OV A8 APPETHMERAPSHAE SH RS g
dissociapbhdﬁpchm@mé_iadi@@texb@smﬁmstgg&tﬁammﬁnhmbbIBr_pﬁ’ISB%Gwmﬂéssociated, and
thereforeeaiy Al AUIRGHIES MEIR-2BIGHR PING 10BN AMIAPRSINIAG, SUDSEAYRAL ISP 2. In the
10-set repetition of the binding (step 2) and acidic exposure (step 3), almost all H170/L82 and
CLI-15/L73 antibodies were able to bind to new antigens in each set. 15The obtained sensorgrams
wet8 us¢ixmgatclidBKR birding pihdunpeod SRBAddime Act setitarvadchsamipte] G&ingHiacore TI00

EvaIuatiR@%@ﬁéﬁmmgq{g&&ggﬂﬁ%ﬁg Values in the time course of the 10 sets are
ig. i

shown in 12. Thé integrated RU values obtained at the 10th set are equivalent to the total amount

of antigens bou@@@ﬁﬂ@%%%ﬁf%ﬁﬁ-%%%&@ bidding cisnkd, gutdtiniiy HiefolLs2 and
CLH5/L f3sishedvadithenlangesinZOtataplarhdwis ef buund asiigahs neempagseccpiih tiisganid were
qemonstiated 01 ARIEAY /PeRIeRIYIBNIA 1 IRkgPIYaUL TS g}gﬁggﬁ%gf AgHgRRsHaynd by WT.

;
Accordingly, it was revealed that by,con‘errlrg}%é%{ ependent bin , such antibodies
caﬁ%epé&%&jc?rﬁ%?ﬁdnﬁaﬁﬁﬁ@&%d%%ﬁ%fﬂéw rafzee mlﬂﬁﬁlezéﬁﬁégﬁs.a%[@(%ﬁﬁfé@f}fmﬁ@ Test of
pH-DepeactemnitybBaydinthé plibndytdsingasiiatin thesBecepianef mrisdeniaplice ILihsesaptors are

Pract RS SO, ST BRIk Feaner A b B e

receptor%l‘éWB %é:ﬁ%réﬁe-type IL-6 receptors 30and neutralize their biological action. It is believed that
an anti-IL-6 recefitepanthadk s 1’ HIpRIID dacryipeptb e d e epiafaitot REaIweNtly dakemp into
an-gndo ithinya cell hy.internalization while the.anti /is kept dto,the m rane-type
IL-%%recel%p%tgo}?%%sd%eﬁg%g@e% %\(l) Eapfltlfsjg (%lrarlngl %Cﬁﬁ‘éné’%ﬁfi‘égf‘g%i ﬁ%l%ﬁé%u‘rﬁgll%%éaﬁggtgﬁ/br%gfﬁﬁ receptor

where itiBIeyrd det By mEbIaieCbgelfersiiamerd mdribearheynd L-6 revanitscomeesiseions,

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-IgG1 in comparison to that for

25  H3plL73-I1gGl (data not shown). As indicated in Example 10, the pH-dependent binding to
the membrane-type IL-6 receptor was improved for Fv2-IgG1 and Fv4-IgG1 as compared with
H3pl/L73-1gG1. Therefore, it was indicated that further improvement in the pharmacokinetics
and duration of neutralization of the soluble IL-6 receptor over those of H3pl/L73-IgG1 is
possible by improving the pH-dependent binding to the membrane-type I1.-6 receptor.

30
[Example 12] Improvement of pH-Dependent Binding to Membrane-Type I1.-6 Receptor by
Optimization of Constant Region

Optimization of Constant Region of Fv4-1oGl

Generally, binding to membrane-bound antigens has been reported to vary depending on
35  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 IgGl



35CLH5/L73, and H170/L82, which are the pH-dependent-binding IL-6 receptor antibodies evaluated
in Example 6, are able to return to plasma via FcRn as a result of dissociation under 84 acidic
conditions within endosomes, the antibodies that have returned to the plasma can bind to antigens
again. This enables neutralization of multiple memB?ane-type IL-6 receptors with a single antibody
molecule. Whether or not the return to the plasma via FCRn as a result of dissociation under acidic
conditions within endosomes is achieved with the constructed 5pH-dependent-binding anti-IL-6
receptor antibodies can be determined by evaluating whether the pharmacokinetics of these
antibodiestmeeimplevedas comjyared wittethatoptiwiPation of Hessahgaphargarcokindtickin
human-Ii f@&%ﬁ&%ﬁ@%ﬁ&%ﬁ% s8R ﬁﬂeﬁ%@%@{ﬂ% fiaé-r&{e%@ozsci- USA 1995 May 23;
92(11): 4862-6) was evaluated. for the fqQur types of antibodies, that is, humanized PM1 antibody (wild
type: WT) and HBHLHR T FREREERN 61 AP A CO It I RS S arft AT
H3p1/L78goh HBAZASECr HDIKQI828)as aunstimisterastdy stngie-gdsMAGK($Eiplis Aidimittistration to
LR tamiceahan ke, b AR08 sRMples welh selleniede Rt BUIHKRLRR ARE QYEh me.

Collected blood was immediately centrifuged for 15 minutes a 00 rpm and 4C to obtain plasma.

SeparatetPplaEia Attt iVApaesL Pk g Ergrlites THaressat o drsiéanttd out.
15The mdasStwensntof costantragions MMb (IS (pIas A Va3 oal MdBaSHY IBLNSA 38amples for

calloration SUNVQ WEIE, BIEROIERTPIRFB CONSEAAINIRALE, Akl B0 LO/mL.

]
The calibration curve Samples and mouse plasma measuremerit samples Were dispensed into an

|
immunopfaYElaghd-privise mEipisiSort sl Uin Y Fiteiabi sral) ThRBbikedakith anti-human
lgGy-chaistspesific) fuainhi(E dnapmndaigwad201 0/SE nohd VHiStVIS d SEQoTR KOu B &) vesm
temperagyre, (9af Anti;nLmas, é%b%&aﬁﬁ%‘éﬂﬁ{%%%‘.” OlOAYAFSOHAIAS) Affession

streptavidin-alkaline’phosphatase conjugate (Roche Diagnostics) were sequéntially allowed to react,

and a cHgHREY BT IEBoFP A E AT RN BOTSY GéiNGIBRISP AR S MARIINEN PHOZPIEMEE StBstrates
System gsirké gamndnd By babiididliesiigsssiohstidttpAhsorkanceratr6b@hm Trasméasgided with a

microplate, reader. dig &%ﬂﬁﬁg%&%@%ﬁi Oegl%ésx%e%a&é%?ﬁﬂgéﬁ Mﬁé}k?g‘ @SMB%T&WB%%%@?”CG of the

calibration’curve using the analyt oftware SOF T'max PR olecular Devices). Time courses of
pldsma Beiteahivilicie B IKEs I EIF#6tH3p1/L73, CLH5/L73, and H170/L82 are shown in FIG. 13.
The pharmacokingiiessiwa s pteisifion alkef Fispdd Gt G iR i Boahigh HY A0/LG2 asgompared with
WT. In icul lcinetics. of /IL.73 an . iI ed considerably. A
s T R i LSS S o

chain; Fv4-M38 using VH3-M358 (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 NO: 35) for the H chain and

20 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 Bindine of Fv4 Havine Optimized Constant Repion to Soluble I1-6 Receptor

The association with and dissociation from SR344 were observed on a real-time basis
25 using the same method as Example 10 for thus-prepared Fv4-1gG1, Fv4-1gG2, Fv4-MS58, and
Fv4-M73 as well as WT. The association rate constants k, (1/Ms) and dissociation rate
constants ky (1/s) were calculated after analysis in the same manner, and then, dissociation

constants KD (M) were calculated on the basis of those values (Table 9).

30  [Table 9] Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones from
Soluble [L-6 Receptor, SR344

Sample ka {1/Ms) kd (1/s) KD (M)
Fv4—-1gGt 7.2E+05 1.0E-03 1.4E-09
Fvd—IgG2 9.6E+05 1.2E-03 1.3E-09
Fv4-M58 8.3E+05 1.1E-03 1.4E-09

Fvd—-M73 1.5E+05 1.0E-03 1.4E-08




membrane-type IL-6 receptor is taken up into an endosome within a cell by internalization, 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 contrast, since the pharmacokineties of the pH-dependent-binding
anti-IL-6 receptor antibodies were improved considerably, the 35pH-dependent-binding anti-IL-6
receptor antibodies were thought to return to the plasma again 85 via Fcltn 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 HI 70/L82 as compared with
WT, the effect of'sroksaginef skiswhziipe ibisedhnitisheldf/Hi frog®h slvas hedisetimipthernstatpl/L73

and CLF@PﬁE’;’z Sinsedafe) raomur 6 Arehopght te-namvelbhbirddivatentyremererangrhound

antigen, ht that L6rece tar ntrb s also hind |valen av ) rane-type
enioen, e QoIg atept L eceptor picree e i dhaleay e ymemirr
revealedthhammdh@ﬁbﬂﬂyaﬁmmodmte‘dﬁm thenils-® itbeesspioblatipr SegeptioardBistindows sefuble

IL- 6srecqrrrarg@€%n%rﬁeafﬂa@%@%ﬁ%r?éa&aeregﬁfrm%e e BiiesRn r%r . atdbinai@gvhen binding
to membr e-typ ﬁﬁl ? g{gltor was extrem g/ Ek’évg (FIG..1 { E TI rit Ew%reas%or the
weal IfERTEY TGO LRACERTR T [ISLRR BT SOTHS K TUgHErcHB A I8 HrifBocl was
unable tmmﬂ&mﬂa&gﬂmﬂmmt@ﬂbrtmmhﬁdbsomes after having been internalized due to its slow
dissociation at pH 5.8 when binding to membrane-type IL-6 receptor. Namely, 15 as for the case
relating to membrane antigens, it was determrnedt at in order for a single IgG g oIe le to neutralize
multiple ARAYBISAEEIRGEES v Hiavine-dptimized Constagt Region fo Membrane- Lype T1 -6 idity) is more
|mp6rtarR b@dhe pH dependency of monovalent brndrng (affinity). 20 [Example 9] P1C/PD Test of
pH- Dependent'm%rrg*éﬁ%mmwﬁu}g @rﬂerﬁe!ﬂyaﬁéq%@rﬁ Fince ihe phamaacgkingtiesof the

pH-dependently-binding anti-IL-6 receEtor antibodies were improved considérably in Example 8, the

pH-depeHBERRFBiRdine Shtsprepredptdr BhtibdoiedhErd’ HooGHE ety bR éi E Ckh as a
result of sigsociationdnoer tierabtiganien énirgritidype [LE0éGepthnitrden acithe catitions within
endosomes; AR érqgtraaaﬁrgar%?@%Jﬁ&eﬁr%%H?n@slde%%@ap'&mlmemr)%@m g AN

receptors a ization of an antigen, the membrane-type IL-6 receptor
pHL eperragwﬁy%ﬁ%}ﬁa A ebrmp@)rhgaréd&r@e@%rﬁjﬂ%%&f @rgﬁenﬁaﬂlﬁd# ByPthe
wild-typerabiid lp%ﬁﬂ@(}&ptﬂfo&ntlboﬁm atahe Barherdashges incadditidng it cetthesnkublenHetrséaeptor is
150 preseah A dhatde seRIta: NG AHEian ANEHIZ AN AR HOHIRAIAR S NGR! for the same
dosage with spect to t e soltble 1L-6 receptor as well he pharmacolcinetics in cynomolgus
monkeys was evaluated for WT and H3p1/L73. WT or H3pI/L73 was administered to cynomolgus
monkeyﬂa)bﬁlmg le- @ﬁﬁpﬂ&%ﬁﬁﬂ&ﬁdﬁﬁifdﬁ%ﬁl@Emﬁamgﬂ@ﬁﬁdeb@ﬂdm@nmieﬁng@mmIected
befpre a m| tra%p 0% g%iecéﬁdgood was immediately centrifuged for 15 minutes at

0 3 tarn

15,000 rpm and he separated plasma was stored in a freezer set to -20C or
lower until measurements \ﬁ@?e“carrred &8 pH Dependency

Sample kd (1/s) kd (1/s)  kd{(pH5.8)/kd(pH7.4)

Fvd—1gG1 4.7E-04 2.6E-03 558

Fv4-IgG2 1.0E-03 1.8E-02 16.99

Fv4—Mb8 5.4E-04 89.5E-03 17.64

Fvd—-MT73 5.1E-04 5.1E-03 1¢.06

As a result of calculating the pH dependency for each clone, the pH dependencies of

Fvd-1gG1, Fvd-IgG2, Fv4-M58, and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and
25 10.1-fold, respectively; thus, Fv4-IgG2, Fv4-M58, and I'v4-M73 all demonstrated higher
pH-dependent dissociation from the membrane-type IL-6 receptor than Fv4-1gG1.

Based on the results of analyzing binding to the soluble IL-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 IgG2, M58, or M73 could improve the pH-dependent binding

30 tothe membrane-type IL-6 receptor, without causing a change in the affinity to the soluble IL-6
receptor.  This was considered to similarly hold for Fvl, Fv2, and Fv3.



86 The measurement of concentration in cynomolgus monkey plasma was carried out by ELISA.
First, anti-human IgG (y-chain specific) F(ab92 fragment of antibody (Sigma) was dispensed into a
Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand undisturbed overnight
at 4C to prepare plates immobilized with anti-humar%gG. Calibration 5curve samples having plasma
concentrations of 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05 fig/mL and cynomolgus monkey plasma
measurement samples diluted 100-fold or more were prepared; 200 ;IL of 20 ng/mt cynomolgus
monkey IL-6R was added to 100 pl of the calibration curve samples and plasma measurement
samples{ Exghthien] ThEK RBré @l ofeld -f0cptanid nilhydStudbedAfor bmédydinvan gdoph e rep draturent

Subsequeptty,.thesampleswerg ﬁ&%ﬁﬂﬁeﬂéﬁﬁéﬂﬁ fptishuman 10 IgG-immobilized plate and allowed

to stand undisturbed for another one hour at room temperature. Biotinylated Anti-Human IL-6R
Antibody (R&D) was allowed to react for one hour at room temperature, and then

StreptavidiQ-Polmaﬁﬁﬁ{ﬁmk@mmmﬁd?%tlg&mﬁﬂﬂemIagibE)rWhSS&ltnw@etbir@xﬁxfm@h& hOL_Jr. A
chromoggpie LeARlion Was ARt ant 11y #Ring I Qe tompanant HRRMisonRISybstrate (Biofx

Laboratories) as substrate, the e reaction was stopped with IN sulfuric acid (Showa Chemical)

and the &5&BIBItE sranmp ot rieak it ePRTRNA TR HIOR praths sBaEr agtidnedhtentiations in
cynomolgus-raakeéyplasinaonere -sakiiede ddnoin saecd s dibaNC e R tihmicalibratigieedisve using the
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mornkeysdndbeusaiae oTanneras-iaGuran-le@ecddol KB ganibonicen Sidcethe pharmacokinetics
of a pH-dependent-binding. anti-IL-6, receptor_anti . L 7.3 Imp S

H3p1/L73 was ﬁgﬁ‘g’%{ t1'8 %extﬁp llt% %’e_p‘?ﬁs na’ \a}%ﬁﬁ%ﬁt@%@ﬁ&{ﬁ\?{g%&éﬁﬁ gﬁ%%&&%%@%rﬁ?gen,
membrafétiy Bel |28l ibsapsimendéreaicrid EsfdEeRsufinim-248ntesBHiBE! improytdiger to evaluate
the degresnigambishvayRBmRigas mavikesureeimarane-typelboane cepiaeisetibaleadfistieas
intravenQus ad{qgiirilistrationOPfu\éVT %@(% I;l?gﬂl{.@ 1t@hg eflfg%ts of 5%@@1'16@”};@3 E%% on.ga%l a,
C-reacti\%eg?‘d{em Iﬂéml}n&cenaoby 3ynomof§u% mdrYl’(‘ey -6 Were s_tugie . mc_%l?;l Plis secreted
wheh ILisshiptisaéhmeamisrastitgoe 6 readptpielcCRBBEEEgdyatienahuredidizeting ¢ ization of
membramﬂ}g&qﬂ&é@aﬁmms Edmi eloftsy mnltgyzﬂar@ MM;'»&W@?@aeéédﬂ mgﬂ@:ﬁ 1) |
containi 0 ivated cynomolgus manke ma was administered subcutaneously into lower
backs of e S CIE R, STy T G A LT S R e e Mo 7.
Blood sansgpiésaneisnsollebtectsrion trs saprmaisdusrem iglifeeigtEN Defctethemparedidihomolgus

monkey -6 gdministratan-tdavsak 3baRe alenherdméniskaionilfonauht Bianaisdry 4 to day
11), then were separat g into plasma..The CRP co cergtraé{ons of i’(ndi idual animals were measured
& ARG R 3

wi OCiagﬂ i 0 (‘?56 ﬁ’%?ﬁ&vgﬁl%tén & %%Efflgelrn YNk Eﬁ,l%g iba Medical
SystemsemthaditiatiercolifsesobftGRE-GorceritatsrPapobléidustisiitvithedpaonsigos ragiewivrtespect to
WT and 330 %61 %3331, MW iR eRicAT tlefHllirtbediatioruehGRR (S RPERESIQIkINag Rrolonged

considerably, by F 3p]ﬁL73 in.comparispn Wmv . On the basis of this finding, a .
oot eGSR G A B TR ELI Oy ISP B BGRER B Pt
the cases of Fvl1, Fv2, and Fv3, can be improved as compared to IgG1 by substituting the

25  constant region from IgGl to IgG2 or M58,

[Example 14] Construction of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions
VH2-M71 (SEQ ID NO: 36) and VH2-M73 (SEQ ID NO: 37), having M71 and M73
30  for the constant region of VH2-IgG1, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID
NO: 39), having M71 and M73 for the constant region of VH4-IgG1, were constructed using the
same method as described above,
Fv1-M71 using VH2-M71 for the H chain and VL2-CK for the L chain, Fv1-M73 using
VH2-M73 for the H chain and VL.2-CK for the H chain, Fv3-M71 using VH4-M71 for the H
35  chain and VL1-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL1-CK



plasma via FeRn as a result of dissociation from its antigen, membrane-type IL-6 receptor, under
acidic conditions within endosomes; and neutralize 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/L73 was shown to be able to bind to and neutratize the membrane-type 10 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 orfiertto Bvakiatevthe degreedandyohi Gydoniotgus morkelpsollibié ob-8 eacegptodisut
15neutralizgg hy.the dirayepoysadminisiation of WT and H3p1/L73, the concentration of unbound
cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was measured. All IgG-type
antibodies (cynomolgus monkey IgG, anti-human IL-6 receptor antibody, and a complex of
anti-humamily&seddiitetimntibpHylapdiclamorBoldins: honkedisoliblmil ChtieceptoVapebdemdn the

plasma wegs adsarbad 10P e ApYsasding 0 tiL of cynomolgus 20monkey plasma to an
"f‘éif‘F’ tein A Seph kIJE

appropriateé amount of rProtein arose Fast F|OV§;§E Healthcare) resin dried.in a 0.22 um filter
cup (Millipore). ARBF &PHRE BEWRMHES SR HRSIVS FoB Vet thrtige: thecEuitshatad HaRs 8 through
(hereinaﬂsﬁﬂgifher@dﬁe asthpass Eﬁhxﬁp]m_”) Whs teeoleredyfincd ihehpaisss shlutiarddddvhiot co ntgin _the
complex gl ADyMAN e feeERIaT#iipony. arsh cypemplgus mapkexsalyblsilirbyrggeplor which is

, the 25 on of unbou

bound tc:}grotel concentrati nd soluble IL-6 receptor can be measured %/h

measuring’t®dénEsttatidnforclatémBitid it mes ) ¥6rble 1 cosssidpiorsiderE Bababsamitiohe
Momnoclongtdntitbn mantxbRRARIIDDNIRED] thatiuas: fathephsmdabgletsvite S ulirdiagd\byS Ester
(Meso Scalg Dise nd Biotiny. I IL- | ixed with, .
cynomolg‘rjilr}%Ei %)Snlﬁqﬁ%- Fgggjé%?’cal %%Esgtﬁ%}géaﬁﬁ%ﬁggﬁﬁggs E%%%ﬁ%%%%ﬁg c\ﬁéﬁ%&l& 2000,
1000, 308b8psaales (AeRlwbls 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 ispensed into an SA-Coated Stand A2400 96-wvel \ C jscovery).
Ater alob i e T A e P S S ocovery
wad Yisp&rsedolntsddritBiscansreatiti+the measurement with Sector 35Imager 2400 (Meso Scale
Discovery, Y@seco ] chnomolgus monkey IL-6 receptor were calculated
from the rgsponse j

c gs 1sing the 88 analytical software, SOFTmax PRO
(Moleculr;]% i]%es).4_ gHme GOLFSEs of _(:‘(:)Qg_%gtrations of unbound cyno_molgus monk_ey ;oluble IL-6
receptor gﬁ_ 1 and Hignlt 73 argshegwn ig Gy 16. As a result, the duration of neutralization of

cynomolgyis_pankeygseluple IL5 geggptor Hyidapl/L73 was considerably prolonged as compared to
that by Wax»Qegthe hasisf this;findmg, Stheppidsdependent-binding anti-IL-6 receptor antibody
H3pl/L73mvagthought gp-glissociate-from 1. 16-09

Fv3-H#73 8. 5E+05 8, TE-04 1. 0E-08

Fvd-1gGt  7.2E+0D 1. 0E-03 1. 4£-09

Fvd-1gG2  0.6E+05 1. 2E-03 1. 3E-09

Fvd—H58 8. 3E+05 1. 1E-03 1. 4E-08

Fv4-M73 1. 5E+0% 1. OE-03 1. 4E-09

All of the resulting ten types of pH-dependent-binding clones were found to have
dissociation constants (affinity, KD values) to the soluble IL-6 receptor equal to or stronger than
20 that of WT.

Analyses of Binding of pH-Dependently-Binding Antibodies Having Optimized Variable and_
Constant Regions to Membrane-Tvpe IL-6 Receptor

Antigen-antibody reactions to the membrane-type IL-6 receptor at pH 5.8 and pH 7.4
25 were observed in the same manner as in Example 10 using Biacore T100 (GE Healthcare) for the
eleven types of antibodies, humanized PM1 antibody (wild type: WT) and H3pl/L73-IgGl,
Fv1-M71, Fv1-M73, Fv2-IgGl, Fv3-M71, Fv3-M73, Fv4-1gGl, Fv4-1gG2, Fv4-M35§, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected



its antigen, soluble IL-6 receptor, under acidic conditions in endosomes; and return to the plasma via
FeRn; 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 10bound by antibodies was
indicated to be prolonged for H3p1/73 than WT. From these findings, the time until the antibody
“disappears from the plasma as well as the time where soluble and membrane-type IL-6 receptors are
bound by the antibody in the body were found to be considerably elongated for the
pH-depemdenthbinctidgiantd pié Tecepttparntibodiebitthtodd4hand thebirtiospldritgiyersient antigen at

pﬁh?-‘h &é@éﬁ@i&%&%%?bé&ﬁ %@g&:{ﬁﬁ:ﬁ@d.?ﬁ@iﬁ%ﬁ&?‘h%é%ﬂ%?}%%@éd%%ﬁ,Mélifé%dﬁstﬁﬁng t
within endosomes, as comparea to_the wid-type I-1L.-Q receptor . IS MakKes ossSiple 1o
bt ey S pAL I v v R iR e B g et
administaiilendoiade: Fhearefones the ghidvaeipeident: Bimding antidhaly seceptorcaniisbolyt is thought to
be Rarticyladly adyanagepusasfnamaceetigalinndiss.as ndlatanagnaist 2Emampig10]

Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by Optimization of Variable
Region OhmElaYar ooy Afi R REGISHEIPIARPF drfd CLH5/L82 Antibodies having pH-dependent
binding abilities were shown to demonstrate superior 25effects in Example 9. Therefore, to further
improve ep indi il ; i ' o R ence of
LS o T B s o R A TS 1o o 22).
In additistenauiamAdsrdranarotededaRecmioraReddrk sequence and CDR sequence of H3p1 to
construct the modified Hughains VRAdgG1 (SEQ4eM@ax3) and VH4-1gG1 (SEQ ID NO: 24).
Mutations vwane@dintroiiced into tha GD Rks@aiehiespdi?4Y 3 and L82 to construct the modified L
chains VL1-GKI(SEQ IR3&D425), 3AE20EK (SEQ IDORO: 26), and VL3-CK (SEQ ID NO: 27). More
specificallyfipiélfiutantd8fede condtiticted using 5Hé%uikChange Site-Directed Mutagenesis Kit
(Stratagen%‘ﬂé_j #rdingﬁﬂ}éﬂﬁé met§1 ?:gf’?scribed ‘The appended instructions, and the resulting
plasmid frqg%y.? % werg jasgrted ififo g mammalian, cell expression vector to construct the 35desired
H chain exg;gs,ﬁbqn vegipes@and L chmissexpressigiyyectors. The nucleotide sequences 89 of the
resulting expsers®n vectersavere shetarmined byimethods known to persons with ordinary skill in the
art. Thetalefdody KakiRg VHZ$§E8 (SEQ ID N®: 22) as H chain and VL2-CK (SEQ ID NO: 26) as
L chain wav#idaBed ad: ﬂf-’ﬁgel, {He Mtibody haﬁ@i@? VH1-1gG1 (SEQ ID NO: 21) 5as H chain and
L82 as L chgfn s deddfed as FéZiafl, the antjfgdy having VI-14-1gG1 (SEQ

10 -

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,
Fv2-1gG1, Fv3-M71, Fv3-M73, Fv4-IgGl, Fv4-lgG2, Fv4-M58, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison

15 with H3pI/L73-1gG1, 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.

20 [Example 15] PK/PD Test of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions Using Cynomolgus Monkeys
Construction of Known High-Affinitv Anti-IL-6 Receptor Antibody
A mammalian cell expression vector was constructed to express the high-affinity
anti-1L-6 receptor antibody VQ8F11-21 hlgG1 described in US 2007/0280945 Al (US
25 2007/0280945 A1, amino acid sequences 19 and 27), as a known high-affinity anti-IL-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 in Example 1. The antibody variable region and antibody constant region were



ID NO: 24) as H chain and VLI-CK (SEQ ID NO: 25) as L chain was denoted as Fv3-IgGl, and the
antibody haying VH3-IgG1 (SEQ ID NO: 23) as H chain and VL3-CK (SEQ ID NO: 27) as L chain was
denoted as Fv4-1gGl. Of these, Fv2-1gG1 and Fv4-1gG1 were expressed and purified. The expression
and purification were carried out by the method des(‘%ribed in Example 101. Analysis of Binding of
pH-Dependent-Binding Clones to Soluble IL-6 Receptor Kinetic analyses of antigen-antibody
reactions at pH 7.4 were carried out on the four types of antibodies, i.e., the humanized PM1 antibody
(wild type: WT), and WT, H3p1/L73-1gGl, 15Fv2-1gGl, and Fv4-1gG1 constructed in Examples 2 and
10, by udipgiBiksaschiigy PCR hekithodee ji{tiuffecctd MMADESS{pH Y Mp168 mMIRaGwoe5%

Tween 2). £ach-antibady, WRsLRHAM R, 3,8RNSQEEIRRD MRIEH ANABIH 8 Ghain spesifis 17(ab)2
(Pierce) was immobilized by amine coupling, and '@Eg, SR344 adjusted tqQ a concenérﬁtlon of 9.8 to 40
i

nM was FBREEE e rSEa LY RIFSHAR V14187 4BEJ it TRIREPHRSEUROHHEF 'SR were
200psermdlmtidﬁrealmmhémstﬂér@-émmhdmmumgcmWiAﬂ&hg areaBwdkmemts were
carried Oééﬁlzj?sﬁi%?g&s&ﬁ%ﬁt?ﬂﬁiﬂeﬁ%ﬁsﬁﬂpﬁ{%}%%? (éébé%s@m disppeintiomipiesenaiarts i (ds) were

calculate Biacore T100 Evaluation Software (GE Healthcare), and disspciation constants KD
(M) were EfenRIse SHEHEBHeR HictiBse FARTESORANE PRrEEIM S TIcCBHFAR8bH S D S ociation
Rate Consithots dkplibédapahdenii8indingtSiohe hipbrafolupeil-I6-Receptor 25344 Gaghple
ka(1/Ms), lka/s) (KD(M) WT 4. 0E+05 1. 1E-03 2. 7E-09 113p1/L73 4.1E--05

10 PK/PD Test in Cynomolgus Monkeys _
The pharmacokinetics and pharmacological_efﬁcacy were evaluated in cynomolgus

monkeys for the pH-dependently-binding antibodies H3pl/L.73-IgG1 and Fv1-MT71, Fv1-M73,
Fv2-IgG1l, Fv3-M73, and Fv4-M73 and the known high-afﬁnity anti-IL-6 receptor antibody
(high affinity Ab). H3pl/L73-IgG!l, Fvl-MT71, Fv1-M73, Fv2-IgGl, Fv3-M73, or Fv4-MT73
15 was administered to cynomolgus monkeys by single-dose intravenous administration at 0.5
mg/kg, while the high affinity Ab was administered by single-dose intravenous administration at
1.0 mg/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-gG1, Fvl-M71, Fvl-M73, Fv2-1gGl, Fv3-M73,
20  and Fv4-M73, as well as the high affinity Ab are shown in FIG. 21. In order fo evaluate the
pharmacological efficacy in terms of the degree to which the cynomolgus monkey
membrane-type IL-6 receptor is neutralized, cynomolgus monkey IL-6 was administered
subcutaneously into the lower backs of the animals daily at 5 pg/kg from day 3 to day 10 (from
day 6 to day 10 with respect to the high affinity Ab) after the administration of antibody, in the
25 same manner as in Example 9.  The CRP concentration of each animal was measured 24 hours
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 neutralization of cynomolgus monkey soluble IL-6 receptor, the concentration of
the unbound cynomolgus monkey soluble [L-6 receptor in cynomolgus monkey plasma was
30  measured in the same manner as Example 3. The time courses of the unbound cynomolgus
monkey soluble [L.-6 receptor concentrations with the administration of each antibody are shown
in FIG. 23.
As a result, the antibody concentrations in plasma were maintained high for each of
Fv1-M71, Fv1-M73, Fv2-IgG1, Fv3-M73 and Fv4-M73 in comparison with H3pl/L.73-1gG1,
35  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



5.9E-04 1.4E-09 Fv2-l gGI 3. 9E+05 7. 7E-04 2. OE-09 Fv4-l1 gG1 7. 2E+05 1. OE-03 1.4E-09

As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants 30(affinity,
ICID value) of WT, H3p1/L73-1gGl, Fv2-IgGl, and Fv4-lgG1 to 5R344 were, respectively, 2.7 nM, 1.4
nM, 2.0 nM, and 1.4 nM, and they are nearly equiva?l%nt. Fv2-lgG1l 90 and Fv4-lgG1 were
demonstrated to have binding ability to the soluble IL-6 receptor that is equal to or greater than that of
WT. Analysis of Binding of pH-Dependent-Binding Clones to Membrane-Type IL-6 Receptor
5Antigen-antibody reactions to membrane-type IL-6 receptor were observed at pH 5.8 and pH 7.4 for

the four tyeduoicdnptractesbbibleds -TiBps/ b iydd Fvihd g@ibalyd Fhis-tgE1 wyrdsitiy Biacore
T100 (GE,Healihgare):Bindinghioihe MemRiane tipg koo e eRionwas eualiates byrevaivating

binding to the IL-6 receptor immobilized on a sensar chip. SR344 was biotinylated in accordance with

a method known ARG Be B PRMFRTERRNy iciRs it b0 HHaPINE 450 SHISRANITHEL
immobilifedtioritheusehgei @h s stié ptatdadindusingathecqffihity dredveetn thime ptavidithakddsiotin. All

the meagrem i 20 A TG, The okl anese BHIFGWRR IOMMMES K 8), 150

mM NaC1and 0.05% Tween 20. The pH-dépendent-binding ‘clones were injectedthérein under
condinoﬂ?%ftb#%&%%mﬁﬁawo@b‘?%%%Rﬁ&rﬁ?ﬁ&‘cﬁhﬁ REAprEdahiy-ipding s dss 7.4),
150 mM Wa€ 21udi 0a%d Twesr 2Q@)ndbrthent pideteparaentdisted affivnof e@gehiclanehwasobliserved at

the pH of the, mabile, BRaae 2B 6HlGept & antibody.

Those antibodies shown in Table 12 for which PK/PD tests were not carried out using

16 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/L73-1gG1.
Therefore, the time during which the membrane-type and soluble IL-6 receptor are bound by the
antibodies (or in other words, the duration of neutralization and sustained neutralization effects)
are also thought to be prolonged for the antibodies in comparison with H3pl/L73-IgG1.

15 In Example 9, for H3pl/L73-IgG1, the time until the antibody disappears from the
plasma as well as the time where the soluble I1L-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-M71, FvI-M73, I'v2-IgG1, Fv3-M71, Fv3-M73,
Fvad-1gGl, Fv4-1gG2, Fv4-M358, and Fv4-M73, having superior sustained neutralization effects

20 to H3pl/L73-IgG1, are therefore thought to have remarkably improved sustained neutralization
effects as compared with WT.

In contrast to anti-1L-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor
antibodies that are made to strongly 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

25  patient dosage and administration frequency of the anti-IL-6 receptor antibody, and as a result,
they can congiderably 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 1L-6 antagonist.

30 [Example 16] Construction of pH-Dependently Binding Anti-IL-6 Antibody
Expression and Purification of Anti-If -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 introducing histidine substitutions and the like into the variable region, in particular, the
35  CDR sequences of the humanized anti-IL-6 receptor antibodies. It was found that all of these



Sample concentrations were adjusted to 0.25 ug/mL. Binding was carried out in 10 mM MES (pH 7.4),
150 mM NacCl1, and 0.05% Tween 20. Dissociation was carried out in 10 mM MES (pH 5.8), 150 mM
NaC1, and 0.05% Tween 20. For this case, the dissaciation rate 20constants (kd(l/s)) at pH 5.8 were
calculated by fitting only the dissociation phase at rﬂq 5.8 using Biacore T100 Evaluation Software (GE
Healthcare). In a similar manner, sample concentrations were adjusted to 0.25 ug/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 7.4), 150 mM NaC1, and 0.05% Tween 20, and the dissociation rate constants
(kd(I/s)) anipibbdiel vepeat2bgdimulatedidii fittingephly the ditssutiatizrn poasdatipkl ithdrosengeBiacore
T100 Evgidalien Software (GE Healthcare). The pH-dependent dissociation rate constants of each
clone are shown in Table 8. [Table S’éComparison of Dissociation Rate_Constants of

pH-Dependent-BFdme &ALSTERTSE s BRIt G Rk aR 2Ry SRR DR 4 kd (1 /s)
pH5.8 kduffiign daldlDependendtkdiptittitaddgHiath iy (8. aiabdg2:bei4 thO0IIpIAL 73 2.6E-04
6.75-04 %ée%t%yaékgg’ 4 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 to 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 interest were inserted into mammalian
10 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-IL6 wild type was expressed and purified by the

method described in Example 1.

15  Construction of pH-Dependent Anti-1I.-6 Antibody
To confer the pH-dependent ability of the antibody to bind to IL-6, histidine substitutions

were introduced into the amino acids in CDR of the anti-IL-6 antibody (Anti-IL.6 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

20 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 1” 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 27

25  including the H chain (c1) {amino acid sequence: SEQ ID NO: 64) and L chain {(c2) (amino acid
sequence: SEQ ID NO: 66). Anti-IL6 clone 1 and Anti-IL-6 clone 2 were expressed and

purified by the method described in Example 1.

[Table 13] Positions of Histidine Substitution in pH-dependent clones
30 H32, 59, H61, H9
153, 1.54,1.90, 1.94

Analysis of Binding of pH-Dependent Clones to Human IL-6
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
35  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),




3.4E-04 2.4E-03 7.18 Fv4-1 gG1 4.7E-04 2.6E-03 5.56 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/L73-IgG |, Fv2-lgGl, and Fv4-lgG1 with respect to SR344 were 1.0-fold,
2.59-fold, 7.18-fold, and 5.56-fold, respectively. FvP gGl and Fv4-1gG | demonstrated higher
pH-dependency in dissociation 5from the membrane-type 1L-6 receptor than H3p1/L73-1gGl. On
the basis of the above, Fv2-IgG1 and Ev4-IgG1 were shown to demonstrate stronger pH-dependent
binding to the membrane-type IL-6 receptor than H3p1/L73-1gG1 while maintaining the affinity for the
soluble 1156 releEltdil poubi¢euailstdirges thboutbtocf MFol OhixamplechlifcRiGiPR cTest HG

pH-DepepdentBinding Apibediss with QptigliagdavatabieRegionss Y humandd- 1§ Keceptor
Transgenic Mice The pharmacokinetics of Fv2-lgG1 and v4-|gé6b1I1,L§s well as WT and

e prl
H3p1/L 74 RYepT 138 SaReeP HATOS B RS UECT ESa i AP N8l atdt 'S SRR e receptor
transgeniarfivdewtsad Th(Exansplei8ii W Fatel 3pd#anis-ky Gl IVisy 27d Gilssor fatidal gife lovaszatnkinibtered by
155%‘9'ex'n?e?é%JQ}EﬁYgd‘Béiﬁgaﬁ{Eéﬁl%”?gWam&iﬁﬁs‘QfEGJ&% e@;ﬁmg{ﬁga;@gm%@m@&@ﬂon of each

antibody In the plasma was measured In the same manner as in Example 8. The time courses of the
plasma ¢BREERAtAHGHY IO crspivtersged cpvborgaalunblede e | drerdamerin Rt frhe
pharmacgRinetiesy®f H3phd p3-1dGhinyiraveddfioceathaliaontwithalékdnhthptsaaeRmanner as in
Examplegélm\gél i_Ie the pharmacokinetics of Fv2-IgGl and Fv4-1gG1 was further improved than
H3pUL73-IgGI. 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
metthod. [Ashieresult (eratemigation Bfthe gufaidDefdaektralizatianofithe soluble IL-6 receptor was
confirmed-for Ev2-19G1 and FEv4-1gG1l in comparisen-io-that-for25H3pl/L73-1gG1 (data not shown). As

' >
indicated 33 EREn pw 10, ‘ﬂ’{y?ﬁ?ll rﬁé’ﬁéﬂd nnr@WAing RpHS5)/KD(pH7.4)
wild type pH7.4 |2 06E+07 13.861E-04; 1.91E-11 0.8
pH5.5  1.52E+07 12.45E-04; 1.61E-11
pH7.4  1.07E+07 14 71E-03] 4.38E-10
clone? 10.3
pH5.5 | 2,05E+06 !9.26E—03; 4.52E-09
clone? pH7.4 1 8.96E+06 i2.63E-03; 2.84E-10 135
pH5.5 | 2.76E+06 i1 10E-02; 3.9BE-09

The ratio of affinity at pH 5.5 and pH 7.4 (KD)pH 3.5)/(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 wild
15  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 antibodies that bind to the antigen strongly under plasma
20 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 anti-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-1L-6 clone 2, which have the pH-dependent binding
25  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-[L-31 Receptor Antibody

36 In Examples 1 to 15, a plurality of humanized anti-1L.-6 receptor antibodies that
pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH



the membrane-type IL-6 receptor was improved for Fv2-IgG1 and Fv4-lgG1 as compared with
H3pl1L73-IgG | . Therefore, it was indicated that further improvement in the pharmacokinetics and
duration of neutralization of the soluble IL-6 receptor over those of H3pUL73-IgG1 is possible by
improving the pH-dependent binding to the memb -type IL-6 receptor. 30 [Example 12]
Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by Optimization of Constant
Region Optimization of Constant Region of Fv4-1gG1 Generally, binding to membrane-bound
antigens has been reported to vary depending on 35the constant region of the antibody (J. Immunol.
Methodsigaeridury 2302050)tr6uziRy Mivtdbonsthat retponerst el ke idspdadernisbindiagantibodies

prepare?)ﬁlaemw&ke@ﬁme %e%ﬂ%?é%ﬂ%&&%ﬁ%{@é%&m&@r optimizatiam of the

constan ?ﬁ#] ordertoh ré?provethe Hblz’iff é%gi‘ ndln to th membrane-type IL-6 receptor. A
utatiorf 5 I GRRTEEIHRS & AR RO Bt EdhetaRE TR RN CTOTEES (SEO 1D
NO: 28) itepoovistenttodeisiint region IgGZAGK (SEQ ID NO: 29) 5 Another mutation was introduced

into dhe consiapl{egion 1aG2AGIRIACPRANHEL PRRDLEEOIIMA REQARNG: B Muiations were
further introduced into the constant regions | to construct constant regions M71 (SEQ ID
NO: 31) R RSO ke Epgnother %q@bbg GrRtsEFIENE %féaefhg%éed by

substitutieg:the: congtantmégianahddd 31g@iediepaneddptd xampldct@dviththg GRAKSK , autH3 M58 (SEQ
ID NO: %ME%}%%%?&ET UeIRe. Ry 1?1%%1%%%9 HEGansHR (&19}% %Mﬁli‘ Mﬁ?&n@é‘%‘éd%@ 8.8k 1D

NO: 35) was constructed by substituting the constant brgeglon with Mare specifically, expression
vectors RtvRichand BondaminrshsparaniroP VAR, Rﬁﬁfﬁl@‘f@%%%@ﬁ?ﬁt@d%y a desired
constanksegian by d¥heiNdihdigestizdy 44d g tivAnmiele3dBnstidatgd” Tivesnucsotideisedisnges of the

resuling APIRSRN S IR IR SIe D e usa 8 Metbad e Aana LoRe sgns, i proinary

skill in the art. Expression and purification were carriéd out for the Iowmg Fv4-I using

VH3-IgaDISISH PSEgms bR R ian Hi FRRes U BYeRAS EXF IS ST PP)HAMHE L chain;
Fv4-M5&singivHaiba (S EQhHnNGirSd)derthetotirinand Vh3-Gikl{GR dalﬁé@:ezb)“the the L

chain; an [ S 0, ngnggq SEQ ID NO: 27)
for the L ¢ uc'}t%‘r?l xﬁ?gg%s?ognbg pur%réa{eé%}vl%é{rgg gg%ri??é% %ﬁﬁggn the ?r#egtk%c%{de %ﬁ%%d in Example 1.

I5  Anti-IL31R wild type was expressed and purified by the method described in Example 1.

Construction of pH-Dependent Anti-I1.-31 Receptor Antibody
To confer the pH-dependent ability of the antibody to bind to the 1L.-31 receptor, histidine

substitutions were introduced into the amino acids of CDR of the anti-IL-31 receptor antibody
20 (Anti-IL31R wild type) including the H chain (WT) (amino acid sequence: SEQ ID NO: 67) and
L chain (WT) (amino acid sequence: SEQ 1D NO: 68). By histidine substitutions in the CDR
amino 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 pHl 7.4.  The position of histidine substitution in the pH-dependent clones is shown
25 inTable 15. Anexample is “Anti-IL31R clone 17 including the H chain (c!) (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 Substitution in pH-dependent clones
30 H33

Analysis of Binding of pH-Dependent Clones to Soluble JL-31 Receptor
Kinetic analysis of antigen-antibody reactions at pH 3.5 and pH 7.4 was carried out using

Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
35  Anti-IL31R wild type and Anti-IL3 1R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM
NaCl, 0.01% Tween 20, 0.02% NaN;). The antibodies were bound to a sensor chip on which



Analysis of Binding of Fv4 Having Optimized Constant Region to Soluble IL-6 Receptor The
association with and dissociation from SR344 were observed on a real-time basis 25using the same
method as Example 10 for thus-prepared Fv4-1gGl, Fv4-lgG2, Fv4-M58, and Fv4-M73 as well as WT.
The association rate constants Ica (I/Ms) and disscjcqation rate constants kd (us) were calculated after
analysis in the same manner, and then, dissociation constants KD (M) were calculated on the basis of
those values (Table 9). 30[Table 91 Comparison of Dissociation Rate Constants of
pH-Dependently-Binding Clones from Soluble IL-6 Receptor, SR344 Sample ka (1/Ms) kd (1/s) KD (M)
Fv4-1gG teécdib+phn biBEALS (Pidiee) Ry inigORi D26 E O 5uhiRE OB HIBE 0@ Faed MB8G1BEcHObute1 E-03

IL-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 ky (1/s)

5  were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation
constants KD (M) were calculated based on those values (Table 16).  Furthermore, the ratio of
affinity at pH 5.5 and pH 7.4 was calculated for each clone to evaluate the pH-dependent
binding.

10 [Table 16] Comparison of Binding of pH-Dependent Clones to Mouse IL-31 Receptor

Sample | pH ka{1/Ms) | kd(1/s) KBM) KD{pH5.5)/KD(pH7.4)

. H7.4 i 1.40E+ ACE- 30E-0
Wild type p 1.40E+05 |3.4CE-03; 2.30E-08 32

pHbL.5 15.10E+05,3.80E-03] 7.40E-08

pH7.4 ;1.70E+05 3.30F-03] 2.20E-08
cloneq : : 1000.0

pHS5.5 | 1.10E+03 | 240E-02; 2.20E-05

The ratio of affinity at pH 5.5 and pH 7.4 (KD)pH 5.5)/(KD)(pH 7.4)) calculated, which
indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000 for
15 Anti-IL31R wild type and Anti-IL31R clone 1, respectively. That is, the pH-dependent binding
ability of Anti-IL.31R clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-IL31R clone 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-IL-6 receptor antibodies and anti-1L.-6
antibodies, pH-dependent binding anti-IL.-31 receptor antibodies that bind to the antigen strongly
20  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 anti-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-IL31R clone 1, which has the pH-dependent
25  binding ability, repeatedly binds to more antigens with significantly improved PK/PD, as
compared with Anti-IL3 1R wild type.

[Example 18] Repetitive Binding to Antigen by pH-Dependently Binding Antibody
Expression and Purification of Antibody Administered to Mice

30 The four types of humanized I1-6 receptor antibodies described below were prepared.
As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-Ig(G1 including H



1.4E-09 Fv4-M73 7.5E+05 1.0E-03 1.4E-09 93 As a result of calculating the affinity at pH 7.4 for
each clone, the dissociation constants (affinity, ICD value) of Fv4-IgG |, Fv4-1gG2, Fv4-M58, and
Fv4-M73 to SR344 were 1.4 nM, 1.3 nM, 1.4 nM, ? 1.4 nM, respectively, and they are almost
equivalent. This indicates that the binding ability o -dependent-binding clones to the soluble IL-6
receptor, SR344, does not 5change even after modifying the constant region. On the basis of this
finding, the binding ability to the soluble IL-6 receptor was thought to not change for Fvl, Fv2, and Fv3
even if the constant region was similarly modified. ~ Analysis of Binding of Fv4 Having Optimized

ConstanVREpjamite kedtorpeectyREOLHB NORSceptdr (WT) (amigepckhifispdpaeadtand tsthe

membrang;-type tis-Hireeapter alcRidinSandahinh Auereplastveddorshusrrrepaed fy fnldtnl.
Fv4-|gGZ,_I’:v4-M58, and Fv4-M73 as well as WT, in the same . manner as in Example 10 using Biacore
1100 (LR R Do SR B T T S B S BTTUCEENAE anaer tho

conditiofisafipld 7.4 to dhoant bhinditigtolSRGbh damdybyimbieiving. thecptpidegéhdehfdikgatiation of
each clopesin, the i p &, moPie P ese:RY SRR SEESHT WiEhen analysesuare Gepducted in the
same manner as in Example 10, and the pH-d pendergtdlssoi%lon@& S % eéagcﬁ Ch?ﬂ g{%ﬁ]hown in
Table 1659USTFSIE 20D Cbin partBAT BT TAHo ARt LR LR U SHEBA S RGeH Ky Birding
Clones 26dfohs MENBEMESTY e 2A6vRec eppors SR 34d ppfigdupiba 58 method indicated in

Example 1.

Analysis of Binding of Each Tvpe of Antibody to Soluble 11.-6 Receptor

Kinetic analysis of antigen-antibody reactions at pH 7.4 and pH 5.8 was carried out using
Biacore T100 (GE Healthcare) for the four types of antibodies prepared: WT-IgG1,
H54/1.28-1gG1, H170/L82-IgG1, and Fv4-1gG1 (buffer: 10 mM MES (pH 7.4 or pH 5.8), 150
mM NaCl, 0.05% Surfactant-P20).
recomb-protein A/G (Pierce) was immobilized by amine coupling, and SR344 adjusted to an

10

The antibodies were bound to a sensor chip on which

15
appropriate concentration was injected therein as an analyte. The association with and

dissociation from SR344 of each type of antibody were observed on a real-time basis. Al the
measurements were carried out at 37°C.  Association rate constants k. (1/Ms) and dissociation
rate constants kg (1/8) were calculated using Biacore T100 Evaluation Software (GE Healthcare),

20  and dissociation constants KD (M) were calculated based on those values (Table 17).

[Table 17] Comparison of Association Rates (k.), Dissociation Rates (kq), and Dissociation

Constants of Each Type of Antibody Against Soluble IL-6 Receptor (SR344)
pH7.4 pH5.8 pH Dependency

Sample

kall/Ms) kdli/s} KDIM)

ka(1/Ms) kdil/s) KD(M)

kdipHB.81/kdlpH74)  KD{pHEBY/KDpHT4)

WT-1gG1
H34/128-1gG1
H170/L82-12G!1
Fd-gGl

49E+05 9.4E-04 1.5E-00
§3E+05 14E-03 1.7E-09
6.7E+05 1,1€-03 1.6E~09
9.8E+05 9.5E-04 8.7E-10

BOEHS 2.7E-03 31E-09
24E+06 27E-03 11E-09
1ZE405 1.3E-02 1.0E-07
TAE+08 3.7E-02 26E-08

28
20
11.4
38.8

25

The ratio of affinity (KID) at pH 5.8 and pH 7.4 for each antibody was calculated. The
KD ratio, which indicates the pH-dependent binding to SR344, was 1.6, 0.7, 61.9, and 27.3 for
WTQigGl, H54/1.28-1gG1, Hl?O/LSZ-IgGl, and Fv4-IgG1, respectively. In addition, the ratio
of dissociation rate (k4) at pH 5.8 and pH 7.4 for each antibody was calculated. The kg ratio,

30

which indicates the pH-dependent dissociation rate for SR344, was 2.9, 2.0, 11.4, and 38.8 for

WT-1gG1, H54/1.28-1gG1, H170/L82-1gG1, and Fv4-IgG1, respectively. 'Thus, it was
confirmed that H170/L.82-IgG1 and Fv4-IgG1 demonstrate the pH-dependent binding, while the

conventional antibodies WT-IgG1 and H54/L28-IgG1 hardly exhibit the ability.

In addition,



pH Dependency Sample kd (1/s) kd (1/s) kd(pH5.8)/kd(pH7.4) Fv4-1gG1 4.7E-04 2.6E-03 5.56
Fv4-1gG2 1.0E-03 1.8E-02 16.99 Fv4-M58 5.4E-04 9.5E-03 17.64 Fv4-M73 5.1E-04 5.1E-03 10.06

104

since the affinity (KD) 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
5 The pharmacokinetics of SR344 and the anti-human IL-6 receptor antibody were evaluated

following administration of SR344 (human IL-6 receptor, prepared in Example 1) only or
simultaneous administration of SR344 and the anti-human I1-6 receptor antibody to mice that do
not express the human IL-6 receptor (C57BL/6J; the anti-human IL-6 receptor antibodies do not
bind to the mouse IL-6 receptor). An SR344 solution (5 pg/mL) or a mixed solution containing

10 SR344 and the anti-human IL-6 receptor antibody (5 pg/mL and 0.1 mg/ml., respectively) was
administered into a caudal vein by single-dose administration at 10 mi/kg. Since the
anti-human IL-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 hours, 8 hours, 1 day, 2 days, 3 days, 4 days, 7 days, 14

15  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 separated
was stored in a freezer set to -20°C or lower until the time of measurement. Above-described
WT-IgG1, H54/L.28-IgG1, H170/1.82-1gG1, and Fv4-1g(G1 were used as the anti-human IL-6
receptor antibodies.

20
Measurement of Anti-Human IL-6 Receptor 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 a Nunc-ImmunoPlate MaxiSorp QNTalge Nunc International) and allowed to stand

25  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 pilasma samples, and then the samples were
allowed to stand for 1 hour at room temperature. Subsequently, the samples were dispensed

30 . into the anti-human IgG-immobilized plates, and allowed to stand for 1 hour at room temperature.
Theﬁ, 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.

35  After stopping the reaction with 1 N sulfuric acid (Showa Chemical), the absorbance at 450 nm

was measured by a microplate reader. The concentration in mouse plasma was calculated from



As a result of calculating the pH dependency for each clone, the pH dependencies of Fv4-1gGil,
Fv4-1gG2, Fv4-M58, and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and 2510.1-fold,
respectively; thus, Fv4-1gG2, Fv4-M58, and Fv4-|\/{ﬁ% all demonstrated higher pH-dependent
dissociation from the membrane-type IL-6 receptor than Fv4-IgGl. Based on the results of
analyzing binding to the soluble IL-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 IgG | to 1902, M58,
or M73 could improve the pH-dependent binding 30to the membrane-type IL-6 receptor, without
causing theckhsnthaisaé hffisplbretibie aBisiee-hecsabtbealrrabivas oldiamre RO diMakaylsiold for
Fvl, Fvhanebv3 T4 iExamnie b3hRIGPERkestafiphi:Rapendesty:.Blading Avatibadies Having
Optimized Con ntge ion Using Huma éb—ﬁzgeceptor Transgenic Mice The phamiacokinetics of
Fv4-|gG’i?‘?9\§5r-‘f§§}ét ﬁgﬂﬁ@‘&?ﬁ% prepirédinExample 13 Swere evaluated using the human IL-6
receptor transgenic mice (hIL-6R tg mice) used in Example 8 to examine the effects of the constant
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the phannacokinetics of Fv4-19G2 and Fv4-M58 was further impr efgg%cz?%an on with Fv4-IgGl.
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prolonggfion:of the sratighel pRuializatenaf tesaitied LG deqRRIGh RS FantirMed-fardhyd-19G2
and 17v4-M58 in conmiparison to that of V4£;'|%?-|Gl (data not shown), As indicated in Example 10, the
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measured by this method is shown in FIG. 29.

Effects of pH-Dependent Binding
With respect to the time course of antibody concentration of WT-IgG1 and H54/1.28-IgGl1,
25  which do not demonstrate the pH-dependent binding, and H170/L82-1gG1 and Fv4-1gG1, which
demonstrate the pH-dependent binding, the time course of concentration was roughly identical
for WT-IgG1, H54/1.28-1gG1 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
30 WT-IgGl, H54/1.28-1gG1, Fv4-1gGl, and HI70/L28-IgG1 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
35  antibody (the elimination rate is extremely low) due to the function of FcRn, the plasma

retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is



Fv1-M71 using VH2-M71 for the H chain and VL2-CK for the L chain, Fv I-M73 using VH2-M73 for the
H chain and VL2-CK for the H chain, Fv3-M71 using VH4-M71 for the H 35 chain and VL1-CK for the L
chain, and Fv3-M73 using VH4-M73 for the H chaijpgnd VLI-CK 95 for the L chain, were expressed
and purified. Expression and purification were carried out using the method described in Example I.
Analyses of Binding of pH-Dependent-Binding Antibodies Having Optimized Variable and 5Constant
Regions to Soluble IL-6 Receptor The association to and dissociation from SR344 were observed
on a real-time basis using the same met o??gs Example 10 for the eleven types of antipodies,

uman EEBH L A L ATERE0Y BT RS AGERSETRL D, PN oI BT 3 M 71,
Fv3-M78imidalg@lrdfy -ty Ganély4eb8, amdifavid-Mhen constrimted Bsudescried abovepbhe

L0associgaRdRISeRnstanipI 9 ane diseas AN le conslaRiS I slaNeLe saleulaled by

analysis in the same manner, and the dissaciation constants ICD (M) were calculated on the basis of
those vaRRidyrelieneey (Plapmaphal T8 saisbn SONeideilidh teste Eomstmator
pH-DepedaantiyrBindil$ Cldhesthsitom Saiobkd dntlb&BcaPToIgGR 34 SENHd KA (1 M)kt ss)

100(M) W, 4508 hEsH%iep g uiRRHL /B éetbhitdBon rate of SR344 was considerably
reduced, and the plasma retention time of SR344 was prolonged (plasma half-life; 5.3 days for
WT-1gGl, 6.3 days for H54/1.28-1g(G1).  This is because nearly all of the SR344 molecules
were bound by the antibodies administered together, and thus SR344 bound by the antibodies

10 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/L82-1gG1 or Fv4-1gG1
antibody, which demonstrates the pH-dependent binding, the elimination of SR344 was
significantly rapid (plasma half-life: 1.3 days for H170/1.82-IgG1, 0.6 days for Fv4-IgG1), as

15  compared to the case of concurrent administration with WT-1gG1 or H54/L.28-1gG1.  This
tendency was particularly prominent for Fv4-IgGl. Since the affinity of Fv4-IgG1 at pH 7.4 is
equivalent to or stonger than that of WT-IgG1 and H54/L.28-IgG1, it is thought that nearly all of
the SR344 molecules were bound to Fvd-IgGl. Even though Fv4-IgG1 demonstrates
equivalent or slightly longer plasma retention and slower elimination compared to WT-1gG1 and

20  H54/1.28-IgG1l, the elimination of SR344 bound to Fv4-IgG1 was extremely rapid. This can be
explained by the concept of the present technology shown in FIG. 4.  In the case of
conventional 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 FeRn
expressed in endosomes under intraendosomal acidic conditions.  Since the antibody-soluble

25  antigen complex bound to FcRn transfers to the cell surface as it is, and again retwrns to the
plasma, the antigen bound to the antibody has a prolonged plasma retention time similar to that
of the antibody (the elimination 18 extremely slow). On the other hand, in the case of antibodies
that demonstrate the pH-dependent binding, the antigen dissociates from the antibody under
intraendosomal acidic conditions, and thus only the antibody binds to FcRn and returns again to

30 the plasma. Since the antigen dissociated from the antibody is degraded in lysosomes without
returning to the plasma, the elimination of antigen is extremely rapid as compared to the case of
antibodies that do not demonstrate the pH-dependent binding. Namely, in the case of
concurrent administration of SR344 with the WT-1gG1 or H54/1.28-1g(G1 antibody, which does
not demonstrate the pH-dependent binding, the elimination of SR344 is slow to the similar

35  degree as the antibody, since SR344 binds to WT-IgG1 or H54/L.28-IgG1 both in plasma and

endosomes. In contrast, in the case of concurrent administration of SR344 with the



5.9E-04 1.4E-O9 Fv1-M71 5.5E+05 5.4E-04 9.7E-10 Fv1-M73 6.1E+05 5.5E-04 9.1E-10 Fv2-1 01 3.
9E+05 7.7E-04 2. OE-09 Fv3-M71 7.8E+05 8.2E-04 1. 1E-09 Fv3-M73 8. 5E+05 8. 7E-04 1. OE-09
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H170/L82-1gG1 or Fv4-1gG1 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-IgGl
antibodies, which demonstrate the pH-dependent binding, dissociate from SR344 in the

5  intraendosomal low-pH environment, the majority of H170/1.82-1gG1 or Fv4-1gG1 that has
returned again to the plasma with FcRn 1s thought to 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 returning to the plasma with FcRo without binding to the antigen, an antibody
that demonstrates the pH-dependent binding can again bind to an antigen in the plasma. It was

10 also shown that, by repeating this process, the antibody that demonstrates the pH-dependent
binding can repeatedly bind to 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.

15 When the antigen 15 a 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 neutral 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

20  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 fo 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.

25  Determination of the plasma elimination rate of an antigen can be performed, for example, by
administering an antigen and an antibody ir vive, 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 multiple
antigens in contrast to the case of a conventional antibody that does not demonstrate the

30  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 to an antigen at pH 7.4 of plasma but dissociates from the

35  antigen at intraendosomal acidic pH can be constructed, then such an antibody can repeatedly

bind to multiple antigens. Accordingly, the present technology is useful in that it can be



Fv4-1 gG1 7.2E+05 1. OE-03 1.4E-O9 Fv4-102 9.6E+05 1.2E-03 1.3E-09 Fv4-M58 8. 3E+05 1. 1E-03
1. 4E-09 Fv4-M73 7. 5E+05 1. OE-03 1. 4E-09 All of the resulting ten types of
pH-dependent-binding clones were found to have gjgsociation constants (affinity, ICD values) to the
soluble IL-6 receptor equal to or stronger than 20 that of WT. Analyses of Binding of
pH-Dependently-Binding Antibodies Having Optimized Variable and Constant Regions to
Membrane- Type IL-6 Receptor Antigen-antibody reactions to the membrane- type IL-6 receptor at pH
5.8 and 25we e observed in th me manner usm core T1 GE
FioathcATE 5 R B B DL b e R et BT 50y iRl Bo. G
H3p1/1285IgGibeuy NZy Rvighy 8;davdldgof, tho3yirdf &3 73, Fv4-1gGl, Fv4- IgGZ Fv4-M58, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected



96 under the condition of pH 7.4 to allow them to 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
in FIG. 21 (results for Fv1-M71, Fyl-M73, Fv3-M711,@1d 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 5same manner as in
Example 10 and the pH dependencies of the dissociation rate constants of all 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 Sample pH7.4 kd (Us)
pH 5.8 kd (1/s) pH Dependency kd(pH5.8)/kd (&W‘Ap T 2.5E-04 2.5E-04 1.00 1-1304,73 2.6E-04
6.7E-04 2.59 Fv1-M71

1. An antigen-binding molecule having a KD(pH5.8YKD(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 claim 1, wherein the KD(pH5.8)/KD(pH7.4) value is 10 or
higher.

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

4. The antigen-binding molecule of any one of claims | 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.

15 _
3. 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 1 to 5, wherein the antigen-binding

20 molecule binds to a 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.

25 8. A pharmaceutical composition comprising the antigen-binding molecuie of any one of claims

1107,

9. A method for improving the pharmacokinetics of an antigen-binding molecuie by impairing
the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH
30 74

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.



6.1E- 04 6.9E-03 11.29 Fv1-M73 3.7E-04 3.2E-03 8.80 Fv2- IgG | 3.4E-04 2.4E-03 7.18 Fv3- M71
9.1E-04 9.7E-03 10.74 Fv3- M73 4.9E-04 5.3E-03 10.88 Fv4-IgG | 4.7E-04 2.6E-03
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20
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35
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11. A method for increasing the mumber 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.

12. A method for dissociating within a cell an antigen from an extraceliularly-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 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 pI 5.8 as

compared to that at pH 7.4,

15. 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 9 o 14, wherein the KD(pHS3.8VKD(pH7.4) value is 10 or
higher.

17. The method of any one of claims 9 to 14, wherein the KD{(pHS5.8)/KD(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 mserting at least one histidine into the antigen-binding molecule.



5.56 Fv4-lg02 1.0E-03 1.8E-02 16.99 Fv4- M58 5.4E- 04 9.5E-03 17,64 Fv4- 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. MoreO\.f\% all of Fyl-M71, Fyl-M73, Fv2-1gGl, Fv3-M71,
Fv3-M73, Fy4-IgGl, Fv4-IgG2, Fv4-M58, and Fv4-M73 were found to demonstrate improved
pH-dependent binding to the membrane-type IL-6 receptor, in comparison 15with H3p1/L73-1gGl, 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.
20[ExardpleAl PR ﬂ’xﬁm@&tﬁl’rg DapiandeciilyBinidirg Actibad iﬁ&rht&ﬁm@x@ﬂbtm}zfd Variable and

Constan RGN RINOI s HoRken ConSHLElon oLKSN ok AT DIl Receptor

Antibody A mammalian ce expression vector was constructe |n|ty

anti-1L- %Eéﬁ%ﬁilam%awt@aﬁ@faﬂQﬂa@it@@g%%@@ma@@gza@mmmleus
5
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.

10
23. A 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.

15 24. The method of any one of claims 18 {o 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(pH5.8)/KD(pH7 4)

value before the histidine substitution or insertion.

20 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.

25
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:
30 (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
35  greater than the antigen-binding activity at pH 4.0 to pH 6.5.



252007/0280945 Al, amino acid sequences 19 and 27), as a known high-affinity anti-IL-6 receptor
antibody. An antibody variable region was constructed by PCR combining synthetic oligo-DNAs
(assembly PCR). The constant region was amplifieglgy PCR from the expression vector used in
Example 1. The antibody variable region and antibody constant region were 97 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 to construct the H chain expression
vector a\rlé(i)L hain expression vector of interest. The nucleotide sequences of the resulting expression
vectors were' A SFRINBE B HI OB RMowW Y BSR-HBIBISRSSAS HRmObiaisaiperm AthedyviBspression
and purifecditgen-hiedngarriadtpat pEirg7ttreptdh8lusted @xpréssientiecidrhe Exfipessiomiand purification
were carg&%gytapﬁf@gr@% ?qtggq described in Example 1 to obtain the high-affinity anti-IL-6 receptor
antibody (highaffinity Ab). 10 PIC/PD Test in Cynomolgus Monkeys The pharmacolcinetics and
pharmacological efficacy were evaluated in cynomolgus monkeys for the pH-dependently-binding
antisodieX)H phét HE lgG tresyoriz)fob/itil ardfideM Bahdiv gk iy 3wMicB . canthitsek- W7 dgmchthe known
high-affini -IL-6.r )| ?é}ﬂg ' fini [L73-196G1, Fyl- Vvl -M73, Fv2-1gGl,
Rl L A R Rt PSR s
administRiBHENe B aghestviindmeam sy beynids temamisesef(py wdene crnsditinn ateRous

administration gt 6.9, mgikg. Blood samples were collected before administration and over time. The

plasma ancentration of each antibody was sured in.é:fe same manner.as in I 9}il he time
courses? plasma goncen%ea%oﬁs 0 %f%%%ﬁ‘%e’%%ﬁi ?/-1 eﬂu @Tﬁ%gof\{}g aaﬁl’ﬁ\%e? , 20and
FvdiM73-8s well as the high affinity Ab are shown in FIG. 21. In order to evaluate the phaiinacological
efficacy in terms of the degree to which the cynomolgus monkey membrane-type IL-6 receptor is

neutralized, cyn s monkey.L-6 was administered subcutaneously,into the lower ks pf the
animals ggn%?%ﬁsﬂ’g/%s rrgr%ngl%f%rt%nélgaﬁgfg %F%%S%nl'a@l ' a@ﬁev'.\;)lf dﬁg%ﬁ‘g&"%g tﬁeagfb%f%ﬁnity Ab)
after thela@rmpsikaionsmantisend pHhslpgigameninehherstepsrExample 9. The CRP concentration
of each gaimiabiwasumeaigereni2dioms Aiey Ragh-adinisiaienizEhe dinecosises ot &RPon

coggentraftiops yvi  the administration of each antibody are shown in FIG. 22. In order to evaluate the
ol & TIFst pii. : o
pharmacologicalefficacy in terms of the degree of neutralization of cynomolgus monkey soluble IL-6

receptor{theletre Srneatigaobipdinnpolesdleyhaneitbeunbiskéy solutsie 4t tierGespidrfineyhomolgus

monkey plasmpu@s e Beeasisedin ecsaperaaaner as Example 9. The time courses of the
unbound cyn Igus monkey saluble IL-6 receptor,concentrations with the administration of each
reog%]g)%vg in Ef:%;‘t%an% R k

antibody &ré ge“Aéng‘Eé%‘&ﬁ e %intibody concentrations in plasma were

maintained high for each of Fyl-M71, Fyl-M73, Fv2-1gGl, Fv3-M73 and Fv4-M73 in comparison with
H3pil/1.33: I8 GleBRwhitedhesrpesniralions R RR ARk e uRhR R ARRMRIGHsMenkey sgluble IL-6

receptorere maniainert atlow leyels, Naiely i Lesylt siwe that he time winere the

(a) binding an antigen-binding molecule library o an antigen-immobilized column under the

condition of a first pH;

(b} eluting the antigen-binding molecule from the column under the condition of a second pH;
25  (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 1s 6.7 to 10.0 and the second
pH is 4.0 to 6.5.

30
34. The screening method of any one of claims 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 35, The screening method of any one of claims 28 to 33, for obtaining an antigen-binding

molecule that is superior in retention in the plasma.



98 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 H3p1/L73-1gG1. In
addition, these pH-dependently-binding anti-IL-6 regeptor antibodies were confirmed for their
neutralization effects and sustained efficacy equal to or greater than that of the known 5 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 to those of the known high-affinity anti-1L-6
receptor antibody. Those antibodies shown in Table 12 for which PIC/PD tests were not carried out
using 1@B6yHbmsigesimpmiedysiad anthisdesi hane 2o b dbrednfimtedatoaeipmnbindiagmproved
pH-dep [ ison with H3p1/L73-IgGl.
Therefo(?gg‘[ﬁr%E‘lg‘rr?gBl g%r%ggﬁﬁﬁ%%mm%%%%% %ﬁg‘gfﬁdg “? %%%9{6 receptor are bound by the
antibodies (or in other words, the duration of neutralization and sustained neutralization effects) are
alsothoAghTte mmﬁmgedxmmﬁ&gmﬁmﬁie&iimmmm}'ﬁscmmiithiﬂﬁ@m%ﬁtigéilbirﬁiﬁlgxample 9, for

HSPUL el gt anibock. disanaears fom e oA el a3 e tme where the

soluble IL-6 receptor a mbrane-t receptor are the a ody y'inthe body
(sustaindtf et igoiitetfects) were found to be prolonged conS|derany as compared with WT.
Fvl-M71, Fv1-M73,Fv3-M71, Fv3-M73, Fv4-1gGl, Fv4-IgG2, Ev4-M58, and Fv4-M73, having superior

sustalneﬁn%%rgt%f ol %ﬁt%zpto H3EP %7?31[%65@50 V\}/t?h)g\%f_%? gggiu ht to hav rthlarkany

groved sustained ne tr lization effects as compare Pra%ffrfo ANttt -6 receptor
Bodiew lastlp et shasaaistasism arigenitilals-hevagtantigrmbuitiin ﬁﬁt”are made to strongly 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

endoso pH 58 make, it possible to reduce tI% 5 tient e and dm| tion frequency
of the a’}‘t{fsE%g rece|cr)ltloﬁan€f‘%f)l Eé) o a%eé)?regu ch% f%rn%%%)era et lc%elfh ufg ,

administRattigrHEGAt. bPHéﬁéfb?é %&W@l@ﬁﬁﬂﬁ@h@%ﬁﬁ@l ﬁg@htﬂﬂﬂ-@l@@@éf@rthﬁﬁbtﬂ@é@ﬁre

thought fig: kelexireMmelysHRRIOLAS . a pharmaceutical for use as an IL-6 antagonist. 30[Example 16]
Cq{r&struction of pH-Dependently Binding Anti-IL-6 Antibody Expression and Purification of Anti-1L-6
Antibody  In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that
pH-depéfidéheyanseine thethobaketspioe weetaue e8sisfdRy foreetdnigi mpatipepthindimgendency

throughyiresus ing:histidine seb stitutiens ARGithe: lisenteeth e, yasiahle region, in particular, the 35CDR
sequences of the humanized anti-IL-6 receptor antibodies. It was found that all of these 99 antibodies

repeatedly bind to the IL-6 receptor and demonstrate a considerable improvement in PKJPD.
41. The screening method of any one of claims 28 to 40, wherein the antigen-binding molecule is

20 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.

25 43. A method for producing 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;
(c) selecting the antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
30 greater than that at pH 4.0 to pH 6.5;
(d) obtaining the gene encoding the antigen-binding molecule selected in (¢); and

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

44. A method for producing an antigen-binding molecule, which comprises the steps of:
35  (a) binding an antigen-binding molecule fo an antigen under a condition of pH 6.7 to pH 10.0;



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 to an antigen other than the IL-6 Sreceptor 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 to IL-6 as described in WO 2004/039826, ("Anti-1L6 wild type") was constructed. Using a
method known to those skilled in the art, gene fragments encoding the antibody amino acid sequences

of intere e|n rted into m alian Oc Il expr s n vectors ns H chain.expression
I’%IELC thcanr%i en% qnnlgolp CULC %(f% % %1@1’10%%(% L[ Ccfher 'Lel?

vector a ain expression vecto ferest. The nuclectiue sequ ces esul‘f’%g expression
vectors Wéﬂﬁh‘éﬁé?ﬁﬂﬁ)é ¥sing a method known to a skilled person. Anti-1L6 wild type was expressed

and purifieddayidbenp eibagkdescsines imiranmiplehht Hhienstadctionr.ahpboReBsAE AN 181
Antibody, To confer the pH-dependent ability of the antibody to bind to IL-6, histidine substitutions

were introdticed into the amino acids in CDR of the a_nti-IL-6 antibody (Anti-1L6 wild type) including the
H chain (W Pptaiwins theigese goesiias SE@R M BRingmdalechlzi nttaimed(Emiimoaadid sequence: SEQ
ID NO: 63). Byuhstititngistidinginhe CRR amiparcidsapst2Asuhseguently 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-dépehderibelbirepradusivgen antipebldiiginthaeranipiekosdhintindatiivitg derfast'pictuding
the H Chgfea&@{)t&ma%@msé w%f%ﬁé ﬁ%se@"cﬁ@ﬂ@ ghain (el) (amino acid sequence: SEQ

0O: 6 "Anti-IL-6 clone 25|n e H chain (e |d sequen EQ.ID NO:
64) ind (LRI &Hﬁiﬁ%@f&g S @ﬁ%&%@ﬁ& AR5 B R Btione
were exmsi;@drand purified by the method described in Example I.  [Table 13] Positions of

Hlstldme(@t&ﬁmglma imBELdeRRAdeRlHenRS RAfRZ: BIRMdHE thd 13%hrcalthé ak-9G ko An@lysis of
Binding o ndent Clgnes to Human IL-6 Kinetic analysis of antigen-antibody reactions at
pH 5.5 a?‘ﬂf '/“g%fa%sgg?ﬂaé’%s&oﬂgfﬂﬁ%SBlacore 1100 (GE Healthcare) for the three types of

antibodiés) paratey: dsermietibnegabbustiAntivléwitd type, Anti-1L6 clone 1, and Anti-IL-6 clone 2
(bufter: RBBS{aRE helLhPEhDRing 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:

20 (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;
(¢) amplifying the gene encoding the eluted antigen-binding molecule;
(d) collecting the eluted antigen-binding molecule;

25  (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 claim 45 or 46, wherein the first pH is 6.7 to 10.0 and the second
pH is 4.0 to 6.5.

30
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.

35 49. The production method of any one of claims 43 to 48, wherein the antigen-binding molecule

is an antibody.



100 150 mM NaC1). 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 37C.
Association rate constants ka (I/Ms) and dissociatiohtate constants kd (1/s) 5were 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. 10[Table 14] Comparison of
Binding of pH-Dependent Clones to IL-6 Sample pHka(1/M01 kd(1/s)1KD(M)110(pH5.5)/KD(pH7.4)

Wid P QT AR ASEARTL R ML IEA L HLO8 PHP IS5 AT dRERAR RAE Y, dlanel pHT 4
pH5.5 1.07I§+ 72.05%+86 4.71 -03¥9.26 -03 §8E-1 110.3
production method of any one of claims 43 to 49.



4.52E-09 clone2 pH7.4 pH5.5 8.96E+06 2.63E-03 12.76E+06 11.10E-02 2.94E-10 113.5 3.98E-091
The ratio of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5)/(1CD)(pH 7.4)) calculated, which indicates the
pH-dependent binding to human IL-6, was 0.8, 10;3;,@nd 13.5 for Anti-1L6 wild 15type, Anti-1L6 clone
1, and Anti-1L6 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 antg%@gﬁﬁ%thiw@ d to the antigen strongly under plasma 20neutral
conditions, but weakly under intraen 5 ondltlons can be constructed by introducing

histidine substitutions and the like mainly into the CDR amino acid sequences. As indicated in

Examples 1 {0185, gruaitidt PexeogptsH antikpdyshat 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 25ability, repeatedly bind to more
antigens with'RynifE ) Mwb%ﬁpﬁ@%bc 5%@%3?&1@' W6 tFO AEI-OR_EORE | ARy 6B JIbE0MERe 17]
ConstructiorRgEpHEDEpendently Binding Anti-IL-31 Receptor Antibody Expression and Purification of
Anti-IL-31 Receptor Antibody 30In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor
antibodies th%(ﬁH cQ|1e $ntly bind to the IL-6 receptor were successfully created by conferring the
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Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu



101 dependency through introducing histidine substitutions 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 antibodies repeatedly bind to the IL-6 recepﬁt@er nd demonstrate a considerable improvement of
PIC/PD. 5Therefore, it was confirmed that the pH endent ability of an antibody to bind to an
antigen could be confered to another antibody that binds to an antigen other than the IL-6 receptor
using a similar method. Mouse IL-31 receptor was selected as the antigen, and an anti-IL-31 receptor
antibody including the H chain (WT) (amino acid sequence: SEQ ID NO: 67) and L chain (WT) (amino
acid sequenéde: SEQ ID NO®?68), which binds to'¥he mouse IL-31 1(315\9ceptor as described in WO
2007/142325, ("Anti-IL31R wild type") was constructed. Using a 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! AuéRotitle Sdqlint¥s Hrfa!r Setifihy BYpretsion 98di2 tre determined using a
method known to a skillé@dl person. 15Anti-1281R wild type was3xpressed and purified by the method
described in Example 1. Construction of pH-Dependent Anti-IL-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 CDR of the anti-IL-31 receptor antibody 20 (Anti-1L31R wild type)
including theéd dhaifrpWm) famiva derl Segbrenten SEGEID NOL6T)Gand techain (WT) (amino acid
sequence: SEQ ID K¥D: 68). By histidinggsubstitutions in thggZ DR amino 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 25in Table 15. An example is "Anti-IL31R clone 1"
including the K chainytel) éagaingyacidisagpansahBEQ IDMNQHE69ag Lehain (WT). Anti-1L3 1R clone
1 was expressegoand purified usingsghe method descri%d in Example I. [Table 151 Position of
Histidine Substitution in pH-dependent clones 30 H33 Analysis of Binding of pH-Dependent Clones to
Soluble IL-31 Receptor Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried
outusing  Biacore 1100 (GE Healthcare) for the two types of antibodies prepared as mentioned
above: 35AR1LS ]A%Wéql Bpe BREANHFELR L RyFlone | (Dulfprs [ARRS 6 (PH 7.4 or pH 5.5), 150 mM

NaC1, 0.0l‘ia/cngween 0, 0.02‘Vo7glaN3). The antibo%es were bound to gosensor chip on which 102

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Alz Ala Tyr Tyr Cys
85 80 95

hla Arg Ser Leu Ala Arg Thr Thr Ata Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

210 2

211> 107

212> PRT

213> Artificial



recomb-protein A/O (Pierce) was immobilized by amine coupling, and then the soluble mouse IL-31
receptor (prepared according to the method described in WO 2007/142325) adjusted to an appropriate
concentration was injected therein as an analyte. Af” the measurements were carried out at 25C.
Association rate constants ka (1/Ms) and dissociatiohate constants kd (1/s) 5were calculated using
Biacore T100 Evaluation Software (GE Healthcare), and dissociation constants KD (M) were
calculated based on those values (Table 16). Furthermore, the ratio of affinity at pH 5.5 and pH 7.4
was calculated for each clone to evaluate the pH-dependent binding. 10[Table 161 Comparison of
Binding of pk&tSependent Clones to Mouse IL-31 Receptor Sample pH ka(1 /Ms) kd(1 is)KD(M)

KD(pHS.5)/KRADH 7ak) a it &k - A0 EvhORe3i 48 opd de 3an0fcaVild type 1
<400> 2
Asp 1le Gln Met Thr GIn Ser Pro Ser Ser lLeu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys GIn Ala Ser Gin Asp |le Ser Ser Tyr
20 25 30

Leu Asn Trp Yyr Gin Gin Lys Pro Giy Lys Ala Pro Glu Leu Leu |le
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Giy Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr tle Ser Ser Leu Giu Ala
65 70 15 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 90 85

Thr Phe Gly Gin Gly Thr Lys Val Glu [le Glu
100 105

<210> 3
Q21> 19
212> PRT



3.2 pH5.5 5.10E+05 13.80E-03 7.40E-08 pH7.4 1.70E+05 3.30E-03 2.20E-08 clonel 1000.0
pHS.5 11.10E+03 '

4/113

213> Artificial

{2200
223> An ariificially synthesized peptide sequence

400> 3
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Oys Ala Val Ser Gly His Ser lie Ser His Asp
-T20 25 : 30

His Afa His Ser Trp Va! Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ite Gly Tyr lle Ser Tyr Ser Gly lle 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 75 80

Leu Lys Leu Ser Ser Va! Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 95

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



12.40E-02 2.20E-05 The ratio of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5)/(0)(pH 7.4))
calculated, which indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000
for 15 Anti-1L31R wild type and Anti-1L31R clon%/li,lgespectively. That is, the pH-dependent binding
ability of Anti-1L31R clone 1 is about 300 times greater than that of WT. The sensorgrarns for Anti-1L3
1R clone 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-IL-6 receptor antibodies and anti-IL-6 antibodies, pH-dependent binding anti-IL-31 receptor
antibodies that bind to the antigen strongly 20under plasma neutral conditions, but weakly under
intraendosomal acidi’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 anti-IL-6 receptor
antibody that has the pH-dependent binding ability repeatedly binds to the IL-6 receptor and PIC/PD is
remarkably improved. That is, it was suggested that Anti-1L3 | R clone 1, which has the pH-dependent
25binding aﬁgﬂﬂz répeatedly binds to more antigens with significantly improved PK/PD, as compared
with Anti-1L21 R wild type. [Example 18] Repetitive Binding to Antigen by pH-Dependently Binding
Antibody Exgressipgrand Purification of Antibody Administered to Mice 30The four types of
humanized y% >re§.iptf.r anltibodies described below were prepared. As the antibodies that do not
pH-depende ly bifd t6'fH&'IL-6 receptor, WT-IgG1 including H 103 (WT) (amino acid sequence: SEQ
ID NO: 9) and L (WT) (amino acid sequence: SEQ ID NO: 10), and H54/L28-IgG1 including H54
(amino acid¢gegiuence: SEQ ID NO: 70) and L28 (amino acid sequence: SEQ ID NO: 12) were
expressed urjfied using the met od.in(aicat d in Example 1. As the antibodies that

pH-dependg?l ypbi#a ?ﬁﬁg‘%ﬁtﬁe@é’,ﬂ‘gﬁ'ﬁ ﬁﬂ%éé%lé’&ufeg%f Example 3 including H170 (amino acid
sequence: SEQ ID NO: 4) and L82 (amino acid sequence: SEQ ID NO: 7), and Fv4-1gG1 of Example
10 including4oeiB-19G1 (SEQ ID NO: 23) and VL3-CK (SEQ ID NO: 27), were expressed and purified
using the method indicated in Example 1. '

Gin Val Gln Leu Gin Glu Ser Gly Pro Gly Leu Yal Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His His
20 25 30

His Ala His Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

{ie Gly Tyr ile Ser Tyr Ser Gly iie Thr His Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr Tie Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Aia Tyr Tyr Cys
85 80 85



10 Analysis of Binding of Each Type of Antibody to Soluble IL-6 Receptor Kinetic analysis of
antigen-antibody reactions at pH 7.4 and pH 5.8 was carried out using Biacore T100 (GE Healthcare)
for the four types of antibodies prepared: WT-IgG ”H 4/L.28-1gGl, H170/L82-IgGl, and Fv4-1gG1l
(buffer: 20 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 15recomb-protein A/G (Pierce) was immobilized by amine coupling,
and SR344 adjusted to an appropriate concentration was injected therein as an analyte. The
association with and dissociation from SR344 of each type of antibody were observed on a real-time
basis. All the measurements were carried out at 37C. Association rate constants ka (1/Ms) and
dissociationiiatdgokstars kék(ifg) WeréhealculbitedasiHg Bigedile T10@ Evaluation Software (GE
Healthcare), 20and dissggiation constants K& (M) were calculajegl based on those values (Table 17).
[Table 17] Comparison of Association Rates (ka), Dissociation Rates (kd), and Dissociation Constants
of Each Type of Antibody Against Soluble IL-6 Receptor (SR344) pH7.4 pH5.8 pH Dependency
Sample ka(1/Ms) 141/s) KD(M) ka(1/Ms) kd(l/s) 10(M) kcl(p1-15.8)/k4H7.4)KCI(pH5.8)/KD(pH7.4)
Wr-1601 4.95+08, W4 EP4# 19509 §9E+05 2.7E-03 3.1E-09 2.91.6 1-154/L.28-1gG1 8.3E+05 1.4E-03
1.7E-09 24E+06 2.7§|1:_5-03 1.1E-09

210> 5

211> 118

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 5
Gin Val Gln Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

{le Giy His lie Ser Tyr Ser Gly fle Thr Asn Tyr Asn Pro His Leu
50 55 60

Lys Giy Arg Val Thr tle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser



2.00.7 H170/L82-IgG1 6.7E+05 11E-03 1.6E-09 12E+05 1.3E-02 1.0E-07 11.461.9 Fv4-101 9.8E+05
9.5E-04 9.7E-10 1.4E+06 17E-02 2.6E-08 38.827.3 25  The ratio of affinity (KID) at pH 5.8 and pH

7.4 for each antibody was calculated. The ICD ra QE\?hich indicates the pH-dependent binding to
SR344, was 1.6, 0.7, 61.9, and 27.3 for WT-IgGl, H54/L28-1gGl, H170/L82-IgGl, and Fv4-IgG |,
respectively. In addition, the ratio of dissociation rate (kd) at pH 5.8 and pH 7.4 for each antibody was
calculated. The kd ratio, 30which indicates the pH-dependent dissociation rate for SR344, was 2.9,
2.0, 11.4, and 38.8 for WT-IgGl, H54/L28-1gGl, H170/L82-1gGl, and Fv4-1gGl, respectively. Thus, it
was confirm& that H170/L82-Ig@| and Fv4-1gG | démonstrate the pH-dependent binding, while the
conventional antibodies WT-IgG1 and H54/L28-IgG1 hardly exhibit the ability. In addition, 104 since
the affinity (I(D) of these antibodies at pH 7.4 was nearly equal, their ability to bind to SR344 in the

plasma was thought to he equivalent. In Vivo Pharmacakinetics Test Using Mice 5The
phannacolci |ﬁgsoirf§lg§ﬁ4g 'hjla[ﬁer ntitAdHRAKR -Brebéptor dMfibbdyere evaluated following

administration of SR344 (huihan IL-6 receptor, $frepared in Examplg51) only or simultaneous
administration of SR344 and the anti-human IL-6 receptor antibody to mice that do not express the
human IL-6 receptor (C57BL/6J; the anti-human IL-6 receptor antibodies do not bind to the mouse IL-6
receptor). An SR344 solution (5 pg/mL) or a mixed solution containing 10SR344 and the anti-human
IL-6 receptoklantisobiie (betghhaLAaBd & TimgihaLt e dpedtivelypvidy Gbnhistered into a caudal vein by
single-dose administratiggg at 10 mL/kg. Singg the anti-human 146 receptor antibody was present in an
adequate excess amount relative to SR344,

Thr Leu Val Thr Val Ser Ser
115

210> 6
Q11> 107
212> PR
213> Artificlal

{2205
{223> MAn artificially synthesized peptide sequence

400> 6
Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr [le Thr Cys Gin Ala Ser Gin His lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45



it was thought that nearly all of the 5R344 molecules were bound by the antibody. Blood samples were
collected at 15 minutes, 2 hours, 8 hours, | day, 2 days, 3 days, 4 days, 7 days, 14 15days, 21 days,
and 28 days after administration. The collected blé’ﬁ? samples were immediately centrifuged for 15
minutes at 15,000 rpm and 4C to obtain the plasma. '?he plasma separated was stored in a freezer set
to -20C or lower until the time of measurement. Above-described WT-1gGl, H54/L28-I1gGl,
H170/L82-IgGl, and Fv4-lgG1 were used as the anti-human IL-6 receptor antibodies. 20 Measurement
of Anti-Human IL-6 Receptor Antibody Plasma Concentration by ELISA The concentration of
human IL-6 receptor antibody in mouse plasma was measured by ELISA. Anti-human IgG (7-chain
specific) F(alyy2iantieBefrégpmient {Siglan)amaydispensedsestpha BemeibmmunoPlate MaxiSorp
(Nalge Nunc Intggnational) and allowged to stand 250vergjght at 4C to prepare anti-human
IgG-immobilized plates. Calibration curve samples haying 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 p.L of 20 ng/mL SR344 was added to 100 pit of the calibration curve samples and plasma
samples, anghther the sappieswemalinwerdqistand g IsbpyeatgQo Jemperature. Subsequently,
the samplessgvere dispensed Sﬁi(pto the anti-human7 G-immobilized plates, and allowed to stand for 1
hour at room temperature. Then, Biotinylated Anti-Human IL-6R Antiboty (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 ysi e onent.H icrowvell,. Substrate (BioEX Laboratories) as a substrate.
35After storl)é;')ﬂ!:g()si % g%ﬂ%oﬁ'ﬁvl 1%% é&ﬁﬁﬁ&@gﬁ é\sf\r/]a &gre#ic%ﬁ, he absorbance at 450 tun was
measured by a microplate @ader. The concentPition in mouse plasfha was calculated from 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. 5Measurement of SR344 Plasma Concentration by Electrochemiluminescence
The concentfitigh of 53U Hob¥e Srishid Wiestbasured by eleetrochemiluminescence. SR344
calibration curve sampléadjusted to concégfirations of 2000, 1000, 500, 250, 125, 62.5, 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) 10ruthenium-labeled with Sulfo-Tag
NHS Ester (Meso Scale Discovery), Biotinylated Anti-human IL-6R Antibody (R&D), and WT-IgGl, and
then allowe&idedct overnight at 37C. The final concentration of WT-IgG | was 333 tig/mL, which is in
excess of thgigonagntration of anti-human IL-6 receptor antibody contained in the samples, for the
purpose of Qﬁr?g;ngpﬁlfearly all of the SR344 molecules in the samples to WT-IgGl. Subsequently, the

samples were
213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 7
Asp lie GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Giy

1 5 i0 15

Asp Ser Val Thr {le Thr Cys Gin Ala Ser Gin Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Afa Pro Glu Leu Leu [le



15dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed to react for |
hour at room temperature, and washing was performed. Immediately after Read Buffer T (x4) (Meso
Scale Discovery) was dispensed, the measurem s 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 20Devices). The time course
of SR344 plasma concentration after intravenous administration as measured by this method is shown
in FIG. 29. Effects of pH-Dependent Binding With respect to the time course of antibody concentration
of WT-1gGl and H541.28-I1gGl, 25whicho not demonstratétthe pH-dependent binding, and
H170/L82-IgG1 and Fv4-IgGl, which demonstrate the pH-dependent binding, the time course of
concentration was roughly identical for WT-IgG 1, H54/L28-1gG | and Fv4-IgGl, while H170/L82-1gG1
was eliminated slightly more rapidly, The data qf the time course of plagma concentration was
analyzed bys‘e e§ E%&%&ﬁﬁ%t@fg Ah9&ls 8f%irgr\9\/ \ ﬁnﬁ\ghse?fsi Wt). The half-lives in the
plasma of 30WBIgG |, H54/L.28-1g&¥, Fv4-IgGl, and H¥20/L28-IgG1 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
35antibody Pfe @Nntiiafibh Haitchep &gt Bhrolrdiike téethésuhetidi wAteRn, the plasma retention
time of an aggigen is short (the glimination rate is high). Thus, an antigeg that is 106 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: 0.26dayssn HanweaeTh Tire GaséyvefBeneurréint Badarinistitation DIrfSR344 with a conventional
antibody, WT-1gG1 or H54/328-1gGl, which doegynot 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/L28-1gG1). This is because nearly
all of the SR344 molecules were bound by the antibodies administered together, and thus SR344

bound by the,antipagdies Hobad @ Prglonged plagia rgtention time similar to that of the antibody, due
to the function of 100 105

210> 8

211> 107

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 8
Asp {le GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lie Thr Cys Gin Ala Ser Gin Asp lle Ser Ser His
20 25 30



FcRn as described above. In the case of concurrent administration of SR344 with the
H170/L82-IgGl or Fv4-1gG1 antibody, which demonstrates the pH-dependent binding, the elimination
of SR344 was significantly rapid (plasma half-Iife];?]( ?élays for H170/L82-1gG I, 0.6 days for Fv4-IgG1),
as 15compared to the case of concurrent admini é ion with WT-IgGI or H54/L28-IgGl. This tendency
was particularly prominent for Fv4-1gGl. Since the affinity of Fv4-1gG1 at pH 7.4 is equivalent to or
stonger than that of WT-IgG | and H54/L28-IgG1, it is thought that nearly all of the SR344 molecules
were bound to Fv4-IgGl. Even though Fv4-lgG1 demonstrates equivalent or slightly longer plasma
retention and slower elimination compared to WT-IgG1 and 20H54/L28-IgG | , the elimination of
SR344 boune.tadnvi-oGt Was Extigmehs rapid.yEhiscambe exXplainad by the concept of the present
technology shown igéZIG. 4. In the cas%ff conventional an‘&i‘podies 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 FeRn expressed in endosomes under intraendosomal acidic
conditions. Since the antibody-soluble 25antigen complex bound to FeRn transfers to the cell surface

as it is, and gajp,relyrasiq;fae plagroasithe gniges Boundg the anfibegy has a prolonged plasma

retention time similar to that of the % tibody (the elimin(?ﬁon is extremely slow). On the other hand, in
the case of antibodies that demonstrate the pH-dependent binding, the antigen dissociates from the
antibody under intraendosomal acidic conditions, and thus only the antibody binds to FeRn and returns
again to 30the plasma. Since the antigen dissociated from the antibody is degraded in lysosomes
without retugning, to the plasma, the elimination.of antigen is extremel id as compared to the case
of antibodieéefhg{ydo%o@&ﬁ&n‘“gﬁzﬁ%tﬁ}gSﬁlh?dé%earllq ent Bin%finge.u:&g%é@é?in the case of concurrent
administrati®h of SR344 with th®WT-1gG1 or H54/I28-1gG1 antibody, #hich does not demonstrate the
pH-dependent binding, the elimination of SR344 is slow to the similar 35degree as the antibody, since
SR344 binds to WT-1gG1 or H54/L28-1gG1 both in plasma and endosomes. In contrast, in the case of
concurrent administration of SR344 with the 107 HI 70/L82-1gGl or Fv4-1gG1 antibody, which
demonstrat8&'thePptd 18 oAby bihding sudevefitRiftidh HreR S iscekifemely rapid, since SR344
dissociates from the antibod¥ in the intraendoséfaal low-pH enviro$iment. That is, since the
H170/L28-IgG1 and Fv4-lgG1 antibodies, which demonstrate the pH-dependent binding, dissociate
from SR344 in the 5intraendosomal low-pH environment, the majority of H170/L82-1gG1 or Fv4-IgG1
that has returned again to the plasma with FeRn is thought to be not bound to SR344. Thus, as shown
in FIG. 4, it ThadheV@&alédrtHa, Brdigsotiativly fidenGi antigen in the intraendosomal low-pH
environment and returnjpg to the plasma wjtl FCRn without binding to the antigen, an antibody that
demonstrates the pH-dependent binding can again bind to an antigen in the plasma. It was 10also
shown that, by repeating this process, the antibody that demonstrates the pH-dependent binding can
repeatedly bind to multiple antigens. This is consistent with the Biacore data shown in Example 7,
demonstratitagothat pH-dependent antibodies can repeatedly bind to

211> 448
212> PRT
213> Artificial

{2200
223> An artificially synthesized peptide sequence

400> 9
Gin Val GIn Leu Gin Glu Ser Gly Pro Giy Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Oys Thr Vai-Ser Giy Tvr Ser lle Thr Ser Asp



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. 15When the antigen is a soluble antigen, and the
antigen binds to an antibody under plasma neut:ﬁyo ditions, but dissociates from the antibody in
endosomes and the antibody returns to the plas FcRn, the antibody can again bind to an
antigen under plasma neutral 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 20antibody does not dissociate from the antibody in endosomes (L e.,
the antigen bound to the&ntibody returns tthe plasma), if an aftigen 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. 25Detéfrilfafioh tHER M nazfitifaRdH 3 88YofdnMtigiintti4d e performed, for example, by
administering an anfigen and an antibod§ in vivo, and then #8easuring the plasma antigen
concentration after the administration, as shown in the Examples.  An antibody that demonstrates
the pH-dependent binding can repeatedly bind to multiple antigens in contrast to the case of a
conventional antibody that does not demonstrate the 30pH-dependent binding. Thus, the amount of
antibody admmnigteréd chie Serconsisierdtly redlbedhantythsadimiristration intervals can be greatly
prolonged. T repetitive bindinggo multiple antigenggof 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 to an antigen at pH 7.4 of plasma but dissociates from the 35antigen
at intraendosomal acidic pH can be constructed, then such an antibody can repeatedly bind to multiple
antigens. Aceereénoly ¢ the! presatat teehnadobys isHiseéul indhahitacarrkesd08 applied not only to
antibodies tg5the 1L-6 receptor,f#r-& and the IL-31 receptor, but gener Hy to any antibo_dy to any
antigen, regardless of the type of antigen. 109 CLAIMS 1. An antigen-binding molecule having a
ICD(pH5.8)/1CD(pH7.4) value, defined as the ratio of KD for the antigen at pH 5.8 and KB for the
antigen at pH 7.4, of 2 or higher. 5

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Vai Thr Val Ser Trp
145 150 155 160

Asn Ser Glv Ala Leu Thr Ser Giy Vail His Thr Phe Pro Ala Val Leu



2. The antigen-binding molecule of claim 1, wherein the ICD(pH5.8)/1CD(pH7.4) value is 10 or higher.
3. The antigen-binding molecule of claim 1, wherein the KD(pH5.8)/KD(pH7.4) value is 40 or 10higher.
4. The antigen-binding molecule of any one of Cﬁ%ﬁ% 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. 15 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 Ito 5, wherein the antigen-binding 20molecule binds to a membrane
antigen or a soluble antigen!7. The antigen-bifding molecule of afly®ne of claims Ito 6, wherein the
antigen-binding molecule is an antibody. 258. A pharmaceutical composition comprising the
antigen-binding molecule of any one of claims Ito 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 A 828 & B aHed¥o Wat 8t pRf 367 42 1 AThieHRb I F8r SRtreasing the number of times
of antigen-binding for an88ntigen-binding méécule by impairingttle antigen-binding activity of the
antigen-binding molecule at pH 5.8 as compared to that at pH 7.4. 110 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. 512.
A method ferediSsodieifidywitiiri i cBir dyrantieémsirtam ¥ damaltiesllbiksri§rbound antigen-binding
molecule by impairipggthe antigen-bindigg activity of the anpiggen-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 10internalized 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. 14sA methodlinr indraasibgsthesakilitgiof Brp dyosn-lBindintg melecule to eliminate an antigen
in plasma by impgiring the antigen-bjgding activity of th&@ntigen-binding molecule at pH 5.8 as
15compared to that at pH 7.4. 15. The method of any one of claims 9 to 14, wherein the
KD(pH5.8)/ICD(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.

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Va! Lys Phe Asn Trp Tyr Vai Asp Giy Vail Giu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Vati Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu



2016. The method of any one of claims 9 to 14, wherein the ICD(pH5.8)/ICD(pH7.4) value is 10 or
higher. 17. The method of any one of claims 9 to 14, wherein the KD(pH5.8)//CD(pH7.4) value is 40 or
higher. 25 18. A method for improving the pharrri?go\gnetics of an antigen-binding molecule by
substituting at least one amino acid of the antige ]i|]1 ing molecule with histidine, or inserting at least
one histidine into the antigen-binding molecule. 3019. 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. 2(?.0& method for incrétsing the number 8t antigens that can ¥8 bound by an antigen-binding
35molecule by substituting at least one amino acid of the antigen-binding molecule with hi stidine, or
inserting at least one histidine into the antigen-binding molecule. 111 21. A method for dissociating
within a cell an antigen from an extracellularly-bound antigen-binding molecule by substituting at least
one amino aditl bfstécahtt &AL oRbIAY rh¥tetind-sith RiddaiReo dr i’ngi'ftilﬁ@ at least one histidine into the
antigen-binding molecule. 325 22. A method fdi3teleasing an antiggst-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. 23. A method for increasing the ability of an
antigen-bindifrg hokeculesot irmaieyathl artigetr inGhla8noatihy ¥abdtitufihg at least one amino acid of
the antigen-binding molggule with histidine ;9 inserting at leastygge histidine into the antigen-binding
molecule. 1524. The method of any one of claims 18 to 23, wherein the histidine substitution or
insertion increases the ICD(pH5.8)/1W(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 KID(pH5.8)/ICD(pH7.4) value
before the histiding Bruabstitutieniep insentienTiRORE: The anethodsef anry gre of claims 9 to 24, wherein
the antigen-binding 4pnolecule has an ‘arbt&gonistic activity.. %%BThe method of any one of claims 9 to 25,
wherein the antigen binding molecule binds to a membrane antigen or a soluble antigen. 25 27. The
method of any one of claims 9 to 26, wherein the antigen-binding molecule is an antibody.

Cys {eu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Giy GIn Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 305 400

Asp Ser Asp Gty Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gy
435 440 445

<210> 10



28. A method of screening for an antigen-binding molecule, which comprises the steps of: 30(a)
deteimining 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 Whosela??qib%n-binding activity at pH 6.7 to pH 10.0 is
35greater than the antigen-binding activity at pH 4.0 to pH 6.5. 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 is twice or higher that of the antigen-binding activity at pH 4.0 to pH 6.5. 530. A method of
screening fotZaty arzfigen-binding molecule, which comprises the steps of: (a) binding an
antigen-bindipgmaigcule to an antigen under a condition of pH 6.7 to pH 10.0; (b) placing the
anﬂgen%ﬂn@yagn%§ﬁ¥@ggﬁtboundtotheanﬂgencﬁ(a)underaconmﬂonofpki40topki65;and
(c) obtaining™an antlgen-%mding molecule that dissociated under the condition of pH 4.0 to pH 106.5.
31. A method of screening for an antigen-binding molecule whose binding activity at a first pH is
greater tharxtheit at a second pH, which comprises the steps of: (@) binding an antigen-binding
molecule to ntigen;:j flize - the [tion 150f a first pH; (b) eluting the
antigen-bin(ﬁ%%mg%e&wg? Lgyd %’ggl'ngﬂge?h%qgg t%km%%%[{]%?egfirst pH from the column under the
condition of a second pH; and (c) collecting the eluted antigen-binding molecule. 2032.. A method of
screening foié0» aritigen-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-immobiljize co}#‘lm unger he on%i?t]iﬁon of a first pH; (3) lyting the antigen-binding
molecule frrgﬁ? tlllEeC Rt JRGet h eéo%wr i SEL ‘s%‘bgﬁ'éoéﬁ S f‘grﬁ lifying the gene encoding the
“eluted antigén-binding moldcule; and (d) obtainlfg the eluted antigéh-binding molecule. 33. The
screening method of claim 31 or 32, wherein the first pH is 6.7 to 10.0 and the second p1-1is 4.0 to
6.5.

Asp Arg Vai Thr lle Thr Cys Arg Ala Ser GIn Asp lle Ser Ser Tyr
20 25 30

teu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu {le
35 40 45

Tyr Tyr Thr Ser Arg leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro
65 70 75 80

Giu Asp 1le Ala Thr Tyr Tyr Cys Gin GIn Gly Asn Thr Leu Pro Tyr
85 90 85

Thr Phe Gly Gin Gly Thr Lvs Val Glu {ie Lys Arg Thr Val Ala Ala
100 105 110



30 34. The screening method of any one of claims 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. 3535. The screening method of any one of claims 28 to 33,
for obtaining an antigen-binding molecule that is %ﬂéé@ior in retention in the plasma. 113 36. The
screening 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. 537. The screening method of any one of claims
28 to 33, for obtaining an antigen-binding molecule 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
claims 28 tp33 sigr phtaining aprRNbigeprPingings amelecule thatdissogigtes an extracellularly-bound
antigen within a cell, , 39. The screening method of any one %claims 28 to 33, for obtaining an
antigen-binding molza1 le that is bound to"an antigen and intérnalized into a cell, and released to the
outside of the cell in an antigen-free foon. 15 40. The screening 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 scrig’niﬂga r’geert_r\paq %?raﬁsq eqjq_]‘ecla}‘imsA%§ %349. W I,eor?iln tE? aﬂtngen-binding molecule is 20
used as a pharmaceutical composition. 22 he screen|¥1g methad of any one of claims 28 to 41,
wherein the antig®n-binding molecd®is an antibody. 2545. A method for producing 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; (cﬁi selecting the antigen-binding molecule whose
antigen-bin&¥#fg 2Ry BPpH % 2 kd\iHA0.0'R 5B HASPtHAY itk 3pRI%.0 to pH 6.5; (d) obtaining
the gene eniddding the antigen-tifiding molecule selégted in (c); and (éfPproducing the antigen-binding
molecule using the gene obtained in (d).

Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 199

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Oys
210

210> 1
- L2119
<212> PRT
213> Artificial

{2200
223> An artificially synthesized peptide sequence



44. A method for producing an antigen-binding molecule, which comprises the steps of: 35(a) binding
an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0; 114 (b) allowing
the antigen-binding molecule bound to the antigen of g;a) to stand under a condition of pH 4.0 to pH
6.5; (c) collecting the antigen-binding molecule th@@&'ssociated under the condition of pH 4.0 to pH
6.5; 5(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and (e) producing
the antigen-binding molecule 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: 10(a) binding an antigen-binding molecule to an antigen-immobilized column
under the fikgfgpi candition; (b) eluting the antigen-binding molecule, which is bound to the column at
the first pH, from the column under a second pH condition; (e) collecting the eluted antigen-binding
molecule; 15(d) obtaining the gene encoding the antigen-binding molecule obtained in (e); and (e)
producing tféna¥tig8hniseiRl Abletai i sifp thE deiteV8hthYdd &) 84%. A method for producing an
antigen-binding molecule whose binding activity@t a first pH is gredter than that at a second pH, which
comprises the steps of: 20(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; (c) amplifying the gene encoding the eluted antigen-binding molecule; (d)
collecting thinellee dentige Hsirfttng Imdecdte; @B(dyolfetinihg Sae dgnésencoding the antigen-binding
molecule collected in (d)pand 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Giy Glu Gly Leu Glu Trp
35 : 40 45

Ile Gly Tyr Ile Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr tle Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
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 Val Leu Ala Arg lle Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 1056 - 110

Thr Leu Val Thr Val Ser Ser
115

210> 12



(f) producing the antigen-binding molecule using the gene obtained in (e). 47. The production method
of claim 45 or 46, wherein the first pH is 6.7 to 10.0 and the second pH is 4.0 to 6.5. 30 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 moleljmé%vith histidine, or inserting at least one histidine
into the antigen-binding molecule. 115 50. A pharmaceutical composition comprising an
antigen-binding molecule produced by the production method of any one of claims 43 to 49. 1/113
SEQUENCE LISTING <110> CHUGAI SE1YAKU KABUSHIKI KAISHA <120> ANTIGEN-BINDING
MOLECULEZRPABLE OF BINDING TO TWO OR MORE ANTIGEN MOLECULES REPEATEDLY
<130> C1-A0801Yi&P <140> PCT/JP2009/057309 <141> 2009-04-10 <150> JP 2008-104147 <151>
2008-04-11 <§113%0>A‘3Jc3i 1,7:1(();(')&8’-247713 <151> 2008-09-26 <150> JP 2009-068744 <151> 2009-03-19
<160> 70

{2205
223> An artificially synthesized peptide sequence

400> 12
hsp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

i 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser GIn Asp Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gin GIn Gly Asn Ser Leu Pro Tyr
85 90 85

Thr Phe Gly GIn Gly Thr Lys Val Glu [le Glu
100 105



<170> Patentln version 3.4 <210> 1 <211> 119 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 1 2/113 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr
Ser lle Ser Asp Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045
lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Mn Tyr AshPltbSer Leu 505560 Lys Gly Arg Val Thr lle Ser Arg
Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr
Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu
Val Thr Val Ser Ser 115

210> 13

211> 1404

<212> DNA

213> Artificial

220>

223> An artificially synthesized nuclectide sequence

<400> 13

atgggategga goetgiateat octottettg gtageaacag ctacaggtet ccactoccag ]
‘gtocaactge agegapapege tccaggicett gtgaaaccta gogapacect gagoctgace 120
tgegeegtgt ctggetactc aattagegas gatcatgoet ggageteeet fogocagcca 180
cctggagaag gtettpagte pgattppatac attagttata gitpraatcac aasactataat 240
coatcictca aaggcagagt gacaatatcg agagacacca goaagaacca gttcagectg 300
aaactcagca gogtpacage cgecgacace peggettatt attgtgcaag atccctagct 360
cggactacegg ctatggacta ctegggetpaa ggcaccceteg teacagtcte ctoagectice 420
accaagggee categgtett cocoetggea cocteocteca agagocacete tepgegecaca 480
geggocetpy gotgpeotpet caagpactac ttococcogasc cggtgaceet gtepgtegaac 540
tcaggegeee tgaccageee cgtgeacace ttoocecggote toctacagte cteapgacts 600
tactccctca geagegtegt gaccgtgcece tccageaget tgggeaccca pacctacatc 660
tgocaacgiga atcacaagec cagcaacace aaggtggaca agaaagtiga goccaaatet 720
tgtpacaaaa ctocacacate cccaccgtge ccagecacctg aactoctpee gpgacesica 780



<210> 2 <211> 107 <212> PRT <213> Atrtificial 3/113 <220> <223> An artificially synthesized peptide
sequence <400> 2 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser
Val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly
Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly gyt élu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala
Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu He Glu

gtottoctet toocccccaas acccaaggac accotcatga totcocggac coctzaggte 840
acatgegteg tggtggacet gagcocacgaa gaccctgage tcaagtteaa ctggtacgts 800
gacggegter aggtecataa tgecaagaca aagoogoggg aggagcoagta caacageacg 960
tacegteter teageptect caccgteotg caccaggact gectgaates caaggagtac 1020
aagtgcaage totecaacaa ageoctocca goceccatcg agaaaaccat ctccaaagee 1080
aaagggcage cocgagaace acaggtgtac accctgeccc catccoggga tgagetgace 1140
aapaaccagy tcagectgac ctgooteete aaaggettot atcccagepa categocgty 1200
gagtgggaga gcaatgegea gocggagaac aactacaaga ccacgectec ogtgetggac 1260
tcogacgect coticttoct ctacageaag ctoaccgigg acaagagcag giggcageag 1320
gggaacgtct tetcatgete cgtgatgeat gaggctotge acaaccacta cacgeagaag 1380
agoctctoce tgtetcegge taaa | 1404
210> 14

211> 34

212> DNA

213> Artificial

220>
223> An artificially synthesized nucleotide sequence

400> 14
gacatccaga tgacccagag cccaageage cfgagegoca gegtgeetyga cagogtgace 60

atcacctgte aagccagoca ggacatcage agttacetea atteggtacca geagaageca 120



100105 <210> 3 <211> 119 <212> PRT 4/113 <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 3 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala His Ser Trp Val Arg
GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle &} Iir lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro
Ser Leu 505560 Lys Gly Arg Val Thr lle Ser Arg Asp [hr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys
Leu Ser Ser Val Thr Ala Ala Asp [hr Ala Ala Tyr Tyr Cys 859095

gpaaagectc capapctget gatotactac ggotocgaac igcactcisgz tgteccaage 180
agattcageeg gtageegtag cgptacegac ttcaccttca coatcageoag ccicgaggca 240
gaggacgcce ctacctacta ctpoegeecag petaaccgge tiocatacac gticggccaa 300
ggegaccaags tggaaatega a 321
210> 1b

211> 15

212> PRY

“213>  Artifticial

{220%
223> An artificially synthesized peptide seguence

<400> 15
Giy Giy Gly 8iy Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1 5 10 15

210> 16
Q211> 24
<212> DHNA
<213> Artificial

<220
223> An artificially syntheisized primer sequence

<400> 16
ttcecaccag cetptocgee totg 24

Q210 17



Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly G u Gly 100105110 5/113 115 <210> 4
<211> 119 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide sequence
<400> 4 Gin Val GIn Leu GIn Glu Ser Gly Pro G%Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu
Thr Cys Ala Val Ser Gly His Ser lle Ser His His His Ala His Ser Trp Val Arg GIn Pro Pro Gly
Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr His Tyr Asn Pro His Leu 505560 Lys
Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 6/113

211> 24
212> DNA
<213>: Artificial

{2200
223> An artificially syntheisized primer sequence

400> 17
cgtgaageca aaggccccac tooe 24

Q10> 18
Q11 32
212> DNA
Q213> Artificial

<2205
223> An artificially syntheisized primer sequence

<400> 18
tagaattcca ccatgotgee cgtegectee go 32

210> 19

211> 57

212> DNA

<213> Artificial

220>
223> An artificially syntheisized primer sequence

<400> 19
attgogeocg cottatcagte gigateatga tgatetegeta cogaagaaga atottsge 57

210> 20



Ala Arg Val Leu Ala Arg lle Thr Ala Met Asp His Trp Gly Glu Gly 100105110 Thr Leu Val Thr Val Ser
Ser 115 <210> 5 <211> 119 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 5 GIn Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Set1le'Ser His Asp 202530 His Ala Trp Ser Trp Val Arg
GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly His lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro
His Leu 505560 7/113 65707580 Leu Lys Leu Ser Ser Val [hr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
859095 Ala Arg Phe Leu Ala Arg lle [hr Ala His Asp His Trp Gly Glu Gly

21> 1131
212> DNA
Q213> Arti

(220>

ficial

223> An artificially synthesized nucleotide sequence

400> 20

gaattocace atgetggocg tcggetgoge getgetgpet geoctgetgg copogocgps 80
ggoggogcty goccegeegy getgocotge acaggagete goegapapgteg tecteaccag 120
totgecagega gacagegtga ctetgacety cocagggega gagocggaag acaatgocac © 180
tettcactge gttcteagga ageccagetgt agectceccac ciocageagat gepoigrort 240
ggeaaggagy ctgetgetpa ggtegeteca getocatpgac tetggaaact attcatgcta 300
coggeccggc cgeoccgegetg gaactptgea ctigetgete gatgttocoe cogaggages 360
ccagctetce tgettocgga agagococet cageaacgtt gtttetgagt gggetocteg 420
gagcacccea tetcecgacga ccaaggetet gotpttgpte agraagtttc agaacagtcs 480
geocgaagac tteocaggape cgtgecapta ttoeccagepag teccagaapt tetcctgoca 540
gttggcagtc ccggaggpag acagetcitt ctacatagtg teocatgiecg teozecagtag 600
tgtegggage aagotcagea aaactcagac ctttcagggt tgtggaatet tgcapgcetga 660
tccgoetgor aacatcacag tcactgecgt ggccagaaac coccgetgee teagigteac 720
ctggcaagac ccccactect ggaactcate tttctacaga ctacgeitte agctcagaia 780
tcgagetgaa cggicaaaga cattcacaac atggatggtc aaggacctoe ageatcactg 840



100105110 Thr Leu Val Thr Val Ser Ser 115 <210> 6 <211> 107 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 6 Asp lle Gin Met Thr GIn Ser Pro Ser Ser
Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys GIn Ala Ser Gin His lle Ser Ser His
202530 8/113 Tyr Tyr Gly Ser His Leu His Ser é?/%ﬁ Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser
Sly Thr Asp Phe Thr Phe Thr He Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly
GIn Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 7

tgtcatcecac gacgeoteea goggoctpag goacgtggte capottogte cocaggapga 900
gticgggcaa geogagteea gogagtagag cocggaggce atgggcacge citggacaga 860
atccaggagt cctecagete agaacgaget gtecacccce acgcaggcac ctactactaa 1020
taaagatgat gataatatic totocagaga ftotgcaaat gogacsagee toccagtgea 1080
agattcttet tcggtaccac atcatcatca tcaccactga taageggocg ¢ 1131
210> 21

211> 449

212> PRT

213> Artificial

{220
223> An artificially synthesized peptide sequence

400> 21
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His 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 His tle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu
50 55 80



<211> 107 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 7 Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle
Thr Cys Gin Ala Ser Gin Asp lle Ser Ser His 202530 9/113 354045 Tyr Tyr Gly Ser His Leu His Ser
Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gl%éléﬁGly Thr Asp Phe Thr Phe Thr He Ser Ser Leu
Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr 859095 Thr Phe
Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 8 <211> 107 <212> PRT <213> Atrtificial <220>

Gln Asp Arg Val Thr [le Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 ' 70 75 B0

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Afa Ata Tyr Tyr Cys
85 ap 95

Ala Arg Phe Leu Ala Arg [{le Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Thr Leu Vai Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly'Ala Leu Thr Ser Gly Yal His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 o 180

Ser Ser Leu Gly Thr @In Thr Tyr [le Cys Asn Val Asn His Lys Pro
195 200 205



<223> An artificially synthesized peptide sequence <400> 8 Asp lle Gin Met Thr Gin Ser Pro Ser Ser
Leu Ser Ala Ser Val Gly 151015 10/113 Leu Mn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu
lle 354045 Tyr Tyr Gly Ser His Leu His His Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly
Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu AI&%%%?SSO Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn
Gly His Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 9 <211>
448 <212> PRT <213> Avrtificial <220> <223> An atrtificially synthesized peptide sequence <400> 9
Gin Val GIn Leu Gin Glu Ser G y Pro Gly Leu Val Arg Pro Ser Gin

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Gys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met tle Ser
245 250 255

Arg Thr Pro Glu Yal Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 285 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Vai Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie 8lu Lys
325 330 335

Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350



151015 1 1/1 13 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 He
Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg
Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Th2&ld Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser
Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp 145150155160 12/113

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro &lu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 385 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin GlIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ata Leu His Asn His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

lys

210> 22

211> 449

212> PRI

213> Artificial

{2207
<223> An artificially synthesized peptide sequence



165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu
Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val
Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
Gly Pro 225230235240 Ser Val Phe Leu Phe Pr@Ptdiys Pro Lys Asp [hr Leu Met lle Ser 245250255
Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn
Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser
Thr Tyr Arg Val 290295300 13/113 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
Pro lle Glu Lys 325330335

<400> 22

Gin Val Gin leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Giy Tyr Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 _ 40 45

[ie Giy His {le Ser Tyr Ser Gly lle Thr Asn Tvr Asn Pro His lLeu
50 55 60

Gin Asp Arg Val Thr |le Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Aila Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ata Arg Phe Leu Ala Arg 1le Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Thr Leu Yal Thr Val Ser Ser Afa Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu



Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp
Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala
Val Glu Trp Glu 370375380 Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385390395400 Asp Ser Asp Gly Ser Phe Phe L&8/T{# Ser Lys Leu Thr Val Asp Lys 405410415 Ser
Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr
GIn Lys Ser Leu Ser Leu Ser Pro Gly 435440445 14/13 <211> 214 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 10 Asp lle Gin Met Thr Gin Ser Pro Ser Ser
Leu Ser Ala Sendtal Gly 151015 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 _ 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr ile Cys Asn Val Asn His Lys Pro
145 200 205

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 Cys Pro Ala Pro Giu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met iie Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Va! Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn



Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys
Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe
Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp
lle Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Thr Leu29fbtPyr 859095 15/113 Pro Ser Val Phe lle Phe Pro
Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
Pro Arg Glu Ala 130135140 Lys Val GIn Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gin
145150155160 Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 Ser Thr
Leu Thr Leu Ser Lysyg\la Asp Tyr Glu LygsoHis Lys Val Tyr 188185190

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
250 295 300

Val Ser Val Leu Thr Val Leu His &ln Asp Trp Leu 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 tle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

teu Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp ile Ala Val Giu Trp Glu
370 375 380

Ser Asn Giy Glin Pro Glu Asnh Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 419 415

Ser Arg Trp Gin Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu



Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu
Cys 210 <210> 11 <211> 119 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized
peptide sequence. 16/113 <400> 11 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
151015 Thr Leu Ser Leu Thr Cys Ala Val Ser GIg0rytBer lle Ser Asp Asp 202530 His Ala Trp Ser Trp
Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Mn Tyr Asn
Pro Ser Leu 505560 Lys Gly Arg Val [hr lle Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser 65707580 Leu
Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 Ala Arg Val Leu Ala Arg lle Thr
Ala Met Asp Tyr Trp Gly4glu Gly 495 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lvs

210> 23

Q211> 449

212> PRT

213> Artificial

(220>
223> An artificially synthesized peptids sequence

<400> 23
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Va! 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 Va! Arg Gin Pro Pro Gly Giu Gly Leu Giu Trp
35 40 45

le Gly Phe [le Ser Tyr Ser Gly [le Thr Asn Tyr Asn Pro Ser Leu
50 5h 60



100105110 Thr Leu Val [hr Val Ser Ser 115 17/1 1 3 <211> 107 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 12 Asp lle GIn Met Thr Gin Ser Pro Ser Ser
Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser GIn Asp lle Ser Ser Tyr
202530 Leu Asn Trp Tyr GIn GIn Lys Pro Gly Ly@ﬂllaf’Pro Giu Leu Leu lle 354045 Tyr Tyr Gly Ser Glu
Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Giy Ser Gly Thr Asp Phe Thr Phe Thr lle Ser
Ser Leu Giu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Gly Mn Ser Leu Pro Tyr 859095
Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu 100105

Gin Gly Arg Val Thr tle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Ya! Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 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 Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr lle Gys Asn Val Asn His Lys Pro
185 200 205



18/113 <210> 13 <211> 1404 <212> DNA <213> Artificial <220> <223> An artificially synthesized
nucleotide sequence <400> 13 atgggatgga gctgtatcat cctottottg gtagcaacag ctacaggtgt ccactoccag60
gtccaactgc aggagagegg tccaggtctt gtgaaaccta gcgagaccct gagoctgaccl20 tgcgeegtgt ctggctactc
aattagcgac gatcatgcct ggagctgggt tcgccagccal égagaag gtottgagtg gattggatac attagttata
gtggaatcac aaactataat240 ccatctctca aaggcagagt gacaatatcg agagacacca gcaagaacca gttcagectg300
aaactcagca gcgtgacagc cgccgacacc geggettatt attgtgcaag atccctagct360 cggactacgg ctatggacta
ctggggtgaa ggcaccctcg tcacagtctc ctcagcctoc420 accaagggcc catoggtott ccocctggca ccotcotcca
agagcacctc tgggggcaca480 goggocctgg gctgectggt caaggactac ttocccgaac cggtgacggt gtogtggaac540

tcaggcgccedgarsAaned fIGEALACCHCLRITIIARCIACADIS iaBHARIEEPM tactccotca geagegtggt
gaccgtgccc tcca%agct tgggcaccca%ggcc aca c660 tgcagggtga atcacaagcc cagcaacacc aaggtggaca
agaaagttga goccaaatct720 tgtgacaaaa ctcacacatg cccaccgtgc ccagcacctg aactcctggg gggaccgtca780

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Vai Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lvs Gys Lys Val Ser Asn lLys Ala Leu Pro Ala Pro lle Glu Lys
325 330 335

Thr Ite Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro &in Val Tyr Thr
340 345 350



19/113 gtottcact tocccocaaa acccaaggac accctcatga tctcccggac coctgaggtc840 acatgegtgg tggtggacgt
gagccacgaa gaccctgagg tcaagttcaa ctggtacgtg900 gacgogtgg aggtgcataa tgccaagaca aagccgcggg
aggagcagta caacagcacg960 taccgtgtgg tcagcgtcct caccgtoctg caccaggact ggctgaatgg caaggagtac
1020 aagtgcaagg tctocaacaa agccotccoa gecocéatédfagaaaaccat ctccaaagec 1080 aaagggcage
cccgagaacc acaggtgtac accctgcccc catcccggga tgagotgacc 1140 aagaaccagg tcagcctgac ctgectgg ¢
aaaggcttct atoccagoga catcgccgtg 1200 gagtgggaga gcaatgggca gcoggagaac aactacaaga ocacgoctoc
cgtgctggacl260 tccgacggct ccettcttect ctacagcaag ctcaccgtgg acaagagcag gtggcagcagl320 gggaacgtct
tctcatgctc cgtgatgcat gaggctctge acaaccacta cacgcagaagl380 agoctctocc tgtctocggg taaal404 <210>

14 <211> 30, 9187 PR L AMclel 52205 SRATARATIFial sypthesized nucleotide

sequence <400> 14 gacatccaga gacccg&ag cocaagcagc ctgagcgceca gegtgggtga cagegtgacce0

20/113 ggaaaggctc3 gagctgct gatctac% ggctccgaac tgc tgg tgtgccaagcl80 agattcagcg

gtagoggtag cggtaccgac ttcaccttca ccatcagcag cctcgaggca240

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp {ie Ala Val Giu Trp Giu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Oys Ser Val Met His Glu
420 475 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 449 445

Lys

210> 24
Q211> 448
212> PRT
213> Artificial

{2207
223> An artificially synthesized peptide sequence



gaggacgccg ctacctacta ctgcgggcag ggtaaccggc ttccatacac gttoggccaa300 gggaccaagg tggaaatcga
a321 <210> 15 <211> 15 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide
sequence <400> 15 Giy Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 151015 <210> 16
<211> 24 <212> DNA <213> Artificial <220> <2345 ;h artificially syntheisized primer sequence <400>
16 ttcccaccag cctgtcegec totg24 21/113 <211> 24 <212> DNA <213> Avrtificial <220> <223> An
artificially syntheisized primer sequence <400> 17 cgtgaagcca aaggccccac too24

<400> 24

Gin Val Gin Ley Gin Glu Ser Gly Pro Gly Leu Val! Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Afa Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Giu Gly Leu Glu Trp
35 40 7 45

Ile Gly Phe lie Ser Tyr Ser Giy Ife Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Gly Arg Val Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 g5

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Giy
100 105 110

Tor Leu Val Thr Val Ser Ser Ata Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu



<210> 18 <211> 32 <212> DNA <213> Atrtificial <220> <223> An atrtificially syntheisized primer
sequence <400> 18 tagaattcca ccatgctggc cgtcggctge gc32 <210> 19 <211> 57 <212> DNA <213>
Artificial <220> <223> An artcia ly syntheisized primer sequence <400> 19 attgcggccg cttatcagtg
gtgatgatga tgatgtggta ccgaagaaga atcttgc57 22AP1814211> 1131 <212> DNA <213> Artificial <220>
<223> An artificially synthesized nucleotide sequence <400> 20 gaattccacc atgctggccg toggcetgegce
gctgctggot gocctgetgg ccgegecggg60 goggegcetg gecececggggg getgeectge acaggaggtg gcgagaggtg
tgctgaccagl120 totgocagga gacagcgtga ctctgacctg cocaggggga gagcoggaag acaatgccacl80 tgttcactgg
gttctcagga agccggagt aggctcccac cigrgcagat gggctggegiz40

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 ‘ 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr [le Cys Asn Val Asn His Lys Pro
195 200 205

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 Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Yal Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Giu Val Thr Cys Val Val Val Asp Val Ser His Giu Asp
260 265 270

Pro Glu Yal Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn



gggaaggagg ctgctgctga ggtcggtgca gcetccatgac tctggaaact attcatgcta300 cogggcoggce cgecoggctg
gaactgtgca cttgctggtg gatgttocco ccgaggagcec360 ccagctctce tgettcogga agagcecccct cagcaacgtt
gtttgtgagt ggggtcctcg420 gagcacccca tctccgacga ccaaggcetgt getgttggtg aggaagtttc agaacagtcc480
ggccgaagac ttccaggagc cgtgccagta ttcccaggag aagt tctcctgcca540 gttggcagtc ccggagggag
acagctcttt ctacatagtg tccatgtgog tcgccagtag600 tgtcgggagc aagctcagca aaactcagac ctttcagggt
tgtggaatct tgcagcctga660 tccgectgec aacatcacag tcactgecgt ggccagaaac coccgcetggce tcagtgtcac720
ctggcaagac ccccactect ggaactcatc tttctacaga ctacggtttg agctcagata780 tcgagctgaa cggtcaaaga
cattcacaac atggatggté aaggacctcc agcaffactg840 23/113 f§fcatccao gacgcectgga goggcectgag
gcacgtggtg cagcttcgtg cccaggagga900 gttcgggcaa ggcgagtgga gcgagtggag cccggaggcec atgggcacgce
cttggacaga960 atccaggagt cotocagotg agaacgaggt gtccaccccc acgcaggcac ctactactaa 1020
taaagatgat gataatattc taccagaga ttctgcaaat gcgacaagcc teccagtgca 1080 agattcttct tcggtaccac
atcatcatca ttkicbytthu tatgbeydey 18t £2n Ovr2AsaBerTamdw2AE-YaR T <213> Artificial <220>
<223> An artifigiggly synthesized peptide sequence <430 21 Gin Val Gin Leu GIn Glu Ser Gly Pro Gly
Leu Val Lys Pro Ser Glu 151015 [hr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser He Ser His Asp

Val Ser Vai Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Oys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro tle Glu Lys
325 330 335

Thr 1le Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr
355 360 365

Cys Leu Val Lvs Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lsu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln Gin Gly Asn Val Phe Ser Cys Ser Val Met His Giu



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly His lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu 505560 24/113 Gin Asp Arg Val Thr lle Ser Arg Asp Thr
Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
859095 Ala Arg Phe Leu Ala Arg lle Thr Ala His 2&p'Ais Trp Gly Glu Gly 100105110 Thr Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
Gly Gly [hr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val [hr Val Ser Trp
145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leé2&er Ser Val Val THEY/al Pro Ser 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 25

21> 214

<212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 25

Asp lle Gln Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr 1le Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin GIn Lys Pro Giy Lys Ala Pro Glu Leu Leu !le
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



180185190 25/113 Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp Val Ser His Glu Asp 260265270 Pro Glu VaPBild Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val
Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Asn
Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 26/113 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn

GIn Val Ser Leu Thr
Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Aia Ala Thr Tyr Tyr COys Gly Gln Gly Asn Arg Leu Pro Tyr
85 00 85

Thr Phe Gly GiIn Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 {20 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser lLeu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Giu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205



355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu 370375380 Ser Asn Gly
GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe
Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser
Val Met His Glu 420425430 Ala Leu His Asn His3®t Ithr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435440445 Lys <210> 22 <211> 449 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence 27/113 <400> 22 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys
Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp 202530

Phe Asn Arg Gly Glu Cys
210

210> 26

2> 214

212> PRT

<213> Artificial

{2200
£223> An artificially synthesized peptide sequence

400> 26
Asp [le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu {le
35 40 45

Tyr Tyr Giy Ser His Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Giy
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr iie Ser Ser Leu Glu Ala
65 70 75 80

Giu Asp Afa Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr



His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 He Gly His lle Ser Tyr Ser
Gly lle Thr Mn Tyr Asn Pro His Leu 505560 Gin Asp Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin
Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg
Phe Leu Ala Arg lle Thr Ala His Asp His Trp Gly*&ili &ly 100105110 Thr Leu Val Thr Val Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe 115120125 28/113 130135140 Gly Cys Leu Val Lys Asp Tyr Phe
Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro
Ala Val Leu 165170175 Gin Ser Ser Giy Lou Tyr Ser Leu Ser Ser Val Val [hr Val Pro Ser 180185190
Ser Ser Leu Gly Thr Gin TI8& Tyr lle Cys Asn V&l Asn His Lys Pro 85

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser VYal! Phe Iie Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu lLeu Asn Asn Phe Tyr Pro Arg Glu Ala
130 _ 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser GIn
145 150 165 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 27



195200205 Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro
Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
His Glu Asp 260265270 29/113 275280285 Alafil{kl Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr
Arg Val 290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320
Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn
Gin Val Sexkeu Thr4355360365

212> PRT
213> Artificial

{2205
223> An artificially synthesized peptide sequence

400> 27
Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Thr Asp !le Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Giy tys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly VYal Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr [le Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr
85 90 85

Thr Phe Gly Gin Gly Thr Lys Val Glu fie Glu Arg Thr Val Ala Ala
100 105 110



Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu
Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
Lys Leu Thr Val Asp Lys 405410415 30/113 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro Gly 435440445 Lys <210> 23 <#4133449 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 23 Gin Val GIn Leu Gin Glu Ser Gly Pro Gly Leu
Val Lys Pro Ser Giu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp 202530
His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Va! Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Giu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 28
211> 326
212> PRT
<213> Homo sapiens

<400> 28



31/113 Gin Gly Arg Val Thr lle Ser Arg Asp Mn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn
Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp
Tyr Trp Gly Glu Gly 100105110 Thr Leu Val [hr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thré8é&rl&ly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser 180185190 32/113 Ser Asn [hr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210215220 Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu GIy Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Sar

35 40

Gly Val His Thr Phe Pro Ala Val
50 55

Leu Ser Ser Val Vai Thr Val Pro
65 70

Tyr Thr Cys Asn Val Asp His Lys
85

Thr Val Glu Arg Lys Cys Cys Val
100

Pro Val Ala Giy Pro Ser Val Phe
115 120

Thr Leu Met lle Ser Arg Thr Pro
130 135

45

Leu GIn Ser Ser Gly Leu Tyr Ser
60

Ser Ser Asn Phe Gly Thr Gin Thr
75 80

Pro Ser Asn Thr Lys Vai Asp Lys
80 85

Glu Cys Pro Pro Cys Pro Ala Pro
105 110

Leu Phe Pro Pro Lys Pro Lys Asp
125

Glu Val Thr Cys Val Val Val Asp
140



[hr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe
Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275280285 Ala Lys Thr Lys Pro Arg Glu Glu Gir‘i“i’;}fisn Ser Thr Tyr Arg Val 290295300 Val Ser Val
Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Mn Lys
Ala Leu Pro Ala Pro lle Glu Lys 325330335 3 3/11 3 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn
Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370375380V8kSAs G IGitsP iy GRIAEH Adn The Ay Tir Totir Yaro Aspo@al Leu 385390395400

145 150 155 160

Vai Glu Val His Asn Ala Lys Thr Lys Pro Arg Giu Glu GIn Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Vai His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Giy Leu Pro
195 ' 200 205

Ala Pro lle Glu Lys Thr lie Ser Lys Thr Lys Gly Gin Pro Arg Giu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Giu Giu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Oys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

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



Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin
Gly Mn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro Gly 435440445 Lys <210> 24 <211> 449 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence 34fP1513400> 24 Gin Val Gin Leu Gin Glu Ser Gly Pro
Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu 505560 Gin Gly Arg Val Thr He Ser Arg Asp Asn Ser Lys
Asn [hr Led-@iydhr Val Asp Lys Ser Arg Trp Gin Gin Gly Ash Vai Phe Ser Cys

200 295 300

Ser Val Met His Giu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 29

211> 324

212> PRT ‘
213> Artificial

{2200
223> An artificially synthesized peptide sequence

400> 29
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Oys Ser Arg

i 5 10 15

Ser Thr Ser Giu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Giy Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



65707580 Lay Gin Met Asn Ser Leu Arg Ala Wu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu
Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Lay Val Thr Va Ser Ser Ala Ser Thr
Lys Gly Pro Ser Val Phe 115120125 35/113 13‘%,??%40 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val [hr Val Pro Ser 180185190 Ser Ser
Leu Gly Thr Gin [hr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys
Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Lay Leu
Gly Gly Pro 225230235240

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met 1le Ser Arg Thr Pro Glu Vai Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 - 185 190

Leu Asn Gly Lys Glu Tyr Lys Oys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205



Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr

Cys Val Val Val Asp Val Ser His Glu Asp 260265270 36/113 275280285 Ala Lys Thr Lys Pro Arg Glu

Glu GIn Tyr Asn Ser Thr Tyr Arg Val 290295300 é%ier Val Leu Thr Val Leu His GIn Asp Trp Leu Asn
er

Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val4 sn Lys Ala Leu Pro Ala Pro lle Glu Lys

325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro Pro
Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro
Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys

Ala Pro tie Glu Lys Thr lle Ser Lys Thr Lys Gfy Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Giy Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
215 280 285

Leu Thr Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Oys
290 295 300

Ser Val Met His Giu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

Q210> 30
211> 324



405410415 37/113 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435440445 Lys <210> 25 <211> 214 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 25 Asp lle Gin Met [hr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala4§élr1/&rg Asp lle Ser Ser His 202530 Leu Asn Trp Tyr
Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 3 8/1 13 Ser Gly Ser Gly Thr Asp Phe Thr
Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu

Pro Tyr
<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide ssguence

<400> 30
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Gla Pro Yal Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val! Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 75 80

Tyr Thr Cys Asn Yal Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Ser Gys Val Glu Cys Pro Pro Gys Pro Ala Pro
100 105 110



859095 Thr Phe Gly Gin Gly [hr Lys Val Glu lle Glu Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe lle
Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly 115120125 [hr Ala Ser Val Val Cys Leu Leu Asn Asn
Phe Tyr Pro Arg Glu Ala 130135140 Lys Val GIn %{ﬁ ys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser

GIn 145150155160 Glu Ser Val Thr Glu GIn Asp4 ys Asp Ser [hr Tyr Ser Leu Ser 165170175 Ser

[hr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 39/113 Phe Asn Arg G1Y
Glu CYs 210 <210> 26 <211> 214 <212> PRT <213> Artificial <220> <223> An artificially synthesized

peptide sequence <400> 26 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015
Pro Val Ala Gly Pro Ser Vai Phe Leu Phe Pro Pro Lys Pro Lys Asp

115 120 125

Thr Leu Met [le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gin Glu Asp Pro Giu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

~ Val Glu Vai His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 180

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro tle Glu Lys Thr lle Ser Lys Thr Lys Giy Gin Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255



Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His 202530 Leu Asn Trp Tyr Gin Gin Lys
Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser His Leu Glu Ser Gly Val Pro Ser Arg Phe
Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Tt%r Prig Thr He Ser Ser Leu Glu Ala 65707580 40/113
859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle (91(31 rg Thr Val Ala Ala 100105110 Pro Ser Val Phe
lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn
Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn
Ser Gin 145150155160 Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175
Ser Thr Letk fenValef! sdire yH nheradp 8y G (Rre Gig 1A78 @%n Fyf Lys Thr

260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GIn Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
306 310 315 320

Ser Leu Ser Pro

210> 3

211> 326

212> PRT

213> Artificial

220>
<293>  An artificially synthesized peptide seguence

<400%> 31
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Sar Thr Ser Glu Ser Thr Ata Afa Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30



180185190 Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg
Gly Glu Cys 210 41/113 <211> 214 <212> PRT <213> Artificial <220> <223> An atrtificially
synthesized peptide sequence <400> 27 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015 Asp Ser Val Thr lle Thr Cys GIn Algs &3 hr Asp lle Ser Ser His 202530 Leu Asn Trp Tyr
GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro
Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr 859095

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
8h 90 a5

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175



42/113 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val
Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val GIn Trp Lys Val Asp Asn Ala
Leu GIn Ser Gly Asn Ser GIn 145150155160 Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser
Leu Ser 165170175 Ser Thr Leu Thr Leu Ser Lys;Alg Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala
Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys
210 <210> 28 <211> 326 <212> PRT <213> Homo sapiens 43/113 Ala Ser [hr Lys Gly Pro Ser Val
Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys
Asp Tyr 202530

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 160

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ma Pro lie Glu Lys Thr 1le Ser Lys Thr Lys Gly GIn Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Gfu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gin Lvs Ser Leu
305 310 315 320



Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala
Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly
Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr
Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Gyg Pfo Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val
Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 44/113 Val Ser His Glu Asp Pro Glu Val GIn Phe
Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205

Ser Leu Ser Pro Gly Lys
325

210> 32

Q21> 324

212> PRT

213> Artificial

220>
<293> An artificially synthesized peptide sequence

400> 32
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Va! Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 £0

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 10 75 80



Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly
Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260265270 45/113 Leu Thr Val Asp Lys Ser ArggTirzGin Gin Gly Asn Val Phe Ser Cys 290295300
Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly
Lys 325 <210> 29 <211> 324 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 29 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 a5

Thr Val Glu Arg Lys Ser Oys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
i15 120 125

Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gin Giu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lle Glu Lys Thr {le Ser Lys Thr Lys Gly Gln Pro Arg Giu
210 215 220



Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 46/113 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn
Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn [hr Lys Val Asp Lys
859095 Thr Val Glu Arg Lys Cys Cys Val Glu GyslPso Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu
Val Thr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp
Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser

[hr Phe Arg, Y aiY &PtV ahl-ge TaH \ab gk HisnGiniAmR Tisp 1R0LE5 160
225 230 235 240

Gin Va! Ser Leu Thr Oys Leu Val Lys Giy Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Va! Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys
280 295 300

Ser Vai Met His Glu Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

Q10> 33

Q211> 443

212> PRY

213> Artificial

{2207
¢293> An artificially synthesized peptide sequence



47/113 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr [hr
Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu [hr Cys Leu Val Lys Gly
Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly/Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr
Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu
His Asn His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro <210> 30 48/113 <212> PRT
<213> Atrtificial

<400> 33
Gln Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser [le Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

fle Gly Phe Ile Ser Tyr Ser Gly ile Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gin Giy Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 15 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Oys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Vai Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140



<220> <223> An artificially synthesized peptide sequence <400> 30 Ala Ser Thr Lys Gly Pro Ser Val
Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys
Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His
Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Ty Ber 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser
Asn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 49/113 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr
Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser GIn Glu Asp Pro Glu
Val GIn Phe Asn Trp Tyr Val Asp Gly

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

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 Val Glu Arg Lys Cys Cys Val Glu
210 215 220

ys 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 lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Va! Ser His Glu 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



145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr
Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys
Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro
Arg Glu 210215220 Pro Gin Val Tyr Thr Leu PregRrgSer Gin Glu Glu Met Thr Lys Asn 225230235240
50/113 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin
Glu Gly Asn Val Phe Ser Cys 290295300 Ser Val Met H s Glu Ala Leu His Asn His Tyr Thr G nys Ser
Leu 305310315320 Ser Leu Ser Pro

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Giy Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro 1le Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Afa Val Glu Trp Glu 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 Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430



<210> 31 <211> 326 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 31 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015

51/113 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe
Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 5035h60;Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn
Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu
Val Thr Cys Val Val Vat Asp 130135140

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 34

211> 443

212> PBRT

213> Artificial

L2200
223> An artificially synthesized peptide sequence

400> 34
Gin Val Gin Leu Gln Glu Ser Giy Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Lett Ser Leu Thr Cys Ala Val Ser Gly His Ser lte Ser His Asp
20 25 30

His Atla Trp Ser Trp Val Arg GIn Pro Pro Gly Giu Gly Leu Glu Trp
35 40 45

t1e Giy Phe tle Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gin Gly Arg Va! Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 10 75 80



Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 52/113 Ser Thr Phe
Arg Val Val Ser Val Leu Thr'Val Val His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys
Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg
Glu 210215220 Pro Gin Val Tyr Thr Leu Pro PrggpgrsArg Glu Glu Met Thr Lys Asn 225230235240 Gin
Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn
Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe
Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys

290295309 33t Ret Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Yal Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Vai Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr GlIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220



Ser Leu Ser Pro Gly Lys 325 <210> 32 <211> 324 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 32 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gl AlgsLeu Thr Ser 354045 Gly Val His Thr Phe Pro Ala
Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 54/113 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn
Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125

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 le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gin
260 265 270

‘Phe Asn Trp Tyr Val Asp Gly Val Giu 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
299 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro fie Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365



Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser GIn Glu Asp Pro
Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val H s Asn Ala Lys Thr Lys Pro Arg
Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180185190 Leu Asn Gly Lys Glu Tyr Lys Cys LygMakSer Asn Lys Gly Leu Pro 195200205 55/113
Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr
Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu
Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys

275280285 ST VabASE L vR, 591219, RGN Gith G ASR Yl Bitecer Cys 290295300
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Giu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser teu Ser Leu Ser Pro
435 440

210> 35

211> 443

212> PRT

213> Artificial

{2205
223> An artificially synthesized peptide sequence

400> 35
Gin Val Gln Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser |le Ser His Asp
20 25 30



Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro
<210> 33 <211> 443 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence 56/113 <400> 33 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Seglg $er His Asp 202530 His Ala Trp Ser Trp Val Arg
GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro
Ser Leu 505560 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin
Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala
Met Asp Tyr Trp Gly Glu Gly

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly Phe Fle Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

GIn Gly Arg Vai Thr {le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 g5

Ala Arg Ser Leu Ala Arg Thr Thr Ala ¥et 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 Ala Pro Ser Ser Lys Ser Thr Ser Gly Giy Thr Ala Ala Lsu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175



100105110 Thr Leu Vaj [hr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 57/113 Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr
Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thy Giny Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Gys Cys Val Glu 210215220 Cys Pro
Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Gys Val Val Val Asp Val Ser His Glu Asp
Pro Glu Val Gin 260265270

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Giu Val Gin
260 265 210

Phe Asn Trp Tyr Val Asp Giy 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 lLeu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Giu Tyr Lys Cys Lys
305 310 ' 315 320



58/113 Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His
GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala
Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro
Pro Ser 340345350 Arg Glu Glu Met Thr Lys AstxGliz Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys [hr
Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys Ser Arg Trp Gin 405410415 59/113 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210>
34 <211> 443 <212> PRT <213> Artificial

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr tle Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gin Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Giy Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Lesu Ser Pro
435 440

210> 36
Q211> 445



<220> <223> An artificially synthesized peptide sequence <400> 34 Gin Val Gin Leu Gin Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His
Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Le§3%%60 60/113 Leu GIn Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu
Gly 100105110 Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe

Pro Glu Prq%%ﬂgm\/al Ser Trp
213> Artificial

<2200
223> An artificially synthesized peptide sequence

<400> 36
Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 : 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Ser His Asp ~
20 25 30

His Ala Trp Ser Trp Va! Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp -
35 40 45

Ile Giy His |le Ser Tyr Ser Gly ile Thr Asn Tyr Asn Pro His Leu
50 55 60

Gin Asp Arg Val Thr tie Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 75 80

Leu Lys Leu Ser Ser Val Thr Aia Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Leu Ala Arg ile Thr Ala His Asp His Trp Gly Glu Gly
100 105 110



145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tyr
Thr Cys Asn Val Asp His Lys Pro 195200205 61/113 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly
Pro Ser Val Phe Leu 225230235240 Phe Pro P@ ys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr
Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys

Lys 305310315320 Val Ser Asn Lys GI){ Leu Pro Ala Pro lle Géu Lys Ti;%r lle Ser Lys
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly

115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Va! Ser Trp
145 150 155 160

Asn Ser Gy Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
185 200 205

Ser Asn Thr Lys Vai Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe lLeu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Giu
245 250 255



325330335 Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser 340345350 62/113 Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr
Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys Ser Arg Trp Gin 405410415 Glu Gly Asn V%ISPQ% Ser Cys Ser Val MetHisGiuAiaLeuHisAsn
420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu éler Pro 435440 <210> 35 <211> 443 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 35 Gin Val Gin Leu
GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gln
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
290 205 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Giu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gln Pro Arg 6lu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp ile Ala Val Glu Trp Glu Ser Asn Gly Glin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 385 400



63/113 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 He Gly Phe lle Ser
Tyr Ser Gly He Thr Asn Tyr Asn Pro Ser Leu 505560 Gin Gly Arg Val Thr Ille Ser Arg Asp Asn Ser Lys
Asn Thr Leu Tyr 65707580 Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp T)érg]'lrgGly Glu Gly 100105110 Thr Leu Val Thr Val Ser
Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160 64/113 Gin Ser Ser Gly Let Tyr Ser Leu Ser Ser Val Val [hr Val Pro Ser 180185190
Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Mn Val Asp His Lys Pro

Ser §Ke Phe Leu Tyr g%r Lys L%u Thr Véﬁ Asg)Lys gé@ x;g Trp Gin

405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<10> 37

2> 443

212> PRT

213> Artificial

{220%
€223> An artificially synthesized peptide sequence

<400> 37
Gin Val Gin Leu GIn Glu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lie Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Giu Trp
35 40 45

Ile Gly His fle Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro His Leu
50 55 60



195200205 Ser Asn [hr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro
Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp
Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro
Glu Val Gin 260265270 Phe Asn Trp Tyr Val A @ Val Glu Val His Asn Ala Lys Thr Lys 275280285
Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 65/113 Val Ser Asn
Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro Ser 340345350 GIn Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin

Gin Asp Arg Val Thr 1le Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
85 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Leu Ala Arg 1le Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Va! Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Vai Leu
165 170 175

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Vai Pro Ser
180 185 190

Ser Asn Phe Gly Thr @in Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



370375380 Pro Glu Asn Asn Tyr Lys Thr [hr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435440 <210> 36 66/113 <212> PRT <213> Attificial <220> <223> An artificially synthesized peptide
sequence <400> 36 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu
Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro
Pro Gly Glu Gly Leu Glu Trp

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 . 250 255

Val Thr Cvs Val Va! Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
215 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
250 285 300

Thr Val Val His Gin Asp Trp Leu Asn Giy Lys Giu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly L_eu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350



354045 lle Gly His lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu 505560 Gin Asp Arg Val Thr lle
Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala
Val Tyr Tyr Cys 859095 67/113 Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115120125 Pro Leu Ala Pro Cys Ser Arg Ser TWZ?%GIU Ser Thr Ala Ala Leu 130135140 Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser"Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205
Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu

Gln Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn
310 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser 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

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 38

211> 445

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

400> 38



210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 68/113
Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Girt Phe Asn Ser Thr Phe Arg
Val Val Ser Val Leu 290295300 Thr Val Val His.Gj I,g\sp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gly Leu Pro Ala’Prolle Glu Lys Thr lle Ser Lys 325330335 Thr Lys
Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn GIn
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn

Gly Gin 370375380
Gin Val Gin Leu Gin Glu Ser Gty Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lie Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

{le Gly Phe 1le Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Gly Arg Val Thr 1le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 15 80

Leu Gin Met Asn Ser lLeu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 g5

Ata Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Giu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 : 135 140



69/113 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 GIn Gly Asn
Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu
Ser Pro Gly Lys 435440445 <210> 37 <211> 443 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> in Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val
Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr stf& Val Ser Gly Tyr Ser lle Ser His Asp 202530 His
Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 70/113

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Va! His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser'Asn Phe Giy Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Gys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



GIn Asp Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val
Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Phe Leu Ala Arg lle [hr Ala His Asp His Trp
Gly Glu Gly 100105110 Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125
Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly G%/ @g la Ala Leu 130135140 Gly Cys Leu Val Lys Asp
Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 14515 51 60 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr
Phe Pro Ala Val Leu 165170175 GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 71/113 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Giu 210215220 Cys

Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240
Pro Arg Giu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu

280 205 300

Thr Val Vai His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro Iie Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys ny Gin Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin
310 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430



Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val
Asp Val Ser Gin Glu,Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu

290295300 Thr Val Val His Gin Asp Trp Leu AgpiG&ly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser
Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 72/113 GIn Glu Glu Met Thr Lys
Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

385390395400 Ser Plie Phie Leu Tyt 561 Ly ey, By ayasp Lys Ser Arg Trp Gin 405410415
435 440 445

210> 39

Q1> 443

212> PRT

Q13> Artiticial

220>
¢993> An artificially synthesized peptide sequence

400> 39
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser tle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Giy Leu Glu Trp
35 40 45

Ite Gly Phe |le Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gln Gly Arg Val Thr [le Ser Arg Asp Asn Se_:r Lys Asn Thr ‘Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 85



Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr GIn Lys Ser
Leu Ser Leu Ser Pro 435440 <210> 38 <211> 445 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence 73/113 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys
Pro Ser Glu 151015 Thr Leu Ser Leu [hr Cys AlaMelSer Gly His Ser lle Ser His Asp 202530 His Ala
Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser Gly lle [hr
Mn Tyr Asn Pro Thr Leo 505560 Gin Gly Arg Val [hr lle Ser Arg Asp Asn Ser Lys Asn [hr Leo Tyr
65707580 Leo Gin Met Asn Ser Leo Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leo

Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly

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 Va! Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Giy Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Yal Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

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 Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240



100105110 Thr Leo Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 74/113 Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr
Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Ser 180185190 Set- Asn Phe Gly T%é]‘;ig Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu 210215220 Cys Pro
Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
Pro Glu Val Gin 260265270

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 26h

Va! Thr Cys Val Val Val Asp Val Ser Gin Giu 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 Va! Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 316 315 320

Val Ser Asn Lys Gy Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325 330 335 -

Thr Lys Gly GIn Pro Arg Glu Pre GIn Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380



75/113 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His
GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala
Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro
Pro Ser 340345350 Arg Glu Glu Met Thr Lys A% ﬁg Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr
Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys Ser Arg Trp Gin 405410415 76/113 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435440445 <210> 39 <211> 443 <212> PRY <213> Atrtificial

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 3490 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Va! Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 40

Q211> 6

<212> PRT

213> Artificial

220>
293> An artificially synthesized peptide sequence

<400> 40

His Asp His Ala Trp Ser
1 5

210> 41
211> 16
212> PRT
213> Artificial



<220> <223> An artificially synthesized peptide sequence <400> 39 Gin Val GIn Leu Gin Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His
Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Giy Giu Giy Leu Glu Trp 354045 lle Gly Phe lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Le@!;{) 60 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser
Lys Mn Thr Leu Tyr 65707580 77/113 Ala Arg eu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu
Gly 100105110 Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe
Pro Glu Pro Val [hr Val Ser Trp

220>
(223> An artificially synthesized peptide sequence

<400> 41

His lle Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro His Leu Gin Asp
1 5 10 15

210> 42
Q1 16
<212> PRT
213> Artificial

{220
<223> An artificially synthesized peptide sequence

<400> 42

Phe tle Ser Tyr Ser Gly lis Thr Asn Tyr Asn Pro Ser Leu Gin Gly
1 5 10 15

<210> 43
11> 16
212> PRI
<213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 43

Phe Ile Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu Gin Gly
i 5 10 15



145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr GIn Thr Tyr
[hr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys
Val Glu 210215220 78/113 Phe Pro Pro Lys Prﬁéﬁ Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 Val Thr Cys Val Val Val Asp Val Ser GIn'Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr
Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
Lys 305310315320 Val Ser Asn Lys Gly Lou Pro Ala Pro lle Glu Lys Thr lle Ser Lys

210> 44

Q211> 10

212> PR

213> Artificial

220>
{223> An artificially synthesized peptide sequence

<400> 44

Phe Leu Ala Arg |le Thr Ala His Asp His
1 5 10

210> 45

21> 10

<212> PRT

213> Artificial

{2207
(923> An artificially synthesized peptide sequence

<400> 45
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr

1 5 10

210> -46

211> 30

212> PRT

213> Artificial

<220>



325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr [hr Leu Pro Pro Ser 340345350 GIn Glu Glu
Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365 79/113 Pro Glu Asn Asn Tyr Lys
Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu [hr Val
Asp Lys Ser Arg Trp Gin 405410415 Glu Gly AgQ@/laJJ Phe Ser Cys Ser Val Met His Glu Ala Leu His
Ala 420425430 His Tyr Thr Gin Lys Ser Leu Ser'Leu Ser Pro 435440 <210> 40 <211> 6 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 40

223> An artificially synthesized peptide sequence
<400> 46
Gin Vai Gin 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 Tyr Ser lle Ser
20 25 30

Q10> 47
Q11> 30
212> PRT
213> Artificial

220>
{923> MAn artificially synthesized peptide sequence

400> 47
Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser
20 25 30

210> 48 .

Q211> 14

212> PRT

213> Artificial

{2207



His Asp His Ala Trp Ser 15 <210> 41 <211> 16 <212> PRT <213> Atrtificial 80/113 <220> <223> An
artificially synthesized peptide sequence <400> 41 His lle-Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His
Leu Gin Asp 151015 <210> 42 <211> 16 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 42 Phe II§3 LTyr Ser Gly lle Thr Mn Tyr Asn Pro Ser Leu Gin
Gly 151015 <210> 43 <211> 16 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence

<923> An artificially synthesized peptide sequence
<400> 48
Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp lie Gly

1 5 10

210> 49

Q15> 32

212> PR

213> Artificial

(220>
<993> An artificially synthesized peptide sequence

<400> 49
Arg Va! Thr Ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu lys

1 5 10 15

Leu Ser Ser Val Thr Aia Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg
20 25 30

210> 50

211> 32

212> PRY

213> Artificial

220>
923> An artificially synthesized peptide sequence

<400> 50



<400> 43 81/113 <210> 44 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 44 Phe Leu Ala Arg lle Thr Ala His Asp His 1510 <210> 45
<211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
<400> 45 Ser Leu Ala Arg Thr Thr Ala Met Asp E;I'43H1]351O <210> 46 <211> 30 <212> PRT <213>
Artificial 82/113 <223> An atrtificially synthesized peptide sequence <400> 46 GIn Val GIn Leu GIn Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015

Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser Leu iys
1 5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

210> 51

211> 32

212> PRT

213> Artificial

(220>
¢293> An artificially synthesized peptide seguence

<400> 51
Arg Vai Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gin

f 5 10 15

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

{210> 52

211> 1

212> PRT

213> Artificial

<220>
<293> An artificially synthesized peptide sequence

<400> 52



Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser 202530 <210> 47 <211> 30 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 47 Gin Val GIn Leu
GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 [hr Leu Ser Leu Thr Cys Ala Val Ser Gly His
Ser lle Ser 202530 <210> 48 , <211> 14 <212>, Igﬁ}'3<213> Artificial 83/113 <223> An atrtificially
synthesized peptide sequence <400> 48 Trp Vagl Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp lle Gly 1510
<210> 49 <211> 32 <212> PRT <213> Atrtificial <220>

Tro Gly Glu Giy Thr Leu Val Thr Val Ser Ser
1 5 10

210> 53

Q21 1

212> PRT

<213> Artificial

{2207
¢223> An artificially synthesized peptide sequence

- <400> 53

Gin Ala Ser Arg Asp [le Ser Ser His Leu Asn
1 5 10

210> 54

VARV

212> PRT

213> Artificial

{220>
223> An artificially synthesized peptide seguence

<400> 54

Gin Ala Ser Thr Asp lle Ser Ser His Leu Asn
1 5 10

210> 55

Qe 7

212> PRT

213> Artificial



<223> An artificially synthesized peptide sequence <400> 49 Arg Val Thr lle Ser Arg Asp [hr Ser Lys
Asn Gin Phe Ser Leu Lys 151015 Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg
202530 <210> 50 <211> 32 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized
peptide sequence 84/113 Arg Val Thr lle Ser AW Thr Ser Lys Asn Gin Phe Ser Leu Lys 151015
Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Ty }f@ys Ala Arg 202530 <210> 51 <211> 32 <212>
PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 51 Arg Val Thr
lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Lew Gin 151015 Met Asn Ser Leu Arg Ala Glu Asp Thr
Ala Val Tyr Tyr Cys Ala Arg

220>
<223> An artificially synthesized peptide sequence

<400> 55

Tyr Gly Ser His Leu Leu Ser
1 5

Q10> 56
Q1> 7

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide seguence

<400> 56

Tyr Gly Ser His Leu Glu Ser
1 5

210> 57

Qi 9

212> PRT

213> Artificial

220
<223> An artificially synthesized peptide sequence

<400> 57

Gly Gln Gly Asn Arg Leu Pro Tyr Thr
1 5



202530 <210> 52 <211> 11 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence 85/113 Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser 1510 <210> 53 <211> 11
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 53 Gin
Ala Ser Arg Asp lle Ser Ser His Leu Asn 1510 <210> 54 <211> 11 <212> PRY <213> Artificial <220>
<223> An artificially synthesized peptide sequeﬁ d 100> 54 Gin Ala Ser Thr Asp lie Ser Ser His Leu
Asn 1510 <210> 55 <211>7

210> 58

Q211> 23

212> PRT

213> Artificial

{2202
223> An artificially synthesized peptide sequence

<400> 58

Asp lle GIn Met Thr GlIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr [le Thr Cys
20

210> 59

Q1> 16

212> PRT

213> Artificial

L2200
<223> An artificially synthesized peptide sequence

400> 59
Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu [le Tyr

1 5 10 15

210> 60
2i1> 32



<212> PRT <213> Atrtificial 86/113 <220> <223> An artificially synthesized peptide sequence <400>
55.T.y.r Gly Ser His Leu Leu Ser 15 <210> 56 <211> 7 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 56 Tyr Gly Ser His Leu Glu Ser 15 <210> 57 <211>9
<212> PRT <213> Atrtificial 88/113

<212> PRT
213> Artificial

220>
$293> An artificially synthesized peptide sequence

<400> 60

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Giy Thr Asp Phe Thr
1 5 10 15

" Phe Thr Ile Ser Ser Leu Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30

210> 61

11> 10

212> PRT

213> Artificial

220>
<293> An artificially synthesized peptide sequence

<400> 61

Phe Gly GIn Gly Thr Lys Val Glu lle Glu
1 5 10

210> 62

211> 449

212 PRT

213> Artificial

<2205



<220> <223> An artificially synthesized peptide sequence <400> 57 Gly Gin Gly Asn kg Leu Pro Tyr
Thr 15 87/113 <210> 58 <211> 23 <212> PRT <213> Atrtificial <220> <223> An atrtificially
synthesized peptide sequence <400> 58 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015 Asp Ser Val Thr lle Thr Cys 20 <21§5/F§<211> 15 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 59 Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro
Glu Leu Leu lle Tyr 151015 <210> 60

€2923> An artificially synthesized peptide sequence
400> 62
Glu Val Gin Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Afa Ser Gly Phe Thr Phe Ser Ser Phe
20 25 30

Ala Met"Ser Trp Phe Arg Gin Ser Pro Glu Lys Arg Léu Glu Trp Val
35 40 45

Ala Glu Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Thr Val
50 55 60

Thr Gly Arg Phe Thr 1le Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 10 75 80

Leu Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys
85 : 80 g5

Ala Arg Gly Leu Trp Gly Tyr Tyr Ala Leu Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



88/113 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400>
60 Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly [hr Asp Phe [hr 151015 Phe Thr lle Ser Ser Leu
Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 61 <211> 10 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide 88guénce <400> 61 Phe Gly Gin Gly Thr Lys Val Glu
lle Glu 1510 <210> 62 <211> 449 <212> PRT <213> Atrtificial 89/113 <223> An artificially synthesized
peptide sequence <400> 62 Glu Val GIn Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lvys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gliy Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro
195 200 205

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 Cys Pro Ala Pro Giu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270



151015 Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe 202530 Ala Met Ser Trp
Phe Arg GIn Ser Pro Glu Lys Arg Leu Glu Trp Val 354045 Ala Glu lle Ser Ser Gly Gly Ser Tyr Thr Tyr
Tyr Pro Asp Thr Val 505560 [hr Gly Arg Phe Thr lle Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65707580 Leu Glu Met Ser Ser Leu Arg Ser GIWASA Ihr Ala Met Tyr Tyr Cys 859095 Ala Arg Gly Leu
Trp Gly Tyr Tyr Ala Leu Asp Tyr Trp Gly Gin Gly 100105110 90/113 Pro Leu Ala Pro Ser Ser Lys Ser
Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175

Gin Ser Sepfaly: LevaT Yy Sehd-adnSapSEr Vi@l Viah Thk Mal R S8T His Asn
275 280 ' 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Giy Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lfe Glu Lys
325 330 335

Thr 1le Ser Lys Ala Lys &1y Gln Pro Arg Glu Pro Gin Vai Tyr Thr
340 345 350

leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 385 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415



180185190 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Mn Thr
Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His [hr Cys Pro Pro Cys Pro Ala
Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser 245250255 91/113 Pro Glu Val Lys ##ElAsn Trp Tyr Val Asp Gly Val Glu Val His Asn
275280285 Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val
Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Mn Lys
Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val
Tyr Thr 34G345350Tke  Rré IRré| $esiig ABE Ghr Liya Shr Kgs ManHBintMal Ser Leu Thr

420 425 430

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser leu Ser Pro Gly
435 440 445

Lys

. <2105 63
21> 213
212> PRT
213> Artificial

220>
(223> MAn artificially synthesized peptide sequence

<400> 63
Gln Ile Val Leu lle Gin Ser Pro Ala lle Met Ser Ala Ser Pro Gly

1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr
3% | 40 | 45

Asp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60



355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly
GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 92/113 Ser Arg Trp GIn GIn Gly
Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro Gly 435440445 Lys <210> 63 22415 213 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 63 Gin lle Val Leu lle Gin Ser Pro Ala lle Met Ser
Ala Ser Pro Gly 151015 Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 202530 Tyr
Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr 354045

Gly Ser Giy Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Giu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Gly Tyr Pro Tyr Thr
85 80 95

Phe Gly Gly Giy Thr Lys Leu Giu lie Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr
115 120 125

Ata Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Val Gin Trp Lys Val Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gln Glu
145 150 155 160

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
180 185 190

Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
195 200 205



93/113 Gly Ser Gly [hr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Glu 65707580 Asp Ala Ala Thr Tyr
Tyr Cys GIn GIn Trp Ser Gly Tyr Pro Tyr Thr 859095 Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr
Val Ala Ala Pro 100105110 Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Tim
115120125 Ala Ser Val Val Cys Leu Leu Asn AstRé Tyr Pro Arg Glu Ala Lys 130135140 Val Gin Trp
Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu 145150155160 Ser Val Thr Glu Gin Asp Ser
Lys Asp Ser Thr Tyr Ser Leu Ser Ser 165170175 Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
Val Tyr Ala 180185190 94/113 Asn Arg Gly Glu Cys 210 <210> 64 <211> 449 <212> PRT <213>

Artificial

Asn Arg Gly Giu Cys
210

210> 64
211> 449
<212> PRT
213> Artificial

{220
223> An artificiai!y synthesized peptide sequence

400> 64
Giu Val Gin Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser His
20 25 30

Ala Met Ser Trp Phe Arg Gin Ser Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ata Glu |le Ser Ser Gly Gly Ser Tyr Thr Tyr His Pro His Thr Val
50 55 60

Thr Giy Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80



<220> <223> An artificially synthesized peptide sequence <400> 64 Glu Val Gin Leu Val Glu Ser Gly
Gly Lys Leu Leu Lys Pro Gly Gly 151015 Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
Ser His 202530 Ala Met Ser Trp Phe Arg Gin Ser.Pro Glu Lys Arg Leu Glu Trp Val 354045 Ala Glu lle
Ser Ser Gly Gly Ser Tyr Thr Tyr His Pro His Thr%é% ?b5560 95/113 Leu Glu Met Ser Ser Leu Arg Ser
Glu Asp Thr Ala Met Tyr Tyr Cys 859095 Ala Arg Gly Leu Trp Gly His Tyr Ala Leu Asp Tyr Trp Gly GIn
Gly 100105110 Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe
Pro Glu Pro-8fafithMata$sseferrpeu Arg Ser Glu Asp Thr Afa Met Tyr Tyr Cys

85 90 95

Ala Arg Gly Leu Trp Gly His Tyr Ala Leu Asp Tyr Trp Gly GIn Gly
100 105 110

Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys 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



145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Gin Thr Tyr
He Cys Asn Val Asn His Lys Pro 195200205 96/113 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
Leu Gly Gly Pro 225230235240 Ser Val Phe Leéhe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val
Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn
Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys
Glu 30531031 5820TRyrtky PEIYBrhys Y & Sdi ASnol fhiAles Llew Rig Ala Pro lle Glu Lys

225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met fle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
2490 295 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu 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 Glu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365



325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 97/113 Cys
Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn
Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gi®@Bid Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420425430 Ala Leu His Asn His Tyr [hr Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210>
65 <211> 213 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 65 98/113

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp !le Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 - 390 395 ' 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln 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

Lys

<210> 65

211> 213

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 65

Gln lle Val Leu lle GIn Ser Pro Ala |le Met Ser Ala Ser Pro Gly
i 5 10 15



Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 202530 Tyr Trp Tyr GIn Gin Lys Pro
Gly Ser Ser Pro Arg Leu Leu lle Tyr 354045 Asp Thr Ser Asn His Ala Ser Gly Val Pro Val Arg Phe Ser
Gly Ser 505560 Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Glu 65707580 Asp Ala
Ala Thr Tyr Tyr Cys GlIn His Trp Ser Gly His ProgByr1Bhr 859095 Phe Gly Gly Gly Thr Lys Leu Glu lle
Lys Arg Thr Val Ala Ala Pro 100105110 Ser Val Phe lle Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly
Thr 115120125 Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 99/113
Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser 165170175 Thr Leu Thr Leu Ser
Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala 180185190

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Net
20 25 30

Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr
35 40 45

Asp Thr Ser Asn His Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 85 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr 1le Ser Arg Met Glu Ala Glu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Gin His Trp Ser Gly His Pro Tyr Thr
85 90 95

Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe !le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr
115 120 125

hia Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Val Gin Trp Lys Val Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gin Glu
145 150 155 160



Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe 195200205 Asn Arg Gly Glu Cys
210 <210> 66 <211> 213 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 66 Gin lle Val Leu lle Gin Ser Pro Ala lle Met Ser Ala Ser Pro Gly 151015 100/113
Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Argggu3 eu lle Tyr 354045 Asp Thr Ser His His Ala Ser
Gly Val Pro Val Arg Phe Ser Gly Ser 505560 Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu
Ala Glu 65707580 Asp Ala Ala Thr Tyr Tyr Cys GIn H s Trp Ser Gly His Pro Tyr Thr 859095 Phe Gly
Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro 100105110 Ser Val Phe lle Phe Pro Pro Ser
Asp Glu Gin Leu Lys Ser Gly Thr

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
180 185 190

Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
195 200 205

Asn Arg Gly Glu Cys
210

<210> 66

1> 213

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

400> 66
Gin lle Val Leu lle Gln Ser Pro Ala lle Met Ser Ala Ser Pro Gly

1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Vai Ser Tyr #et
20 25 30



115120125 Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 Val GIn Trp
Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser GIn Glu 145150155160 101/113 Thr Leu Thr Leu Ser
Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala 180185190 Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro
Val Thr Lys Ser Phe 195200205 Mn Arg Gly GIu0Q4id 210 <210> 67 <211> 456 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 67 Gin Val GIn Leu Val GIn
Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
Thr Gly Tyr 202530 Tyr Met His Trp Val Arg GIn Ala Pro Gly GIn Gly Leu Glu Trp Met 354045

Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu ile Tyr
35 40 45

Asp Thr Ser His His Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Afa Glu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Gln His Trp Ser Gly His Pro Tyr Thr
85 80 85

Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr
115 120 125

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser GIn Glu
145 150 155 160

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175



102/113 Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser lle Ser Thr Ala Tyr 65707580 Met Glu Leu Ser
Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Glu Asp Val Val Pro Ala Ala Met Ser
Phe Tyr Tyr Gly Met 100105110 Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
115120125 Lys Gly Pro Ser Val Phe Pro Leu AlgyPrg $Ser Ser Lys Ser Thr Ser 130135140 Gly Gly Thr
Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu 145150155160 Pro Val Thr Val Ser Trp Asn Ser
Gly Ala Leu Thr Ser Gly Val His 165170175 Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu
3cr Ser 180185190 103/113 Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu

210215220Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
180 185 190

Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
195 200 205

Asn Arg Gly Glu Cys
210

210> 67

211> 456

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide seguence

<400> 67
Gin Val Gin Leu Val Gin Ser Gly Ala Giu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gin Ala Pro Gly GIn Gly Leu Glu Trp Met
35 40 45

Giy Trp lle Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
50 55 60



Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 225230235240 Glu Leu Leu Gly
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 245250255 Asp Thr Leu Met He Ser Arg Thr Pro
Glu Val Thr Cys Val Val Val 260265270 Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val
Asp 275280285 Gly Val Glu Val His Asn Ala Lysdbhr 13ys Pro Arg Glu Glu GIn Tyr 290295300 Asn Ser
Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp 305310315320 Trp Leu Asn Gly Lys Glu Tyr
Lys Cys Lys Val Ser Asn Lys Ala Leu 325330335 104/113 Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
Arg Asp Glu Leu Thr Lys 355360365 Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
Asp 370375380 lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Mn Tyr Lys 385390395400

GIn Giv Arg Val Thr Met Thr Arg Asp Thr Ser lle Ser Thr Ala Tyr
65 70 15 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Glu Asp Val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met
100 105 110

Asp Val Trp Giy Arg Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
115 120 125

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135 140

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
145 150 155 160

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His
165 170 175

Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180 185 " 190

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr &in Thr Tyr lle Cys
195 200 205



Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 405410415 Lys Leu Thr Val Asp
Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser 420425430 Cys Ser Val Met His Glu Ala Leu His Asn
His Tyr Thr Gin Lys Ser 435440445 Leu Ser Leu Ser Pro Gly Lys Gly 450455 <210> 68 <211> 214
<212> PRT <213> Artificial 105/113 <223> Anlaniffidially synthesized peptide sequence <400> 68 Leu
Pro Val Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly Gin 151015 Thr Ala Arg lle Thr Cys Gly Gly
Asn Asn lle Gly Ser Lys Thr Val 202530 Tyr Trp Tyr Gin Gin Glu Pro Gly Gin Ala Pro Val Leu Val Val
Tyr 354045 Asp Asp Thr Asp Arg Pro Ala Gly lle Pro Glu Arg Phe Ser Gly Ala 505560 Asn Ser Gly
Asn Thr Ala Thr Leu Thr lle Ser Arg Val Glu Ala Gly

Asn Va! Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
210 215 220

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
225 230 235 240

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Glu Asp Pro Glu Va! Lys Phe Asn Trp Tyr Val Asp
275 280 285

Gly VYal Gtu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
2590 285 300

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
306 310 315 320

Trp Leu Asn Gly Lys Glu Tyt_’ Lys Oys Lys Val Ser Asn Lys Ala Leu
' 325 | 330 335

Pro Ala Pro lle Glu Lys Thr lie Ser Lys Ala Lys Gly Gln Pro Arg
340 345 350



65707580 Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Thr Asp His 859095 Gly Val Phe Gly
Gly Gly Thr Lys Leu Thr Val Leu Gly GIn Pro Lys 100105110 1 0 6/11 3 Ala Asn Lys Ala Thr Leu Val
Cys Leu lle Ser Asp Phe Tyr Pro lily 130135140 Ala Val Thr Val Ala Trp Lys Ala Asp Gly Ser Pro Val
Lys Ala Gly 145150155160 Val Glu Thr Thr Lys|Bgpi §&r Lys Gin Ser Asn Asn Lys Tyr Ala Ala
165170175 Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gin Trp Lys Ser His Arg Ser 180185190 Tyr Ser Cys
GIn Val Thr His Glu Gly Ser [hr Val Glu Lys Thr Val 195200205 Ala Pro [hr Glu Cys Ser 210 <210> 69
<211> 456 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide sequence
<400> 69

Glua Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
355 360 365

hsn Gln Val Ser Leu Thr Oys Leu Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser
470 425 430

Cys Ser Val Met His Glu Ala 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

220>



107/113 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 His Met His Trp Val
Arg GIn Ala Pro Gly GIn Gly Leu Glu Trp Met 354045 Gly Trp lle Asn Pro Asn Ser Gly Gly Thr Asn Tyr
Ala Gin Lys Phe 505560 Gin Gly Arg Val Thr Met Thr Arg Asp [hr Ser lle Ser Thr Ala Tyr 65707580
Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr AigNab Tyr Tyr Cys 859095 Ala Arg Glu Asp Val Val
Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met 100105110 Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser
Ser Ala Ser Thr 115120125 Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130135140 108/113 Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His 165170175

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 [le Thr Cys Gly Gly Asn Asn lie Gly Ser Lys Thr Val
20 25 30

Tyr Trp Tyr Gin GIn Glu Pro Gly GIn Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Thr Asp Arg Pro Ala Gly lle Pro Glu Arg Phe Ser Gly Ala
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr lle Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Thr Asp His
85 90 95

Gly Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly GIn Pro Lys
100 105 110

Ala Asn Pro Thr Val Thr Leu Phe Pro Pro Ser Ser Glu Giu Leu Gin
115 120 125



Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser 180185190 Val Val Thr Val Pro Ser
Ser Ser Leo Gly Thr Gin Thr Tyr lie Cys 195200205 Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
Lys Lys Val Glu 210215220 Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
225230235240 Glu Leo Leo Gly Gly Pro Ser VdloBhHé3.eo Phe Pro Pro Lys Pro Lys 245250255 Asp
Thr Leo Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 260265270 Asp Val Ser His Glu Asp Pro
Glu Val Lys Phe Asn Trp Tyr Val Asp 275280285 109/113 Asn Ser Thr Tyr Arg Val Val Ser Val Leu
Thr Val Leu His Gin Asp 305310315320 Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala

Leu 3253303358102 RreHe Gl 2, Eh dle 1Fershy by 33931 ro Arg 340345350
130 135 140

Ala Val Thr Val Ala Trp Lys Ala Asp Gly Ser Pro Val Lys Ala Gly
145 150 155 160

Val Glu Thr Thr Lys Pro Ser Lys Gln Ser Asn Asn Lys Tyr Ala Ala
165 170 175

Ser Ser Tyr Leu Ser lLeu Thr Pro Glu Gin Trp Lys Ser His Arg Ser
180 185 190

Tyr Ser Cys Gln Val Thr His Giu Gly Ser Thr Val Glu Lys Thr Val
195 200 205

Ala Pro Thr Giu Cys Ser
210

<210> 69

<211> 456

<212> PRT

<213> Artificial

220
223> An artificially synthesized peptide sequence

<400> 69

Gln Val Gln Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
i 5 10 15



Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys 355360365 Asn Gin Val Ser Leu
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 370375380 lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro
Glu Asn Asn Tyr Lys 385390395400 Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
Ser 405410415 Lys Leu Thr Val Asp Lys Ser At§@7ip3Gin Gin Gly Asn Val Phe Ser 420425430
110/113 Leu Ser Leu Ser Pro Gly Lys Gly 450455 <210> 70 <211> 449 <212> PRT <213> Art' icial
<220> <223> An artificially synthesized peptide sequence <400> 70 Gin Val Gin Leu Gin Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp
Asp 202530

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Giy Tyr
20 25 30

His Met His Trp Val Arg Gin Ata Pro Gly Gin Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
50 55 60

Gin Giy Arg Val Thr Met Thr Arg Asp Thr Ser tle Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Glu Asp Val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met
100 105 110

Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
115 120 125

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135 140

Gly Gly Thr Ala Afa Leu Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu
145 150 165 160



Gin Ala Trp Ser Trp Val Arg GiIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser
Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Leu Lys Leu Ser Ser Val [hr Ala Ala Asp Thr Ala Ala Tyr
Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Setd¢al Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser
Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175
Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly [hr Gin
Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205

Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser Gly Val His
165 170 175

Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180 185 180

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr lie Cys
195 200 205

Asn Val Asn His Lvs Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
210 215 220

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
225 230 235 240

Giu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met {le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 285

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr
280 295 300



112/113 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys
Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
Val His Asn 275280285 Ala Lys Thr Lys Pro Ard @l Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300
Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val
Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
Pro Gin Val Tyr Thr 340345350 113/1 13 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu
Trp Glu 370375380 Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp
305 310 315 320

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 lle Ser Lys Ala Lys Gly Gin Pro Arg
340 345 350

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 Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

fle Ala Val Glu Trp Glu Ser Asn Gly GIn 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 Leu Thr Val Asp Lys Ser Arg Trp Gin Gln Gly Asn Val Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
435 440 445



385390395400 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser
Arg Trp Gin Gin Gly AsnVal Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr
Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys

110/113

leu Ser Leu Ser Pro Gly Lys Gly
450 455

210> 70

211> 449

212> PRY

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 70
Gin Val Gin Leu 6ln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Ser Asp Asp
20 25 30

Gin Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

[le Gly Tyr lle Ser Tyr Ser Gly iie Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80



Leu Lys Leu Ser

Ala Arg Ser Leu
100

Thr Leu Val Thr
115

111/113

90

105

Val Ser Ser Ala Ser Thr Lys

120

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly

130

Gly Cys Leu Val
145

Asn Ser Gly Ala

Lys Asp Tyr Phe Pro Glu Pro

155

Leu Thr Ser Gly Val His Thr

170

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val

180

185

Ser Ser Leu Gly Thr Gln Thr Tyr lle Cys Asn

195

Ser Asn Thr Lys
210

200

Val Asp Lys Lys Val Giu Pro

Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys

95

Ata Areg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly

110

Giy Pro Ser Val Phe
125

Gly Thr Ala Ala Leu
140

Val Thr Val Ser Trp
160

Phe Pro Ala Val Leu
175

Val Thr Val Pro Ser
190

Val Asn His Lys Pro
205

Lvs Ser Oys Asp Lys
220



112/113

Thr His Thr Cys Pro Pro Gys Pro Ala Pro Glu Leu Leu Gly Gly
225 230 235

Ser Va! Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie
245 250 255

Arg Thr Pro Giu Val Thr Cys Val Val Val Asp Val Ser His Glu
260 265 270

Pro Giu Val Lys Phe Asn Trp Tyr Val Asp Gly Val_Giu Yal His
275 280 285

Ata Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg
290 295 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys
305 310 315

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu
325 330 335

Thr tie Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lvs Asn Gin Val Ser Leu
355 360 365

Pra

240

Ser

Asp

Asn

Val

Glu

320

Lys

Thr

Thr



Cys Leu Val Lys Gly Phe Tyr Pro Ser
370 375

Ser Asn Gly Gin Pro Glu Asn Asn Tyr
385 390

Asp Ser Asp Gly Ser Phe Phe leu Tyr
405

Ser Arg Trp Gin GIn Giy Asn Val Phe
420 425

Ala Leu His Asn His Tyr Thr Gin Lys
435 440

Lys

113/113

Asp lie Ala Val Giu Trp Glu
380

Lys Thr Thr Pro Pro Val Lsu
395 400

Ser Lys Leu Thr Val Asp Lys
410 415

Ser Cys Ser Val Met His Glu
430

Ser Leu Ser Leu Ser Pro Gly
445



