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 10 pharmacokinetics, 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 they are highly stable in plasma 15and have few adverse
effects. At present, a number of IgG-type ant%g§%¥&h%euticals are available on the market and
many more antibody pharmaceuticals are currently under development (Non-Patent Documents 1 and
2). Meanwhile, Naiguseafsiogiasoppisapledasasand generianartioryahaimapaiticals have
been developed, including those that enhance effector function, antigen-binding ability,
pharmacokinetics, and stability, Mﬁ%@@%@%%ﬁ%pﬁs"@ﬁ unogenicity (Non-Patent
Doctiment 3). In general, the requisite dose of an antibody pharmaceutical is very high. This, in turn,
has led tp.prohlems.;guch as high production cost, as well as the difficulty in producing subcutaneous
formulations. Tn"theory, the dose of an antibody pharmaceutical may be reduced by improving antibody
pharmacolcinetic@GPTAFbIRNERHRR AftRiRY DeRrRSE Biva By fepmgcokippadstefature has
reportedamigiiodin:fivn impilevings antibasyqaonaeelaietitscusindarificialswWIstivutian ahaming acids
in constaghieaianaiioRefatant ReumeindAnd RuRiiery, AT Matualion has been reported
as a technofogy for efihancing a’naffgen- tnding abfi y ogan?lgen-neu réﬂélngpac ity (Non-Patent
Dotimephasaraiinalishn spisrrbilsiig applarissphaties stiepsadomaether ativngsf introduction of
amino agidligetitatignscniadtheGRIS B9 seaionof suvakrakieregion 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-Bagaagunsh/shpacity of a single antibody molecule depends on its affinity By increasing the
affinity, an antiganssiiee Hewralizedymalkeranastel ankantibodyJaYaraubpethads.can be
us?éi to eanﬁ\glceféhe ﬁgtigg%ﬁ{afgnity furthermore, if the fa{flalt%/ could, edma}clie infinite by covalently
binding i€ ahtibodyFo the: antigen, 4 iRSTE Anft ¢ ot lgl-type antibody pharmaceuticals are
available on the market and many more antibody pharmaceuticals are currently under

development (Non-Patent Documents 1 and 2). Meanwhile, various technologies applicable to
second-generation antibody pharmaceuticals have been developed, including those that enhance
effector function, antigen-binding ability, pharmacokinetics, and stability, and those that reduce

20 therisk 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 pharmacokinetics 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 aéid mutations into the CDR.

- 30  region of a variable region or such. The enhancement of antigen-binding ability enables
improvement of in vifro 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



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 neutralizing antibody for a certain period, the antibody must be administered

at a dose higher than,the amount of antigen produced jn the body during the same period.. With the
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there is mmiscalanitatidevievtrethe dtiubiemEttie neyuiréciti®uniipotyntibody againkcentdinigdynin order to
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an the amount of antigen; a single antibody must neutralize multiple antigens. Methads for
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antfbodissantizich ark atitdpoieds confeifed witihant buatdlydichiardction. Woe? shealitigendst&protein, it

can be ngchivaied iy Héﬁﬂmﬁmi@@&m%ﬁgﬂqﬁzﬁg antinpyrcan Jaraa s neHr alias.aytigens by
catalyzing such@f&rquss (Non-Patent Document 8). There are manyéorewous regorts ubliShed on

catalytid BTG AES RHFTEC AhB ISR S RYH PR ERTGHRRIRL T GRS PIRERS MR e RPN ¥ERB s of
cataly.ti aiargﬂmql iesibdviny shiffiei é;:n_pnata_myd:iﬁt ao?lzimi@bas@lpﬂmmnammica!oagﬁﬁmi@ mm;iﬂtaﬂﬂ.y, in an
20antibgely i e SiDIRE A CRUBIR ATHERNS et pRER RO RURlicRLAN of gRialyligantibodies

which can produce a comparable or stronger effect even at low doses or produce a more prolonged
effékt e%ﬂg%?ldé( d8ffie dose as compared to an ordinary non-catalytic neutralizing antibody. As
described above\dhretidebydrbedarno sepeaitsofibaipodies:thataarproduckcatfiare tabst petied in vivo
effect ingppieiaty HeyialAng anshodiendhiaudh,asinglaapiodnenaling miple antigen
molecules. Thus, from the \%;Wp%?ﬁt o%géose reduclr;ltllor] and p pn’gaﬁ_o% o?%%% ity, there is a
need foP§Etise mrdideafiasnsenhethedsBuneisn b noial iptirsdizens it eshglargibedonger in
vivo effagtlinuatginaiyapeuitalizinghantibodiesabybbdisidwalivhnes tiadizotdes e dtiple-antigiin molecules.
30Rrior cu rel h ent invention. are shown below:[Prior art documents]
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31;20(13ntirodeReaNay sufficient catalytic activity as a pharmaceutical agent.  Specifically, in an
20 - antibody in vivo study for a certain antigen, there has been no publication of catalytic antibodies
which can produce a comparable or stronger effect even at low doses or produce a more
prolonged effect even at a same dose as compared 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 efiect 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 Rosensweig, Laura B Faden & Matthew C Dewitz, Nature Biotechnology 23, 1073-1078
35 (2005)



5Non-Patent Document 4: Hinton PR, Xiong JM, Johlfs MG, Tang MT, Keller S, TsurushitaN. 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, Borvak3J, Radu C, Matesoi D, Medesan C, Ober RJ,
Ward ES. Increasing the serum persistence of an IgG fragment by random mutagenesis. Nat
10Biotechnol. 1997 Jul;15(7):637-40 Non-Patent Document 6: Rajpal A, Beyaz N, Haber L, Cappuccilli
G, Yee H, Bhatt RR, Takeuchi T, Lerner RA, Crea R. A general method for greatly improving the
affinity of antibodies by using combinatorial libraries. Proc Nat! Acad Sci U S A. 2005 Jun 14;

102(24):34B6EPIERE RIS Juhasles AbniskisnMBollimbrarciis mibadiepaarkshin s, Brewah
YA, Wooil8trivh Baighdiid, YWhiteA W5 HBuRgoIFH Kiener PA. Development of Motavizumab, an
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Lower Respiratory Tract. J'Mol Biol. 2007, 368 Non-Patent Document on Cv,

Nishiyanfd theppges @W@M&ﬁ@% TN RS 20=blikAtiors Ketils Opin Biotechnol. 2005 Dec;
16(6):63 NerNanchareribestmenh @R hahagyamiBh Roals ey ROskos ler SUTQuRubiAEK!S. S,
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antibody to m?gr sukin lI0C mun. 2 325 Summary of
the Invenltléﬁﬁ[@ﬁeﬁ@ﬁ@ to be solved by the Inventlon] The above noted circumstances led to the

discoverigsethenprasantényentinpiAScaegly, Bvahjer!Red (earessm,nealdion ¢ Oherride
methods antigen-pindin molec les to thea tigens m le times. and metho for
|mprovm(}1§%1re8 gg r}%rnlas?:n |r€etlcs %ertsgen %Eir%lng EIJ‘olgc’ﬁ]fns tszlbsyp figrsnanrll éenglndl%% molecules
thal @re &p%ﬁ@@i‘ Biriidgid ¥he:6htidéns multiple times, antigen-binding molecules having improved
pharmacml@méam@ém@iq%gmq%@@ﬁwcmwﬂmg:;al;agho@miqw@@@ingﬂmmIes and
methods suc ecules.and compo eans for Solvi Probl ms]
35Ded|c£%{&%?udllﬁec?sﬂ§nmreﬁe EE {% %%eﬁ%ll)?lpgﬁ) %%% %5%?11 o foglnn Qﬁa.% Hai.]b?]I??, such as
antigen-tamidhodinidle csies crontheatptigbhisr mighigleamat, wwtﬁﬁr\é&f@ﬂﬂﬁém\/mg 4 the half-lives
of such rm@l@gg@ﬁ)lg@@sm podh&imprgving their pharmacokinetics) were conducted herein. As a
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bind to aftligafmnsuitipleitiraet Anddvalapmton gémmamab pﬂaéﬁtaa-potem 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 8: 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



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 moleculgs with improved pharmacokinetics; the present
invention also relates to antigen-binding molecules that are 10capable of binding to antigens multiple
times and antigen-binding molecules with improved pharmacokinetics. More specifically, the present
invention provides: [I] an antigen-binding molecule having a ICD(pH5.8)/10(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-Bdig NGt adrq srmierdmniekishined sispkey g ey lierealiiieshiyrgr; [3] the
antigen-bindingahateeite of {1l redudiréinvtizel b (pbdIB) KDEpHTtdrvalindiise4Rrihighier;  [4] the
antigen-hing; f in ino. aeid of the .. .
antigen-%iﬁr} |%g%§ uleoﬁ%@gefagg%% té)igt)i]té%é{c? ;ﬁﬁ@ﬁgléﬁ%@%&@f@ﬁ eﬁi%%lcﬁll nné r%%tsm egtn
20inserté%eiﬁ%g%@%é*ﬁ%ﬁhiﬁg}*’ﬁiéﬂa%?é{le[ﬁa reddnrgERBhERG Polspeiat AeeHenserL] to [4],
whefein Hagf-diftigeptdinding molecule has an antagonistic activity; [6]. the antigen-binding molecule of
any one of [I] to erein antigen-bing olecule binds te a.membrane antigen or a soluble
anigen: 25071 118 SR B LI o g of (11 S 5 i e i
moleculéfiglefitesin sateers) myHaIpTHBet tealhedmiss sHpi e titshigthecakingtiasisinding molecule of
Eny one th{é&ﬂﬂ)ﬁﬂing[ﬁ%ﬁ@,&&%ﬁ%@%&@ﬁ@ﬁ?@ﬂ%ﬁ@&@@e@ﬂ%Qil?ﬁ'tﬁi nﬁﬂagvmpldecule
y impairing 30the. antigen-binding activity of the antigen-binding molecule at pH 5,8 as compared to
that PR L e 18 IS Aol B S
antl§en-pindiieg thbiadie teyairisam muibela ipsritiiingeacividjnafiiaieawisg arithimdimgvidolecule at
pH 5.8 asheamparasiRdhanasrHpkdiicilit] ddnethod favdncieasipgidhe number of antigens that can

antigen b P TOHETE BEghD b o LaINp Aol A R T3 ) S0 BB 0F S€ctfating
within a Bél fon hatgésdrarmpah eiwaddlilifnmyisountgen at pH 7.4, of 2 or higher;
[2] the antigen-binding molecule of {1], wherein the KD(pH5.8)/KD(pH7.4) value is 10 or
15  higher;
[3] the antigen-binding molecule of [1], wherein the KD(pH5.8)/KD(pH7.4) value is 40 or
higher;
[4] the antigen-binding molecule of any one of [1] to [3], wherein at least one amino acid of the

antigen-binding molecule has been substituted with histidine, or at least one histidine has been
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
[7;
[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 io 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;



5antigen-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 intoﬁa 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; 10[14] a method for increasing the ability of an antigen-binding molecule to eliminate an
antigen in plasma by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8
as compared to that at pH 7.4; [15] the method of any one of [98?;7(]) [14], wherein the

ICD(pH5 18Y/R DR 4yrn/arrsasiag gihiee QRABHEERD I 4AR Rty &Y m Bashdbiedtbr the

antigen glopidulebyismpaihighes -hB el ihelmethadiof anhoaerebiBbiadiadlmolereinthel 5.8 as
ICD(pH5.8 /ICD(%QHZ}_;4[§a alﬁ%iﬁ_lo or higher; [17] the method of any one of [9] to [14], wherein the
ICD(pH§. RED p?—| A Valte is’40 or higher; [18] a method for improving the pharmacoldnetics of
an antigei-biratiepehBle difeopipthas wibinivrll 40 eadedh EummcaBrs Sfulse etegeR-binding molecule

withs his%ﬂ*%bn%imﬁﬁgtﬁmé&@@ﬁﬂ anpnistidine inte dha iige achineing melegiles-1iiia-method for
increasin lf%:e flumber.o times of a ti% R%)lrgd g]f r an antigen-binding molecule by substituting at
least ongTq% iR %tc? o‘r?‘ %Sgﬁf?éjéﬁq%mgmag %%%qecu & with histidine, or inserting at least one histidine
into the Hifigenstindifiey mblednieapsiioiarindingdfoleindecndiieg fise brambernd tntiyanigetvat can be
bOLfnd tl%é'_?rﬁ?éiﬂgﬁﬂf@iﬁﬁ&‘ﬁd&lﬁ_'ﬁ?&&kﬁ@ﬁgﬁ%ﬁﬁ#ﬁﬂgﬁ{ B@%h@i@e%@ﬁ@c%ﬁ%ﬁfﬁﬂﬁjfiﬁg%ﬁ&bi&dli]n9
molecule with histidine, ot inserting at least, one histidjne jnto t tigen-bindi cule; a
ethod TV ETESEIG RIN 3 L B B R ARG e 5 BT MG BIRg Polccule
by$ubsfitédlingratieddvonemasing teidhalfthelantigigbirkinnaolebwd SOvwitimistic meardizimsiarting at
least ong;histidine inigithe aptigan-bindingnpaleciie o ldd mmehehrdelivaAing anantgen binding

molecule, which has been bogér%suto an antigen and internalized into a cell, in an antigen-free form to
the outsfIBBREE R BlibSfituting at least one amino acid of the antigen-binding molecule with
histiding]16F thsentithgdbfzast ameofiistiding tovirecamtigeRIDintih g )rKddete 4)6/2(28)] defrethad for -

increasipg e AbHBNOfARRANNGEBRRINAING MaleRite g elininale AR ﬁH“ﬂ;@Pié@RJﬁﬁ[?HeEy substituting
at least one amino acid of the antlgen-blndlng molecule with hj |c%|ir)é% or in %m at least one histidine

intbthe B EnIHAAG TABICRFRT (2] e i SRR BARR 3?&15‘5], P&ils tHeRistidine

substitutigmart insertion
{17] the method of any one of [9] to [14], wherein the KID(pHS5.8)/KD(pH7.4) value is 40 or
higher;
[18] a method for improving the pharmacokinetics of an antigen-binding molecule by

20  substituting at least one amino acid of the antigen-binding molecuie 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;



5increases the ICD(pH5.8)/ICD(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 10(pH5.8)/KD(pH7.4) value before
the histidine substitution or insertion; [25] the metho@ 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 anftqigen-binding molecule, which comprises the steps of: (a) determining the

antigen-BimtiAgEERATPe 1 EeaHRg dhe BiRdN P h cRtiRe bR B2 RO IS B ¢ &b R dthe
antigen-hihding metivitiofitheantigeotbinging maolesite:ahribkd-Bitdipk Hidzane with Seiadtingan

enigen G PSRRI ANILASB LA pr 100 s gratr hn e

scteening method of [28], which comprises the

H
step of sé¥ddtthg mrhadivory whos &ﬁii&é@ﬂnﬁ%%ﬁ%@éﬁ CESYPRSBIHONOID 8RB or higher that
of the antiges-bineio g achvitysatabt T 10 phi e X480k danngib adiofoseheening:fobianiantigentpiading

molecule igh ¢ rises the.steps of.. (a) bindi n antigen-bindi jgen under a
conditionp (Iﬁ/ %lg ?gﬁgﬁﬁgfﬁnﬁglgﬁﬁ g(‘:%l %‘gﬂggt%é‘%%’fﬁé’ﬁéﬁ%%%@ t%ﬁ%@?r@ {ga?l%?antigen of
(a) underaledhertitlst bistidigetsrpriiBiBeB AR BBEAININg an antigen-binding molecule that
dissociatgth Ppdaniiieeendiiome b1 [pH-bdein thb3Hamaiheuef sereanighioman

antigen-bintgino% olectjle whose binding activity at a first pH 30is greater than that at a second pH,

‘which coerlrrfpr‘?seés He'e 1evf)t%/;of: (a) binding an antigen-binding molecule to an antigen-immobilized

colufhn uRébiheedaditoansiadindtifHto (BY bluthtrihéanttenbiering molseule biastad bound to
the colurp afiag LSSt P fromdhesrodumppnder the condition of a second pH; and

[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-binding activity of an antigen-binding moiecule 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 18
greater than the antigen-binding activity at pH 410 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
4.0to pH 6.5; and
(¢} 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 to an antigen-immobilized column under the condition
of a first pH;

{b} eluting the antigen-binding molecule that had bound {o 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 onel 3% [ 28t Bkl vresire dpIeis e inbMEFEanIisoBe s BF thiedinggetbif airgtidiéule has
been sustitsed mathiistidinge condpleashanechbisidire astegesfinserted into the antigen-binding
moleculg; [§5 dthe scr%?njierlll“ method o§ an c?r%e of LZSg]ﬁto kssgh_for obga'inin an antitggg-bmding
molecul a%hé i aﬁleanoi i retention in ?ﬁlé?) asm. ;(i %rj the s]gr}mee%linbz?nect?wo 0 an;elronee of [28] to
[33], foraskditahncg b tigEa-binding molecule that is capable of binding to an antigen two or more

times; [3¢] theserarningseretiedof anyeene abrdldedizhfongktainingnanisntiganingdingimolecule
that is c{a:(gable 0 ..bin(#']'n to mo{r:eﬁantiggegslas ompar%i tg.the nign‘%[ar;%#s antigen-bin ing sites;
20[38] thd EETRBRTIRG HEHTBE SRATEE ot fﬁ%{%ﬁ%? or 8Beaing Al dfflgen-binding molecule that
dissocid&schtrminzte kiiaey wogna-binien wilkina. cell. [39] the screening method of any one of [28]
to [33], fai m@iﬁiﬁ:gﬁ'fg@ﬂé@_@@'ﬁ?ﬂm% %FW%F%H@ QsaNARIgEeD ﬁ@tﬂ%t%gﬁlgﬁﬁ into a
cell,and r ﬁﬁ\sed to the ogtslde o] the'cel in an antigen-free form, 25[40] the screening mgth_od of any
one of [298% ﬁ%]s,’for obtaining an antigen-binding molecule that has increased ability to eliminate an
antiyen [iBdplesmarddib} thetbededring onethiod B anj Anelefrf28htdepbd hnohe mivr¢enantigedsbinding
momc“'&@@ﬁﬁ%@n@ﬁﬁd{?@ﬂ&%ﬁﬂétiﬁﬂ GOMROSHIN.A wild Al &R eLNNGASHRAEAhamLane of [28] to
R a0 e 12 Db Bt o oule;
[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 extraceliularly-bound antigen within a cell. '
[39] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that is bound 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 molecule 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 pH 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 abtzintigethagder caawlivitibn oftdnebinding-Hk0ons(b)lattowing dhemhtigen-binding

moleculebpund igtberRntigeR:eb@diR stendodsng apnditionghpldsd.0ip.PH 6.5; (c) collecting the
antigen-binding molecule thﬁj{dlssomated un%%r the condition of pH 4.0 to pH 6.5; (d) obtaining the
gene encBA P AR AOERFHETRE HHBILtTE BETRCB ER =N S (SRR HRR e AHtigen-binding

molecule(asigding gemeigbtaimeding h)lcfisd o metmogdonpieduciogdaivantgdhdingipgl mblecule
whose bingiga ARtk Ak 1L RELB AfAIk AR HAL YR /A0 Al DI LOMRUSE S fhe elPs of

@) bindin%an antigen-binding molectle to an antigen-immobilized column under the first p1
condition® 1%‘3‘@&&% fhes antigen-binding molecule, which is bound to the column at the first pH, from
the colunie) vollertiagdeondipth tonditipmoley dellbatidy the sbdteddentigerhitdingomsiecale; pi

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 pH, which comprises the steps of: |
(a) binding an antigen-binding molecule to an antigen-immobilized column under the first pH
condition;
I5  (b)eluting the antigen-binding molecule, which is bound to the column at the first pH, from the
column under a second pH condition;
{c) collecting the eluted antigen-binding molecule;
(d) obtaining the gene encoding the antigen-binding molecule obtained in (¢); and
(e) producing the antigen-binding molecule using the gene obtained in (d);
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 in (d); and
(f) producing the antigen-binding molecule using the gene obtained in (e);
[47] the production method of [45] or [46], wherein the first pH is 6.7 to 10.0 and the second pH
30 is4.0t06.5.
[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 into the antigen-binding molecule;
[49] the production method of any one of [43] to [4&], 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-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; (c) obtaining the gene encoding the
antigen-Bidbirghanolewsutecebilewreabitodyoapdip rocandisenthénd ntipanlinbingodwiet bie tbsing the

gene obfaieeifn flethodBidheprad Loﬁ@ pasthod of [45] or [46], wherein the first pH is 6.7 to 10.0
] the production method of any one of [43] to [47], which further

and the éff%ond p 33is 4.010.6.5. [4

comprisesth Ss?gghﬁ YEifiing at least one amino acid of the antigen-binding molecule with
histidine, or ins&ﬁn@mﬁ%&éﬁ@nédmmmmﬂn@daﬁugwmm@m@iﬁ'r_g@t@;bindi{x@hﬂi@cpﬁ@duction
method Qb any 206k l#3LigdARlavetei ibe prtigeRindingMEle AUl R SRR anlkedys 9 [50] a

pharmaceutjcal composition comprising an antjgen-binding molecule produced by the production
method BRARGHEBFIARY (&5 149} e FEeE 8r thiPFAvE Midng aﬂﬂ%@fﬁ@f&ﬂ@@éﬁpiﬁvﬁﬁﬁaﬁ fovides
method&fgranekmg! sundl enatdigénebindiag mwoie subesito vepaateffbe doithe tohowelivblerdintigen molecules.
When a%@%gg%ggggi%m%gple binds to multiple antigen molecules, the pharmacokinetics of the
antigen-binding molecule can be improved and such molecule can exert more superior in vivo effects
than those of ordinary antigen-binding molecules. 10 Brief Description of the Drawings

10 Brief Description of the Drawings

FIG. 1 1s 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. ' _

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 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 panning. The upper graph depicts WT and the lower graph depicts CL3.
FIG. 7 is a graph depicting the biological neutralization activity of
pH-dependently-binding anti-IL-6 receptor antibodies. '

25 F1G. 8 presents graphs depicting results of Biacore sensorgram for binding of
pH-dependently-binding anti-IL-6 receptor antibodies to soluble IL-6 receptor at pH 7.4. The
top graph depicts WT, the second graph from the top depicts H3pl/L73; the third graph from the
top depicts H170/L.82; and the bottom depicts CLH5/L73, _

FIG. 9 presents graphs depicting results of Biacore sensorgram for binding of

30 pH;dependentIy—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 H3pI/L73; the third graph from the
top depicts H170/1.82; and the bottom graph depicts CLHS/L73.

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

35 membrane-type I1.-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 Ig(316nolecules 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 plnrisglIMé dgpieghagretkmbicternirednt depirswdil odph? dupichs Guisom graplGiepissa graph
depicting-thg 4iojagical neutralization activity of pH-dependently-binding anti-IL-6 receptor antibodies.

25FIG. 8 presents graphs depicting results of Biacore sensorgram for bindingof o
or-dependently ey S TR TeEBEs AR B ES ST 2e PE e e gPAT A R4S graph
depicts \aATi-thetsecopidyraiphofioataltRicid depicts H3pl/L73; the third graph from the top depicts
censorgrain fo tk??%qtﬁq@%%?gf’ﬁ%%ﬁ?*%@ T 16
sensorgram for bindipg of 30 pH-dependently-hinding anti-IL-6 receptor antibodies to solublée IL-
receptor BE5HECE! qt[r]*gé“}éiﬁ%ﬂt SpiR %}%@é&%ﬁﬂt@?gﬁﬁ?gfﬁstw:%%? epicts H3p1/L73; the
third graph from E€.t6p depgcipiicpini B2 tiaredcthesbotibantgpagh mepicts @ebifrai®s of FIG. 10

presents,graphs fepicling mesulisOiBipts feAIYAR AnARSarRlienMGJ- Bhadd dissacation (pH
5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to 35 membrane-type IL-6 receptor. The

top graph depicts ¥ 4 FEBRETEEREIIRT FRRTS AHepecis RS CoBCHEXPNE §faph from the
_top}depiqtﬁﬂéﬁe@l&s&ﬁtyal_jiddn@ botidngragiptde r«.r_icttbcﬁldsl E_ichaom olgﬁt@mlﬂ;@sa_ Biacore sensorgram
indicating repeatggsbinding af. pHependently:binding api S aceRipnanikodisadn,aR344. SFIG.

12 is a graph depicting the total amount of bound antigen_in a repetitive binding experiment of
pH-depefdBheEyoin s an iR PLE SeREII S rRBOHIE S5 SR8 4aceptor antibodies.
FIG. 16 is a graph depicting time courses of unbound-type cynomolgus monkey I1.-6

receptor concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-IL-6

15 receptor antibodies. o

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 IL-6 receptor.  In order moving from the top, the results for WT,
H3pl/L73-IgG1, Fv2-Ig(Gl, and Fv4-IgG1 are shown.

20 FIG. 18 is a graph depicting time courses of plasma antibody concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (W'T, H3pl/L73-1gG1, FVZ-IgGi , and
Fv4-Ig(1) 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 fo

25  membrane-type IL-6 receptor. Moving from the top down, the results for WT, Fv4-1gGl,
Fv4-1g(G2, and Fv4-M58 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, Fv4-1g(G2, 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 cynomoigus monkeys, during



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 plasnﬁl concentrations of 10pH-dependently-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 ¢ nomol%as monkeys, in relation to pH-dependently-binding anti-1L-6

15receptdrapisbsdnas H3pEid3 1z Gle santd/grapid M pleting resiltsop Bibicornd &ivdoMyfant of

assouaMme(@biga{hﬁ@mﬁ@mjmﬁ@fﬂﬁ BrRLpHEe pendentyhinging anti-IL-6 receptor antibodies
to membrane- tylg LQéS rsece %dn order ovm%from I%%Egpbthe results for WT H I/L73 IgGl,
Fv2-IgGl, and Fv4-Ig %El” Rt 1g’esrgtp p?lc %%1 %lg%soiﬁlrg S 8? p i$ma antibody
concentm@@kﬁé’%ﬁ@%@@em&{t@%ﬁ@dmlmmﬂ_ﬂﬁ patePiob rasebbsdiestiwdieH3pplz33deil -

Fv2519GEand FudrgGl) n-hpman 16 receptes radsoanic Mmicehish-FilylA Reseniseraphs
" depicting results of Biacore sensorgram for association (pH 7.4) and dissociation (pH 5.8) of

pH-dep g y-binding anti-IL-6 receptor antibodies to 25membrane-type IL-6 receptor. Moving from
the top down, thHdtegdlis acgrwfrdmmigguinwa/mwm chnubovadviBscarmehobgus monkeyGL20) is a

graph S*ﬂ@d@ﬂi@r%@lﬁ&ﬁﬁ!’tﬁ%ﬁ;%@ ntihady.Rlasma SANce RTAtIoN i ipided ap@éaﬁ'@ns%& ig-anti1L-6

Lt A 5&%5@&@ m?aié‘%?} ARV S TRV

d|§§b0|&4@h%|&h+£’l@)li)@bbiﬂhp@tﬂd@@ﬂ)@blﬂpﬂhg anti-IL-6 receptor antibodies to membrane-type IL-6
receptor. Movmgm}om@ea mgg%wae&aﬁ%sm prfviiRlyl?aJnd:P’ﬁZﬂ\ﬂ&%F WRNIR Anerfys-M43 are
as

shown. FIG. 2 h de |ct|rt1tg time courses of antibod ma concentratlons of
35pH- dé&%&é’rﬁ%ﬁaﬁ% %eg Pahti HRbeyhaHs m%%eyé‘ Sdurifigerpks
adm|n|strah|cﬁ’uedb¢¢3pn$hﬁl&ﬂgehiﬁgladwﬂmptayiemmﬂvﬁmg@hgﬁea -M7Zrand Fv4-M73 at 0.5 mg/kg
and during administiafipn ShVAMmaIlEHY ikaloh Kl e Fhiereranl deRising tine courses o
CRP concentrations in cynom %
anti-1L-6 antibody, Anti-116 clone 2, to 11.-6 at pH 7.4 and pH 5.5. The curves in the
sensorgram at pH 7.4 correspond to 100, 50, 25, 12.5, and 6.25 ng/mL IL-6, from above.
F1G. 27 presents a Biacore sensorgram depicting the pH-dependent binding of an
anti-1L-31 receptor antibody, Anti-IL31R clone 1, to the IL.-31 receptor at pH 7.4 and pH 5.5.
The curves in the sensorgram at pH 5.5 correspond to 100, 50, 25, and 12.5 ng/mL IL-31
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

10 mouse.

Mode for Carrying 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



monkeys, in relation to pH-dependently-binding anti-IL-6 receptor antibodies (H3pl/L73-1gG1-,

5Fyl-M71-, Bd. -M73-, Fv2-1gG1-, Fv3-M73-, Fv4-M73-, and high-affinity-Ab-adrninistered groups).

FIG. 24 is a graph depicting time courses of unbourlz -type cynomolgus monkey IL-6 receptor

concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-I1L-6 receptor

antibodies (H3 pl/L73-1gG1-, Fyl-M71-, Fyl-M73-, Fv2-IgG1-, F y3 -M73-, Fv4-M73-, 10and
high-affinity-Ab-administered groups). FIG. 25 is a diagram depicting FRI, FR2, FR3, and FR4
along with CDRI, CDR2, and CDR3 of heavy chains (VH1, VH2, VH3, VH4) and light chains (VLI, VL2,

VL3). Asrsiapdsirdieasbaibawnbseofiime sfienhdrindakis antineigaing sejaenesty FIG. 26

presentssahBiiaeeie, sensorgratnidenisting thepiddepeodentbindisgualiianit damnish-fgiotiaddy,

Anti-1L6 clone : '§8i1|1|"6 ate&lﬂ 7S.4 and pH 5.5. The curves in the sensorgram at pH 7.4 correspond to

100, 50,%??5. rang 6.2 ‘ng?m!_ IL-6, from above. FIG. 27 presents a Biacore sensorgram

depicting the pHI&e perigehirbieriing deantanides methede fibinmeoes herumesrRidsHaens thahe 1L-31

receptor ah e Hodnans Rh e blBi siER Hlethgesendorg sper ddabhyS thecprraspome i di00, 50, 25, and

12.5 ng/mL 1L-31 2Qreceptor, from. abgve. FIG. 28 depjcts the time course of plasma antibody

concent SR AR AL Aot AR TS DA B s ST e

anti-hunanl¢cubsfesceprairngidedintie snotséing by slegsictis thld tintemoaree lofthrshie SRBAY .-

concentration: Afisk INaNRRCNS KRR ISHaNRHBIR I B .SRIMINR e Halleg o3 Rafdandan
anti-human i;LE recgﬁg}t'or antibodyé)to énouse Igl%jg for,g:%{%n%o%g f}lee p\r/%mé%gt (me ?glri%gem
inventior?aﬁ"r iR Y R ErE Q}ﬁéntﬂ AUMBber 61 e of .Egn fgen- inding’in antigen-pinding
maléculés Mordigpebifidatly nthteprissentinvedinin mevideshistitiodsotortircratiginghihdingmber of
times of ?B%&%%@'r}%nﬁiﬁ?tﬁﬁﬁ'ﬂ%p%@%ﬂ Qa%ﬁiﬁﬁvﬂ%al?&egﬁﬂ&%!ﬂ; toe ilﬁ&t&@ﬁ?ﬁig inghaRligy of the
antigen-binding molecules at ac'(il%ig 1-1 as compared tq that at neugral pH. Further ore,eglr%& .present
ventiorPRIBTHERHFE RS ALP 4124 ARG e MO 1SS BP AR GURCEIH AR i ihiting
moleculesdiyrsukstingimgidb histidimethoraatilaait omstamineiatiof anthecarbtigéndindirg lesolecules or
inserting at leastrgpe histiding dptR e sakinding Jalpciles A ditian thepwessntdgyention

provides . e ) .

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 extracellularty-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 extracellularly-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 ieast 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 fo an antigen and internaiized into a cell, in an



12 methods for increasing the number of times of antigen-binding in antigen-binding molecules by
substituting, deleting, adding, ancUor inserting amino acids in the antibody constant region of
antigen-binding molecules. The present invention :ilgso provides methods for increasing the number of
antigens that 5can be bound by an antigen-binding olecule. More specifically, the present invention
provides methods for increasing the number of antigens that can be bound by an antigen-binding
molecule by impairing the antigen-binding ability at acidic pH as compared to that at neutral pH.
Furthermore, the present invention provides methods for increasing the number of antigens that can

be bour@@ﬁlgﬂaﬁraﬁﬁ%iblﬁ@lﬁgtﬁﬁﬂ@ém@ psils thyomehiRebRisHENE Jeletir asdbme #IAD acid 10in the

antigenihiaging Mmaleckies o inseHing &f leastane:bistidingnintedhenantigentbinging molecules. In
addition, the present invention rowc‘es me ds fotfﬁ% asm% the nutgwb r..of arél ens that can be
Itatin

bound by an anti %%?ﬁ%.ﬁ%"?no Lt ?%Eg 0gr ‘deretin 11 tgn or inserting amino

acids immgwﬁbwymaﬁpmbmmmmmw@welecm@@ mzﬁﬁég@nthﬁvmh also

proyide&%%&t@ﬂ&&ﬁ@@%%@&%ﬂ&m@sﬁ@hﬁ@ Atigesy dRfamanmyiacaliRErbRUAdninate
antigen-bindin molecu . More spe caII sentl venton rov' es method { rtg|§souatlng
within 2*BEESH ShRGem Igﬂag%ga‘klg ngﬁF 4y %lﬁ%‘ § RoBHBBY ihphifig the

antigenssirtdihgrabilifpabavidic, ﬁhbausescrmpm@dlmﬁ lpmwaieﬁemtm@—fOFm&lethblbﬁegént

inventiop, praMdesMe 1@&?@%%&%@@% dgbﬁ&%'b%ﬁ%@%ﬁ@%ﬁg%&fﬁﬁﬁ@@iﬁ@yi%nd
antigen-binding molec by 20substit tln ne for at least o%e amin f%m the ntlgen binding

molecuf@6 AR 4 f E%@Bﬁ%ﬂ a?ﬁﬂ&é?ftﬂ)li’ﬁdjiﬁ HSBE KJHIAIAC the present
invénticmpeenitesimegthobis fsd |skm:ddttng1w1th iprescell layenntigercfroies mémdacfeﬂmarwsm nd

antige“ff?énéﬂﬁﬁ%?'ﬁ?%é@ﬁ%ﬁ&ﬁgbm%&m@t@@ﬂﬁﬂﬂﬁt@gﬂ Q&n@ﬁ%%f%@ﬂi}%’gﬁ@w&ﬁﬁ ids,in the

antibody constant region of antigen-binding molecule. 25T, resent |nvent|on Iso S methods
for reledSHHEn HHERRMH TG THBIE AR WIS Fa b ERRORGY ana ’ﬁg{@bﬂ g \é D&d into a

cell, in améntigen-free form to the outside of the cell. More specifically, the present invention provides

methods for relgggi ?éhﬂ%@ﬁ?ol?'ﬁ%‘&&@ﬂi@%@z%ﬁé% begRLaund i BRARHIER Bd

internalized into a ¢ II in an antigen-free form to, the outside of the cell, by impairing the

arkigendBHEfRP GRS QP&’&‘&I‘i“cgp HMoES Rt bY thedisssriiay %}Wrﬁﬂ’ﬁﬁ%ﬁﬁm% ¥ present
|nventllepfovidgshmgﬂa&d&iﬂrmei&a&ﬁgmgmhgﬂmgmnbilr&guieaI@n:uleng\zhmdn&sdm@n bound to an

antigen g %h@ eﬁﬁl%éﬂ  pAARIgefes fsmd 31% outside.afthe gell Rysubsiituting

t
histidin® %r agpleast ne a Ino acid In the antigen-binding molecule or inserting at least one histidine
into the%ﬁﬂ&j‘éﬁ%ﬁwdh@ﬁﬁé%méeqﬂ%ﬁﬂﬁeﬁﬁg%‘i‘é%?ﬂfl HOBHIGRS RS RAEE eI S Pteleasing an
35antigemibadinglnelecidenlvhishshbsinesy boutidddofansahtige orenaiiie sealizechinto a cell, in an

20  antigen-binding molecules or inserting at least one histidine 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 eliminate

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 antigens in plasma by substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding molecules.

2T &

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

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



13 antigen-free form to the outside of the cell, through substituting, deleting, adding, and/or inserting
amino acids in the antibody constant region of antigen-binding molecule. The present invention also
provides methods for increasing the ability of an a Lgen-binding molecule to eliminate antigens in
plasma. More specifically, the present 5invention provides methods for increasing the ability of an
antigen-binding molecule to eliminate antigens in plasma by impairing the antigen-binding ability at
acidic pH as compared to that at neutral pH. Furthermore, the present invention provides methods for
increasing the ability of an antigen-binding molecule to eliminate antigens in plasma by substituting

31 64
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the 25antigen-binding molecules, to eIiminaﬁgantigen in plasma. More specifically ,gthe present
invention provides %’tﬁb B In S %ﬁﬁ%%ﬁ%%%ﬁﬂ#ﬂ@%ﬁ%ﬁf Y eliminate
antigensiinlglabrabdoidimpdiamcpthessatigethdinciegtedifity ot thecritigenbbinvdihgmoleestes at acidic
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increasing the ability of the antl%%n-binding,m lecules tq eliminate. 30 antigens in_plasma by

substitutthGahFbastist Amird BRI HoHs-dREBe RIERBIAY FRsIeb RS WA FRSA A E ST inserting at least
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substituting, deleting, adding, and/or inserting aming acids in the antibody constant region of
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20 . antigen-binding ability at acidic pH and increasing the antigen-binding ability at neutral pH,
Conditions other than the pH for determining the antigen-binding activity can be
selected appropriately by those skilled in the art, and the conditions are not particularly limited.
The antigen-binding activity can be determined, for example, under conditions of MES buffer
and 37°C as described in the Examples herein. Furthermore, the antigen-binding activity of an
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 2 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{pHS5.8Y/KD(pH7.4), whichis 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



retention in plasma (blood)", "amelioration of the retention in plasma (blood)", and "superior retention
in plasma (blood)", respectively, and these phrases are synonymous. Herein, impairing the
antigen-binding activity at acidic pH as compared to, that at neutral pH means that the antigen-binding
ability of an antigen-binding molecule at pH 4.0 to pH 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 as compared to that at pH 7.0 to pH 8.0, and more preferably that the antigen-binding
activity of an antigen-binding molecule at pH 5.8 is impaired as compared to that at pH 7.4.

Accordingiyk IHehe SrdsBripinléhtialweas it prisnigricltyited, ong EayshaneYevalbly pH &8nplpH 6.5,
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p .0,.preferably .0 to pH 8.0, an re preferaply pH 7.4. Herein, the phrase "impairing the
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describebehbdipwniniheé Wiffecénels imtvendntigese-Hindid gnabiinriofare amntigen dsindiBiemoteCilie between

acidic angl.nenialhpkis maydg dpceasee for example, by either or both, impairing the
20antigen-bindirr1%Habilit at acidic pH %[i]d increasing the antigen-binding, ability at neutral pH.
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Examples herein. Furthermore, the antlgen-bind@actlwty of an 25ant|%en-b|nd|n molecule tan be
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determirfistf DY nstrztielidhe diTserinie waentidthe te YaleefkeRHosKy@Hste Y8iEH dlthcare)
or the likextiasofidisritietidn the Enampieknegainst\dhertithe anfitieh sadsbhiliepghtigeis the activity of

binding tg the. S01bIs antigen cap. B?e?&?ﬁﬁﬁl‘?%P%réﬂigﬁ_t&%&'}ﬁo?é‘nﬂ%%ﬁﬁg’1‘oa SR8 GhiP

immobilized with’the antaen’-binding molecule. Afternatively, when the antigen is & menibrane antigen,
thel ActivibP i SFGTABIYo ther 8o%Rksin brahe WRss SmE ke piZs &bl it eddny arobptigensivding
moleculéiasted) amnbhyte batmandotigendramphilized obipr 200, asthepreskaioentiocathe difference
in the ar%l%g%@@%ﬂ%%ﬁﬂ%%ﬁé%%ﬁ&%ﬁ%%%‘&ﬂ%&tﬁﬁ'@é‘%{s 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(ph7el) kiR dsrafisl dBs PaiaubihfomtarrBind e By iginsp &e BrsgeiibipH 5.8
and thatiainpi b7 the GipieiatrblyZ-eogreatalk morapeleiasly, Wheat greatapeand silemprmpreferably
402%r gr%%%?grén-[la% %Bgérlll—%}%ding activity can be presented in terms of the apparent dissociation rate
constant. The dissociation rate constant (kq) and apparent dissociation rate constant (apparent
kg) can be determined by methods known to those skilled in the art, for example, using Biacore
(GE healthcare) 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 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 (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



15 of KD(pH5.8)/101)(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.
When the antigen is a soluble antigen, the antigen-g'nding activity can be presented in terms of the
dissociation constant (KD). Alternatively, when the antigen is a membrane 5antigen, the
antigen-binding activity can be presented in terms of the apparent dissociation constant. The
dissociation constant (KD) and apparent dissociation constant (apparent KD) can be determined by
methods known to those skilled in the art, for example, using Biacore (GE healthcare), Scatchard plot,

or FACSKR{Etadtniep(nHig. poesibEradarses forwreedpiebrira wigsbelativnsereotonstabti d4can
10indicajgfifer thiedifferenseun harpaiigRapindingastiviiBetweeRAsHkc are waktrdPHS. When the
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pfef§rabéys§1él_€: gieaterwRysp metapreferahivil0 Qrgrerter idndastil 1mate hrefaraliy 30 or greater.
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antigen, the antigen-binding activity can be presented in terms_of the apparent dissociation rate
constant™firaAEabEiLsdR ?ﬁ@lﬁﬁﬁwwoéﬂatgﬁlﬁ%ﬁ%@%&i@ﬁ raté SIREEt {apparent kd)
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25molecule Is determined at different pHs; it is preférred that the measurement conditions except for
pH are COHEAR. OF HESFHERRods for impairing the antigen-binding activity of an antigen-binding molecule
at pH 5.8 as coridaeditodhad BtspbkTtdddfothndsa darcotnierinantipe phidipe nadat idndingsaliity) are

not partigularly imited and may, be any.memhg e@ﬁ%‘&mﬁ{gﬁg?e@ﬁ%gﬁhfﬁrtﬁg%ﬁégﬂl%iﬂ@ﬁ@wS for

impairing the antigen-binding activity at pH 5.8 as compared to that at pH 7.4 by substituting histidine
for @aminerti¥iBsahtisenigRERIBRETgHse Al Br idsalish §itidiamahsti e aiigesitifiiding molecule.
It is alreagiyjnebs tthafaaatgHibotyCan biettiiniairBstiwitivaqtsdapendetartigapebibiidipactivity by
substuing, NSUSTAg [ar ATIG BRGS0 e ATty AERES Lalst, 3030, 8585, (19920, Such histine
mutation ?SUB titu IOY%DO %%lnsertl n sites are not particu arﬁy Imited, anctil any site Is acceptable as
long as @eaparable 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. 1t 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;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



antigen-binding activity at pH 5.8 is lowered than that at pH 7.4 (the value of 16
ICD(pH5.8)/KD(pH7.4) gets greater) as compared to before mutation or insertion. When the
antigen-binding molecule is an antibody, such siteséri?lude, for example, sites within an antibody
variable region. The appropriate number of histidine mutation or insertion sites can be appropriately
determined by those skilled in the art. Histidine may be substituted or inserted at 5a single site, or two
or more sites. It is also possible to introduce non-histidine mutation (mutation with amino acids other
than histidine) at the same time. Furthermore, histidine mutation may be introduced simultaneously
with histiéifhetivsseriand/irispersisibiéesoredstiots. or Arzenohistiding atiandoidsusiycba mediodhsuch as
histidine segemtingewiveh usas péstibinadnsteashal-ARRING IR ARNDR IR NG JLQMRELA thase skilled
in the art, Alternatively, 10antigen-binding molecules whose KD(pH5.8)/KD(pH7.4) is increased as
compare%ﬂto before mutation can be selected from an antigen-binding molecule library with random
histidine mutatiohusthersestiorvhen thyvinsiganstidiiieg srsubstitited fobsumirdhacidg of aniantigen-binding

moleculegrsRsereshheinasn:AnineRcdshiths.ma &}H%ﬁé&ﬁ@ﬁ%&%&%&%&guifed, that the

antigen-binding, 15 activity of the antigen-binding molecule a 4 r histidine substitution or
insertion%tlggﬁ"B%BFe%)fﬁé’t[%?tp‘?ﬂ%% B%?S@W@ﬁdﬁﬂ@éﬁﬁ%ﬁbﬁ&i’&?m@éﬂmdﬁﬁ@”ﬁm@@m&nding
activity ofhthentihtidie nobivietinge piolezuimiabd bh Thé afterdnisticiiersubhtituition Sudhsestlenliseomparable
to that at,pidif thbeferg.fisli '%%rﬁ%&t}@gmigﬁxwrqu@&m@%%{o%ﬁyr%ﬁsgm ine sp@stitution

or insertion, th/% antigen-binding molecule retains 10% or more, preferably 20 50% ortnore, more
preferablyE8094 6t IR SrifmRiFs Brsilrably 90% or more of the antigen-binding activity of before

histifline substituibermstinsestitndy\hemdefdntighn doitiblidg activtitytet ghe antigas: pindingualelecule

has been, impaLed Aug o il subsilbtion o pee on teenigen bindie.aciviuay e
adjusted, by introducing substitution, deletion, addition, and/or Insértion of one or more amino acids
into the SSGGEHUIThEG F Sheanbsss tad e reNHHGE P indiNgaentes thedbrstonisig abitho that
before his8itlineAiehstitution aetinser tianudehia preReritipyeniionaise jealbdes sushiantigentbinging
moleculemtiitig: oAbl NG Ao A Rl ABSIIIRT, delstion, adjtion, andior
insertion of one or more amino acids after histidine substitution or insertion. Aliernative methods for
impairinge SRS RfehvBidRE dxaivity Shanaineqsidisrrirrr sofsiktbiredept. Sa83slebityrired to-that
at pH 7.4gibéludemaitndacl siistiinogopdmnatuialnaiigg esigshoramines asidsderaly
antigen-Rigding molecule or.inserting pens | amine. acids.into amino acids .of an antigen-binding
molecule. It is known%iiat%e sg% cér)féoe ar t#éﬁa?@g;%e%r lle ‘Jré?n(g%_?\%rrlepﬁzgtbnré}ll%%fl § 5‘%&“ (Angew.
Chem. IREUER 2901 IUeResAhas Rt SamRel on Jsesipen hding a00v3y; Atike Kdirossddeto
16(3-4):346c7 ). abptisriatéhiedprps entipadniienndpaerh-Rainmd ARC.061dS Sandbedised instead of
histidine gdescribed above, Cg? on-natyral amino acid. substitution and/or insertion may be
inteuca simu’lt élnrgpeuas%/ﬂv%éh R ?éklfﬁgngrﬁxe %rpe O gen or ep?tope. E}urtﬁlemore, 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(pHS5.8)/KD(pH7.4)
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 ifan



17 substitution and/or insertion described above. Any non-natural amino acids may be used in the
present invention. It is possible to use non-natural amino acids known to those skilled in the art.
Furthermore, when the antigen-binding molecule is a substance having an antibody 5constant region,
alternative methods for impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8
as compared to that at pH 7.4 include methods for modifying the antibody constant region contained in
the antigen-binding molecule. Such methods for modifying the antibody constant region include, for
example, methods for substituting a constant region described in the Examples herein. 10Alternative
methods:inigeeblifiding mam&)mmmwnh@gmmj netadeofolexamplentipethedsnte assess various
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This 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 af 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 pericd 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



5makes it possible to shorten the period where the antigen is free from antigen-binding molecules in
vivo (in other words, to prolong the period where the antigen is bound by an antigen-binding molecule).
For example, the ratio of antigens bound to antigen-hinding molecules against the antigens in the body
in plasma (total of antigen molecules bound to and free from the antigen-binding molecules) generally
decreases in a certain period of time after the 10administration of the antigen-binding molecules.
However, such decrease can be suppressed (for example, the degree of decrease can be made
smaller) by prolonging the retention time of the antigen-binding molecules in a form capable of binding
to antigens. This(fesutsase anthecretisefinttigcrstimondnigenechaunditg enticpariebioditganigiecides
against the apigens in the body in a certain period of time after antibody administration. 15Specifically,
in the present inyention, the "improve T of th%ﬁharmacoki etics" does _not necessarily mean the

prolongation (ext&RSIbRf SEIHETiRE Fedtre TP e SR RIASEIE Y ghiidBh BiAdG RS 8fatter
administthtienti Evebiifling miolecrde (irtel fHelihe relimimtionpddsine ) an tigervdbinditigra ete cakesafter
administiatian LamRRTYRERANgad e PhAMaskinelictcaNhe SR timesanedein tfi&@lﬁaﬁgt

invention,if 20the plasma,retengion time (:gthe antigen-binding molecule being in a folio capable of
binding %R %%"(’?8?%&%%?@}‘%@5 BRI EBE g ORI M Hstle H e etnpis
prolongedyprovemdng giehiophatnerectt ecdictigdhis fnee dnemndimg ntigecshingtidglmg lkadigdntthe body is
shortened (B, RhERWPIES dife &ﬁﬂg%@%@%ﬁﬁ@?ﬁ&ﬁé&i@%@éﬂﬁ%ﬂ%ﬁ hoynd to ap-anrigen 25is

prolonged); and the ratig of antigens bound to antigen-binding molecules against the antigens in
the bodmfi’ﬁ%é%&agﬁ*ﬁus,Fh%é%?8§émﬁﬂégﬂ%n§hﬁe1%@m¢ﬁéﬂf BrerbashasrkiRdihetits”
end;ﬁmpagﬁg_srabﬂmﬁsg molecules bf o mmgmﬁnmhthmﬁm@rmq &Mr@daﬁiﬁ_ghﬁeaﬁ_ﬂﬁei@ﬁﬂbmi@ﬁﬂng
antlgen-pmm@am@a&%%%@gw'ﬁ%&laﬁ}ﬁﬁﬁ%%%'%ﬂﬁ%ﬁgm%ﬂﬁmgg%gm& aReete @
prolongation of the plasma retention time of the antigen-binding molecule’in a form capable of binding

to an anfig&hf AREEIaPRiEE AROI i GHe ShimdRaterdnsy @ma).  (3) shortening of the period
where the antigdn ibefreestrannesmantigeheirgingtinelciculenitribehodyiatierensisisiratign of the
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an antigen in the body); an ) Inc
mdiecul@SFtpekinaehahtisapirn-bindingmel e wistigenased solibribertben present in plasma,
even if thphahasnddoddingt ¢mpioahelantg®s-hinding Moliecibel dratepohelimination emplasma) is
s ah e e aeRrR RN RIS Al BATAN R AR PR R AR R R MRrESHle
is prolonged can be assessed by determining any one of parameters for the antigen-binding
molecule, such as half-life in plasma, mean plasma retention time, and clearance in plasma
20 (“Pharmacokinetics: Enshu-niyoru Rikai (Understanding through practice)” Nanzando). For
example, when the half-iife 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 determining any one of parameters for the antigen-free
antigen-binding molecule, such as half-life in plasma, mean plasma retention time, and clearance
in plasma. The concentration of the antigen-free antigen-binding molecule in plasma can be
measured by methods known to those skilled in the art.  For example, such measurements are
35  described in Clin Pharmacol. 2008 Apr;48(4):406-17.



the phannacokinetics of the antigen (accelerating elimination from plasma) results in the relative
improvement of the pharmacokinetics of the antigen-binding molecule, and thus, leads to the
prolongation of the time of the antigen-binding molegcrzgjle present in plasma in a foiin capable of binding
to antigens. Thus, in one embodiment, the "improvement of the pharrnacokinetics" of
10antigen-binding molecules of the present invention includes increasing the rate of eliminating
soluble antigens from plasma after administration of the antigen-binding molecules (the ability of the
antigen-binding molecule to eliminate antigens from plasma). In the present invention, when the

antigen is a menforéireraetigedeitihethe perisidgibere amigigebiadiag fraoisbalentgristtiodindtiple

antigens,£an be- 25388 sH Ry tRstinenhethesihg éé%%g@ﬂ@f?ﬂﬂﬁ@iﬁ&@ﬁ&k@ antigerihinding molecule
is improved. Whether the "pharmacokinetics is improved" can be asse eﬁ?lgy the folllownagmethod.
For exarRpi At HREE T4 ’?@d’ﬂ?fﬁl © &fi Hgﬁéﬁﬁﬁﬁﬁiﬁﬁﬁ% g HOISCEE After
administtetioreis gt blp dgechoamp ¢hassesse ddy detetionnifthanyibned tpigenibeeis foretfem

a““%e“'Qlﬁ%%}%%%ﬁlﬁo%ﬁﬂ@%@%ﬂ@d@ﬁ%ﬁ{@ meARRasSmadeieniom imes ead sleamace in

plasma 20(' inetics; Enshu-niyoru Rikai (Understanding throughiractic,?g'ﬁTNH?nzando). For

exampleP B S HHRE REMCHRS AU AL HE G RER BRIt h DOl S B RS TR AR ARt en Hif fholecule
administesacktaratics ofais; frenkeisnrabiitendogsichuifiee sintigotherarsinels mpgotormek the
phafmaC@%%&?ﬁéﬂggge%&%MQ%&%‘m&iﬁﬂﬂs’eg;ﬁfé tohe bpRrpredudingRaNatAmALeR can be

detem ined by meth known to those skilled in the art, For example, 25the parameters can be

appropridtefyiaed 3 ddamy Fn 8t etal aH AR sis AP PR mE RS iRE Y BFTR RS E S Fare

Wimblonlﬂh{&i@arsightba@ﬁetﬂém@w&tpége{pmm hsbst'gm aﬂﬁgamhhmﬁdxg#ﬁtemnﬁe(éiw mdwt_hi?emme
plasma TSRt AT 2 AtAAAHASRRING AY Ml D.30.690A of Binding iReaisasI after
administration 6t the antigen-binding molecule is 30prolonged can’be assessed by measuring the
plasma ébﬁééﬂﬁ%tit?r%‘ﬂ%@zéﬁtigé?ﬁ‘l?@@%ﬁhﬁd@ﬂ%%ﬁfé%&%%ﬁﬁ%&?ﬂiﬁﬁ’i‘g}’%ﬁ?%ﬁéc’%‘?y
parametgg@ﬁ@ﬁg% @mﬂg@nﬂmﬁﬂﬁg esfibinding ﬁn@ﬁml@ﬁmdﬂa@@haﬁ-‘mheﬂh@l &ﬁmtig@am_ plasma
retention i greholsRiEnsR I RARTR. foe GonaRTaNAR sl AntarnspeangsIR0dng
molecule in plasma can‘be meastred by methods known to those skilled in_tfie art.” For example, such

mebSurermierslalemoioatabid Y FHOHMHAELY voOB K hai(2gilst. the function of the antigen.

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

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 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 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
Examples 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



20 Furthermore, whether the period where an antigen is free from the antigen-binding molecules
in the body after administration of the antigen-binding molecules is shortened (the period where the
antigen-binding molecule is bound to an antigen iréj]he body is prolonged) can be assessed by
determining the plasma concentration of the unbotnd antigen that is free from 5antigen-binding
molecules, and considering the period where the concentration of free antigen in plasm or the amount
ratio of free antigen against the total antigen remains low. The plasma concentration of the free
“antigen or amount ratio of free antigen against total antigen can be determined by methods known to
those skitbegrieutie evhdidrexaphpimasiistvinesundadhesars dediciberlii P ARE8IE00E Jan;
23(1)19ﬁa¥%ﬁ?%€ﬂ%§¥@%é’%ﬁge&hsiam§%mr§ sameiRfunclinarimyiveuyshetharibg antigen is
bound bgéar] antigen-binding mo ecuﬁ?that,n utralizes the antigen's fun_Etio({m (ga/gft_la on'stic&‘nolecule)
can be SREIECAIL{PEEE AR IS HMTLCR P RE DRHg AN SRR N e S e

- izeC &rthe function of
the antigeipis: nefitralizetcakbemabs ¢ssedubylassalinmatkirmsing thearkeptbateetettslibe function of
thesantigensVihether theyantigenishound by @BARtgeR-hindinorpalechis hiatiagivales e dunction of
the antigen (agonistic 15molecule) can be assessed hy assaying an in vivo marker t{;ﬁlatdreflects the
functiod SrAdFtigRTEen undendhé R ARl IR AT tHE AR ZHER DY e BlEsma
concentrafianiefdreigantigetiomnsachas itisatice of e athigeniggaivisdiotat @migengidhd in vivo marker
assay, Dk 4hi. gipHpRiands isareb Rt diealais cotainnalind folovdnoiagruniatiation of

an antigen E%s bstance. In the present invention, such a period following adminj trgz%gon of 20an
antigentﬁfﬁ%iFﬁ@tﬁ%%@f%‘ﬁﬁéﬁﬁﬁiﬁﬂﬁiﬁﬁf@ﬁf Y BRAISBr ST RN BEND t’(’fﬁ?ﬁﬁ’g%‘ Pfhined by

those skillpd imiperabistiipgraingao chefereperiidsiof it dgmidisteredingtigeligimlihg Bulgstance and
the ke, Sxemplenal s el o alpins Ay altanadmipistialsesl Ananfiganshindigathaagce:

three days after administration of an antigen-binding substance, seven days after administration of an
antigenvBiRpivhg STBSEANCE, MONTSARG ANHASH ARHHS BT AR SFAN BB SHBSAREE, and 28
days aftesrm@ministiatanphanantigedididdipglistbsiahgeadatiofrithe yresent,imretitionhd is preferred
o 'mpr%‘{l?ni{‘e? pharmacokinglics Ip é‘EﬁﬂgeE}G%{‘di’ME%ﬁéﬂ&ﬁ%%%_ RRJSSIERIANIR fragp dificult to
determine, It can be prqdlc}féc}r}%ase on the plasmatetention in mice (for example, normal mice,
huhan bindigembilrasdmyararsaerepnsise than §oorm ap HERAIeR SEseRF trafRehRYIc mice) or
monkeys{ph:exa MpIshaynamalgur yaedkexn of aniiethbisifor betecoinireg:thigeatbindanpin plasma
are not particylarly limited. The determination. can.be carki t.f ' the
method§ %gg%r?bcgg til%ni_ﬁ%g éﬁl%%l%&gﬁ% grllr(l5 ; %%mdéﬁ%ear gﬁ?}ghﬁugéhngéﬁ%mn% ecl %%@g‘é%abm of
bindingtefemtigedidieativple HriexaanlpevhssdhesgtigetobindinyHataiend tsrgeiepbtmiRean
antigenainding Roaleetde WiHehdhel-ddnendent binding ability 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 retumns 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



same neutral condition as plasma dissociates under the same acidic condition as endosome and how
many antigens the antigen-binding molecule can rebind to under the neutral condition. Specifically, the
assessment can be carried out by allowing the antigen-binding molecule and antigen to form a
complex under the neutral condition, exposing the complex to an acidic 5condition for a predetermined
period, and then testing whether the antigen-binding molecule can rebind to an antigen under the
neutral condition, using a device for assaying antigen-binding molecule-antigen reactions, such as
Biacore. When the antigen-binding capacity of the antigen-binding molecule conferred with the

pH-depéiaesiatiniirg LsmRchas LR AR 5T s hice it g d MR feBindifgehibiBcB®efore
moogfiC&H@bﬂbﬂmﬂmhﬁr&ftﬂmﬁﬁig&bm@iﬂﬂgﬁﬂﬁﬁ therantigendiadingdmolBoylessintarr edtvithirihie
H-dependent hinding ability ¢an be judged. to be increased to, twi t gln-giig -hindj
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antigentindihgiméledoneoikaafistn et plismaas faindoughlastigerchréinaianstakes sabEgBgradation
irr: %Iﬁmd 9}.M§£@{ggg@%?ﬁrqggmmgj@iaglﬁmb@d@ﬁgimh bﬁ;gémg(ag)jfe@&ﬁﬁ; _ eonferred with
the pH-dependent . 15hindi ility is,increased as compared to that before modification can
ittt el e ot s R R R
antigenibiptismyanoddglessonfegesd wthisamprntessiggahisirNecasinsraRtEdHe wrHigds-binding
molecu &%Iﬁ@ﬂg&%i%ﬁ&aﬁr&i%%%aﬁ&dmgamg arntigembineding wu wmiine:ofithe gatigensbinding
molecule conferre ri%ith the p -d?)e%f?entdt;gydinﬁlgbigy is Qﬂol%rggeg]:t nif 1 th%o?f tﬂfae i
20antigé9f’-ﬁ?13§ﬁ19 Wethit B PEFBHARA ion. the number of fmes of md‘ﬁ%g o the antigen-binding
maReculeapabiienide wiithg teeaptielspsnlink Bindingiasithy Hionged tede meraisdidnenicadnat of the
antigen-binding mmelgculs befare.medification, Mifsraativehe mhiandhe plasmamsencem@sen of an

unbound antigen, WhiCh}#s free from the nti?en-bindirlg%%rgg%ltﬁcule Is detelmine a}ﬂd the period where
u

the plasii e R TP HER A MR G thiPSs eféf%lgfgtﬁséoﬁgecyé:n?igee 4gainst the total
antigen wéwrains dotigsnprsidingeddiodwicedithaistarab &y biniate snolbimdingket tive wsidendbitading

moleculg, gonferrad with tha; pti-gepandant %Mﬁﬂzzﬂ?ﬁ,“%i%ij&d%ﬂi@@ﬂﬂﬁﬁ%ﬁ?@&é@k@ﬂi@%ﬁﬂﬂt of the

antigen-binding molecule before madjfication. Whep the antigen is a soluble antigen.,.if the antigen
Dok (PP AR ACHERRRI oS ORE e TP B AR AP S RO B R AT RS Bl
endosoing; andthedrdigeedtimaingiigete fule feturostho thitsplashithe tbmdl aanibthe-taledired molecule can
again bind: 1o an;apigen HAdEL (e ReUakeAndiieRJtRIR$TanERYS: 2R AigeRigging molecule that

has the characteristics to dissociate with an antigen in acidic condition, of an endqQsome is.capable of
binding to antig@hahEIf 3R BRReRIEIR BRSNS hARERE RN %%%hdt@%’nbgﬁﬁﬁgqfﬂﬁﬁﬁgg

35moletsile slagk notigiasociate in mnengtgense (the antigen remains bound to the antigen-binding
mgjgcule when refurging,(o-plasma) WHESHE:ADIgSHBRNSY i AR AnigsRkinding malegule 22
increased” does not necessarily mean that the number of times of antigen-binding increases in
every antigen-binding molecules. For example, among antigen-binding molecules in an
antigen-binding-molecule composition, the proportion of antigen-binding molecules that bind to
antigens twice or more times may increase, 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 vifro 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 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

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.



dissociates in endosomes, the antigen is delivered to a lysosome and then degraded, and thus, the
rate of elimination of the antigen from plasma increases. That is, it is also possible to determine
whether the antigen-binding molecule is capable of hjnding to antigens multiple times using the rate of
elimination of antigen from plasma as an index. Thétate of elimination of the antigen 5from plasma
can be determined, for example, by administering the antigens (e.g., membrane antigen) and
antigen-binding molecules in vivo, and then measuring the concentration of antigens in plasma. When
an antigen (e.g., membrane antigen) is produced or secreted in vivo, the plasma antigen concentration
is reduced if the Hewsiof Eherrstichtbs thurdetigberiieanplbainan diread by .wmﬁgm&g'm@@@ossible to

de_tenn:?%bi‘!@&lﬁe%E&@MQ@M@%@&M@F@M&Q&%@DMBQiwliﬂ 9 mﬁﬁ@g@méﬂam% times f
using the plasma antigen concentratipn as an index.,. erein,."increasing the number Qf times o
antigen-&%&%ﬁ@%ﬁ%’é%ﬁﬁg%%g%%g FotBHERBHRS BAF ﬂ%%eﬁﬁlan e%‘% %}@I&S?ss ?r%?ggge%]v?vhen
taking asiBeeadyuie tneiprocids witigendrirainigowlomdiny moletu shasidiared.MiamaA, mouse,

monkey,g5.skch binds to an antigen and is internalized into a cell. Specifically, herein, "the
antigen-binding molecule binds 15twice. to ntigen" means that the antigen-binding,molecule bound
by an antigen is t%?ﬁ%?ée?f’%%% eﬁéﬂ%ﬁ?@éﬁgﬁ TR Bﬂﬁ’&e QW@E‘?O??%&‘O“%% %ﬁ%&?aaél %ﬁ?ﬁ% cell,
and the reledsed arigen:shinfing anslgcude rébindshodyristhed antigegeadd isintornbtize thinto @lkell

again.  n\YReRRsRHdeRRiRHRE.mQl @eéﬁ;maqggaﬁéﬁg.intwg&%iz maydRsadornbound by
a single antigen, or twd Qr more_antigens. OHeYrﬁ“;n, g e nyumber of times of ant‘blg%??n-blndlng of an
e e il ol e e O
antiglen-birtcing-bcieaseslice a3 i v eso ripleaiasnenganpigen-vinding
moleculeg ip an, aniiaen BIRYDILIAERUIE cPMPRRLeR: ik REGROHONlantgRRIRdiNg molseyles

that bind to antigens twice or mare times may increase, or the average number of binding e%/ﬁ}nts of
25antigeft BhEINGIRGIBEIRAIFF i el BRafRieh e BORSEB ASLSITBRAHTAY B SR ® O Uif the
present icalnindrihitsisaarefedredstiiahéh amigerber=of tinleotleantigdn-Hindntolar drtigershinding

molecula OeERRERMIERIIR MAsHIRdsAIMIRIEED ANy TRR: HRWeehMRRDhRTIL O

determine the number of times of-antigen-binding in human, the number'in human may be predicted
badéd orfHETESIE L HHed BReriirdvalEayise thedueihanenl Hemgestrhitesispelfparle,
antigen-gx0raseing tiransggpic thidthandsunabikefnhexpoessing teaiggenicafiad)ydbmankeys: (for
example, GYDAMOIGUR MONKeYSntir the DrifiSoRISIAEIAMERIOR, Uds Brefemed thatan.anligen-binding
moleculeagixl’%é%o aﬁﬁ%e s?%?:e or _mgre t}rﬁeés F‘Qréexample itis prelferred that, of the ﬁ%gen-binding
molecule¥PndheBeR AR HTbIEAg e bo SIS A8 AL TOUPGF PAGRUEERSAAAIRARS6 or 35
more, meadeierablytheYetendngr e @pelfll sateraigiayn8005inermeie: (for exabeplef 90% or
moiﬁb’ 957691 more, ARd 30, an)ind fo antigens fw %@B&%ﬁ%f’? URER: AnelE be! gﬁ%@&!ﬂ%@e
number SPa%?lg_eng that Caﬁ%e_ oung %ly an antigen-binding molecufe™ means’increasing the number
of antigerretiedican weendimarbpedy antgentisiantganidiediile during the period until the
antigen-binding malecpiesinctiegeated, inaclyssisgme ahaisalldfiar aeipinisttation bbthe antigen-binding
molecule t? an animal su as t;u({'nan mouse, oF . : .
antigen-binding molecule” does not neceddarily 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 vitro 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 molecuie is generally
35  assumed 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



5 monkey.’ In general, antibodies such as IgG have two binding domains, and thus a single
antibody binds to a maximum of two antigens. An antibody bound to antigen(s) is internalized into a
cell, and the antibody and antigen(s) are degraded in a lysosome. In general, antibodies such as IgG
can bind to a maximum of two antigens. When the é)ﬁ‘tigen-binding activity of an 10antigen-binding
molecule such as an antibody at the endosomal pH is impaired as compared to that at the plasma pH
by the methods of the present invention, the antigen-binding molecule such as an antibody internalized
into a cell dissociates the antigen and is released to the outside of the cell, and thus can bind to
another amtigen-bagding indthetavards; themethdds didkenpsasenbibvéntiobendble:ffirran

antigen-hjndi !ﬁ fox | i JFls i ntigen-binding sites.
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that can B DA e Bl R e
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human, itiRawnhe-prediciedbasach@adhecretiiSRNA R DB VINA-BISAY AhiPSATHHEMEAbYRING
mice (for mple, anfigen-expressing transgenic mice and human FeRn-expressing fransgenic mice)
o1 ok B B BrGTa T h BT BI HEHE ARG Rod T g B B, e
abdve-désveiperhthendieof tinsgdoilzastgered incim ghofatriez amtiieding mbhe woleywbeirs gathanally
35assumeql i sesiglates ‘M@e&@@dﬁﬂé‘@lﬁféeﬁft Haenswhishsanhe ﬁﬁ%ﬁﬂ?@ﬂ&%zﬁ@. antiggp-binding
molecule. Thus, the number of antigens which can.he neutralized by an 2 tigen-binding molecule
can be CETETHBUEB Hhe 830 REAOUS BEETL Ll HBOE (o TR AT (APFO-ABEFot tmes of
binding eindigamtigemdimdinguledléotieot necessarily mean that every antigen internalized into a cell

' via binding to the antigen-binding molecule 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 ahility 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 molecuie 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 FcRa 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



Furthennore, the present invention provides methods for binding an antigen-binding molecule to
antigens twice or more times in the body, by administering an antigen-binding 5molecule whose
antigen-binding activity at acidic pH is lower than that at neutral pH. The present invention also relates
to methods for neutralizing antigens that are greate?f’n number than the number of antigen-binding
sites of an antigen-binding molecule having the neutralizing activity, by administering the
antigen-binding molecule whose antigen-binding activity at acidic pH is lower than that at neutral pH.
Preferably, the present invention relates to 10methods for neutralizing three or more antigens,
preferabiydtagniaraniotes emntigensioizd din) mkt e ngnigéamiho skatmt ipje sata o d g tvdtytiat Bdidic pH is

lower thag,tha g%tf@t‘?yéﬁﬁ bindind AORIGRE M ADYERTIONAISO IElales 16 metBodsiiar disgogiating within

a cell an antigén from an extracellularly-bound antigen-binding molecule by impairing the
antigen-BirHiRd alits BieasatdRtREIBinding molecule at acidic pH as compared to that at neutral pH.
In the present 13teyerties, dhelantigemmaayebe digsaciated-teamdbe safm@embmmhnggmelﬁﬁml@

a”yWher&HYf:tiﬂ HEE U NOWSHS, t;@n%&(%‘?&f%%'ﬁ?&(}% RRHge jkvhm é%ﬁgﬁ%&!&ﬂ{g AIEAMY can

endosome e present Invention, an antlgen IS soclate INac from a
extracellBIBfI O BEABTETIGEADIn g TREIEE 8 BES it e CBSESAPRRR Meleevesaa Rkl

internaliziee dntipén aaliMisildingisg tnttie ariiganthieding m@h@ﬁm&m@ t@eﬁamnﬁddrﬁgmﬂm
antigen- b| din ecul OW thin he ceII it pt t the sl rtr f fi at is
dissociafed fro g blt]h ma%‘rltng eC“E)rn\(JJTlngnrnao eéulé%\r%tﬁfrt] a%cg:)eg an? erg%es W en <o %n e%%fo I}ﬁ)re

|mpa|r|n@nﬂié°é}|}fﬁ|@’éﬁi’rﬁh§ﬁ%1abllﬁyﬂ@Pﬂ%‘&%@ﬁtﬁlﬁdﬁ?@%é&ﬂé‘%@%W% sftisaled to that

at ngutratetfroHrAReRmgES, ﬂﬁemﬁ%e@tﬂmmmﬁmela&@eﬁ@rm@éboﬂ@ﬁw&rﬁ@wmamwtracelIular
25binding of a b|n moI Ie free from an igen to ing.th
antlgenn%lr‘f)ﬁlndl%qﬁlty Oft e% %ngﬁrho?ngﬁfee gf Acidre t pcf—%ggl coérr/%ilareér %ﬁ ftapég neutral pH.
In genere®nmEERe bindiitet ﬂrﬁ@ﬂﬁr@%pﬁndrﬁgefﬁemgwhm@neﬁm Iphienathogp of the

antigen- pfegﬁﬁglm@ﬁﬁsﬂq&%ﬂel@@ mmmamigmiﬁmu@mmamw%%ﬂ@ ina
preferred |me t when the trgng is a,m %mnbragecu?esr#ga% tlg(epo the e%ent Hwentlon
includesfie or & eha{hrcefjr%m?ﬁe ehuGsomal dissociation o gens genlglndlng
mdécul%@@&h@@ht@@cﬁﬂ@%ﬁ%ﬂh @rmﬁﬁ@@ﬁlﬂw@@mt@enﬁtﬁdﬁn@m&@ﬁg@ binsangng the

antigen-piping ALHKLAE anrRHASAIRIBAING-A0RGHIR Bhie endesomaket taeidic Rbllis compared to
that at thegplasma pH (neutral pH). When the antigen is a soluble antigen, the antigen-binding

molecul®EXABind to FcRn in the presence or 35absence of the antigen. If dissociation of the antigen

from the antigenlbindinthede eicuibanitinig ba dosdinges! carmiiécprdritiog byolespédrang fredln within
antigen-pinding.anilityafihe apiigeRdPRdiROmethods of promoting the FcRn binding of an
20  antigen-binding molecule within a cell, for example, within endosomes.

Furthermore, the present invention relates to methods for releasing an antigen-binding
molecule, which has been bound to an anfigen 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 acceptabie 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 to that at neutral pH. It is preferred that the antigen-binding molecule released to the
outside of a cell retains the antigen-binding ability. Furthermore, the method of releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell can also be referred to as a method of conferring to

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



25 molecule at intraendosomal (acidic) pH as compared to that at plasma (neutral) pH, the FeRn
binding of the antigen-binding molecule that is "free from an antigen" can be enhanced by the methods
of the present invention. Regardless of whether anz%ntigen is membrane-bound or soluble, if an
antigen-binding 5molecule free from an antigen can return to plasma with FcRn, the antigen-binding
molecule can bind to the antigen again. By repeating this process, the antigen-binding molecule can
bind to the antigen multiple times. In the present invention, "enhancing the FcRn binding of an
antigen-binding molecule within a cell" does not necessarily mean that every antigen-binding molecule
binds toBleRFiodherisidnid thattHd 1B pEH RS dres AR RRDDIRUARG $RBTRENEE BPEEHBM an
antigen thahhindstanfigRnandtnremaehihoressesilvhen compared to before impairing the
antigen-binding bl plae Aniaserinding Maseule aLomeRCRsomaLRH #5, caBRR/edp that al the
plasma pH. Preferred antigen-binding molecules in the methods of the present invention for enhancing
the intra@ﬂ%ﬁarmwwfwéwﬂf@w@é@B}ﬁ%@%&ﬂ%@@@%}ﬁ&ﬁﬂéﬁ& PerMigcHPRGREple,
antigen-hficngfimelaatles hatkipchtoengdabantdhopi dslGantiged so herbrroeapligens)tkach as
membrane proteins. Other preferable antigen-binding m lgs. i e.antigen:-hinding. molecules
et b L g IR e i o
an antigBAthiPlaRmRArHueentchih 8 BrescRAthl piassed sreen terraticery angres seelossigiaihiethods of
promotingheifeRa AiRdingrokase2RantigerrkindingusalebulswihitnaelbHor exampg thathin

endosomes, Furthermore,.the present invention, relates to methods for releasing an
antigen AT gh e AR B g iafectie (O ehgaAc atipea Bk Sdals BT AY Aot

antiyenstseingtinneinetigansidomimherae Wiy ihp anfiegiendiniyae] prvérn grasiimiesised in
antli9e”Q%diﬁzﬂcﬁwé@&%!!?g@%@ﬁi%eﬁl%&?&%ﬁ@?ﬁ%@&@ﬁﬁ@tﬁ?ﬁf?ﬁﬁ%iﬂﬂiﬂg@@ﬂﬂ%&?ﬂd‘ tipve ntlion,OI
"releasing.an 25antigen-bjnding molecule ich has bege und t ti internalized into a
col. 1 ASRGRTAS TAHFCEAT el b e TR B BBy e oA R A S
antigen-dfitkirryigetebinding hicketiads sedintioaindn genantigesrend intevasiizenh iclelaalinislreleased

in an anfigenfeadpNm sadhe QutsidsopiReapalolidaReaaniahiB b Al e, RIGREI iRR;0f antggebinding
molecules that are released to.the qut I%E of the cell in reases\\%?tgn éompared tQ BO%efo&%impamng
the oGBS B B S LT RANEE R BT ac RIS BGRISEASA £ APAS neutral

pH. It isgmtédensent fHatrthe Setiterdindistgatoledisie vble asbgets tnd outigicte hdivg indtainsstise
antigensinding APl by YAC RQEH he MEIed o) FeieRING.RN-BRBSIRINGIRE Malsggrwhich has
been bound to an antigen and internalized into a cell, in an. antigen-free form to the outside of the cell
can alsdi38 R ARPIS AP R SR BESLTU AR 18 %ﬁ%lgﬁt‘iﬁ%%@ﬁ%ﬁﬁﬁ'% fgoié Pgep@rty that the
antigen-dlindirgerant@enteih ekome & mnoreasabily 26
20 Théfpresent invention also relates to methods for improving the pharmacokinetics of an
antigen-binding molecule by substituting histidine or non-natural amino acid for at least one
amino acid in the antigen-binding molecule or inserting histidine or non-natural amino acid into
the molecule.
Furthermore, the present invention provides methods for increasing the number of times
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 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

35  non-natural amino acid into the molecule.



released to the outside of the cell in an antigen-free form when the antigen-binding molecule is bound
to an antigen and internalized into a cell. Furthermore, the present invention relates to methods for
increasing the ability of the antigen-binding molecuigs to eliminate antigens in plasma by impairing the
antigen-binding 5ability of the antigen-binding molécules at acidic pH as compared to that at neutral
pH. In the present invention "the ability to eliminate antigens in plasma" refers to the ability to eliminate
from plasma antigens that are present in plasma, when the antigen-binding molecules are
administered in vivo or are secreted in vivo. Thus, in the present invention, "increasing the ability of the
antigen-binding FA§IBE SRt dESRRiIAR/SARTgEYA BRibeis Taicslsetnaamaniigendiademmelasoteof
antigensfkin Rlasea whea theatigen: bidingmelecd iash ar e-ad Minisiered iy trisaeaalerated as
compar%(gIi,itsodtahO efor, lIoovg{:i{)ir%g t_ie antigen-bindin abilia/.oftﬁhe a}nt\ggél-t%ndin Snol culxteg, at acidic
pH as complare %oetﬁea a neufra}lpﬁg. athaPeery (i’li?)?lofl ean |1§en- in ﬁ% Morscuie 16" eliminate
antigendiiptigias wianienimerers e venabis dutinsaiiieg plifonesaneplaabuish misterardsolebiee antigens
andsantign=binding molecules in vivo, and then 15measuring the concentration of soluble antigens in
plasma. When tl? concentration. of spluble antigens in plasma after th a%_ inistration of soluble
Eintigens and ankBERBIAAG UL AR T A a5 AP e 8GR GG abilty of the
antigen-bitigingbimdlog mielateleitic ifithamattitgeas me pirainatbyis chstitiniese traki ed dhatitiveaaldility of

the antigebingiBehBABGY e 0 LURINAIR BRHGSRS L BIRAG S ANGIRARed Al ReRICARALIRYERtioN
also relates to méthods for.lirrf]provmg the pharmacokinetics of an antigen-binding molecule by

substitufifG RSHa PSR HEH LFARRTEH%id for at least one amino acid in the antigen-binding
makecule or inséitingithistitisgddrenomoanaakaninnacicddmothieomcldetitetiburthemmonesthpipresent

inventioﬂo? MWIm%for K‘ﬁfﬁ%@o%ﬂmﬁ%ﬁﬁ}?éc@ 9!&?%%’3&'3@9&[}' %ﬁn@&‘ted at

antigen-binding molecule by substituting histidine or non-natural aming acid for at least one amino acid

in the aftySHSbindREHISEareOPFIRTRY ARG ETAt HEMM it AHBFHMECRSE e Bes ohdsle.
In additifum ethepitesattsinvibint anaglaiesatdmeth odsdardn che asitige thisimdingody Bfyasttipens that can be

bound %ﬁ&ﬁ%ﬁ&fkﬁﬂ&’f&ﬂd@f"%'Eﬁ&g@%ﬁgﬂ_@ﬁe%g&%{&%&m&%ﬂ% ANiRGRGY for at least

one_amino acid in the’ antigen-binding molecule or inserting histidine’or non-natural amino™acid into the
mofeculdich sitssaglvde spepiehorrarisiciied hétRodd s madseiatigtiding g witiiala cell
from an=xinaceid ladybaund sstigetebindingnielecul Midmbdstitsing:atieast anacaiing acid in the

a”tige“ﬂ%‘s‘!iﬁgeﬁ?ﬁﬁ%%e‘ﬁig? i‘is?ﬁig%i@%t%f &Oz%'%”{{iaz'nao NRRC IR QIBREHING, SIS dition,
35non-natural amino acid into the molecule.
insertion, and/or substitution of other amino acids may be introduced simultaneously with the
histidine or non-natural amino acid substitution or insertion.
20 In the present invention, when the antigen-binding molecule is an antibody, possible
sites of histidine or non-natural amino acid substitution inciude, 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 4l., {(1991) Sequences of Proteins of Immunological Interest,
25  NIH). '

Heavy chain: H27, H31, H32, H33, H35, H50, H58, H59, H61, H62, H63, Ho64, H6S,
H99, H100b, and H102

Light chain: 124, 127, 1.28, 1.32, 153, L54, 156, 1.90, 1.92, and 1.94

Among the above sites, H32, H61, 1.53, 1.90, and 1.94 could be universal modification

30 sites.

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

Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, Ho4, H65, H100b, and

35  HI102
Light chain: 1.24, 1.27, 1.28, 1.32, £.53, 156, 190, L92, and 1.94



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 fowl 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 inserting histidine or non-natural am#o acid into the 5molecule. The present
invention also provides methods for increasing the ability of the antigen-binding molecule to eliminate
antigens in plasma by substituting at least one amino acid in the antigen-binding molecule with
histidine or non-natural amino acid, or inserting histidine or non-natural amino acid into the molecule.

10The site of histidinehostiion: Ratwsalamiabadich mutblionisuhsttutionlinsertion, ptef}rsdot
particularly limited, A pistiding 61 pan-natralaming agidmax be subsibieriorinsgred ghany site.
Preferred Sites of histidine oF non-natural amino acid substtution of Insertion mclu e, for example,
sites witbfraipagishaheEiaklah Figatbonths. dHtigandihting wmipsichedntiyarddiddirngdnolecule.
For eglamiﬁaiﬂ@ﬁafé M%@fﬁ@%@ﬁa%gf?@ﬂ%ﬂd ﬁi&ﬁx?ﬁk@ﬁ@ﬂ*@@%ﬂﬁl lﬁh@®§itﬁ%&ﬁ§.ﬂudﬁqﬁ%i@é%t&0dy ar
variable,region e number,of histidine or non-na no acid mutations is not particularly
it Pt RO, R T R e L mtelr 5 i Bt  single sie. of at two or
more sites. Furthérpndhs, antesatisnl ddditorhumsartion) dlorablibstitdifisatshotiier iamine Beids may
be introgygsdiainulianeousith e bistdineohR [shamNMAeid eRsdtution or insertion. 20In
the present invention, v@gn %%tggfc%?ingégqﬁ};olecu e is an antibody, possible sites of histidine or
non-natural amifné Bei§ CBstitttron™ @, forexample, sites within the CDR sequence or sequence
responsible for thiglCORistrléturedf &Atantibddy. Such sites include, for example, the sites listed

belgw. The aminpagichpositionsais.umberedhasedomie.Kabah umberingahslEA et al., (1
991) Sequenges,of P,rotelnﬁﬁc‘)i{%lgmun ogical Ingerest, NIH). . av cham'%lr127, H3]§, H32, H33,

He
H35, 115 HE8UREY s a1C 391 631OMIRAT e E29YHecat P8 SHeR Mg RPOP e A ES4, L 27,
L28, L32hdrB®, L54, L56, L90, L92, and L94 Among the above sites, H32, H61, L53, L90, and L94

could be univeri@é@%ﬂ&%@%&%&%@; only YWBeRdheaataends e 6 RSARIRL (8:Snhiiman IL-6

receptor), preferable modification sites include the followmi%étglowever,, the modification sjtes are not
particul &R RRAEY thalrenatgelyy BHERlesiSS ngE Pofebstiiaad yebhigiding QrnoRdntusaming, Hes,
H1160b,azairid 35 H102 Light chain: L24, L27, L28, L32, L53, L56, L90, L92, and L94 28 When

histidine or non-fglekAG ARl S sHaled Ak muiiplesiles Bielkred sambibationsals
substitution sites include, for example, the combination’of H27, H31, and"H35; combination of H27,
H31, HIPeMals+gbpbPesdary nigfibination of L32 and L53; and combination of L28, L32, and
L53. In addition;Theefetigch admimpgatiorsdé sobdit ptansiies o baavy angdighuthbinsinetuge the
Combi”%@é‘ ﬁftﬂié%ga\'%?tﬂie 's%@aﬁ@%hﬁ%g activity to an antigen of interest. Preferred
20 antigen-binding molecules of the present invention include, for example, substan.ces 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 antibedy 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



When the antigen is IL-6 (e.g., human IL-6), preferable modification sites include the following
However, the modification sites are not particularly limited thereto. Heavy chain: H32, H59, H61, and
H99 Light chain: L53, L54, L90, and L94 10When antigen is the IL-31 receptor (e.g., human IL-31
receptor), preferable modification sites include 1433~ However, the modification sites are not

particularly limited thereto. Regarding the above sites, only one site may be substituted with
histidine or non-natural amino acid. Alternatively, multiple sites may be substituted with histidine or
non-natural amino 15acid. The methods of the present invention are applicable to any

antigen-birdingtaoleenés cragarditshontifiggmof targstanigemino acidevbstigenmhiddatigmolecules
of the PrRRRRGANYEANR HAERIDAY Qﬁ&&wﬁmmm&%@m leBGAShgy hayedibenangrticinding activity to
an antigen of interest. Preferr d Zﬁﬁntr % E%ﬂles of the present ventron include, for
example, subst r‘i‘f@f g’r"?na 5 Fﬁ‘ Fe MGt dh B%%W*h%o fgRTiBHIa8 Y domain of
an antib@@wm@uﬁwdﬁrmmmtmmﬂmadraﬂ}ela@gg)mﬁwnerwﬂeuaaugmhimnhrag domain of an
antipodyis £DIRiARG-BOLLEARING] Mﬁ?ﬁ}é)}%m@%&?HH@%@A&&B‘%&%&BBS&%M?&G antibody, or

one, or two qr mor them. Aliernativ When an antigen-hinding molecule includes CDR as a
25b|ndrﬁBbc?BH}Bﬂ%‘F‘%Ih“élﬁtr%di?"ﬁa R SRR SR iR RYIGRE SuBdHistion, addition,
and/or insegiorhiodimamnble@lpartial CDR Furthermore when the antigen-binding molecule
includes an am'ﬁ&‘ib{e?ﬁ%%éa%@ﬂr?@aﬁﬁg H@ﬁﬁﬂ‘ig’ﬁﬁ%ﬁ&% TSIHER QMG n%ﬁ%%)%g‘ gythe

phaunacoklnetrcs of antigen-binding molecules B?émodrfrcatron (for example, amino acid Substitution,

deletiont 5 dRIRTER INaRbieoridsHis iy Shede L Eﬁ}%ﬁé%{%mﬂdﬁ%@%?&@%ﬁ”ﬁiﬁaﬁﬁi molecule.
In Hdditisegnvdoendhe antigardbindi hgamaleed|érinel wddsianaaibhady feaniiantsagiomntthe: pfakent

nventiog,ravidesmelids fy dnsreasing e umbet ot Aes.gLagliasabinding of an anfigen-binding

molecule by modification (for exam amino acid su strtutron ifion, an or Insertion) of

the antilSh @&H@P&H’t?@’é‘?&hﬁﬁ%@%ﬁt %ﬁ@%@%&&ﬂ@@@zurthermore when the

antigen-bindingFanlestieri)clideshanaitihdsy dap standdginriibes presaitdoyentionmelairg fo

et oo hIOpIeR IR0 IS, SIANIATHe (ALESRARORMIE SR AN AR DG polecule
g ik

by modi ion (for example, amino aci stitution, Ietron a n, an or insertron

anltnoodroc“éﬁetaﬁﬁ@ﬁrsﬁlm%%m@@hmﬁmﬁgt%{é@mmpie amino acid substitution, de

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

etzon

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 FcRn-binding region is preferably a domain that directly binds
to FcRn. Preferred FcRn-binding region includes, for example, antibody Fe regions.
However, the FcRn-binding region of the present invention may be a region that can bind to a
polypeptide having the ability te bind to FcRn 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, IL-2, IL.-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-15, T1L-31,
[L-23, IL-2 receptor, IL-6 receptor, OSM receptor, gpl30, IL-5 receptor, CD40, CD4, Fas,



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 molecule by modification (for example, amino acid substitution, deletion, addition,
and/or insertion) of the antibody constant region in fe antigen-binding molecule. Furthermore,
when the antigen-binding molecule includes an antibody constant region, the present invention relates
to methods for releasing an antigen-binding molecule, which has 10been bound to an antigen and
internalized into a cell, in an antigen-free form to the outside of the cell, by modification (for example,
amino acitespbstit, i3] da|€tlot), atoktion,) HiaAsy, mseoipre) dicthetaritibbdiocdiistantitefion in the

antigen-Bioding melesileriy, 10 AIhermRrE oven (e anisen Bindinermoleruledngiidessan antibody

constant rﬁgion, the present invention re&%es to methods for increasing the ability of an

antigen-Biftdirig hi6fERE 158 MR R SHGEASHS PREAR M3dREREh (for example, amino acid
substitution, del&ticthemateitiche amdifon ihseitigm)dfthé afifiliedyicionstanttegisnfiththgramtigen-binding

molecule, ool A RIEICHES SMPRGIMEAL e AMIASH-AIndINg-SURsIace. Al he preseniinvention

includes antigen-binding substances including an FcRN-binding region. After internalized into cells,

antigen-BIHEMgRUHBEREkSHRILERF B SRR Bina e FeyBhte H Eti A9 85 PIHEMHA by 20the FeRn
salvage(pgthdy aftigeh@Ridibnaicigaeigion is jreferdbled dabodimtia #lireatiydindsdiadeRn.

Preferre -Pinding.region ing r ntibhod ons, , the FeRn-binding
reglon ﬁfﬁﬁ%‘?@@%ﬁ%@?ﬁ%%ﬁ%%ﬁé‘%%ﬁg%%g?éﬁi’%?%ﬁgﬁéﬁ%%ﬁa%ﬁ%%%%%%ﬂ%%ﬁﬁ%t?% the ability to bind

to FcRn28G@sHBiaksme se 1S tahreceerins aymhuis Chieen dueh e Bty peptisHablag
FelRn-biadiagrability sapvhiReiedndiFeeiyimpleRim vig om0 a2Bige biiding molstligemsrecognized by

antigen-bindi lecules such as.antibodies of interest.in the, methods of the present.invention are
ot e B B B R oo
pharmasdkiiétits & gerbag mproved Yy the 19rs#iets of the present invention include, for example,

antibodies that recpg pize-RerR#dA, ARt ganssHhnERamIgeeRtos NiNteisiinenpRiangpgund

receptoris and soIHbIe r%ce&%tors .and cell surfacIe rkerTc. and antibbodhes that recogr 'ﬁ(]e soluble
. imlt?ﬁi, an ntm%. € 1oen-pinding mo ec@%s. he an’uﬁ%n- 10 1r%g(molecue e .
antigens such’as cytokines. Preretre exan%p es of meémbrane antigens ofthe present invention

indiide PeselranepionairedciERinptbiies bolhisisiaenigenking apévpresunigen -biibnei redinte soluble
proteinsF Aniigansieragnizedbyantibadipe whesamhamaseiipaiios daltob e iR dniyihen
methods o{ thg prreslentti v nti ntin 1Iude, r35e ngple, ILr;_ . 1L=2, IL-?I, IL-4i IL£5 . IL-g, L-7, IL-8,
Lo, 1L s e o i R e e AL 5P 5 PR il a0, 1.5
receptoenGEAchigdng reiyitgensstedpobind ERIFHT Boed:sPROGRDGD20 i badisscyiBhrehemotactic
factor, GRZRbdiNFRfdAMGBile BohBIE I Gt ifcfonGhilul, ©P x i, Bl SnfilloildR,
B R o B T B ch R TS ek
belonging to any isotype (subclass) such as IgG1l, IgG2, IgG3, or IgG4 can be used.
Furthermore, amino acid mutations (e.g., M73) may be introduced into the constant region of
any of these IgG isotypes. Amino acid mutations to be introduced include, for example, those
potentiate or impair the binding to Fey receptor (Proc Natl Acad Sci U S A. 2006 Mar
25 14;103(11):4005-10) and those potentiate or tmpair the binding to FeRn (J Biol Chem. 2001 Mar .
2;276(9):6591-604), but are not limited to these examples.  Alternatively, it is also possibie to
alter the pH-dependent binding by selecting an appropriate constant 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
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



Furthermore, the antigen-binding molecule of interest in the methods of the present Sinvention
includes antigen-binding molecules having an antagonistic activity (antagonistic antigen-binding
molecules) and antigen-binding molecules having grg agonistic activity (agonistic antigen-binding
molecules).In a preferred embodiment, the antigen-binding molecule includes antagonistic
antigen-binding molecules, in particular, antagonistic antigen-binding molecules that recognize
membrane antigens such as receptors, or soluble 10antigens such as cytokines. For example, an
antagonistic antigen-binding molecule that recognizes a receptor inhibits the ligand-receptor binding by
binding R54FE B¢ &stE chai tuabishibitEciensigralingretsaiandlads the heeeptord lighhehpiesent
inventioseRen@ntigesghinsdinermalaats aftdptekest is not particularly limited, and may be any
antigen-binding mplecules, The antigen-bindi lecule pf the 15present invention preferably
includes both an‘%%%}ﬁ%%naé}g\%?ﬂ}ﬁ%i%%@%%ﬁl ing’ r]éegsll%a egﬁaﬂg%'ﬂ?ﬁmtﬁ?gli'ﬁ& e %dﬁﬁrticular,
preferrethariigh sintimgrirsisctécohinmpresions tveRdbafiackidEw dyrdgivndHaubindsrtumaman

FeRn. Thampligenrkinding.-molesue insludingibhath anigrndinging astiviv,andizeRn-bingdingregion

includes, for,example ibodies. Th tibodies preferred in the context of the present invention
inclucio. T3 SAANS FIORSAIDORAEE O e BB Hor 5B 1258 A EC R OB e type of
IgG is n6t9iediatineald G imlondihigaithany tseiype(dubdiads) stigh, Akig@ I(1RESR 3GB37pr IgG4 can
be usedgEREhEsmRIR r2EBING; AN MUAHORS (8 SuitSIINaY:RRpidRcae NG Hhg grastant region of

any of these IgG jsotypes. Amino agcid tion introduced include, for example, those
potentiaﬁ*&?ﬁ%‘bgﬁt%gﬁb‘?ﬁﬁﬁ? B %%J%@é%t&?@ﬁ%ﬁ MPARRH Sci U S A. 2006 Mar 2514:
108(11):4005-1 ) spedifhoseipotemtitts trimpaibtidy tiadiag fo ffeRan{d Binb&hemnnl2604, Mar 2;
276(9): Q2L H0A ML B8 f&%@mﬁ@m@&l@&s&%g%g 'ﬁgg%é{&%@?ﬁﬂ\éﬁh’béﬁ? %L;%%%;%H{%%ﬁ'ter the

pH-dependent binding by selecting an appropria nt region such as en the
antigen BTG FGRCHIE OF Me&r L BrHSPrEsEh YR AR LY hah RREMZSE HSPBEGR antibody
derived frbierany@nimalysachms agense antibody, human antibody, rat 30antibody, rabbit antibody,

goat antibody. of aiSh ARIRAGK- A s ARt manbs A madid anphogy for example,

a chimeric antibocil]%/ and in particular, a modified antibod mcludin%%amlno aci stitution in the
setiuendBEPENR @Hiﬂ%@%ﬂ%‘éy?‘ﬁ&@ﬁb%ﬂ%@@ﬁ’ésﬁ%ﬁﬁﬁla bidpécite: shisdtiies, antibody
modificakivibqiied (drebliiRe itk VaBBLR WaeeS0as0opolypefdas nziuding agshatyHagments.

35"Chimal %2 AHRGH 531:ate ARIPRAIES RIFRATEHRY SRMPINRY SSMENERR ARrNSA Tt

binding to FcRn, and are therefore suitable for use in the methods discovered in the present

invention.

200 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 2002/620565), 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-Fc

30  fusion protein that binds to a target, including, for example, TNFR-Fc fusion protein, IL1R-Fc
fusion protein, VEGFR-Fc fusion protein, and CTL.A4-Fc 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 éntigen—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



different animals. Specifically, the chimeric antibody includes, for example, antibodies having 31
heavy and light chain variable (V) regions from a mouse antibody and heavy and light chain constant
(C) regions from a human antibody. "Humanized antibodies", also referred to as reshaped human
antibodies, are antibodies in which complementari%etermining regions (CDRs) of an antibody
derived from a nonhuman 5mammal, for example, a mouse, are transplanted into the CDRs of a
human antibody. Methods for identifying CDRs are known (Kabat et al., Sequence of Proteins of
Immunological Interest (1987), National Institute of Health, Bethesda, Md.; Chothia et al., Nature
(1989) 3x2:8Pk). BemerHl-GahdiB et didbiratio hStd ShRvolo§ies K)itabfedioh thisfminpbgandre also known

(see Eurgpean ateph ARRIIGaURR EhohamOrthand Wity 36{0%a/ Bl LR igantinady fefers to an

antibody that has, in the same antibody molecule, variable regions that recognize different epitopes. A

bispecifit@BotyS AR HE afﬂ%‘rﬁi’ﬂ%ﬁ%ﬁﬂ@c@g}ﬂ%?ﬂ”@’@rtﬁ%‘?@ﬁﬁ]@@ﬁﬁ'antigens, or an antibody
that recognizes Budlermore iiferdhtdEpitopis presesaimeatitigamyhucthésmard fadlypeptitessncluding

antigodiagmenss,Melide:dos samale.Eah aleam BNl bR faarmenis,sgiy (Nat Biotechnol.

2005 Sep;23(9):1126-36), domain antibodies (dADB) (WO 2004/058821, WO 2003/002609), scFv-Fc
(WO 2085702788 GXE P MRd Heariberiprdiaiise erlinestimibrestidatitdddrigaheeiddain have
the activibyiaf (Wr0ingydoBeRW,0e Hreithekaiol e0suitsite TOWEE (04106 Taethads! disdbyéiesd in the
present j i thef I indi W at are applicable to the present
inventioff%%r\%%%l gg;ﬁgtl%% gﬁé%%?& gg,?ﬁr%g tibody-li zgr#g)lecple is a molecule that can exhibit
functions by bindiibeieh f gesthedfolitec (respEhiInOPIRIMATE B tderisa By coeciiz 88316582 Current
Opinion ildBigieshreieas 2 00kidHe kot Lurtend ip ubanyinSndciyRl Bialagwd O3 p£:463-469;
Protein Scienge, 2 15:14-27). anddncludes. for example RPins.(WO. 252002/020565), Affibody
WO 1000 s B R S R B S G e P KR S S loazomsy
If these dFtHsHcANIRE Prolemad ssciaH Bindies aygacenolecules in a pH-dependent manner, it is possible

for a single moleeule:ipmiadnuiiple daraed meoBcHenhJdyrhesnaredheratiganhingding, melecule may

S L e T N
profein Q‘N"atqm_og@@:gn the cells together with the antigen and while the antibody is kept bound to the
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 relafively 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
transiocate to the cell surface and return again in the plasma by dissociating from FcRn under the
neutral condition in the plasma.
Alternatively, 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,



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. 35Moreover, the art%iggen-binding molecule may be an artificial ligand
protein or artificial ligand fusion protein that binds té’a target and has the neutralizing effect, and
includes, for 32 example, mutant IL-6 (EMBO J. 1994 Dec 15;13(24):5863-70). If such artificial ligand
proteins and artificial ligand fusion proteins can bind to target molecules in a pH-dependent manner, it
is possible for a single molecule to bind multiple target molecules. Furthermore, the antibodies of the
present witie tittomtitmischege modifiedreiggar,chaimsi Saltiouies hitd medifgahsagrinchaisinclude,

hedissdihmagiied alyeasvataniORRead)ealibadigadiatargdenicient n

for exampie, 208
fucose that Is added to the Sl,églal‘ chain (WO 00/61739; WO 02/31140; WO 2006/067847; W02

006/06 799 L AR A Sl BHIEe PeRARRPL BT EHETRE WilR BisHL#HY ERKFREIWO 02/79255). Although the
methods of the fitesprEényentidrare:aomkihited, tolenyaspbotfiesttadhyutibtd Grelationship dsetween
making the antigen-bindi ili idi -
imp?ove%%naa%’féﬁﬁq%n%#%%%??%z‘%ﬁé%&’Sﬁﬁ%‘ﬁq@%ﬁ%g@ﬁ%ﬁ%{ﬁﬁﬁ%ﬂiﬁt%%%"?éﬂ%éﬂ%&ained

as follovisptdostandhe antigeny tEansiapie WA AR EhAbHF Regrdstittale arBhagdsn P8 mbrane
antigen zhe:anipashcadeinisieresintnibiecbodybhidds ferietRntige sxpnekibenistaketvspoeia
internalization 15intg endosomes.in the.cells t r.wi i et i is kept
bound t§ ?ﬁg%%at?f en. er?mlgrsl?%lem.éeﬁ%%rg&fﬁ%%%}ef ocatgs%%giﬁgg%%wﬂ gﬁ% Efﬁ%%%% bound to
the antideihapiasne brftetdindgtadbeianyiess WaBEbIIHRSABE GREPIAE ARy igPRdn
integnalization-mediatedQliminatipnéamihenplasoascalit artigeadapendeniselivairatinn, and such
elimination has been reported with numerous antibody malecules (Drug, Di 006 Jan;
11(1—2):@%-%{@7\?%%5‘1 gﬁ sglﬁté?g Mo é’gbél!gee §f0 fa af %%Eé%{/ ]‘Bllﬁn sef})ggsh(gt%ee’r?lsl?% am |v%?§r%¥?n%a%gner, the

single attibsldyamdieteedd el prsorsirieagnndntibe NERIREBIBHAAH RABEVG aREgRl Molecules,
andfiﬁ@@@ﬁ%&ﬂﬁ%&ﬁ&ﬁﬁ%ﬁ&%@ﬁmﬁnﬂg&ﬁe fcﬂﬁﬁlﬁfrﬁﬁ@fg,aﬂlﬂiﬁfb%ﬁmv@ﬁ?@@é@ﬁiﬂ&g@ggG
antibody cannot hind.tq three gr more molecules of antigen. For.exam asingle 1aG antibody
molecuIg‘ﬁta%?é‘téhﬂgﬂ?gﬁg}ﬁé%ﬁéﬁeﬁic/rga%?nso#or{le%%rgﬁdeg%tt e ernrsnlcta?rgl% {%gstﬁlaerbﬁlglggﬁ?ég. The
relafivelpipddlerigec ietentiothistovostiminatichysotine fravldbaleyigems dnylhe ardosamecis highihction

of FeRnyyhighis knaneas:fi 5 MAgR 1 eaRias ablasi-malesHiesddhan, iakoniundnneansasemes via

pinocytosis, 1IgG molecules bind to FeRn expressed in the endosomes under acidic condition in the
endosoriiS RE RIS TR S ?ﬂé{{’?ﬁﬁ ﬂ%‘&%‘?ﬁﬁ?@ %’If:}t}ﬁlrtf??éﬁ?s eurllécg’ %38@(?%%%1\}\%%?&9 they are

degraded, IgG rolectiledahtidmesahtinFoRersravistbtaietho thbindhespidese was ddtarentfam in the
plasma Gy, %ﬁ%ﬁ%'&%ﬁ%&?m wnderithe BridaL condiiandniheRia®Maind 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 info 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 boun“tfl“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>



Alternatively, 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 35antibody is kept bound to
the antigen. Many antibodies taken up into cells argyreleased to the outside of cells via FcRn.
However, since the antibodies are released to the outside of cells, 33 with the antibodies kept bound
to antigens, the antibodies cannot bind to antigens again. Thus, similar to antibodies that bind to
membrane antigens, in the case of typical antibodies, one molecule of IgG antibody cannot bind to
three or more antigen molecules. The present inventors reasoned that, when_antibodies that bound to

antigens such aS BB AR BARRFGE L SPH YA REAV RS TBIERGSuBMRE BY! fstdfndiBeifon, while the
antibodiggitat arel kepicheindtpHhblantigé vsStrahsioratertdlysasdines andraid Gepraledthe 1gG

antibodigs:whose ARIgRNS IRSQGRIGI 126 6RAARPMESIEOUG RIBY 10 EARIVhaLAlG sxrassed in the

endosomes. Specifically, the present inventors discovered that an antibody that strongly binds to an
antigen $hRRe’ Hl4&H4 buiRFERIS B s endi R RitHRS fﬁ%oéﬁ%%‘?ﬂégﬁ%ﬁnﬁiﬁﬁlfﬁ%{ﬁ%ﬁgen in
1p @Iasma We.jakwmmilmkmtﬁﬁrm lp}mmplﬁxmﬁa ﬂaeamﬁgga wtteendasdimes in the cells
via '”ter&%l%ﬁﬁé'g% a%%@g&{r&%mg g?crgl; g EP?.@@%%%PM’P%?AP?%@E?R” and translocate to

the cell surface; and return-again in asma in a state not bound to antigens to neutralize multiple
membra%ais%ﬁaléwgeﬂ@s:3@&%%@&?3@@-@%@%@&%@%@%@&&%8%F@H’%ﬁtﬁ&ﬁ@hﬁb@ﬁi Having the
property.of slsebg ky:piasied do-attigensndiipenplasines biiose aldyr35binding ieratkggnsiin the
endosomeh%aﬂlglils&o%i%teﬁrg@ the antigens in the endosome even when the antibody had bound to
antigens such as sofub epantig'ens; therefore, they are released again into the plasma in a state not

botthd to antigefi§ Brdhesntrannbinginguiisteiss pblBearasrdnventinn sdoraAateeichaditnt inventors
noted thatithe Rtbi Yeiplasmaduasidifierentironbiiepht hdeendospias RAdiHus shissevered that
antibodigs, that str %%%&r?dz}fpﬁ‘?%‘?ﬁ%r%r}g &r, g plasina pal condition but that weakly. bind {o
antlgens und(-;-r en psc_)magp_ ‘condltlon were superior in retention |n. e plasma, becau%/é one
antibod{bmaseatetiedireisigity ity muttipielamipansd to befthwendososhabtivhich are membrane

vesicles, form netwerksdd dhpsiapRITAleHICAPHE RIS ARG RIS TBSRRERBIerimigh matabolism of
ertiosoTLEHAD BLE 1EROINCH BEqe ErAIyeAPa S BB & 515 B ot s Uil ol 2004
Feb;5(2ned2) wilessranhiflen-fhiodoes iscthétpigiia/ 14 knovieetor igecalen dsmdatrat thoyrBallyh pH 7.4).
Accordipgly, gereptigentindingmelaculaiwhoss dRLosPrRindine REUYI At ACIHiGRI iSongater than
the antigen-binding agctivity at neutral inds to the antigen in the plasma which 30have a neutral
ot 5 (T A CEN AN iR R Y e ARG (T s ik Eean
acidic pptefEredheniedbindinltimalsde-tivedidissodiaidd momddreangierehi bilgs twEc®ns translocates
tohe cehsiiang And ek 1SRG T IBHNEPLRsN Rk AP R HRAURG, 1 BRtiggns. As a result, the
AN N et S ment. The Hnigeh badhng Porau ot IRe oSt mProved:
invention has antigen-binding activity at pH 5.8 that is lower than that at pH 7.4, wherein the
value of KD(pHS5.8)/KD(pH7.4), which is a 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{(pHS5.8/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 ke(pH5.8)/ky(pH7.4), which is a ratio of the kq for the antigen at pH 5.8 and the kg 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 long 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;



35 <Antigen-binding molecule substances> 34 Furthermore, the present invention provides
antigen-binding molecules whose antigen-binding activity at pH 4.0 to pH 6.5 is lower than that at pH
6.7 to pH 10.0, preferably antigen-binding moleculgs whose antigen-binding activity at pH 5.0 to pH
6.0 is lower than that at pH 7.0 to 8.0. Specifically, antigen-binding molecules whose antigen-binding
activity at pH 54.0 to pH 6.5 is lower than that at pH 6.7 to pH 10.0 include, for example,
antigen-binding molecules whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4.
Antigen-binding molecules whose antigen-binding activity at pH 5.8 is lower than that at pH 7. 4 can
also be bapressebedBeantigEHIMeIR rivrsicd e8iwh ssaaml§erBmdry kil ME2 iy rer than

that at m&z%m%&nﬁaammemw@s pitheipeesentinyestiomywdiase antigen-binding
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eferably 10 or greater, and still more prefera or e upper limit o
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In another prefeged, embedimeni e Aniaen; ﬁ%@ﬂ'ﬁﬂ&ﬂ%‘?ﬁ&@cgfé%%@ﬁgéﬂyﬁﬁ&% whose
antigen-binding actlv% at pH 5.8 is lower than that at 4, has a value % /kd(pH? 4),

whieh is*aligio®Pihe asfmﬁétam&&ﬁ %p&%snawffﬁél}z@mﬁ&%fa@ cules WP

least one amino acid in the antigen-binding molecule is substituted with histidine or a

non-natural amino acid, or in which at least one histidine or a non-natural amino acid has been
inserted. The site into which the histidine or non-natural amino acid mutation is introduced is
not particularly limited and may be any site, as long as the antigen-binding activity at pH 5.8 is
20  weaker than thatat pH 7.4 (the KD(pH5.8)/KD(pH7.4) value is greater or the
kg(pH5.8)ks(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(pHS5.8)/KD(pH7.4) or kye(pHS.8)/ka(pH?7.4) 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.



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 kd(pHS5.8)/kd(pH7.4) value is not particularly
limited, and may be any value, for example, 50, 16, or 200, as long as production is possible using
the technologies of those skilled in the art. 35Conditions 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; 35 however, the measurements can be carried out for example,
under conditionﬁ o{ buffer 337C scn?ﬂed in the Examples. Furthermore,
antigen-binding'a¢ ge&nl?& W%fﬁﬂ?ﬁﬂl |@%3H°Set%§{%‘$ ?f%%/rfn%t%%‘dr %%{/r\i/(r)] to those
skilled incﬁﬂeilaﬁtwtmseﬂahmbuﬁngg Biaiconedl pOOS(GE ideaitHuard)zoptindlliké ladwissépibed in the

Exampleg,m, ?PH%&Q%&ME@M@Q%@WMH&B@'@%%@W weakly idsda@m antigen
at aC|d|c pH, e S|y issociates from the antigen und rtheindosom b%]%dlc condlition, Erl}jthat after

internali iSO AR BRETSRERAUA SRR TER % BESTTHR d
antigenHeifeding anoletide reldsisditdothe ontsideref shercedls dvithauhbeirgedegrasitidinSide the cells
can bmgelﬁ%n IH‘ 1 &%@&%‘éﬂé@ﬁ?ﬁ%ﬂ@% whenuihe epligenbinding.malacyle is, 10for example,

an anti ndin utrahzm molecule, the antigen-hinding molecule that easﬁ%jlssomates from the

antlgenaéﬁ’&éﬁh‘é YR %ﬁd?&ﬂBW@%ﬁBﬁ‘%&?ﬁbﬂf&hﬁﬁé‘%r@ﬁlﬁ@&ﬁﬂﬁ ARRARIR times. As a
result, &ﬁﬂ@ﬁn&nndmgnmiabui&m«vh&émrﬁlgmﬁ -taieectin chaic tivdikyn ahp khd b piditgisilotyerf than that
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antigen- se antigen-binding 15activity at pH 5.8 is lower than that at pH 7.4

.néﬁjdeéharmgﬁnbww m@&a e wmgﬁnal?lréaggé%%iegmmf%@m% ShBgRAAHI ﬁ“ﬁ‘%leou le is
substituieid witimbistitinelersa oo fnaﬁmal arefaatdeid b én e hadrie pstfenblhisittine @om.non-natural
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introduced is not a |cu may be anysite, as ndlng activity at pH

5.8 is 20WEAREF aﬁlmca@ ﬁlﬂllt?t@%tﬁ@&’ée%W@B}h@é’éﬁﬁ?"&?%ﬁ@%@ﬁf@? 8t e/ -4

kd(pHS5 s¥iee &nﬂﬁiﬁi}: valusnisgrestenias samparadoin beﬁ@f@&hbsﬁﬁgmnbzﬁaxm@mmxmm variable
re%ons aELdeC %f ana ntl?od |n11he t{g} S%mt{gupo mlgiplgeggleg ne%r]?trll dr}{a Thfe number
of amln%nalgcfls %Hbs%%u edS ?1?1 |d|ne or non-natural amino aCI e number of amino
acids toabéﬁﬁgéﬁeﬁl%aﬁtlﬂélhbb]@Bﬁéﬁ‘éWlH’e@éﬁf}‘rﬁﬁ@éjBV‘%ﬁ@é’é@RﬂfE@%ﬁZﬂﬁﬁ@%ﬁ?@ﬁ@%ﬁﬁho acid may

be SubmmmﬂiﬁmQﬁMWWMM@gi&nmmmﬁmﬁ badisereikealdwo or

more am| ;E\%‘hds nlt\)}?s&ibstlt COI’IITIlStIdBInueWOJEI:’IC% r{gtltlrb fam 0,86 em%rsttl\{\{1 .Or more amino
acids ma e ns oreover ap rom fhe ubs% utlons Ristiding of to Tion-natural amino acid

or insemmﬁmstﬁm@msmtnawn&mralsamﬁ@cbé|wqb@@ttgm@uaitmmw@énﬂwwmwbr%muuon
ang such.fiaihas %tpﬁlmqmaﬁ Q&S@r%ﬁélmul}@ﬁﬁ@%ly gaiRA QL uRStitglinsstedystidine or

to non- n tural amino acid or |n§$§ on of Stldlr‘L[? o non natural amino aC|d may be carried out at

randomChSRGOR HEHEEA A4S Hish ASHALs RIRREY ?ﬁlc F SE49%idine instead of alanine in alanine
scanning whichhsritreovwhta tiho setigdiebinditzenariccattiersthsting meledulgswidedy

-ICD(pH&ﬁ&%@@58&1@5&6@%@%eﬂ%ﬂ&mqgﬁﬁ%%@geﬁ%ﬂmﬁgm&%@r@ﬂnwatlon can 35be
selected from antigen-binding m%efléles into V\ghlcl‘l_lhlstldlﬁ% Hlon -natural amino acu? rglutatlon has
been m%ﬁﬁ?@e %%pgr?d‘.gmty%p 1s lower that at p e present mnvention mclu

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

Specific examples of antibody constant regions after modification include the constant regions
described in the Examples.
When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
weakened compared to that at pH 7.4 (when KD(pHS5.8)/KD(pH7.4) value is increased) by the
30  above described methods and such, it is generally preferable that the KD(pH5.8YKD(pH7.4)
value is two times or more, more preferably five times ot 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



Preferred antigen-binding molecules with mutation to histidine or to non-natural amino acid and whose
antigen-binding activity at pH 5.8 is lower than that at pH 7.4 include, for example, antigen-binding
molecules whose antigen-binding activity at pH 7.4.after the mutation to histidine or to non-natural
amino acid is equivalent to the antigen-binding acti%/ ty at pH 7.4 5before the mutation to histidine or to
non-natural amino acid. In the present invention, "an antigen-binding molecule after histidine or
non-natural amino acid mutation has an antigen-binding activity that is equivalent to that of the
antigen-binding molecule before histidine or non-natural amino acid mutation"” means that, when the
antigen-bielditeg Bemvityaleannstigenibimdise rholdngdenolorlshistidigenoraham-aaagaiiansino acid
mutationis set-8md M %olline ARtigankindindactixits efthe-a0ti9 %IF@Aﬂgggﬁ%ﬁﬁm?g%@r histidine
or non-natural amino acid.mu étion is at Iegai%t) 10% or more, preferably 50% or more, more preferably
80% or Mo ér,l%aﬂ%f‘gﬁﬁ% f%wﬁ FEPIBT GBI IR T he antigen-binding activity at pH 7.4 after
histidine or non-Rertiaimansirtbeguichentiationi omay e dpeatebodan thevhifigenibinaidgactiigsat pH 7.4
befgre histidineigrRar el aRINgREd WutatienaWhehiheantgeRhindingactvity.of fhe
15antigen-hinding molgcule, is decre er%.aue to substitution or insertion of histidine or non-natural
armino aERT GBS AT GBI Ay 3 a8 CERSCHRE oy - S YSHBRRSfio. acton,
and/or ifsettion ethsuctelofeakloerasréNdiino acids into the antigen-binding molecule so that the
antigen-binding Aetihbeeamesieauivajentrto thaypefore fyiding SybSttgiones Insertigps The
present jnvention also includes such antigen-binding molecules whose binding 20activity has been
made ecﬁﬁ\g}a%m% antbddfoor substitution, deletion, addition, and/or insertion of one or more amino
acids after histidinghschstitutien Iat ins28ida2, L33 Fusthdrsavhen, the2antigdrtbinding molecule is a
substance includipg, an,antbady.FENSIARL 1egionsin ABEME PrRferad SIhRdment Ofurion
antigen-binding molecule whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4, the
presentﬁﬁ%ntion includes 25 methods for modifying antibody constant regions contained in the
antigen-binding Wistachlestigpe tifibeclatplesyairaatibdteonsiantsegons pitesravddification include
the con ' ri .t pl igen-pindi Vit e

antigen B e Sy B S A AR
IC&pHé‘?E)Y%BWAf) value is increased) by the 30 above described methods and such, it is
generally prefergible thanatheHQD( P 5. B)AL; P 7140, yabse s WH A ES DI ede1690FEl poeferably five
times or}ﬁl) e, 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 fligErchaie bty biief ploperyLasd:|bag &b atngdibinding activity at pH 4.0 to pH
6.5 is lower tharwthed ﬁisﬁh‘l&@r?zﬁéﬁﬁlﬁﬂd zﬂéﬂ&lnﬁfélfa%i@m%&sﬂ}j@t@ﬂﬁ%ﬂ%ﬁﬁlgiﬂﬂamﬁi@ﬁ;i@é mahy be
agqnistic or,antagonistic antigen-bindin ecules. Preferred antigen-bindi ule e
e e R Rt AL T R

antagorfistibiatigarnbifiing ThotEth [ H3AhIBRS. Adedptod M EeRarsehbinraiden ok Sigrmalihg Byifhibiting the
binding hehwpandh ligarnd (agonist) s the, IRERRLRT. Jrekhe ek e e se BaIBNaRTIN s REQYIes
antibodies 1 QD AING Acid O A A, bination of H27, H31, 132, and L53.

When the antigen is [L-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: L53, L54, L90, and .94
When the antigen is the IL-31 receptor (e.g., human IL-31 receptor), preferabie
modification sites include H33. However, the modification sites are not particularty Iimited
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, I1-1,
35 IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 1L.-8, IL-9, IL-10, IL-11, IL-12, IL-15, TL-31, 1L.-23, J1L-2
receptor, 1L-6 receptor, OSM receptor, gp130, IL-5 receptor, CD40, CD4, Fas, osteopontin,



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: H3§ H31, H32, 1-133, H35, HSO, H58, H59, H61,
H62, H63, H64, H65, H99, H100b, and H102 10Light chain: L24, L27, L28, L32, L53, L54, L56, L90,
L92, and L94 Among the above sites, H32, H61, L53, L90, and L94 could be universal modification
sites. When the antigen is the IL-6 receptor (e.g., human IL-6 receptor), preferable modification

sites include the following. Howeyver, the modification sites.are not p 5li retqg. Heavy
chain: PSS 1Ad s TS0 (60, HEREE TS 16 o011 Db Akt 103 i
chain: Liddedr2y IC291132,(153, 136] 4, 9008 I Nin B L4, WhénIhistitire briiohZnandrEl-dhino acid is
substitufgdkatymultiple sites, preferred 20combinations of substitution sites include, for example, the
combination of H27, H3 comblnatl H31, H32, H35, H58, 1462, and H102;
combination of 45" HIGI]L % g&ﬂﬂ%ﬁ% ﬁg‘?ﬁ?g TEEE3, In addition, preferred
conmbinations ofﬂwmﬁgtmhmdegMMeaﬂymﬁh@ptashmmmlad@méesgmbmah@wof H27, H31, L32,

and L53, mANeOIhe ARIGER IS Ht -6 (6 Fpr MR Hrfin st ataIE. RO erﬁeéﬁfe% include the

25following. However, the modification sites are not particularly. limite thereto eavy chain: 1432,

H59, 118U ERITe Eight dhriRetiss heEne 8 2P r6ie AT NABH R BTBLRSS RO -31 receptor
(e.9., humandl. 3% eesepialy Prafétadiesmotilicatiba sitdmdchudé 1H831g4bwmkmd)thélmdmoatlon sites

are not Hﬁfﬂgﬁf!}?{%lﬂ %&Othﬁrﬁt ossibld 6,204 p- @é@ﬁ f%q 1@%195 yaghpresent invention may

recognize any antigen. Ahtigens re ﬁ)]%nlzed by antibodjes of the presentlnventlon specifically include
thdXbove-mentiotetf BB EIBRE Ml mRIFT ARYEBURRYF K BT BB B S 58y Hh8brane
antigenssucH@s. cell sustacklmnarkessianc anhib)ensotigensbedols asmytokings)des example, IL-1,

3OIL2 Hthdlich: et balulnde b dhafbdielOedbidibulisdiell s diietl, Lrtmnlinfolgagptor, IL-6

receptor, receptor, % receptor, CD40, CD4, Fas, osteopontin,
antibodies may be, Tor cxample 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  CDRs are 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 1s
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 substituted so that the CDRs of the reshaped



38 CRTH2, CD26, PDGF-D, CD20, monocyte chemoattractant factor, CD23, TNF-a, HIVIGB-1, a4
integrin, ICAM-1, CCR2, CD1 | a, CD3, IFNy, BLyS, HLA-DR,CD52, and IL-31 receeptor. Particularly
preferred antigens include the IL-6 receptor. 5The antigen-binding molecules of the present invention
are described above. In a preferred embodiment of the present invention, the antigen-binding
molecules include antibodies. Antibodies having antigen-binding activity and FeRn-binding region
include, for example, IgG antibodies. When the antibody used is an IgG antibody, there is no limitation
as to its type. It is possible to use IgGl, 1g02, IgG3, 1gG4, and such. 10The origin of antibody of the
present investioniie do cpaftioulasyiihitedtimed biaditesob dRytoriirer /s QossibReso (1883 for example,
mouse antinpgies). humanapiRadiesJakAntihedies.rahbitaniRadiesnaeal BoHRedias cama]
antibodiges, and others. Furthermore, the antibodies may be, for example, thé above-desprlbeg
chimerid BHBGEH LB YK BRRTECTAICHh B ST s WIS lord-eddenbe RUBERR tions,
such asthardhizect anfibuemsciEdhe drtitbdicsmayalShddither abolvitésBitdied Hispasiic
antipodigg; antbody,BHGHIGANBRAIHNAIETe WRIthVRHRUs malegles have been linked, polypeptides

including antibod fra%ment_s, and antibodies with modified sugar chains. = Generation of chimeric
antibodies is kng&?ﬁ?ll AR O4 BGPESAER SOEE HATHAST E RGBS U dise-0n BRImATSRA encoding
an antibodipMiiegibn taghbediokdd do midivdiancoding2ahimman sritaotyrregioodibis cBs:be
insertecpin 40 exRrespiop weclRr @nfipligaiaadinh A oRLIP BipLies the ehimalis ANy
Humanized antibodies™ are also referred to as reshaped human antibodies, and are antibodies in
which tHBeCofi3iBmeMars) Bk tAFAHIFSlr &BIBN fe18 RHALORY AR RainFdvradinfortbs ampe a mouse,
is tansplaiitedyt thgiGDRphadkumdbwatihe dindtethodsfocideniibingREGRR G kaown (Kabat et
al., Seq 1] ogigal S National Institute of Health, Bethesda, Md.;
Chothia&eﬁtﬁgfﬁi%ﬁé‘;ﬁ#%;g%%} é:ér%?éagfb%e%ééﬁgﬁc%yn%ﬁn%%%ﬁ ﬁgﬂgﬁg&%@%‘g%g%@&e for this

purpose’Edssd YHRBRIS (88w Epk 8pdaH gt friNgp fcativhophupso I8amm\n 0 GUEEE).
Humanizgibadibeeicsean barmiaduaaddyy KnpanwnatedsifanexamniliscdhefRRokadneuse

antibod etermi eghand DNA encoding an 30 tibpﬁ‘(i” ich the C Riséi ked to the
framewg)ér%ﬁ%gg%r%ﬁgfg%aya eﬁr‘ﬁegr?ﬁ gr%gggﬁg%%%a%e TEianize \gin b6 i%%sé%rrll¥ﬁ r?r Be Sroduced

usifg alsyseemniaedisesidsriasntish s rprassived\ser sacinhodse are fseabinthelsidedrby PCR,
using ag¢Rimgrgsevesabeligsnueiaatidescaiaprird for baye PRGNS that nugtap it thesend regions
o both 1h8 £ P RADY R 58 A EH 98 RO RIRE Y IR R ISR THEIEN ARG R fked via
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  thatatpH 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, antibodies whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4
may be selected by screening a number of antibodies obtained from an antibody library or
hybridomas as described below.
35 When hisfidine 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



35are 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 substituted so that the CDRs of the reshaped 39 human
antibody can form a suitable antigen binding site to, K. et al., Cancer Res. (1993) 53:10.01-6).
Amino acid residues in the FRs that can be modified include portions that directly bind to an antigen
via non-covalent bonds (Arnit et al., Science (1986) 233: 747-53), portions that influence or have an
effect on the CDR structure (Chothia et at., J. Mol. Biol. (1987) 196: 5901-17), and portions involved in
VH-VL interactions (EP 239400). When the antibodies of the present inventign are chimeric

antibodEEIGMEURAHIPES SR ABEBRIHE QTG AL BIPRAEESHHSRREEFE BreRFEORF f8AYEdtrom
human aribelditsi frothexamptealGyheGEal. Car andriild dandne uskek fapthe Hbthiain, fvhiilesCx and O.

can be used for chaj en, if: ire ' i muiations mayRe;introduced into the
human %%%}tl éipy%@h%%%ﬁ%ﬁk%n%%%%%%?i%%%ﬂ%ﬁ% to Fey rge)cepi)tor or FeRn or to improve
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2 humap anibody, Meanuhi, 3 umanized antihodpreferapiv nplydes, GRR3 qfan antibody derived
from a nonhuman mamma andrﬁ%s an %9reg|on§ enveé’from a 15human antibody. The constant
regionsbeFRIsHEbNYbain anttheddiiesiprefdiabframene sesardarenbhvdn g s sisendbtibodies
include cfarrepampie; 186s(leGhcl0S 2 ligiadn andl/Igl4)urthesonsiansTegiontised for thetbumanized

antibodies o ent.invention may be constant region antj i8S . y Asgt onstant
region (;%1 hr%%&r? 1%‘!22?3%%%%{%@8&6 %%aé;, i Lllgﬁﬁlé"(t}%}%l Sef)ég?ﬁétir%?g? %i‘ggﬁ%sédgf%ﬁgq%?n a human
antfbody/ WEERQide LR PhfdRdHetuViarthen b dtnase Bwisshplauldd ikfitd@elthendind may

be derivegd.fiam mreantibady olisnyaisatwre. (Jp-AT heyaiabieana.constenlspaiens ofiehineric and
humanizgd antibodies of the g%re nt inventiogu may be modi{ieda% Uﬂﬁlet'{on suligtgg&%%hi@tsesrtion,

and/or ZATHEH  HRHE S0 G PSS HORG A Th ISR S S AERABP e orlg}i%aaﬁoéir)ftibodles IS Exhibited.
25Sincethatimmusodenieityintbodsh smbasboetpiddowereeuichirnescalidhlibsamezddshtibodies using
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purposes or such, e antibqdies o resent invention may be prepared by an od. For
exanpl8PERRBEHRYPHHERE ‘éﬂﬂ%%ﬁ%?ﬁd’iﬂbgﬁﬁﬁ\ﬁﬁfaﬁ?ﬁ%%hfg %Ily%’) e%%{?l{ﬁ%n‘%?q%%%parable
to 30thatgibpsb? Mumay dpéitavtificiaty becdifieskedrou ghehistidine Sphagitstio it chibbrkabbydissr the like

so that tgit aniigendaing ra%a&@%&b@jﬁ@&sg&nsa Ik dham dBaY @l defbopiiernatively,
antlboo_hes whose antlglen-blndlng actlv_lfiy at pH 5.8 ﬁﬁwer than that at pH 7.4 ma @e selected by
screeniAtPR HitMBF ST aRT0RRRES 68 gﬂ*ﬁ?b‘?ﬁ e rﬁ&&?%ﬁ%"ﬁ%ﬁ&]&%‘ﬁ AEUEERed below.

35Whenftistidineritisdistithte difal @ntiinontigesin mantitddiy Knoyusrses oérdes thaytbedised for the
H ghainr 1,5haie 200, AE 0 SRaMECE:AliB5 ABRdy R BIoRe IERAHANAN & these sequences to
obtain human antibodies. These methods are already well known, and one can refer to WO
92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO
95/15388. '
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,



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 obtained by cloning;genes encoding antibodies from hybridomas
producing monoclonal antibodies. 5SRegarding antibody libraries, many antibody libraries are already
known, and methods for producing antibody libraries are also known; therefore, those skilled in the art
can appropriately obtain antibody libraries. For example, regarding antibody phage libraries, one can

refer to the. literatyre.such as Clacicson et al., Nature, 1991, 352: 624-8; Marks et al., J. Mol. Biol. 1991,
292: 58%’76;1?/\?5{%?h%’€}§§3389a5f.‘3“§1ﬁ%?ce&%%?se‘ﬁes.%f@‘@ : Ef‘?ﬁé%%s-é,?@ﬁﬁi’ﬁ%@%%ﬁfhﬁm BO J.
1994, 18re3edt Onsentivadghant pagiculialy lénBiode chiielogygto96ar be 30Pparéd dndikalpaisdse Patent

Kohyo Ryblicatigaiiie ir(%ﬁ’e/;})tﬂgp&%ﬁgieg tﬁyrﬁ%@ggﬂ%tg.g%%aqﬁgg@t@&;@éwﬁﬁﬁb,lwt@icatb;
corresp | a non-Jap Se International puplication). In agditon, It IS POSSIDIE 10 USe KNown
memodgggt?@?fﬁsﬂﬂ?eﬁﬁ s %ad@%%ﬁé’%@ﬂ%dag%%ﬁszéﬁewém%%@@}@ﬁ@ﬁ%g%waisp|ay
methods!. EGrtKemwredétividiogie MotbbdaiRrinymahn 1BdnfiBodliés)endamrting Waimg theman antibody
ibraries At gAY O ERherRMmG, WaraRie eI A WIRRANMbR? FAGRPRXRRERSRT On the

surface of phages as'single chain antibodies (scFvs) using phage display methods, and phages that
bind to %&%@%@8@8@%@%&%@%&%@%%@@ Bt phaGERENR YdtdIfRiTE e DNA
sequeneeasgensadindpthenariall e gidisl o bfipaanbaritifidoies shatdtin d tte thecamrtigens. Whage the DNA

sequengas of seFvs AL RINGLLZAIRE ﬁ@ﬂ%‘i&?@i%&%}&gm%%%@%%@éﬁﬁﬁ%ﬁgﬁ an be

produced based on these sequences to obtain hum ‘hese methods are already well
kndwn, AiitEBHe RUHYeTS! tBAsy Siinlpntesives 9bibo Toen ar galiEPE SaNE 95 4936; WO

93/191 T2 MIENQBHALAB Bx praesINOrADi i E38E aAs ol dnathagstelralidinifgcgenssengeding antibodies
from hy%’&%%m%%ng(_nown 25technologies may be basically used, which involve the use of desired
antigens or cells expressing the desired antigens as sensitizing antigens, using these to pert-min
immunizations ééﬁtﬁ%ﬁ‘ﬂ@ﬂf@%ﬁwﬁl&@&ﬁﬂhﬁﬁ%ﬁﬁb@’rﬁ“@fﬁ%@%&@m@ﬂ%%@& PRy IRTEAENe cells with
known petsintzegllsnigasnisotiaaksellusionsmeatiens, sarening nenssional antihogh fpreducing

cells (hybridomas) by conventional screening,methods, synthesizing cDNAs of antibody variable 30

e one e S Rl SR R R NG king
them with BrASEHEBER g desheemmpbny wstEnt dgrinde (O deyhagomorpigsrénshecifically,

sensitizignanigersuin oltalisthe mbovedsssried-aminosy-Henes &) eadinadnahkehains and L chains
include both complete antigens, with jmmunogenicity and incomplete antigens jncluding haptens and
the Tike SRR AR Ay P Ro i Ty e ol ST Mes B L B Ol 1 1

possibIébﬁm%@whé}@,ﬁ)&i@ﬁéggé%émafggpﬁri]doebl@ﬁéiémﬂsaaﬁmtémrmfad@mdng inignknown that
sulpstang@ibsoMpRHsinGHRlUsAGED A ehio WA, RHEIRIGRAGIdS HBifS:s aRfbULANIDS aRligeRseThus, the
oreparat By o kB ACCh tRAC R 1 s o i 5 WhculBFGd Batbmethos (fr
examplayolv w467 2ninaalsl Sorotxashpteidismives! dambe gtdehitenhdvineiamiite, dyitity agsthad of
M”Ste”hﬁ{tigens can be obtained by in vifro 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 production can be
35  confirmed by measuring the titer of the antibody of interest in animal sera using conventional

methods.



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 imniunogenicity, such as alpymin. Alternatively, if necessary, antigens may be
converted into soluble antigens by linking them with"other molecules. When transmembrane molecules
such as membrane antigens (for example, receptors) are used as 10antigens, portions of the
extracellular regions of the membrane antigens can be used as a fragment, or cells expressing
transmembrane molecules on their cell surface may be used as immunogens. i
Antibody-produéiABhedisreatis s Bedn abtHY SN HHghasTiRa SR Bb Hroprre Sefibitzing
antigend«itedribeideabavieboAlies ativie bynyantiho dyiproduatigteelidcasnhe prepaceah Eaddyni vitro
immunization of | ocytes that gan-produce antibedies. Variousmammal n bg.used for
rmuni S SN NN L) AT TS oA AgerOhaL S i et S
animalsatRigetioer dsadeipie, ﬁ@&‘éﬂt%é&é@%icé&%f%@rﬁgm&é@%@qﬂ@Fﬂﬁ% sUkHed rabbits;
ang primgdes ineluein ghaTBIKeYS skelTias ey D R alglss M PnkeNssd TestsHae kel daboonsand

chimpanzees. In additjon, transgenic animals carrying human 20antjbody gene repertoires are also
nowin, B R S C SN e BREAI e By S FOCE SRR 22 e BEP3586; Mendez et
at, Nat. B&hstandoryes:-liged nimeressabsitisipty <bEhYransgeiftcalinm alshiopexampiéicdisired
human aptihedias having ONERgpetMbRoMRSHAVIRAT EAR RS bl Anethhyel Miracsensitization of
human Igﬁr%%hoc es with gesir%d amj%?ns rIceIIs expressing the desired antigens, and then fusing
the sen Nk 5%%% At B8 y%tllgﬁia cells such as U266 (see Japanese Patent

Application Kokbkt.Rgbticatiording.tieRdBcH0 BEIRTS {exarhnddnap provdy agemeserpatent

applicatignmiklished daL RBROBIERNNFFHRIBerR:s dSired RUMATR aRtihadies &ﬁ{lspé‘cﬁmﬁlﬁéﬁcé by .
esire

immunizing transgenic animals carrying g.complete. repertoire of human antibody genes, wi
antigenC TCLE (U F G0 eSS o BBl P DA AR G,
30Aninvitirdyeization ©ambe caltisdbotiopelppopriate theligating fard suRbéndimg & $6t{sRizing
agﬁ%@ﬁﬁﬂﬂéé?ﬁﬁféﬁ%ﬂ?@@%ﬁﬁ@%ﬂ%ﬁ%ﬁ @HE’?Q@&%@&QQ' ,,Igml@; R mi%@ﬂ.t WEMEQ
adjuvant to emulsjfy, if necessary. This is then intraperitoneally or subcutanequsly injected, into
arfinal 456 S RS 15 g RS Tk SR By DR R R TR R Joit < b otel Sty
administeddgdGel;dpa timed ve fmdrsccRll daishamtibatliy, phatuotied tathber8&woidiventdy

measuringfhe. Uef,ah e A0 Al inteya i ARIMaL SP 6 HRING %W%B%Emﬁgﬁxg 1%

Antibody-producing cells obtained from lymphocytes or animals immunized with a desired antigen can

be fusethWith RFFEIEHCE MSSYeEs abe WekFrabshds BEerEshverrisRstfusing agents (for example,
polyethylene glyeti{GodingssibtnactondifA Rt biediesndddngiplescandPradiide; ohcatiemieieess, 1986,
5%0103)%&%%%@r{&%”é@?n@ﬂ%%’&ﬂﬁo%g?e&a”(?&&'ﬂ!ﬁf%é@i@%@591‘{1’155&@& fighloding.specificity of
the antibo roduced from these hybridomas can be )
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 honhuman 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 amouse. The resulting DNA can be ligated to a DNA enco_ding 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



measured using known analysis methods, such as immunoprecipitation, radioimmunoassay (MA), and
enzyme-linked immunosorbent assay (ELISA). Thereafter, hybridomas producing antibodies of interest
whose specificity, affinity, or activity has been determined can be subcloned by methods such as
limiting dilution. 10Next, genes encoding the selectBl antibodies can be cloned from hybridomas or
antibody-producing cells (sensitized lymphocytes, and such) using probes that can specifically bind to
the antibodies (for example, oligonucleotides complementary to sequences encoding the antibody
constant regions). It is also possible to clone the genes from mRNA using RT-PCR. Immunoglobulins
are classifiagnrtinfisg difterelfticiassesy, |gAinkg Byidgn th&iandght. rtheserl helagtestareflabher
dided iggeval SUNRIERIES SRSl (COR RIS AG A 106:2 JG:3: AN iag: loA-L and

ce ant

IgA-2; and such). H chains and L chains use e present invention to produ odies are not

particul Y TRHEA SRR st %r%a%ﬁb@dlgél%ﬁné%%ﬁ% dftRédd Hlsses or subclasses;
however, IgG isipadiititarty fietamedhiekainicidspassible tamestifysHhebhainrenaading genes and

L- Cialnﬁﬂ% %gglt%qugb%% %%flé’l@ ﬁ% rggéucf Sg(lglr%% én%teggg&l,g% €3 Genetlcalli/ I%Odlfled antibodies,

suc meric ant manize odies, W ave bee% artificia y}?ﬂnoglﬁed for the

purposeBeaders sufhgIRsiebRR MR apger Aty pBiasicmelyas ieirand rea gsacssdrspriately
produce@zf@mﬁpmmmuma@ m%@ mﬂb@@@s,srat antibediesgrablikantibedirsishamster

antlbodlesé gp t1;3|_,(k])%d|es and ca Podl %d%g'w eric an ibadi Sf%reefstl%tsl %dlel? 25including H
chain an8E thaln VANADIG regl ﬁon‘llluman mamma a)ﬁ?bo VESTCR 8B HGESE AN ffJ(’}dy, and the

I-| cha|rﬁzaﬁmeérﬁamaﬁmmégmﬁgwm@mawambé/@y.smmmetmwéﬁﬁ%o@nélsgban ersbtained by
ligating préadtAbBNEORing Aokatiable é@éﬁ%cﬁ@ @r@f@ﬂa@y@w@qﬁm@@r %@%@@En%@m&nﬁ@%& region of
a humagfpt@é?lyb NRE! 51 1}hls into an ession vector, and intrg é%\@éhe VeCttgﬁ énto a host to
produce & antibody. AehOTRSh SUlRET {?eﬁﬁ}%@, %\?@86&3% # antibody, can
be syntiespldg ﬂﬁgip@R Haﬁ@w@mf@mjc&mmﬁgmwmw scﬁﬂfmemwhamio\zénkappmg

portlon%@tt&a&@s&&@%&g&%@@%%@@@ gagghtg lip &ﬁk&%@mﬂm@ﬁ%m@er&mw fggions
(CDRs) pof an antibod 3”0%18 man rEammaI such as a mg e resulting DNA can be ligated to
2 DA LSO R AR A GO ENDFRLTO ! PP HAE GRGL 2 B WLERERhto an

eXpressionbegbtorsidnes thB 3 she stgneare bermtlogiuecaidsite hdroshtx jmocdde thg@miibody (see EP

239400@@%\4@ ol Zﬁf}ohl.wa@@ ma@%@Rsﬁb@Eﬁéaﬂlqamm% ERBAIGREIGEted when the
CDR forms %gaﬂvorab e 43[%?53 E}g ng sité, If necessary, amino acids in the framework region of

an antitfoHy VAR SEggh ?f@ﬂﬁﬁ‘fﬂg’tefﬁéléﬁfﬁaﬂﬁﬂ%@%%ed human antibody

forms an(h}nknydmphtﬂmnh@mmtumﬂbgrsﬁe (HliSgtmetdbpite el Resnd:993, 53: 10.01-10.06). In

addition 9 tﬁgu % fian - geagﬁl\{ﬁnﬁ{étlla?g{l&ﬁem@iyegﬁlﬁgogwe&&@mprove their biological

pr ertles for example the b o thé antigen. Ih the present invention, such modifications can be
aiﬁ)eve @ aRtsdtitlitagenesis (see

(4 ba51c. arginine, hisndmc, 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 detemﬁning regions (CDRs; hypervariabie
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 capabie 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 g preferred embodiment of the present invention, amino acid residues
to be “modified” can be appropriately selected from amino acid residues, for example, in a CDR
or FR. In general, modifications of amino acid residues in the CDRs may reduce the
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.



for example, Kunkel (1910.0) Proc. Natl. Acad. Sci. USA 82: 488), PCR mutagenesis, and cassette
mutagenesis. In general, mutant antibodies whose biological properties have been improved show
amino acid sequence homology and/or similarity of420% or higher, more 10preferably 80% or higher,
and even more preferably 90% or higher (for example, 95% or higher, 97%, 98%, or 99%), when
compared to the amino acid sequence of the original antibody variable region. Herein, sequence
homology and/or similarity is defined as the ratio of amino acid residues that are homologous (same
residue) imi ' o] idy lassified into the same group based on the general properties
of aminoI %[gisgggi%@%ﬁ%&%o%%%%gﬁﬁ%?gﬁ%sd3? T 3 s%%aeesr,ngf?g?ct%aemslaga ﬁdgﬁ%% ?%?}1%?638?? (\E{alue has
been maRiFREE By bilidasaikhignridismatia ¢ sphr sasddiicrabassny shelydhesaskitladiial amino
ﬁci]cli reiimi@sta@ olaa&hft?qafepaigwquelaaé@ﬁmmmeos%ﬁ@@%ﬁlﬁ&;ﬁ%ﬁtﬂiﬁﬁﬁ@ﬁ@é@ﬁ@ﬁpﬂﬁws: 1)
ydrophgbic: Ine, isoleucine, valine, methionine, and leucine; (2) neutral hydrophilic: asparagine,
glutamin%g,)o(c:f gtlgl%gs}[#rﬁe%%ﬁ#g}%n(g Isneorillrsl%; 20(3) acidic: aspartic acid and glutamic acid; (4) basic:
argifine, histidindrasdmEmebegrrasivinasniion afadddicomsrreishinafitivachbadiepdifie, and proline;
and (6) aresatienaresine, ThpiephiamcataiPhenaibang. Jne priRkaiotalohshaspmpigmentarity
determinigg%sre% nsa% Dm)é giatlJ}!C e25re§;Ci‘[0nsa?l| reseniséogl the H chain and L chain variable
regionsﬁ1 Eract with each other to Torm an é%ﬁ&en- | ’go§i X fkﬁh antibody. A variable region alone
is also known toflyetieeipaiste Bereieogiiventind disvlingvidesrhasitigda catthimghdtgeaffindssisitower than
the affinifiyoet therpbaladisdingesitq phhusi aniinady-aenasRNeding thehehainandtachain,ef the
pr%ent inv%gige 1gnay{%rg%odte fcrﬁesgme ts eaﬂ:éncludin?{%he H chaijn or L chain antigen-binding site, as
long as e Z055 1 beptide SRcoded By Hie tehd VetarBhse H&RIRI BRI he'gdéietPdntigen.
As desceisgsablsyentibedensl/tbhpipsoatriabtatiogion/isiirgemdral vongtitdiediby thseen€DRs and four
FRs. In a.pRiRerest e10A4IMRN:08BERreseahinvestan; Ao adddesidyer 1o ke mrdified” can be
approprlataei%/ felect%d f{r.om amino acid rﬁelzf@dues, for example, in a CDR or'FR. In general,
modificatione & ARG e EETRG SSTHE FEETIRE fLS PEaTe iR 8851 figen-binding ability. Thus,

appropriate amibhokagivesidireiabcbe bmodiies histhel piosbricirfve atiamdee qmiafer ablis setedted from
amino agiflyesiduesdn e f R%&Hkﬁé@zﬁ%ﬁméf&%g&ﬁ%@tﬁéelﬂﬁﬂpéﬂm o é?i@)%?‘@ig%&&qs n a

CDR as lo %he madification has been confirmed not to reduce the binding ability. Alternatively, by -

using p&bﬂ%%ﬁ% hakeDot-Steh hosd-skifle 8T AR aBERN (GBbtihapTirs biieY sedekhcad Hai®an be
used assarpkRiof eritibndy vardabipre giovisabary esganilmesud. Nl (188 I9r2PDUEES-340); and

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-dexiran methods,
methods using cationic liposome DOTAP (BoehringerQMannheim), 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 io

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>



5Furthermore, the present invention provides genes encoding the antibodies of the present invention.
The genes encoding the antibodies of the present invention may be any genes, and may be DNAs,
RNAs, nucleic acid analogs, or the like. Furthermore, the present invention also provides host
cells carrying the genes described above. The host Cells are not particularly limited and include, for
example, E. coil and various 10animal cells. The host cells may be used, for example, as a production
system to produce and express the antibodies of the present invention. In vitro and in vivo production
systems are available for polypeptide production s%isatems. Such in vitro production systems include,

for example, probi By JREII0R PR WdraRelodent sromakardpsraiets binding/snicedis that can
be used-alsdseahtigs-tiatide for exampiaiapimalisels tplanhibaellsandiungpcalisecAnimal cells
inCIUde:mQ!?lW li lIs; for example,.CHO (J. . Med. (1995) 108: 94.0), COS, HEK?293, 3T3,
myeloma, BHk%b%Eﬁé%r%%ér %%]r?g?/ffﬁ%rfg, gﬁ?( éarncﬁ er%%hl A rggﬁgcgbeghwg% gﬁ%pus laevis
oocytes iifayid el bindiaratioey yriezens 38 ey resant inssttion| Hsouph ddS9eBpd 0And Tns.

the antetios ot et e Aot o R . cferable
the antibodies, of the present invention, Among 20animal cells, CHO cells are particularly preferable for
Iarge-scgﬁgsg:rffp}”rlWé\ic,esi1|tof?%l.1 @5% rr%vé%rsl ‘6’8@%8 gggr ifts 31%&%%%8?%)‘(%%&%7@?&% IOphosphate
methods$lifseastes asithan hsethbas seiswsiishny dzoioni ctiigesomErD OFRL (BoetiimgdsiMannheim),
electroppratigasmeiineds o anddipeie gt arastheds:Reda Hing IRNh el Joh £rxamnIg: Nicatiana
tabacun?l-lgeenr{vlﬁgegell%andﬁjuc eled 2 §Le na mjéi%o&a}{fe kn]g.vvn as a é)ro"t%i:n roducfion system.
Callused can be culllifetfrom thesEee %ﬁ%r FS i eomeR BrikerpRssdRT fventin,
Reldardipgdepigareatisniatrsvpiopidesimethplesdioereystenisr are aigse ds mtngeasteells et texample,

ce”s o; ?Fﬂa@@e?p&gn;@rqmﬁﬁ&@m@%é%gpfsr&myﬁlﬁﬁr%ﬁﬁ%%é%@%&é@%&%??H%Rﬂ%ﬁcgﬁopombﬁ)i and
cells of Tlamentous .fu I, JOIr example, genus AS rgl us, (suchn as, Spergl us nlger. ese cells can
e v A R B S B I A R PSS T S BT Par S L GOSN b

used in WsedproRbyoticeptvductiopaystams. Regarding bacterial cells, production systems using

Bacillus subtilis e kazony, imagrition 1o tie s odusine AP EEignrinad gy, Such
sy%gems czn b usedﬁl\ge%%%%mrﬁéhe antibodies of the pr_esent mve_ntlon. _35_<_Sc eening methods>
457 TOCHRES A ISFdofideRmethods of screening for antigen-binding molecules whose

antigen{bjrititgnaictivityhataatigio-piddmpueivibacfthataf pevbialiptd. ridledgpte se pHBvEriigH also
provideq(mﬁthods of screening for antigen-binding molecules which can
(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
and
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 prefeired 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 (apparen%

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



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-bindig molecule that dissociates within a cell from an
extracellularly-bound antigen. The present invention also provides methods of screening for an
antigen-binding molecule that is bound to an antigen and internalized into a cell, and released to the
outside of the cell in an antigen-free form. The 10present invention also provides methods of screening
for an antigen-binding molecule that has increased ability to eliminate antigens in plasma.

FurtherffBe R BREBENR OISR SROBHAR et el HistiedthiiyaaPntigas-Biath Mblecules
which aregtrtive)alyatsefdl pldve nrised$s pharmaceutical compositions. Specifically, the

present inventiogegéﬁl\{_i%§ %r&?gag& %ﬁmggg%tﬁﬂg&w&g@%i%@?%gl}%%%ﬁ"?m comprise the

steps of: (a), determining the antigen-binding acfivity of an-antig It cule at 6.7 to pH
10.0; (BFHEBIARTHG 1HE BRuGRA SRR 4Ra0ithb fherhhdhkrRB fding#h 8lenfcmaping & (4h8H 6.5;
and20(e)epeléstingtiap antigerebibiidiggotéctie: whose anigarv-hitidingedetivitt pHpHDGoHI9 5 10.0 is

greater than )}Qq]%t' -hindi ciivityat-pH 4.0 to pH 6:5. In the screening methods of the present
I {g%pé)@%!g i ﬁyoﬁpﬁéé antigen-binding molecule at pH 6.7 to pH 10.0 is not

invention, the antigen-binding activ ) en- g
particularly limit€8¢ d5TRBCEDRTECER BRtHEEBMREY 8 c6nearpHbEiREN B B¢ BrbebpHLO.0.

Howevet,0fos pKafpienat dapreferigdiantiden-ing ngiactivily46-amantigen-pindinglastividypat a pH
betwee . d pH. 8.0, and e nr red.antigen-hinding activity. is an.antigensbinding activity
atp B B (e i g LT R
notthartiidIEPH) Fnimelgrady dhirasitrsdaramege RIBTPARTY EOHNEROBEHH PR EEsIDH@® and pH 6.5.
Howevesdioesiamplen e praferied datape RcinG Aelivityds Al anigen hipging activity 30at a pH

between pH 5.5Fto RH 6.5, and a more. preferred antigen-bindi Cti\,@}/’ is an a?ti en-binding activity

at pH 5.8 or pH éng emo%%ﬂ‘gﬁﬁ%sgﬁgglﬁ%boggﬁﬁt %yiéiﬁsa%’f%éﬁﬁﬁ ﬁ%eﬂli%g le can be
determifiéepy-RirdisoaNaewesovineb easkitiest ihalseepsofTonditions other than the pH can be
approprigiedetesminaddayiinase skillecui thamshibag andigen-hinging astyity. otapmntigen-binding
3% _olt_a@éle}cgn bfgass ssgﬂdBagt.dissoiiaglilém iﬁorgtan glcf)%aé)%arené Sdia;s]%ﬁ;ation cgﬁstargéﬁaﬁparent
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4.0 to pH 6.5; and
(¢) 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 stéps of:
| (a) selecting an antigen-binding molecule that does not bind to an antigen under a condition of
pH 4.0 to pH 6.5;
(b) binding the 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;
3¢ (b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0to 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.



46 can be determined by methods known to those skilled in the art, for example, using Biacore (GE
healthcare), Scatchard plot, or FACS. Herein, "the step of selecting an antigen-binding molecule
whose antigen-binding activity at pH 6.7 to pH 10.Q-4s greater than that at pH 4.0 to pH 6.5" has a
same meaning as "the 5step of selecting an antigen-binding molecule whose antigen-binding activity
at pH 4.0 to pH 6.5 is lower than that at pH 6.7 to pH 10.0". The difference between the
antigen-binding activity at pH 6.7 to pH 10.0 and that at pH 4.0 to pl-16.5 is not particularly limited as

long as the antﬁ n-bindin actlv%at pH 6.7 to dH 10.0 is greater than that aL%)H 4.0t ? pH 6.5.
However, the a (‘%egﬁ%?r? ¢ Bff—feéjéia% 1% 0B SrfEr ably tRisE &F gdhter, more

preferabilytetdnpesvidey r@atmetandlsstdtcmbfpé @I@f@lﬁb&%@ﬂ&ﬂéﬂl@m@t%ﬁﬂﬂmﬁm@ﬁﬂ@éﬁq}ﬁndlng
activity b @040cR1: Brore timEUMhBIAISLE SRR BERIHBURB IR AQ HrRVIgER Mgthods of

screening for antlgen -binding molecules which compri J the ste s of: (a) binding an antigen-binding

molecuIB%%%tB@He&HBBWQV(‘?&f&ﬁB B 3143‘?866 %.6" Eb) placing the antigen-binding
molgecule that buritetantire, ahtigerof (ay emtbaradscgmditides ofighbds®icqetSi fimd (c) obtaining the

antigen gﬂggﬂg{)mgﬂ &1&81&'&% e@'%ﬁﬁ!ﬂ '#chefht@?t Ilon of pH 4.0 to pH 6.5. In addition, the
0

present invention als provides methods of screening for 20antigen-binding molecule éﬁh
compriseUifeletEns %‘f%@éfé‘@ﬁﬁ@ﬁpﬁﬁﬁ&eﬁ%ﬁiﬁﬁﬁﬁ%@lﬁéﬁ%afh%téfﬁgélﬂg?rﬁl‘fﬂl’t igen
under a;ﬁ@ﬁd)tt@rpﬂf@ﬁ 4.0 to pH 6.5; (b) binding the antigen-binding molecule selected in (a) to an
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bound to the antigen under the co |t|on of pH 6.7 to pH10.0 urthermore, the present invention
alsé protidés Adés of screening for antigen-binding molecules, which comprise the steps of: (a)

binding ay) tigen; bhedingonclsadladeaiantgen binger @ dengitigerofpldr6ié tomtitidn.6f Fa(b)

placing g?x/et%%tlg%'-&inding molecule that bound to the antigen of (a) under a condition of pH
(d) amplifying the gene encoding the antigen-binding molecule that dissociated; and
(e) collecting the eluted antigen-binding molecule. '

15 The steps of (2) 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 particular limitation. For example, binding
of the antigen-binding molecuie 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 solution.

Furthermore, the present invention also provides methods of screeming 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:
() 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.



4.0 to pH 6.5; (c) obtaining the antigen-binding molecule that dissociated under the condition of pH
4.0topH 6.5; (d) amplifying the gene encoding the antigen-binding molecule that dissociated; and
35(e) obtaining the eluted antigen-binding moleculg, 47 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.
5Furthermore, the present invention also provides methods of screenlng for antigen-binding

molecules, Whlcﬁuég}’ﬂﬁ?%ré fihe Rieseidr veaiierrlsamyoaiishinsehranidisg sHoRe{E that does not bind
to an antigégensbietiaconniditides aflpidebhionpH by at {rbipdingshelrntigentkindingsoaidcule

selecte ( condition of pH 106.7 to pH 10.0; (c) obtaining the
antigendlfnnd‘?31]91}9%6%5X:F}CB|1t ﬁl %%8 to the antigen under the condition of pH 6.7 to pH 10.0; (d)

amplifyi ﬂ?ésg%@é%@amaiﬁ%naﬁ@@}éﬁubﬁﬁ@ﬁﬁ@%&b@lé%maéﬁ@e@ Bk Yegsedhiécting the
eluted am;gﬁﬁdmﬂﬂmgm@mcule 15The steps of (a) to (d) may be repeated twice or more times. Thus,

the pre t entlo roy des“ he methods r further ncI of ren i_ng the
steps of@g) é)iY Htl\%nce or %r}eg%lmeg Hﬁﬂ%or%erﬁ apeerldr repe Pr% ndl @l?(: (3§un{fj ia
part.cula(ﬂg/hmﬂtéa thiovpégen- bel igritsdeqslincgBaeted e b‘ﬁqewlumn w\dﬁiéh@aﬁ%h@@ﬂ.bfary or such
is used edbgdissreaning methods of the present invention, 20the step of amplifying the gene encoding

the anti |nd|n ole uIe n also b of amp % es. In the methods of the
present %ﬂen |onn% rﬁ&mg%? It]henrzlatéin E:C%tlng Br‘%gf)ecu fg}gﬁg %H?elggﬁtlmesﬁe%%é be carried out under

anifstate, witholivyibetimatar ﬁmpmﬁi@nt m@metmmm sinding o theds afigetsdsindifiy molecule and the
antigen éﬁﬁge@xeb%@dﬂ%%%&&ﬂeﬁ%@%' B&%@Q&'@ﬂ@\wb geanimmebiizes antigear Rissipgrpplecule,

or by contacting an antigen-binding molecule with an
y }la %mprlase tge steps Olln g

(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) amplifving 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 1s pH 5.8 or pHS.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 1s between pH 6.7 and pH 10.0; in a more

30  preferred combination, the first pH 1s 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 pHS5.5 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 antigen-binding molecules including natural sequences or antigen-binding molecules



immobilized antigen. Alternatively, binding of the antigen-binding molecule and the antigen may be
carried out by contacting the antigen and antigen-binding molecule in a solution. Furtheimore, 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, 30which 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. 48
Furthernarizding presentidvenionalsothrovigdesiinethodsctésedesnine foirditigenibindingmolecules

whose bind.cly by Ak SASLORLS: AR andial el seaand i WINE-ORUSS (Rgsieps of.
(a) passing an antigen-biriding maolecule through an antigen-immobilized column under the 5condition
of a first!piit CngRPEBRainh & HPAISHGE W Bistdne el & asar st dphbursiFgthg Bhhdtesiumn in
step (a);infedpdiodorgotidsadiigenrunaingnroplastitopoieciashini dbikily 3 eolednandndey the condition of a
secend phk: And. a@a?ngbsﬁ?éﬂ'“ﬁ&&%é{%eﬂi?ﬂ{a‘%'ﬁ%&ﬁé%‘%gé% 51[‘:6}55%0 &‘9&%3%%‘%8!%'&\%&'8 SESRAC)-
10Furthermore, the present invention also proviaes met]ho S OT screenin r antigen- |nd|ng

molecul &85 AbIEHRIFINGOIBESR YIS AFSOPH %ta%eammmwmﬁ&gégéﬁégﬂq: MHERE comprise the
steps ofi{a)ebinelinBaahraptigen-Qindinopreaiacue dhanic an apfigrmmip e abilizedsaliman under the
conditiopng a f'E:sti Hd2 bl)nghu .;Qggggb%gti%en-s?in }Q .pgleculg from the column under the condition
of a secon(g p_]i}; ?C$ampﬂ Ing ffge gene &ncs mga?he %u?ed antigen-binding molecule; and (d)
obtaining the elubadigmribiad:binapigoresabatlarT baasrgssbo i) mstdnal the resesitiy eiied or more
times. Thias, 8B BIRSERof different antigen-binding molecules introduced with histidine substitutions
or insertions at different sites, for example, by histidine scanning.
Thus, the screening methods of the present invention may further comprise the step of
substituting at least one amino acid in the antigen-binding molecule with histidine or inserting at
least one histidine into the antigen-binding molecuie, '
15 - In the screening methods of the present invention, non-natural amino acids may be used
~ instead of histidine. Therefore, the present invention can also be understood by replacing the
above-mentioned histidine with non-natural amino acids,
Moreover, the screening methods of the present invention may further comprise the step
of modifying 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. Fof 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.



invention provides the methods described 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. 4 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 p1-1is
between pH 4.0 and pH 6.5; in a 25more preferred combination, the first pH is between pH 7.0 and pH
8.0, and the secgnd pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the

first pH is pH 7.4 S0P S OHEBFPRINE 58 87 hrig s are APARIGRE PRIGRS 1A MCEHRHEIRTEDS the

first andcsmtpmdcbddshéonmﬁmnpfehﬁhaﬁ@p%iiﬁb@wﬁm@ﬁ@ﬂmﬁdm&@tﬁ,a@hﬁdlhem&mnd pH is

betweery, gk 67 A% PH 40 8L 20BLS, 39 AUElR 1Rd %%g%ﬂiﬂ%%ﬂ&hﬁﬁ Hﬁh@%&% RetwseRAH 55 and
d and pH 8.0; and in a still re

pH 6.5, and the second pH is between pH 71 ! 1 ; more erred combination,
the first pEY%S BIA SESiRHBShaAH thih ¢ BEssaL MY R Hep 748 be useh g ersaimemy e diies that are

screenedtyi e meiboadsialithe Rresantdnkentiorpadldef ydantigendinaingamole voepakaro
examplapt 15, ROSFIRITHO U3 0% ARAYS: deseribeg 2oant %Bé“‘.’t'ﬁdga%}%%gu'%Sa'ﬂe%ﬁ?ﬁ.ﬁcﬁ?e”'”g of the
present invention. For examp?e, Its pO§SI]b?E to screen an |gen-8|n INng Mo gcules Inc ucﬁn& natural

sequencadibpdintierempringrratiedunishe grereridives aiiemeaadia srgrsTeEeNing Sebwitbtns.
Preferreghaitigeihindinginmiecutasdiiet are sereenedlindhesprasantinvertighineiudanfor example,
antigen-llzl)&rgndli)rég rpg_)l(g;:-cu]ﬂese in \{vr&llch %'gulg%§ttgne 1mi1q“ a id is sqggltiifgged with histidine or at least one
histidine' 15 Inserted. The Site ol?_lnl%ﬁ)duc_tlo'n ot hlstidme SubSttttion of insertion is not particularly
limifed, and mayFBEIBAGduRERer-BEBIeTPinthlianibreatsistpibés sdldssietistingrinerntioeethay be
introducedatANS SHE Rl N b e GG L oAl W R INSE] SHeS HMEREENR auRiaie e, or
antigen-big%lg rgoleb%ulg%thai{ re.screened in th@ég) es%%;[scitnvention inclyde, foi exa gle,
antigen-%Lln In Pmolecutedhgiu ntaerﬁ%rgﬁ’fléagalﬁﬁ 5@ g gﬁ?@éf&ﬁ? ton. lh'f?g ~binding
moleculégthagrmeibastsrid dgyptheenh sthonkoofatrehsrsshid sometiore I0stwdbonabtaiiier of different
antigen-piagdirgnmalesridaiiaduaed-wit istiding subsiitydi o oY dnsartiens a1 different sites, for
exEﬁnple,x%/ hlﬁggage mﬁ?m% , Thus, the screening methods of the present invention may further
co pris% &8 ¥s il éeﬁt least one amino acid in the antigen-binding molecule with histidine
or inserting at leBgtlatrenhistishtigantoitde:gmigiersbin thatanediecndeto kil athgesaebnittgnaiedtods of the
present inyention, Aaniatat AminQ.asdsMay beysed 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  mvention 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.



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 of4nodifying amino acids of antibody constant
regions. 20Antigen-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 obiined by immunizing animals or from B cells of immunized animals, antibodies and

libraries (libraries WrHFiJATROPTERFTE RSIRIRfCOPITBhSAA R AT ERATHG PEREOAE R Bdsted with
histidineskil lndmarihtura) whitioiadiciatispitifiesitescandithelikepprepaipdtypdotroducing histidine
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so on. Antigen-binding molecules that bind to the antigen multiple times, which are thus superior in the
retentioﬁﬁﬁ?‘bq
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for obtaining antigen-binding molecules that can bind to the antigen two or more times. 50
Furthermore, antigen-binding molecules that are capable of binding to more antigens as compared to
thd humbiede PaPiRgERUMIAECsaadnER Alarisstered to animals such as humans, mice, or
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dissociating witf¥peaiBedily, 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) 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 (¢); and
(e) producing 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:



from an extracellularly-bound antigen when administered to animals such as humans, mice, or
monkeys can be obtained by the screening methods of the present invention. Thus, the screening
methods of the present invention can be used as sgseening 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 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 bﬁ the screening methods of the present invention, Thus,

the scre&HifgSTEtEda<E1sRR PrelisamalrsiR BRI BHI LB TR Y KBt HSEORA Ut hing

antigen-pihdifgopblecsjes that are bound to an antigen and internalized into a cell, and released to the
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eliminate antigens in pla en administered to animals such as humans, mice, or monkeys can be
obtained;ﬁﬁ-’/cttﬁ% ’é’c@@éning methods of the present invention. Thus, the screening methods of the
present 25icvigniion danabgusdshaimcrasiaing methedadas diainiagraniige thbindidgisralépties with

increaseé%( Igpmf @ngty to eliminate antigens in plasma. Furthermore, such antigen-binding

O . . .
molecules are expected to be especially superior as pharmaceuticals, because the dose and

frequendgotoigimnushaderripnsadvgthe antisrdindag sicssla sedertahinctar@gsage can be
reducedyel hesd ibia sareeningimathnas mbihakreseptiiventivacaribaiyused as methods of

screening for aritr'zgaedgi'j%mé%'%% molecyigg fI%r use as(#)ehar cg{u cal com ositions. ~bindn addition, the
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present invention prowc? raries in w ICh ﬂ%%ls Idine content Ig Increa eaa % compar%d to the

origfthal herkedeles| whinheeoaortsarihvgentigén-binding molecules with increased histidine content can
be used ¥} thedscreaning.Rehngs daraehed Bhove ARt theidpprosatiapeeiods/deswiped

hereinafter. .51 . ibraries with.increasedhistidine cqntent can be prepared by, methods known to
those STLATRYiRg A MRS FETFaH e TRETaad 36 b b T R )
encodingo2ditypesf o hinirie abidsScan be incorporated at equal frequency when synthesizing nucleic
acids to @ %ﬁ%t&é%&’n@géﬁ%fﬂﬂlﬁg atidednathad h el Binld4088 fHekitnr 9t 3¥6iD +d $82-200).

As 1res éz the position mutated for the library can be made to contain 20 types of amino acids at
eqb | probability. The frequency of histidine in the position mutated for the library can be increased by
increasifd) thepbifypgrtiongeha histiding tbe dodingateith aotertideiadgpmpareit 1o the remaining amino

acids among,ibe:i2Q HPeRiEdaaRARRaRIH LR siMeibods for producing antigen-binding molecules>
The present invention provides methaqds for producin a%igen-bin?%l ?g]]gofgules whose
i

antigen-Bi %i%%@%%&épﬁw&'%ﬂ@é? BRSO #9The present
inventiofeaisoprovigés metbaddifatipgooleingeantige thd grainghtagieduted)that are superior in
20 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. |
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 are especially useful when used as pharmaceutical compositions. Specifically, the
present invention provides methods for producing g@tigen-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) 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 at4.0 to pH 6.5; (d) obtaining the gene encoding the antigen-binding molecule

selected in (c); alePS(EY REBUEIAY TRERRHGEMUIRRRGATBIBRNS udiRGSHECERS YOMINEPh (d). 25The
present jmveidiothalsetpedvides rivethaeds o mbiok Geitigrantigensbithd i ngpmd lepatesowtbash{ebrmprise the

steps off(a) piading a0 anigeriodinguuoleayle. o an Aigen al PELIS A M lallowing the

antigen-binding molecule bound to the antigen of (a) e condition of pH 4.0 to pH 6.5;
30(c) coliBthdy hRE Sshgbis BRSTYMed&uRs #idtissociated under the condition of pH 4.0 to pH 6.5;
(d) ebtaining thergeheaseqdisgpibemnigenibinging deolactiedlitaipedini{g) aangtehiptogticing the
antigen-bindin cule using.the gene obtai in (d), Furthermor e ent invention
providesm I’él]lgt ’og‘%é%sgrlﬁ lcﬁ:l}ﬁ%aé;ﬂﬁg e%sﬁiﬁéﬁn%%ﬁrﬁé%e&%&? w a|tc {%Sre;pé)rﬁlsg) tlt!?iev%t%%s of: 52 (a)
selectin§Campastigensisitidiig molecule that does not bind to the antigen under the condition of pH 4.0

to pH 6.5;) Bndipdingihpantigendinder-tigeconditinnef ipth6e b fepHAR Atk dhemptigenthinding
moleculgﬁ%lgnc&ﬁ%rilr;] (a); '

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

15 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 colomn 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
(f} 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 e obtained in (d). In addition, the present
invention provides methods for producing antigen-binding 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
pH4.0topHB.5; . .(c) coIIectin% the antigen-binding molecule that dissociated under the condition of

pH 4.0 t8H 18%Ess ok thistifine Srveami TR iR anded sesifénsinidmg ekddlie; (e)
collectingrtiperetlibedranidyempingingrm aleciiens @) ohiaiping the:geneeneadingthamantigen-binding

molecul ] ; , .(Q), ing.the antigen-binding molecule using the gene obtained in
(. ZOSt%kggg)g%%%lg%egrﬁ%ﬁggdrlé%ggte t\i(';'\?]!l?cgse’cE)I‘F1 %?Sgre imes. Thus, the present invention provides the

methods descrid8dh&sboacwaseH tedRerdsstnn eethed sthp sntiepedindjngaptviay of ) twice or more
times. Thetipumbadbhtindscelens (8) 407(d) ﬂSIfﬂﬂ@ﬁ’é%ﬂ%di@b@l%ﬂiﬁm@ﬁ%dlrﬁ%ﬁ%gﬁg\%%ég,O ift ;sc onin
o antig DA DS A G e e h st Py Loty Sl EMgen binding
molecul8Xhatrbislingtashidtiolsrbaaatig ohl stk pld Frbimshpdt B, 410l torpeteanB;fabybinding the
antigen wnsieimtine epfpitenigfipkha: 4terphl 0.0 teiheianiigen- kindingmelsculeselieeiaddn (a); 30(c)
b AR IR R o TR L o AL SISt S s e PH &7 to PH
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 3.5 to pH 6.5, and a more preferred
antigen-binding activity 1s that at pH 5.8 or pH 5.5. _
The antigen-binding activity of an antigen-binding molecule can be determined by
methods known to those skilled in the art.  Conditions except for pH can be appropriately
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 pl{ 6.5 is synonymous with the stép 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 limited. 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 is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and
pH 6.5; in a more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the
35  second pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH

is pH 7.4 and the second pH is pH 5.8 or pH 5.5.



(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 molggule using the gene obtained in (f). 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 whosE5iely aicigheaTiraeprnielighsatar tnchsasand il sces saaseploviheriss piprise the
steps of i{arbireing thetaniigan-brdingiRaeaie iacpitimeaimmebiizadwitn antigemupder the first
pH conditi
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producing e esiiganinting malecule using the gene obtained in (d). 15Furt.hermore,.the presgnt
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10 is not particularly imited 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 at 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 include, 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 antibodj
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



(e) obtaining the gene encoding the antigen-binding molecule collected in (d); and (1) 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 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, 30the step of
amplifying the gene encoding the antigen-binding molecule may be the step of amplifying phages.
Antigen BRIBIFGS apdesacEading arkeriass hrtRecsrnninishhinding de Bk S EEE RS FOEREEH may be
prepareebhieanyxiBatioehdnosgdampisdiidspessible to use pre-existing antibodies, pre-existing
libraries (phage libraries and the ”k?ln ntibodies and libraries, that are 35 prep 0 bridomas
obtained by i T B R e
(librarie® Reanhigreabptee skhpstiine by soabharidissesinbns itk alsthiegiaioduced with histidine

or npn-natkiab AMIAG-aeichatsnesifligisitesiandtbe dkepraprradbys AtrodHcing distidine rytations or
non-naﬂgﬂ aéplino a§id tmutati&r%%int téhe abovte-des%ribed a tibO(Hes arégqligr Oi?sfoag%cil;hslo on. In the
above-deSHpEUBISHBMTHetods, & aRtueh bR AetvitySrithe Bantigen-binding molecule at
pH 6.7 tenpeenddngonpladidedahist irmitepalls Wrisasaperarwdbin-biedlftpacavity is that at a pH
between pH &17.306, i A3 @ndupreferred antigen-binding activity is that at a pH between pH 7.0 and
pH 8.0, and a more preferred antigen-hinding activity is that H 7.4. Alternatively, the
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actvity Is_ that.at p oQrp .. € antugen-dinding aclivity ol an antigen-oinding molecule can be
determiﬁa@wwreﬁaﬁamﬁéwh £ BHBR LSS Y 458 ?’toiﬂﬂaﬁﬁe 6’36’6?&“;?}1{585‘%50@9
appropriatetyeiSadtamminedeby bhosedsiditecthindhoagroducing 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 eluminate 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 coli (E. coli) is used as the host, preferred cloning vectors include pBluescript vector
(Stratagene); however, various cbmmercialiy available vectors may be nsed. When using

30  vectors 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 vitro expression; pET
vector (Invitrogen) is preferred for E. coli; pME18S-FL3 vector (GenBank Accession No.

35 AB009864) 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



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 4.06[9 pH 6.5 is lower than that at pH 6.7 to pH 10.0.
20The 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. 25Irvestopt b wetyantisthiodstbiedt fibeckaibole bih & gativgarsibndistg sholeouiemayjtdse bound to the
antigen wogaeanragedisionand:ihe eondition i neLpaticiarly ioytebratexemPiRiiies.
antlgen-glndl molecule may, be bound to the antigen by contacting the antigen with the immobilized
antigen- ﬁfﬁi’:gef‘&?ﬁéﬁlg]mrwcontacting the antigen-binding molecule with the immobilized antigen.
Alternatively, thelantigeve hiodinglmotecel artay e bome do ahe aniige h@Dbyl bantadiingstde antigen

andﬁantig%gm@ﬁlﬁﬁfﬂgs@ a M@es of cdisthg %8%?&(%’}5@%&%5@%&% %ggﬁfég' each of

the first and second pHs may be any pH; as long as they are n entical. In a preferred combination
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the first pH is 7.4 e second pH is'pH 5.8 or pH'5.5. In"another prefeired tombination
of the fir%ggﬂd%%gﬂﬁ %W%ﬁ%ﬁ?@%@eﬁ@t el RIgEEREn pLPdtorssivh BriBEdaseritostcond
pHIis betweerlphyl Gdvanchehbas). Giriexammpieecpleier el cphinatiopithe firstmbds between pH 5.5
and pH . i »and in.a still more.pr.
comginagttig%,t eltﬁir%t?1 %%%g%@%%g%ﬁ%%%%t egggqﬂéigo%@lg%éaﬁ 77?\ .S&Bgl QFA%Itelg?egrrl inding
molecul B8RHER A& pr dl?bfég ByheprdRiutioR idiRe s s e arddatitagipiecdiop amibedibinding
molecules. Prefalied@ntigienchintingmedatyiesinaludehterexampleaapligehinding melegules in
which at |lgast.o j jdi | ith_histidinge or at least, one histidine has. been inserted.
The sitecvév e%% f«gﬁ%m Iné mu 'at?g%%ﬁr%%%féew |srﬁ8¥aggr¥f§t§1|§ﬁ?lﬁrﬁﬂgg%ﬁlc? (?ﬁu%l/' be
intfSducEBextEAY Retasqdusiie ssTare swroliemeatnsietien MRdycn detatrend i seurat B8 Jsitelbe aeliwo or more
Sitf)s" majl belaurh@darmﬁﬁﬂfmﬁmm.f tr@@ﬁggﬁﬁéaw@ﬂl}m@x foﬁ_&f‘tﬁfr_ﬁ%Wi&ﬁﬁE_@o‘itepl of
substituting at least one amino acid in an antigen-bindin ecule with histi or inseyting at least
one hiSt%LI%lér%ﬁ%O a%rf?éler%%-al%l |ﬁ§ﬁrﬁeéil]§35%g?c%§ﬁ1aﬁ%86{r%4 uction %8%%]5{%? gﬁ?@%enﬁﬁ‘g ion,
non-natift akehsirishaigsiathpbeciised. instsaessfhistidine. Therefore, the present invention can also be
understood by raplaeipaAbeahaus mentionss Bistidine Wit DRORIMAL AV BIGACIES: so that the
Fl,gg]ermq{reélr_lﬁ%%gther elfnbtgglment, th§ arglxgglg-blnqﬂn molecules that are produced by the ‘
préductih AR SHE e S e A BORIE T TR &S8P 8 ﬁ?g,sgfﬁ?é IEH IR REREURS 20including
modifiedzitiBouy corstalmeitribe Acoplaimgtys e productibn axietholidafeiraronment.

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 orinsects. 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



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
25present invention can be used as methods for p?@ducing 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 aduantiderahbas 3phenrsed @simetirodsdopjpmdwimgl brtigeambipdingmigtectieditizat are capable

of binding R e ARKACCLIOARE MRS HNERats (ERUTIPINASE, ORI EI094T olegYIgs @rpduced by

the production methods of the present invention are expected o be capab inding to maqre
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humans, mice, .or monkeys. Thus, t ro | d resent j i ed as
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present ihedasiont eahdsa-bisetingsmiatiderscratr prealiedty argdhebifdiveg M iibstitat'are capable of
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an antigen-free folio. . Furthermore, antigen-binding.molecules that.are produce .the production
oo P HPEDERET bR BB 0 b AL ABIEER T oLt i SRUAERL from
pld$ma frbertedinghistedelts frimaid/beich- adittubiamshnabe 96 hsakedd 2THA8] th¥Broduction

methods of the pies@nt invepliances-paManthas Beinadiey BEoduGiRG RbHOGR-hindNG Malerules
20with increased (high) ability to.eliminate antigens in plasma. Furthermore, such antigen-binding
molecul ¥ ERAS B IREHE 4D Pgh%%§m%§ﬂ§%‘%%ﬁ{%?§%%% 8B a@é@i"éﬂﬁ %/eg% erior as
pharmaestifiealsintmgsptiecplemuction megihdsi®oistet e sea pimiEntip anteivbbinded awlertesds for
pdeUCi%@I&%ﬁﬁf&&'ﬂa@i%iﬂi@é&?H!ﬁﬁiéQfaHéﬁ%&ﬁp‘aPﬁ%ﬁ%ﬁ WGBLAOMRARIIARS: 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,
ulirafiltration, salting out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and
recrystallization.
25 Chromatography mcludes, for exampie, affinity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filiration, reverse-phase chromatography,
and adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R, Marshak e al., (1996) Cold Spring Harbor Laboratory
Press). Such chromatographic methods can be conducted using liquid phase chromatography
30  suchas 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.



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 acidss For example, when Escherichia coil (E coil) is
used as the host, preferred cloning vectors include BBIuescript vector (Stratagene); however, various
commercially available vectors may be used. When using 30vectors 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 vitro, in E.
coil, in culture cells, or in a body of an organism. For example, pBEST vector (Promega) is preferred
for in vitrosexpressiess b luygstarddnvitrogen) is preferred for E. coil; pME18S-FL3 vector (GenBank

Accession No. ?A 009864) is preferred for. culture. cell ;and,%:l 18S vector (Mo] Ce{I:JéBioI.
8:466-472 (1988)}1S PrATEH S I EEHiLY STEV RHIEHIES BRAL SHH Braiah A PSS PEAH e inserted

into the (BY beers by conventional methods, for example, by ligation using restriction enzyme sites

(CusrentpratosalsdnMalesiiauBialag g&aiévﬁﬁmk%gxbn(&%ﬁﬁiﬁmiaﬁﬁdsQ@ia/\éil Y2 ORS,

Section 11.4-11.11). The apove host cells are not particularly limited, and various host cells may be
sed BB h TG Pt b EsP B Rel s PP AR TR B e AR G e Moo DR RP B s
include Bacwriaktatis (butknas togpoi3tRaptatqusttic; SiapisatpesitisnH 060linSirepao pupids; and

Bacillus ili | f 1 ' t h as
g o e N e R g G R

HEK293‘F§R5{§bwes melanoma cells), and plant cells. Vectors can be introduced into a 10 host cell by
knblvn rﬂ@thmdstihpdexhahbieipda@dmaphm_hphﬂmhntﬁeiﬁgéﬁim(&fﬁplhbﬂs_’ngIa@mpw_ati'ﬁh methods
(Curren ypiacolsn Malecial Riokagy o0t puzvben St als (RED-PHISGIRNS Wiy o jgns: Section

9.1-9.9), lipofection methods, and microinjection methods. s can be cultured by known
methodé’ﬁcﬁo?s@%@mmﬁliﬁg Lidirdvedntlaseginashamahern sWestituiep it 646, or IMDM may be
used as(theucuttibedynadivin]d5dhelemaycheinsedablith ggourhsuppleraents suehsagubRS, o fetal calf
serum (E&S). escultured.in -fre res referred is,about 6 to 8 during
the cour%%%%‘l iﬁ%ﬁﬁ%@%@?fb&% i%{ é%ﬁ%@?&%%c%l@%ﬁ i %gzgé) ?g?%%%?f??g f%s%% hours.
MddiumPRSEXShathgtsd 2heaiden 67 «ithled abrasiiastatyr AbprepRassideaairmnesiy$ais My be
incorporsitedi tdi30lype phldesabinteresbeamthaisthar2dantiggnsbinding molecules expressed in the host

oo e PR e e DA s ARl s oo
interest SR E WEIbIbGGHiPeins 7, Asp at position 31, Asp at position 32, Trp at position 35,
Asn at position 59, Ser at position 63, and Tyr at position 108 have been substituted with His,
20 and in which Ser at position 99 has been substituted with Val and Thr at position 103 has been
substituted with Ile in the amino acid sequence of SEQ 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
25 substituted with His;
(f) an antibody that includes a heavy chain variable region (CLHS) having an amino acid
sequence, in which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106,
and Tyr at position 108 have been substituted with His, and in which Ser at position 99 has been
substituted with Phe and Thr at position 103 has been substituted with Ile in the amino acid
30  sequence of SEQ ID NO: 1 (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;



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 animd8 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
moleculém)fathenptesinhinvesitioesis Pprepaied asrablsiepgeie7d)thuaigens anoeokayi adakpeptide
specific d.in.mi casel t bryos are injected with
polynuc%%{ﬂg gr%&%aéﬂ%ggygﬁg%’in té%sfﬁl%s%ggn&g%h%?(g?g}%?eﬁotgﬁﬁépﬁg}@e l?f(%“Peurlﬁ)a%‘glcg}oats. Desired
35antige?q§bi?féﬁﬁ@%ﬁg@éaé‘§(5a?n(8 dpvamd g siomiapedusaausy tedraiibddiic goats, which are
born froit) the godtsithatrecaived ihepnobayesadabiomthel DEEpLENnga Faluienes dsaaias,
administered. ropriate to,incr the volume of milk containing the antigen-bjndi lecule
prczg uceg1 k?/%tl%% ?gﬂas?gg e rslllEclongsa%]sa?Ebe‘rlt Ej"ettpa A%%I%%]hn%rf%g I%réliln?l%f)sﬁ%e@ﬁ%%&%%@gcts such

as silkwbﬁ?é YaHgtherageax6dyforsesHistidvegarithifding molecules of the present invention. When
silkworngh areaHEB64 PasHIRLESS Calyindia PalvBuciesiidaencesing & %@&iﬂﬁ@w&i@&%&@é@cule of

interest can . be, used to infect sj rms, and th igen-binding.molecyle of interest can obtained
from thell DAL B PO B e T DR b e A e S A BERIGE St
moleculégiftaeipregesndnvé Atich FoNexartpid Liobeeabls ragiphehasedewwisebstobtdenits téed, a

poiynuciegtidepmsasing.amhantisendirdindcmelesnant Risrasiisdnseited g plaNt Sgpession
vector, for 10example, pMON 530, and then the vector is introduced into bacteria, such as
Agrobacrfaé’rliﬂlrln0 efaciens. The bacteria are then allowed to infect tobacco such as Nicotiana
tabacuni}amcthibabsihat inchigenthirding riolecuissidancgmuolfddie frim Yebirdeaivesultdeet al., Eur.
J. Immupgko(1904) 44 131-138). Altematively, it is possible to infect duckweed (Lemna minor) with
similar l?&teria. \iter cloning, the desired antigen-binding molecules can be obtained 15from the

duckweSB/EHEY kmtl%il.? P BISREhABH TS PR L9 ap) Lse Taglight chaipri@nable obtained

antigenimdingfifivlecules may be isolated from the inside or outside (such as the medium and milk) of

host cells, and pugilstassHpRiantalbhaes andomaderas,Alidep Rt Maleas L

methods for isolating and purifying antigen-binding moleculés are not particularly limited, and isolation
and purifiesiot }ﬁ%?g?fﬁs SUAIR) PREHTR P pofyiie f&@lﬁ%éﬁfié&ﬁdﬂE%t‘i‘n%@a%egmﬁt%ﬁlﬁi‘rﬁ:ﬁng
moleculégrmaydseiisofdtetisand pusitfeds hySapptropsiatel b Seldetngpasideohibining  Thar @ xasiie,
chromat ' filtrati Hratian: sali . - ipitation,.. extraction,
distillati(?r%r |?Er%{§r%é%gz?§?a%% ’%chgﬁ% Hjacli}?yﬁ%iggﬁggzﬁéﬁ%ﬁﬁgﬁﬁgﬁgﬁ%ﬁﬁs|ng, dialysis,

antPrecyitliinshiossion fxamapby iRsHo R sy Wy abiiFrgi ¥Hromatography, ion exchange
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 (1170)
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 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 sequence of SEQ ID NO: 7 (L§2)
30 a light chain variable region having the amino acid sequence of SEQ ID NO: 8 (CLL3)
The amino acid positions and substitutions in each of the above-described antibodies
H3pl, H170, CLHS, L73, L82, and CLL5 are shown below in Table 1.  The amino acid

positions are shown based on the Kabat numbering.

35  [Table 1]



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 liquid 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) lf needed._an antjgen-binding molecule can be modified arbitrarily, and peptides can
be partiglBpsisas 27 h 8%, P8 e (S8 [P R Ben 2 YRR (18 gt before or after
35purificatifdehf tHa ahtigenL bk moleclle {Su¢h protein madification enzymes include, for
example} al-EhiwHatiidsihl Sl endbbeptidhtes  pratein inades, and|glichsidases. 59
<Anti-IL-6-¥ecepter anflbedieds thelfmer?ﬁ he-presentlidvertion Brolidibs the anti-IL-6 receptor
antibodigs-et{a)te (*.})lt% r-ataer-pntibedy-thatircludes a heavy chain variable region including
an aming& *E é’ ((f'j'..\,', FF iy YelebSh Gl SET I8 4t position 27, Asp at position 31, Asp at position
32, Trp tpﬁlti -39 aiq Sttrat t

3

™y
it H.)l, Ashr-atpgsition 59, Ser at position 63, Met at position 106,
and Tyr %uuu 168 iPI the st [_q.LiL’I'_ibeqUF ce-of|lSEQ ID NO: 1 (H53 variable region) has been
substitut tTHTST T0(b) an antibody thatrctudes a heavy chain variable region (H3pl) having an
amino atibth S¥quércH, dhawtiehlilyidatpasiicitidd 3Asplalqbsiiohdh, landindiat posiidmoa3 sn the
amino acid sequence of SEQ ID NO: 1 (H53 variable region) have been substituted with His; (c) an
antibody that includes a heavy chain variable region having an amino acid sequence, in which Tyr at

position 27, Asp'a€ RO ENASH P BT BR RO ditRr apHSIE F1I5aA SRR IEHOSR 6M B0 256 at
posftionsGBstitadchyrdet iisiiabcl8ntahe gninalacidsasiansedicti@tRNBodidb53watiakde region)
naving e S B e T ISP S, 22 o
at posititi B EHHP RGPS 2kic R fdkifidh B3t alse amyinaassERGAIHERE e hee haubsitited
with HisdeXQeaibediabuhich Sgtaljposkionmddtiasieemsivhsbigiedhaiihal andThwalpoesition)103 has
been S%gs(tjlfli'}l%?u%f olll%)i(gntl%?c? s@ﬂ)@gtg 1i(9n,s g&%’ggg,e a8cfi§i<')5z9 E{IE)d}grOl;‘J%e i(?I? ih’?ﬂ? Qlll%ﬁg%i&ﬂ);
10 sequence of CDRs and FRs.
Furthermore, 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 (VH1-IgG1);
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 (VH2-1gG1);
(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 (VH4-IgG1 variable region) having
20 the amino acid sequence from positions 1 to 119 in SEQ [D NO: 24 (VH4-1gG1),
(5) an antibody that includes the light chain variable region (VL1-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 25 (VLI-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-IgG1) that includes the heavy chain variable region of (2) and the light

chain variable region of (6);
(9) an antibody (Fv2-IgG1) that includes the heavy chain variable region of (1) and a light chain
30  variable region having the amino acid sequence of SEQ ID NO: 7 (L82);



(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 v§ jable region) have been 25substituted with His; (f)
an antibody that includes a heavy chain variable r g'lon (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 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 30sequence of SEQ ID NO: 1 (H53
variable( 18y mrantie)dyr(Bvitiberdy)that ineludesstbelighvsreaain saaie region tfdhepd g acid
sequenggsif Whigh&laaatne)of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at

iti dA t iti in th i id EQ.ID NO: 2 (PEA1L iabl
Fegion) Fitd Be ERB L SR BT R BBy A REIGIER i A D ate region
(L73) hahing wariabdinegeidogédluence, in which Asp at position 28, Tyr at position 32, and Glu at
posétion(szé&tmi@mgmﬁimmmmﬁ%@s N Rk ARhdn ﬁ%%%'ﬁmé%iﬂm havebprRcsubstituted

with His; (i) an antEP) that includes a light chain variable region (L82) having an amino acid
sequen8& 554 Whidk T#:at position 32 and Glu at position 53 in'the amino acid sequence of SEQ ID
NO: | (H53)variaminleorhgigh)3hsdss bbenisclbdtsutbdanitielidis; [0y arp dntibrothe tiat iscjudes aflight chain
variablesqggiﬁg {$¢1-L55) having an amino acid sequence, in which Tyr at position 32, Glu at position 53,
Ser at posifion 56, and Asn amsition 92 in the amino acid sequence of SEQ. |D NO: 2 (PF1L variable

region) Ha)enaeibedBdtins i RFSIOE B AP SATH G A e e AeidSP it riable region

of 1) arsEhedipitd chiin variable region of (h); (1) an antibody that includes the heavy chain variable

region ) ' hai | [ NN [ ' heavy
chain vit%gb?g %gg%grﬁl%%ﬁ? %%?@éﬁﬁ}ﬁ%ﬁ%ﬁ%&q‘%%ggﬁé@@?@55 Qgg%{p%g%ighg%dﬁ%%g of the
heavy cREIRNVRRASHE PegisAB NG AARMIrc?ddil se¢dehce in which at least one of Tyr at position 27,
Asp at gositiensibABpBUposiiynHaRintipdat feshianBthaly il [30sition BihtAsaiabposifane59, Ser at
position_63, Met Qsition T ItC 8 in the amino acid sequence of SEQ ID NO: 1
(H53 vaz}%ﬁéﬂarggi%%l%é%b%g% g stﬁﬁe%%go@vﬁ\ﬂgﬂ?@g#f include, for example, the following heavy chain
varable Iy iaratibadalBrenidy dhpinns slsiohnbeany thaiamhnbtaend sdéid sbaiphents heNoO: 3
(H3pl) aneayvyshabanadabliesegion Raving theamioy acid sequence of SEQ ID NO: 4 (H170) a

heavy ch3YalaRiieRie ARG AINQ 86 9 uEnGS o2 R AR @t ke of
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-MT71); _
(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 (VL2-CK);
(23) an antibody (Fv1-M73) that includes the heavy chain of (19) and a light chain having the
amino acid sequence of SEQ ID NO: 26 (VL2-CK);
(24) an antibody (Fv3-M71) that includes the heavy chain of (20) and a light chain having the
30  amino acid sequence of SEQ ID NO: 25 (VLI-CK);
(25) an antibody (Fv3-M73) that includes the heavy chain of (21) and a light chain having the
amino acid seguence of SEQ ID 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



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, Ser at position 56, and Asn at position
92 in the amino acid sequence of SEQ ID NO: 2 (PEI L variable region) has been substituted with His
include, for example, the following light chain variabfe 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
sequence of SEQ ID NO: 7 (L82) 30a light chain variable region having the amino acid sequence of
SEQ ID NO: 8 (CLL5) The amino acid positions and substitutions in each of the above-described
antibodié¢38Hapnblialy, BatHeslde; 1 BghtahdiChadng ehshovnobeidwenTadsie I SFRdAMNR02cid
positiong@re.ghopn based on the Kabat numbering. 61 sition 27 rigi 33 35 50 5861 62 63 64 65 95 99

1030 102 Furthermore, the present invention provides the FRs and CDRs of (a) to (v) below:

(a) the heavy chain CDR1 of SEQ ID NO: 40 (VHI, 2, 3, 4);
(b) the heavy chain CDR2 of SEQ ID NO: 41 (VHI, 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 (VH]1, 2);
(f) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4);
10 (g) the heavy chain FR1 of SEQ 1D NO: 46 (VH1, 2);
(h) the heavy chain FRI of SEQ ID NO: 47 (VH3, 4):
(1) the heavy chain FR2 of SEQ ID NO: 48 (VH1, 2, 3, 4);
(3) 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 NG: 53 (VL.1, 2);
(0) the light chain CDR1 of SEQ ID NO: 54 (VL3);
(p) the light chain CDR2 of SEQ ID NO: 55 (VL1, VL3);
20 (q) the light chain CDR2 of SEQ ID NO: 56 (VL2);
(r) the light chain CDR3 of SEQ ID NO: 57 (VL1, 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);
(w) 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,

Ln

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 A1), and SMIP (WO 2007014278 A2). The origin of antibodies is not particularly
35 limited. 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. et al., J. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A. H.
Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. & Skerra, A. Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. ef al., Methods in Enzymology (1989) 121, 663-66; Bird, R. E. ef al., TIBTECH
(1991) 6, 132-137).

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

(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 encoded by the gene.

scFv is obtained by linking the V regions of antibody H and L chains. In such scFv,
the H chain V region is linked to the L chain V region via a linker, preferably a peptide linker
(Huston, I. S. ef al., Proc. Natl. Acad. Sci. U.S.A. (1988) 10.0, 5879-5883). The H chamand 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,
the constant region may be of any type, for example, IgG1, 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 IL-6 receptor to which an anti-IL-6 receptor antibody of the present invention
binds is human I1.-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.., 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.
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 1L.-6 receptors.
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<Pharmaceutical compositions>

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

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

The pharmaceutical compositioﬁs of the present invention can be formulated by
methods known to those skilled in the art.  For example, they can be used parenterally, in the
form of injections of sterile solutions or suspensions including water or other pharmaceutically
acceptable liguid. For example, such compositions may be formulated by mixing in the form of
unit dose required in the generally approved medicine manufacturing practice by appropriately
combining with pharmaceutically acceptable carriers or media, specifically with sterile water,
physiological saline, vegetable oil, 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 injectioh can be formulated using vehicles such as distilled
water for injection, according to standard formulation practice.

Agueous solutions for injection include, for example, physiological saline and isotonic
solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-mannose,

D-mannitol, and sodium chloride). It is also possible to use in combination appropriate

solubilizers, for example, alcohols (ethanol and such), polyalcohols (propylene gliyeol,

polyethylene glycol, and such), non-ionic surfactants (polysorbate 80(TM), HCO-50, and such).
Qils 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.
The pharmaceutical compositions of the present invention are preferably administered

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



IS555 H H 55 Effel111111EMI * 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 invention also $clude 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 0). Amino acid substitutions other than those described above in (a) to
0) include, for example, substitution, deletion, addition, ancUor insertion in the amino acid 10

seq gegﬁ@r@,tf@s%a&ﬂzi%@bﬁﬁ?@n, trmﬁpﬁthﬁfmgéadiﬂﬁi@f@mm ivientiderpra\ides ke -ali L Foreceptor
antibodies 0 0 elow:.(1) an antibody that includes.the heayy chai riable region

(VH 1-|gi§i“§l}’agﬁa?§‘@§ r“eaé)ligﬁ)%é%’g‘ﬁggmtﬁe %X%?%’S}é%? & ﬁfféci? > ré?%r%"ogg_{. i%gn‘s%\étoo{?ig in ngQ ID NO: 21
(VH1-Igaymseiaainstipody eneiienagbiprin eHalPYRTEEIYYiIOh P¢R2-1gG1 variable
reg_ilgn()]I h?r\]/irtlg t%&fﬁiﬁ?ﬁétﬁﬁi@rﬁﬁ%ﬁﬁ% B_@ﬁtﬁﬂ@?ﬂ@ﬁé@ké&&%@ iR @E@dﬁ%ﬁ@:&ﬂﬁ%ﬁg@ 1); (3)an
antjbo at includes the heavy chajn variable region (V113-]gG1 variable region) having the amino
aci seé%%ﬁ%é: ?}’glrﬁ?%%gitioﬁeld\%gel‘#gai %gjé!@ciﬁn%g{:] c§>§n R?ﬁ - %éof%;amm% garll1 g%%fgoﬁ]% t includes
the heamplsiealn wayidbldorgioniizHacmd DY &b IO gianl havinecRadrerasirieracid sequence from
positiong | fRAINRERIDMNPb24dVEdgR Liofe han eriibodndbah insudasdhe liglkehain variable
region (VLI-CK variable re%lton{(yav_ma }'@J?ée amino aciqiﬁe%ugnce. from, positions 1.to 107 H1 SEQ ID
NO: 25 PGIHEESRY! SR RBI ST PG S gl R SPHR% Fe?gaion%&)f%a\r}ariable region)
having thiecamittgtiacithsbqdenoy opapbsitionthe petEoy irSE. [Ny me ¢ 228kds(7) an

anpodyhat inpiudes dhe.fight.chal g@%ﬁ@@ RQIANLY hanG yatiahle: Fpeian) havisIdhgigmino acid
sequence from positions 1 to 107 in SEQ ID NO: 27 (VL3-CK); (8) an antibody (Fv1-IgG1) that
includeShEHEEAFSHER\ARABIe region of (2) and the light chain variable region of (6);

Amino acids contained in the amino acid sequences of the present invention may be

post-transiationally modified.  For example, the modification of an N-terminal glutamine (Gln)
residue into a pyroglutamic acid (pGlu) residue by pyroglutamylation is well-known to those

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

30  was produced.

SR344 was purified from culture supematant obtained from the SR344-expressing CHO
cells using three column chromatographies: Blue Sepharose 6 FF column chrométography,
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  as the final purified product.



(9) an antibody (Fv2-1gG1) that includes the heavy chain variable region of (I) and a light chain
30variable region having the amino acid sequence of SEQ ID NO: 7 (L82); 62 (10) an antibody
(Fv3-lgG1) that includes the heavy chain variable region of (4) and the light chain variable region of
(5); (11) an antibody (Fv4-IgGl) that includes the I’rcg(;vy chain variable region of (3) and the light chain
variable region of (7); 5 (12) an antibody (VH3-IgG2AGK) that includes a heavy chain having the
amino acid sequence of SEQ ID NO: 33; (13) an antibody (VH3-M58) that includes a heavy chain
having the amino acid sequence of SEQ ID NO: 34; (14) an antlbody (VH3 M73) that includes a heavy

in h ,; 2 FEERHE 8 fRv4-1gG2ACK) that
includes the he f NO: 27
(VL3-CK): mfgﬁf SR z*@ﬁﬁ% %%2%??%%22"’5?3&22% @iﬂchgfﬁ%?i?i’%?;%%@ﬁ?ﬁiﬁﬁ.ﬁ naving
the ami P batrs e be B‘é@@@‘ﬁ@l@i’e(@ﬁé‘@%?%(l% G FeSPRIBE EFEATHS) (REPF Gtides the
?fgvy chaIE afctdb)-atd @ h@i@l@iham@a}lm e anmino ladid Geguiencasst SEQS B5-ND.: 2UdE 3-CK);

ana 71) thati |n de v EQID
X E@E%\z;g G NIl en R bean.chaln e Ing e AnaReil SeUance A SE 0

NO: 36 that Iin esahe ain havingthe amino acid

sequendengtipef SEOMP &@HWWH @F@@ﬂ%%@@ﬁml\ﬁ% PR RTEESRPAREY chain
having theiamisracid BRGIeReeRHBRODN AR 380V Hde MAT)late, a 1131 bp DNA fragment

(SEQ ID NO: 20) encoding a protein in which 6xHis is added to the C terminal of the soluble

region (Met1-Pro363) containing a signal region of cynomolgus monkey IL-6 receptor gene, was
10 amplified by PCR using the oligo DNA primers CynolL6R N-EcoRI (SEQ ID NO: 18) and

CynolL6R C-Notl-His (SEQ ID NO: 19).  The resulting DNA fragment was digested with

EcoRI 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 cIL-6R).

20  Preparation of Recombinant Cvnomolgus 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.IL-6-producing CHO cells was purified with an SP-Sepharose/FF column (GE Healtheare
Biosciences), concentrated using Amicon Ultra-15 Ultracel-5k (Millipore), and then further
purified with a Superdex 75 pg 26/60 gel filtration column (GE Healthcare Biosciences). This
was concentrated using Amicon Ulira-13 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 Bal'3 Celi Line
A BaF3 cell line expressing human gp130 was established as indicated below in order to

obtain a cell line exhibiting IL-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 geﬁe expression site from pCHOI (Hirata, et al., FEBS



(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 (VL2-CK); (23) an antibody (Fv1-M73) that
includes the heavy chain of (19) and a light chain having the amino acid sequence of SEQ ID NO: 26
(VL2-CK); (24) an antibody (Fv3-M71) that includes the heavy chain of (20) and a light chain having
the 30 amino acid sequence of SEQ ID NO: 25 (VLI-CK); (25) an antibody (Fv3-M73) that includes the
heavy chain of (21) and a Ii%g[ chain_having the amino acid sequence of SEQ ID NO: 25 (VL1-CK);

(26) an SFfEORP that fictitedt ) RIATRIETIN B ARG iR SHSIABCE GRS SERERERBFEES ASNBHs
(VL1-ChY:35822p A e3tiboslyi thatgichudes AlligRt dhain bawingphéahtin®@Ridsbdouendénaf SEQ ID

NO: 26 (VL2 : 63.(2 ti f i light chaj | i |
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(v) belowixed il FednceHaim EmR srlisteysrsades soiRH £nd pylser weinga Henky wisin CDR2 of
SE® ID(NQ-Rki{Wthlvalage)dhe eV shainLRR2:06SEQ (IPINO BARY VHRh4d)h erdeaypnehain
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RPMI1640 medium (Invitrogen) containing 0.2 ng/mL of mouse interleukin-3 (Peprotech) and
10% fetal bovine serum (hereinafter referred to as FBS, HyClone), and then screened by adding
RPMI1640 medium containing 100 ng/mL of human interleukin-6 (R&D Systems), 100 ng/mL

10 of human interleukin-6 soluble receptor (R&D Systems) and 10% FBS to establish a human
gp130-expressing BaF3 cell line (hereinafter referred to as BaF3/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 receptor-neutralizing
activity) of anti-IL-6 receptor antibody.

15
Production of Humanized Anti-I.-6 Receptor Antibody

In the context of the instant example and elsewhere herein, the term “wild type” 1s
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 53 (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 ml per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 10°



(h) the heavy chain FR1 of SEQ ID NO: 47 (VHS3, 4): (i) the heavy chain FR2 of SEQ ID NO: 48 (VH1,
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: g% (VH3, 4); (m) the heavy chain FR4 of SEQ ID
NO: 52 (VH1, 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: 55 (VL1, VL3); 20 (q) the light chain
CDR2 of SEQ ID NO: 56 (VL2); (r) the light chain CDR3 of SEQ ID NO: 57 (VL1, 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 chaifl s grdsiyrest o %@{VLC?PQ‘E@),(%EQ%"/M%éﬁ%mﬂéﬁ&%ﬁ’lﬁﬁﬁycﬁ“é@@b NB<B1 (VL1, 2,
3). Theespeactive sequeddesepikeiahevd () tal(v) @reCsSesiMAl FigeRbmHimthetrporewtise
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hmousez radvanthiahbihanibedias.shhe potibedissoftibedpteseatiny entiepuiiealaaiedhimeric,
uman%%(sjégga!lx}/cg ldvrysar%ga%grgg tEILP ngegﬁlolgs%lljgc Q'spectrophotometer. Antibody 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-Dependently-Binding Antibody H3pl/L73
Method for Creating Antibody Capable of Neutralizine 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 IgG molecule, the same dose could improve the duration of
neutralizing effect, or alternatively the dose of antibody required to achieve the same duration
could be reduced.

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 celiular surface, and the antibody is subsequently taken up mnto

30  endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a 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



64 Specifically, such antibody fragments are obtained by treating antibodies with enzymes, for
example, papain or pepsin, or by constructing genes that encode such antibody fragments, inserting
them into expression vectors, and then expressingghem in appropriate host cells (see, for example,
Co, M.S. et al., J. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A. H. 5Methods 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
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derlvedlgr%ﬁ@y\gﬁémwlggqig sescribe ?bove The peptide linker to link the V regions includes,

rEptor antibolfy aPEE s C“a'%&%a R o R S e N AR ey e o
any typby foteexa mgion) g@vd g&2lorigBeds mbijdimusét, Treasbgstantdagiderts gegferaiigna human
antibodygengianicy %Q%d?'%ﬁ&@%‘f Y)uﬁﬁ?t@%ﬁ@?fsr%gﬁtfﬁﬁ%p%%ﬁ%@ﬁ%b‘i@%l‘é@mmg
substltutlo deI etion ion, and/or.insertion in the id s man IgGl, human
1962, oP FH TG Gah A L TGS o ToLEer P URER PSR AR R AL Blor antbocy
of the pméwathrimemd:mdwm gl nsematient ok Gaedisgtorate from the antigen under intraendosomal
15  acidic conditions, the dissociated antibody may be able to bind to FcRn expressed in the
endosomes. The IgG molecule dissociated from the antigen and bound fo FcRn is transferred to
the cell surface and then dissociated from FcRn under neutral conditions in the plasma, thereby
return to the plasma again. The IgG molecule that has returned to the plasma is able to bind to
a new membrane antigen again. The repetition of this process allows a single 1gG molecule to
20 repeatedly bind to membrane antigens, thereby enabling neutralization of a multiple antigens
with a single [gG 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, pres"ent in plasma at a concentration at which the antigen
production rate and the anfigen elimination rate are under equilibrium. In the presence of
30 antibo.dy, 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; I. Allergy and Clinical Immunology 1997,- 100(1), 110-121; Eur. |. 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 @hti-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
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The pharmaceutical compositio e present invention can be formulated by 15methods known to
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sugly compontiens akba leunualed N in e lan Auatdass seauledindoeonnerally
approvea medicine mangf%llcl:tg’rlng practice by appropriately combining with pharmaceutically
acceptalihe 2aiBERIBRThEHFACRERSTEA M difrs Qreitiantdis Aroprivtie BrfitesTsuihaot g abibie oil,
emulsifigninguspRIKiondstERGaRt s tabilizeid davoing ages, exnipiensiveattielel, thedgtvative, binder, or
such. In sush.Imuietions, e paumkoladive igisdienkadiusiRd. g 08t appipriate amount
ina pre-gié)tgf%%sec rarr?ge. O e RTTe 84 positions % Injection can e?Por ulated using vehicles
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other adjuyants, (for example, D-sprbitol, D-mannose, D-mannitol, and sodi (ilf:;:ori e).,lt.is also
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S
possible to uSe I combi N appropriate solubilizers, for example, a
polyalcohaisgprepyidhplgydtiepolfeghglene glycol, and such), non-ionic surfactants (polysorbate

80(TM), HCO%Q?}@@%@&H)%S 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 would be able to repeatedly newtralize 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 5.5 to 6.0 is
considered to dissociate from the antigen under intraendosomal acidic conditions. More
specifically, a single IgG 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 to neutralize

30  amultiple 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 3.5 to 6.0),

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

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



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 example; 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 admijnistration, transpulmonary,administration, or transdermal administration. For example,
they can BOISEH S SFOBESyRMERHEAIG SGEAN B s imQu e B L OHaF RfSERion,
intraperitcnehtimje {ibn] .4hbcMearied ssdnjpidtidencod suith clahgimispratin-prethodstcaetbmappropriately
selected jn.consideratianplihe Ratigel's Sage.and sympiansifbedese of A ahaspaes ical ¢ o

composition containing an, antigen-binding. molecule may be, for example, from 0.0001 to 1000 mg/kg
for each BefiminiSf KB AR 04 G4 RS & S ARERTIIE RS S BERL FoABBWOPHg per
patieént. Holyeuérdhicpresitivinehtibn ts AdY)limipetticttie, iustidne vadites dasariiiet apal/endhe

doses ang administration meihars.vanorenending,on e pRISEUSIoIgNt, Age SYMRIoms, and such.

10Those skilled in the arf can set appropriate doses and administration methods inn consideration of

the factoPS dH¥eRbRRRsewed functiom asdsdiggcoritameerritNads#ritisciarsitoahodd P i Stesent

inventiorirhay thepesidiran stati el nadifiécht Frardxamiile; thevaddikdehtdr gl dic R teserngbn
b Amivior i ARieEn. ; e o

e S L A T e B, B the,

amiflo acid sequdheEdGHRElSEIEIRG S IPRTET KIPRYETRBAR R vEE AT ke sPecification are
incorporatgdthiateip fydelaente rdikam plesh20He reindieipwicindpeesannventiohiwillibe specifically

described Wil refetenge 16 Examalensptl I ko be canaltued as beng e iherglg, [Example
1] Production of Modified Huméanize B]K}Iel nti ogy | r%paratlon of Recombinant Soluble Human IL-6
Receptoﬁ@R mgyotein—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 IgG 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 in vivo and thereby shows
improved pharmacokinetics as well as improved duration of the neutralizing effect at the same
dose.
The 11L-6 receptor is present in the body in the form of either soluble 11.-6 receptor or
membrane 1L-6 receptor (Nat. Clin. Pract. Rheumatol. 2006 Nov; 2(11): 619-26). Anti-IL-6
30 receptor antibodies bind to both the soluble I1.-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-IL-6 receptor antibodies are taken up into infracellular endosomes by
internalization while bound to the membrane IL-6 receptor, then move into lysosomes while the
antibodies are kept bound to the membrane [L-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 IL-6 receptor
(hereinafter referred to as SR344) (Yamasaki, et al73cience 1988; 241: 825-828 (GenBank
gX12830)) 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), 30was produced. SR344 was
purified from culture supematant obtained from the SR344-expressing CHO cells using three column

chromatpgraphiesBiue SeRhaLase S:fdn calup R Ghramaloghaphys ?Jﬁég’éx&i}{%ﬁ?ﬂ‘ﬁ@m{'g a
column inwhich an ntlbgﬁg s&s;nflc o _SR3 4isj 'moblllzed, and gel _|!trat|on column

chromatdg HOSA O that diit8ef ddthe rha B&K %‘%@‘éﬁ?@%&gﬁéeﬁ?ﬁ%&ﬁﬁ%dﬁroduct.
67 Prepaiatistafirecowtbimant@ynHmbd iguspibonkeyrBetlibie flobdRedteapto), @li6Ren  Oligo DNA
primers RpeOR{ (3B @ﬁ@é&ﬁ)}?%&ﬁ&@%@é&éﬁf'}@é 63395%% %%%%%8%‘8&@?&10” the

publicly-available rhesus monkey IL-6 receptor gene sequence (Bimey et al., Ensemble 2006, Nucleic
Acids REBHDRHES high e4hidis grsatiyaduced GuyiBe 5B irdshacsdiindiiepabed wem Bimsmsigus
pancreabiadiagehilitates theDNW frag henteredding theseatiptde ngtibod Cynosnalgusmonkaiotls-6
receptor,.gen >CRASI j e hebRr2. Usingthe resulting DNA
fragment as gﬁ%‘%ﬁ%@% g g?\%% fr tgr%ge}ﬁt{ §%§é}j %@%@%@)@%@%ﬁ% %flg r%etg}%%%g\f/b e%h 6xHis
is addedBlte CE AN BE Yk dsEEion TMbedro36BY R earAaSIgHah MdfbiYRF cynomolgus
monkeyHurfargzepiornigene ravasdiGambplified biy-B&pRndsin G ihdoligailNA proness SyieldieR N-EcoRI
(SEQ ID : IL: -NOtl-His;( Q:.19). The resulting DNA fragment was
dig@ted%%’é%gggihr%? ?\%ﬁ%ﬁo{? Frlll\éér%e §l|1r£1t(1)E ?n%%r%rﬁa ian %{9 %&%rpgsé]?%ﬁg\%ctor, and this was then
used to produce a stable expression CHO line (cyno sIL-6R-producing CHO cells). A culture medium

of cyno.slofiRtiodpsdEIdEdaells BiagipynfiedanidkatisTiap Rocahinn (GE Heahhtars.
Biosciences), cancentrated using. Amicon Ultra-15 Ultracel-10 illipore), and further purified with a
Superdex 200 r?é?} %8%](%1% (?:_ﬁm&@ine iumn ég esaﬁ)fﬁ(r:}‘arr%) @%sc%%ngel% Po({]c?% alllllr'ifr ﬂﬁiép inal purified

ration column

product RflsétiBrdayivndsg e ?ﬁﬁﬁ%ﬁﬂﬁ@ié@b@ﬁ%ﬁ@@%ﬁéﬁ%f@ﬁe&% ol BRES20992)).
PreparafiopratReqainkinant Linemaley Y emeyn khé deHal) of the CuINOlgpsMInKeY IL-6 was
prepare ws. A nu Ieoéide sgqlll%g e ggl?g%inecg.t ueesz:%% %[QEQP %%itgs réaginsttered der.
SWISS Acc‘:gg%lgﬁeégf was H?ochcecf, cloned into a'nrammalian C@F%X?b é‘rs%:"l%lﬁ]%/ector,
and intraeRisd itte THOLcens toepiestibic densilisie mrgréssivnieeMMPEB tofimait Eprodeding CHO
cells). Acariwigimegivip aicpCynait=Sdnadiscing Gld@ caliswasouified withsat S Sgphrrose/FF

thon forFLT BT R 4 o ieHHo3 73 o SETa0 B Mo oM (o LS Biosciendes).
THI8 waswohesngsdfebausing. AmalcotPRltracusantieacé Prsleimitipore)umnbistair Infimedtpbiifigdsproduct
of cynompigumerkeyatmaynarsnaiieefesradde asidlaDinding by histidine introduction. The

product in which the residues at H27, H31 and H35 in H53-produced in Exan:iple 1 were

substituted with histidines was designated as H3pl (amino acid sequence: SEQ ID NO: 3), and
the product in which the residues at 128, 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/L 73 Expression Vector

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

sites. Mutations were introduced into H53 (nucleotide sequence: SEQ ID NO: 13) and PF1L
30  (nucleotide sequence: SEQ ID NO: 14) produced in Example 1 to produce H3pl (amino acid

sequence: SEQ ID NO: 3} and L73 (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.  H3pl/L73 which uses H3pl for



30 Establishment of Human p130-Expressing BaF3 Cell Line A BaF3 cell line expressing human
gpl 30 was established as indicated below in order to obtain a cell line exhibiting IL-6-dependent
growth. Full-length human gp130 cDNA (Hibi et al.7€ell 1990; 63: 1149-1157 (GenBank
35tiNIM_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 resistance gene expression site, to construct

pCOS2Ze0 30. Full-length human IL-6R cDNA was amplifi CR and cloned into pcDNAS3.1(+)
(Invitrog%aﬁ f—?og }(11:%1%5 rélcliilﬁl @é%gg}qﬂ%ﬂ?ifxfbea%co%én&%e%}é}égﬁ@%\%gc r%(gf;‘s(%rdbﬁéénBa% cells
(0.8 x 10%@eh) buspended in PBS, and pulsed using a Gene Pulser 5(Bio-Rad) at a voltage of 0.33
kV and capacitance of 950 uFD. BaF3 cells having undergone gene introduction by electroporation
treatmeng, were, cultured.one whole day and pight in RPMI11640. medium (lnvitragen) containjng 0.2
ipihcs e Tl A A s R e
PBS, HyGiogdhaeddsphsdiednetbpy adding RPMI1640 medium containing 100 ng/mL of human
interleukin; @ (R&P-BYSteMR1L0R ek 10 Linonan itesleukin-6 soluble receptor (R&D Systems)
and 10% PBS tq establish a human gp130-expressing BaF c?il line, (hereinafter, referred to as
BaF3/gpL30). SHECHTERASIOL A0 Froter Al i e BHEbERR B P ARG ATSERED
System3papdDR3443 [ &S béused torpvaterhtetthes GrowifhinNibitory HEtivigyoframeetyqripified
receptornexifalizing Atk Pan il Sreeenier auinady- b Rredvrtiemetidumalized Aqti-IL-6
Receptor’ Antibod In the cantext of the instant example and elsewhere herein, the term "wild

typd is BHBARREY ASRPFWERE (EFRARG NS PTRER™ is abbreviated as II(WT) (amino acid

sequence of SEQ ID NO: 9), and the term "wild type L chain is abbreviated as L(WT) (amino acid

20sequangg Sio 1AM Ehd Ol D IUSHLAMRLIRSINE S iplkqg ced into the framework sequence
and CDR’sequence of humaniZed mouse antibody described In Cancer Res. 1993, Feb. 15;
53(4): 851-6, to PrEdlieB RS MriHapr IR e ARt Sddre nde sSEPRY NS 245 aRE B L H
(amino @@hﬂimﬁi@ﬁé&@ﬁae@f M@vlﬁdl),aambmmﬂiﬂ&dmmnﬂdﬂ&ﬁamj@mcéd satjuentéinBEQ ID
NQz 12)?{}’%‘%58@%9 REld spauRacy b?i%ﬂ@i% n@zﬂ\é&f i omRR callode mulais were

produced using Change Site-Directed Muta Sis Kiéj&Stratagene) according to the method

describégithdefersddtbensreisioiagy %b{arwq%&n?ﬁfﬁdpm FaginR sWErssditedinto a
mammaligndied, exprarsigoreaiontatotinethbtdesiec HPARIN Thpsepsicinesiatsiantliniakiin
expression eelgfs L he NYelealife SeaUIRGES Gld0R eRIRRSHARIESHRRPHES WRIEAsiErmined
using co ventional methodo oglies known to .

vector pELBG lacl that was also digested with Sfil, and then used to transform XL 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-Ftag 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 Immunoclogical Interest, NIH).

30
[Table 2] Positions of Histidine Substitution Not Significantly Affecting Binding Ability
H31, H50, H54, H56, H57, HS8, H59, H60, Hol, H62, H63, Ho4, H65, H100a, H100b, H102
L24,1.26,1.27, L28, L.30, L31, L.32, L52, 153, L54, L56, L.90, L92, L.83, 1.64

35  Construction of Histidine-Modified CDR Library




30persons 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) wasysuspended in DMEM (Invitrogen) 35supplemented
with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 ml per dish in dishes for
adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 105 69 cells/ml and cultured
in a CO2 incubator (37C, 5% CO2) for one whole day and night. Then, the medium was removed by

aspiration, and %e cr:%ﬁ%f %’CaH(gei SF(M rﬂmﬁ Eﬁp Invi trog(eln \f"éﬁ dg,(auesht%fgrﬁeared plasmid was

introduced into the ectlon met e resul?ln cu ture supernatants were collected,

centnfu@@%@?ﬁﬁ?b&ﬁiﬁ%ﬁé}h@ ?G@b"@ @lm“ﬁf@rﬁ%ﬁ%mytﬁ?@ﬁ@@ém mAgetilized by
f||te:clng tﬁfmthh Qr%%&tméﬁltfﬁdﬂttd;ﬁm@a\étfM%ﬁm@e@@?amtw@p@@é@aéaeﬁ;oAntsEt@dtes were
purified from. the obtaine rnatants by a me se int t usmg
rProteln{r& Slep%retrosefm FE mers S?ﬁ |ocsec§|egl1(t:?es)@ fﬁpnane %k‘é (?Jgngen er%?t:ion of the
purified ﬁﬁdb@@&l@@é@tﬁéﬁéeﬂ%ﬁﬁ@é@m@mﬁmm@n@m kpeetbptiotentsteigntibody
concentggqu@éye,gqﬁggg@t@gI@t@g&fr&m&h@ﬁ@t@r@mg yahigsdusigg an absorbance coefficient

calculated by the PACE method Proteln ienc 42411 242 Exam Production of
o beenaenth B R A TS FRY By Rc“é%t%t%nﬂmt)% A S St o

AntigentMukipteitiimdssitasinde rg@auﬁnéléwleshérérmhatéh@ erigimglegooroiéenliowan meidiatize up
to two a&ttgﬁﬁa{ﬁ@tﬁﬁetep%wt&e@ hedwesites Bgnﬂot%m@@mlger@ PowevRi; laanirtRaytalize three

orea ?gHe molecules Therefore, to malntaln th |IZII’]% % ﬁt(%é N ;a% g§§§body

B B B IS Hoce i PO AT el S STRGIRE S HRtiScby oGl F r Ly hor than
the amoifdt Gf ifklgen produced during the period. Thus there is a limitation on 20the extent to which
thefget(qjuire% doe%@t@ﬂst%p@xs%cbe '&ﬂ%ﬁﬁ@\% Q%;HB%H%‘Bgsmﬁyﬁhﬁté@%%kﬁt%ﬁlﬁc%ﬁfﬁ'ﬁﬁy Ofl G
antibo erefor, utralize two or more an olecules a.single Ig
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ant|bodyzreqtmmiat@achneﬁ&th@eameedutatsomebmdlbem@@m&UTZSF@nmteuWatmm@iahttbdndléé there
arg4wo fypesafd d@&%@%tﬁ@%@@ﬁt@'&%@ HILRS WRIGR SV ERS Fiy”i‘v@@%?édatﬂ%e 3

an en the antigen is a

membrane-boun tigens, which are expressed on the surface of cells
membratfé: B8RP Ehtigen, an administered antibody binds to the membrane antigen on the cellular

surface, and the antibody is subsequently taken up into
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-PEQ4-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 to transform XL1-Blue
(Stratagene).
Escherichia coli cells carrying the destred plasmid were grown to 0.4 to 0.6 O.D./mL in
2YT medium containing 100 pg/ml. ampicillin and 2% glucose. A helper phage (M13K07,
4.5 x 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/mlL
ampicillin, 25 pg/ml 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 2 phage library solution.  10% M-PBS (PBS containing 10%
35 skim milk) and 1 M Tris-HCl were added to the phage library solution to the final concentration
0f 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an



30endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a lysosome where it is
degraded by lysosome together with the antigen. Tt 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, 352006 Jan; 11(1-2):
81-8). Since a single IgG antibody molecule binds to two antigen molecules 70 when it divalently

binds to antigens, and.is then internalized irectl rade ome,.a single ordinary IgG
antiboc AR A8 Rhd BE O Br e e e i R A o Tetemton
(slow eliminanonh)dely@sagidclred irplasmia 18 IR RIKGsme a s wg 18 Mndiecdiersaiale receptor,
fundcti‘onm@i%b)R_eMdf@ @é@?cﬁ%é@gﬁbﬁgfﬂbﬁﬂfa@é&dmmaﬁg |§§i€ﬁoﬂﬁ¥?&9@ﬁ<}%§_&p into
endosomes ingeytosis bind to FcRn expressed in endosomes under jntfraendosomal acidic
conditiorﬁg.mr@é%%e%{ﬂ%&%W&?Btﬁ%%‘i#é\é%‘rfﬂ%ege% %@f%@%ﬁ'?e%jie dissociate from FcRn
under néateatasttiditonsdbpids i2yandvietsth rghad mahwhildMdB mdiBéutestamatied to Hind to FcRn
pf(;_(?eed&ﬂ. l{é?é%ﬁ@ét meiﬁokkf@a/t@rﬁﬁ?gf@@%éﬂ@ei@e iﬁi?*eg ”I‘HWH@&?&:&W%E‘P;@&@?@&;HWE@ .
antigen are taken up inta intra r endosomes by interpalizatign, e into ile boun
o the O ARAHERR AEQrA b C B P S doEky s D S IGre:
neutraliZBstivadzntigerihmolesptesahd Gimle rgiods dediddatien iBysthet thitiplihgcamigensydfdaiie 1gG
antibodyryhen,faken wpdntodotraselilar andasomes.aydaternalizationo.canrisrogiatedromdbe

ani[:i&en under intraendosomal 15acidic conditions, the dissociated antibody may he able to bind to

Fchh exphdsBlr iR Mhaids8rined 2T Ao Wrstde Srangideh bR HERTiHe SntRieRtariiP Bouhd%o
FcRn isitbnsterfeddd theccdhsddatesdlith then xdisocmtethfearmnfa ity D AEE idlitggd/adnditions in the

plasma, fherebiy relirmdo e plasmaagain. e G meleculethaldas atumed da e plagma is able

to bind to a new membrane antigen again. The repetition of this process allows a single IgG molecule
to 20repBHiE AP HIRALIHEHISA AR 4R HHR AP IRSHSRABRRLEIM g e tralization of a multiple antigens with

a single 1IgG molecule (Fig. 3). In the case of a soluble antigen, an antibody administered binds to

the §nti%1:]ﬁ H?ﬁ B!@H}%e%lqgﬁmains in the plasma in the form of an antigen-antibody complex.

Normally, white the Tetention of antibody in plasma is v_er){ long (elimination rate is very slow) due to
the 25function of ICRIR VssHiEe SRISHSR BFES RaTEisith GPaHE§ER Tl pHEh B bBrRigiination rate
is fast). Thusnamiibadyiboungdantigaasyshowaieientiareiopiasiahteosparable io, tahof antibody

liminagion ate is very slayg. Ani D8 Pad |
(lminalon ieesunisia Aness Aaiatkest Jinboty Ak abeiaBlIHE AR

W
absence gfant (0] asma at a concentration at whic

" present
Sntigen RTEEGH e aeiepR bR O sttt culture at S x 10° piu, allowed to

20 stand for 30 minutes at 37°C and then shaken for 30 minutes at 37°C for infection.
Subsequently, the medium was replaced with 300 pL.of 2 YT, 100 pg/mL ampicillin, 25 pg/mL
kanamycin, and 0.5 mM IPTG. After culturing overnight at 30°C, the centrifuged supernatant
was recovered. 360 pL of 50 mM PBS (pH 7.4) was added to 40 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 pL 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



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.:Nationa}-Lancer Institute 2002, 94(19), 1484-1493; J.
Allergy and Clinical Immunology 1997, 1000), 110-121; Fur. J. 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 Although antibodies 71 with a stronger dissociation constant

(ICD) calf Histitrali> BeIRNE MiGERE JPERWEF A MBI cHrESREPARbH, AREIdAIE €5 R B8R Entration

half or |&sbttdn the concentration of antigen present are unable to neutralize antigens regardless of
how strong the affinity of antibody is (Biochem. Biophys. Res. Commun. 2005 Sep 9; 334(4): 1004-13).
As is the case with 1IgG_molecules not 5bound to a ntlgens G maolecules bound to antigens in the

plasma BFabist) takefitinibiEnadas Mk “@lﬁ@i‘ac%er—{dﬁ‘ﬁ%{@flégg‘é%c @fdosomes

under infasenspsomal acidic condltlons The IgG molecules bound to FcRn moves to the cell surface

while th%g&tﬁlggyﬁ&%kq%zgmcet @u?ﬁ 2[and then dissociate from the FeRn under neutral

conditions in the plasma es return to the plasma while bound to the antigen,
they 10&athétinefo %%vla??trg[e?% Qaéﬁ?aér%‘é In this case, if IgG molecules can dissociate from

the antigen under intraendosomal aC|d|c conditions, the d|$$0C|ated antigen will not be able to bind to

FeRn ang {Neraby, Ay b6 dedradad BYyResamesory e ey a1 g molecules can retum
to the plasma aga ave returned to the plasma
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again injfiagineMagnbiie bepelitomn ofithis progess allbwvsmaphgiigs tnw@maﬁ@ fepeatedly bind to
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Thus, re%alﬁles %fl Wﬁ%faﬁlem%% ft[%ne%é?slez frgmoenm Iﬁ%tlgnF a(zsnoéra elpr%% %ﬁw ifc’]Atssouatlon
of IgG afitibothy fragnete bewigen i&aﬁ@ggﬁﬁéa@ﬁh@ﬁMa@%ﬁéﬁféle@&d»c c%méw@ezé%mgm 1gG

moleculﬁawmg%@@(@iq&gémam@amq@@zm&aﬂ@e {Reaideriendotmaatbedinsio dissaciate
frorg antlgg s under intraen 050 ILis necessary that antigen-antibody binding be

ondition
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on the cell surfaEbenﬁerma@elngwm&@dommgmhwthébr@mgr}ﬂBﬁmd%S@ﬁﬁg@mi&ﬁme cell
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anshweajdy i raﬁaetpnfa@ra%%ahme @1@@@ qﬁé&@@i@&b@ﬁ&@o&% %ﬁ@@l@%@h&%ﬁ@ pgutralize 30a

multiple antigens an rove the cokln h enerlal rotein
terac RS Er o H BN T A SRt s e WU LN SBmaing, and the
binding strexgithpid @qmc:aiky@cdpmstbdt é@arbmdmglﬁungtamwammty)hgrsa]@amm dietdinfyaotistant
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and acidic conditions (pH 5,5 to
recovered in the( E))anmng us?ng)t'he antigen immobilized on magnetic beads or a plate, the

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 ul 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 biotin-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 atlowed to flow through the column to elute antibodies that dissociate

under low pH. The appropriate eluted fractions were collected, and the recovered phage



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 remarkajdy weak under neutral conditions (pH 7.4). Most of
such pH-dependently changing protein-protein interactions are associated with histidine residues.
Since the pKa of histidine residue is in the vicinity of pH 6.0 to 6.5, the proton dissociation state of
histidine residues varies between neutral conditions (pH 57.4) and acidic conditions (pH 5.5 to 6.0).
Specifically, histidine residues are not charged and function ro ptogs.under neutral
condition (5E A5 TR e BT O R oA QAL B S B dfors
under aeidiiovedrnalitiamd i3 GBitotescY. 37Has been reported that the pH-dependent binding of the
ol 200 A T B o E e o

ell. pr; 7(4):.867-77), erefore, pH-dependence ca imparted. to protein-protein
interactiBAGy SOREHERG LA A RIS Soid 1RG5 FVONER 1 B1taIREBr AU REFCEBH ST a
histidineinebidsae ombyriatesdissimipad hibtidirmdrepant thtepactiong §itenSuch attempts have also been
made in protein-protein interactions between antibodies and antigens, and a mutant antibody with
antigen-binding ability decreased under acidic conditions has been successfully acquired by

ehactct Hre HoHe DR sequence of an anti-egg white lysozyme antibody (FEBS Letter

(vol. 309, No. 1,186-88u11992))apaadeit anabmtah biggdwnh &lisYsre paieddsythatreductngidistiline into its

CDR se ifi i i t (1 sb binds
nder né’ﬁf‘?é?Eﬁ%?ﬁ%%%%%ﬂéﬁ%%ﬁ%&?%@%%%ﬁ%%%“é”%%%%%@g;%@n%%ﬁtﬁ%%-s g o

dePend&RE M EdoRRtGRMAREIBERRE R HeRrO e Dt rppiadde LHBELHBIE: attfyG
moleculghifiah iebitpalizeneullidgrtigenhyISirbrghibidihg) CanHensias thedbedyefiuid:pH of 7.4
but Wea§%c5"1t’#et§é@g%\/e @ﬁ%&%ﬂa‘t{@@{%ﬁ%%@é@ww r@%&% £0:ha8 Q%t‘f}%% ReHRd. In

other words een no reports relating to modifications that significan uce the binding

under agiEREEBHdERRHiIR I IRRAS GRgREEbindnG ulbEes gty sradremed Hetaerbediesas compared
to an urgnbibfieg 26ent bHdyemndea fiecian)bddic bhindg tasitgenhs ohuwiiplé tmesitapaamng thereby
shows improv. harmacokineti well as | ved durati f ralizing.effec e same
B e L et
membrafnebgizsdapidripantesn. PrasicireRRaBIL 2606 RibTIVDEININERObIEICAMRIYIE Wreceptor
antibodigs:Ring t botiziheespitible thethsadoptinanthmambepaaibod reeepioaaiddiesialize their
biological action..lt is considered that, after binding to the membrane IL-6 receptar, anti-IL+6 receptor
oo L s B B B B s AR e e
IL-6 receépiohamesitoyehsts lysbdonsavitnectatanbitbaiebabd ket Beunacenirohelatians IL-6
receptohare, dergodegradation by lysosomes 35together 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

[Table 4] Positions of Histidine Substitution found by Phage Library (Column Panning)

H31, H50, H58, H62, H63, H65, H100b, H102

1.24,1.27,1.28, 132, L83, 136, L0, 192, 1L.94

25
[Example 4] Expression and Purification of Histidine-Modified Humanized I1.-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.  CLHS5/L73, in which CLHS was

used for the H chain and L73 obtained in Example 2 was used for the L chain, was expressed and

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

Example 1.



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-IL-6 receptor antibody binds to one
or two membrane IL-6 receptors (monovalently or G/I,Lyalently), 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), multiple IL-6 receptors can be neutralized with a single humanized anti-IL-6 receptor
antibody. Thus, HHESHBARSIHARHRHRNEY S HRIREIIZRTY ¥R TS HeEd SioFARBBbseS e pendent
binding sinii-|L Basedept thalvibioke svhom alys mpsavathetdirad tiorhobthe mBtitrali zing ffecthin vivo at the
same dasage-iaibiationaRHhepandenty Bindip yremacd Agl s Recerionaninody

H3pl/L73: Introduction of histidiné into a CDR has been reported as a method for introducing
pH-depdhaRHE BRI RIanitrEnutiBt b o dienaptdit 1weH58svNe furts 88s196). 151n
order toinb ﬁfﬁﬁ%ﬁ@lﬁd&&dﬂ@&@wm@d}ombmwﬁ@éﬁm (BEQdiinkie: régioThs theikb3/PF1L

d it tig | of
Fiasipr GeiST e LA dé’?%% oggiiﬁlé B O BB RIS o e
A threeld??rmls?dﬂéﬂ%ﬁ grepEdh @ﬁ?ﬁ&l@éﬁ&@ﬁe&mmmw@mﬂwémﬂ was
used to aﬂﬁpinlﬁantﬂﬁaz Hﬁﬂ; b23rtha3zerind I1ha Q@bﬁ;&@ﬂwﬂb@% d&&t@neﬁtfas@tgahe 1991,

Sequence of Protel munolqgic I t, NII tlon sit |nIrod

pH- depgﬁjgn g% %iencﬁ mﬁfhﬂsﬂﬁnﬂﬁéﬁdd&%n %i ?ﬁﬁvs\;- %’%he resMue%q“;%ZHZ? H31
antPH35V$ H53 &b&ﬁfa&@hﬁlgm 5@@%@%@@5@@@@%@8 Mgt ﬁé’sﬁ»@é@oéé&wm@wm H3pl
(amino agishgeguence: SEQ ID NO: 3), and the product in which the residues at L28, L32 and L53 in
PF IL produced in Example 1 were 25substituted with histidines was designated as L73 (amino acid
sequence: SEQ ID NO: 6). Production. Expression and Purification of H3p1/L73 Expression Vector
Amino démpigifiddtioiaiien cdiiefodied gl é avvitio diad eenradeat Hadiakbutbaies.

|V|UtatiO'@Wﬁdﬂ@@dﬂdﬁ%@%%@e@i@ﬂﬁ%@&%ﬁ@%ﬁ@@ Em&m&ﬁbeﬁee BEQQ 30(nucleotide

se ence: SEQT:E i\t 14 roduc n Exam § 1 to pro uce f%éamln uence:;,SEQ ID
d
M HY&

*3)and L73 no arglg 5&%‘%15% }\bw%‘i N olrl(%t%peu aﬁﬁn H’le fﬁk

Slte Dw@éﬂéohmbtabeﬂ@é”km [(Boiilagetd)wdk Teudddddbdiig matecedathbd afesiaiBeahirtthe
instructions proyjgee sangt %&Htm%&@,%m&fﬁ@gﬂh@ﬁ'iﬁg’%&%%sw&@Qdﬂlﬁ&)aﬁé@lﬁ%@al'an cell

expres to duce ired H ch in expression vec F§1a|n 35expression vector.
e SRR e B R S S RS oo
to persditseskitidl RPME 640 HegMnT@ whitlng 6838 iten suspended at 5 x 10° cells/mL in
20 RPMI1640 medium containing 60 ng/mL of human interieukin-6 (Toray), 60 ng/mL of
recombinant soluble human IL-6 receptor (SR344) and 10% FBS. 50 pL of the suspension was

dispensed into each of the wells of a 96-well plate (Corning). Next, the purified antibody was
diluted with RMPI11640 containing 10% FBS, and 50 ul 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 ul/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, H3pI/L73, CLHS5/L73 and

30  HI170/L82 were shown to have equivalent biological neutralization activity in comparison with
the humanized PM! 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



74 the H chain and L73 for the L chain was expressed and purified by the method described in
Example 1.  [Example 3] Conferring pH-Dependent Antigen Binding Ability by His Modification of
CDR 5 Using Phage Display Technology Producti@® of scEv 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 "IL regions were amplified by PCR, and
humanized PMI HL say having the linker sequence GGGGSGGGGSGGGGS 10 (SEQ ID NO. 15)

betweeqy gi‘/ﬁ%i ¥ wias progiiced 7§&9§&59559£éa'§&@%ﬂ5%9@%@@ fpasitions mehmmﬁﬁcannmg
PCR was performed using g/}g}{)ro uced humanized PM1 HL scEv DNA as a template, to produce a

histiding fhPaRHR WhiROdRY ona of thid CHre amitis 28ibis i€ FepRsa hrthenididine Obrary
portionsiamese ctapstructelidRGR wusingtppinteis ' @iiRibrtes lnodmmefcanpdimino SBiMdesinetetb be

mutated JpRepIAN S eplaRR 4 }e&eangaecaﬂgagaﬁ%m;@ histiding 04 gfer portions

were constructe norma PCR. T ions were then linked by assemble PCR. The constructed

librdry ﬁa@%mafm@rﬂ%w@ab %ﬁ%ﬁﬂo@é&é‘t%@h@é’?&dﬁﬁ%ﬁ%&?é@&% fy&ted with
Sil, an@}he[ﬂl&ﬁ@ﬁ&&ﬁ@ﬁﬁf@ﬁﬁsx’k&c&mﬁ@éﬁﬁmt&me) AEl@scuesuﬂmgemlmmsvkg(efh@dﬁd

evaluaigapiasn NG R RRAGS FLise and analuaedis eaauseas o HfehRlade was

carried out using a plate coated WI 344 at 1 ng/mL |n accor ance with J. Mol Biol. 1992; 227:

381-3gd1wlgrasinarddircToatenemiiants SRIXY Were @ibiaesriegatnet %‘Hé?yé%uﬁ%mg specific

p”merS(?)tltqu&%@t@hﬁlf@@@ldﬁléldﬁ“ﬁlwdﬂhap}aﬁtﬁEtagpahﬂuodyréﬁadﬂmmweacand _
ntibo alth |s val as_then_ used to select itio substitution
of e (’Z\%lﬁe %I%YJag %kﬁﬁf_lcf an d not nlfl%grm Ater the efﬁalnarg%ijésécg%\gzgg to
humanized PM#Apit i66FH 0@&‘1@@@16@%@? ﬁﬁ@bf%ﬁh@%‘ﬁ?&ﬁ&%@é TrSeteebet Psitions are
shown ipd’ gﬁl@%em@@ﬁbﬁﬂag@f(ﬁﬁeﬂﬁwsmgplvwanHW@M@@M@HM!@@SR@WM (Kabat, et

Siostloi ot ANy AR PG Ato) O S e e s o b0, .
H62, HES, 4625 MEBTI4E00% TH100b, HL02 L24, L26, L27, L28, L30, L31, L32, L52, L53, L54, L56,
L9 L92, L93, LG¢-19-6 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 1L-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 51E45 10503 C1E-08 78E+05 3BE03 50E-08 2.4
H3plL73  B4E+05S 74E-04 14E080 1.7E#05 B7E-03 57508 41.3
HA70/LB2 6BEH05 14E03 (6E08 26E+04 17E-02 64807 3235
CLH5/L73 74FB405 70E-04 11E-05 30EHCS 28802 T4E-08 66.1

25  Analvysis of Binding of pH-Dependently Binding Clones to Membrane 1L.-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
1o the IL-6 receptor immobilized onto a sensor chip. SR344 was biotinylated according to a

30  method known to persons skilied 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 37°C, and the mobile phase buffer contained 10 mM MES (pH



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) are
their original sequence (wild type sequence) or hisgidine. The library was constructed based on the
sequences of the H chain PF1H and the L chain PF1L 5produced in Example | such that the mutated
positions for the library have the original sequences or histidines (either the original sequence or
histidines). The library portions were constructed by PCR using primers that were designed such
thatap e be tedfor the libr eor ino Cld cod nor i tidine
codon, gr?c& >ot %r%{gﬂéﬁg Wﬁégrgglrjce %noflr%{alp%%%pm%gn@élén ngln Ones thetic ggr?u?rs as 10in
il

the liorayeTsntionsr ﬁ%@@@ﬁmﬁgﬁ%?étﬁ%aﬁww}%ééﬁ] @#@anacfmawmle Brobg:

77-88). mM NiHS Wﬁyy%ﬂlﬁﬁﬂ 10,C16 0558 aythesome sisplaylibiasyincacaardanawith J.
Immunolgﬁg}cal Meth ds 1 In order to({:ﬁ% CIld Escherichia coli cell-free in vitro
pr

translati® §€De}£ s&:’f&% ceep Eb omeg’l r%aosnse an oter were added to the 5' 15side,

and a gene3 pafigl deguiston set (kg HS)adimd S rriscsbmizgibpiineitiachiated toiine 8tiide using

S”: Accmgﬁuﬁafb tE@H@a@@L‘% J%?@iﬁm@%ma@@deﬁ%ﬁy %@ﬁ%ﬁ@@%&fh@@g{%@ﬂ%&cedntrﬁte
only say;having the a ie ibogome display
method ﬁ?gﬁ izgévé ’5@% 1%%978 w%mg pap‘(aad SR344 was
blotlnylah@sbgsmg NHBI@EMW(P@Edéﬁtmhb}&ﬁ?]aﬂ@r@l@é% '@‘a’ﬂmn@wa‘éi@a?ﬁréﬂ dut using 40

nM of theLitinylatedaniiaan H%Wh%&%&%ﬂ%@&dﬁs& Az ALGMPALR aikREFYoNaReRtaTed by
PCR using specific primers. A}I}t’ esting with Sift, the sted H cFv ted into a
e A ST SR Al RS SIS0 BIGBE i SHESHA vt Dt ARG 1. Blue
(Stratadene) in 10BEsvhEfithi@ddlivels Carkfing therde i lféd/piaemm Wensdydosaeciot@ldrtd ©mM.D./mL

in 2YT mgdiym-coniainypg-oaueimh, ampeilinaad 246 B A helparrhage ke, 4.5 x 1011
pfu) was added theféto, statically culture T%)llor 30 minutes at 37C, and then cultured 30 with shaking

for 30 nfitfiteatAlsoel ellﬂ%edﬁlfﬂ?é’vﬂlé& sferred to a 50 mL Falcon tube, centrifuged for 10 minutes
at 3000 rpm, resuspended in 2YT medium containing 100 ttg/mL ampicillin, 25 mg/mL kanamycin, and

0. %mMng-g% 61”%}?1 aﬁg&pm&vﬂﬂgﬁﬂ;ﬁ%&mﬁgﬂ%FHWE%%&% dbated pREIghiwas

precipitated wit NaC1 and 10% PEG, and then diluted with PBS to obtain a phage library
solutiondii¢5hige et (PB4 BARNAE 1696 Y=o FRSTRIY and 1 M Tris-HC1 were added to the phage

library salution-to.the.final-concentration

kd(ifs) kd ratio

pH7.4  pH5.8 pH5.8/pH7.4
W 4.B4E-G4 7.15E-D4 1.5
H3plWL73  3.44E-04 3.78E-03 11.0
H170/LB2 7.70E-04 1.44E-03 1.8

CLH&/73 1.04E-03 H.67E-03 5.5

The highest pH dependency of the dissociation ratio was observed in H3pl/L.73

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 IL-6 receptor and
membrane IL-6 receptor. It was revealed that H170/L82, which exhibited the highest
pH-dependent binding in the analysis of binding to soluble IL-6 receptor, showed the lowest

25  pH-dependent binding in the analysis of binding to the membrane 1L-6 receptor. In general, it
is known that while IgG molecules monovalently bind to a soluble antigen (affinity), they
divalently bind to membrane antigens (avidity). It is suggested that this difference in the
binding mode between soluble antigens and membrane antigens influenced the pH-dependent
binding of H170/L82.

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



of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an 76 antigen
immobilized on magnetic beads (J. Immunol. Methods 2008 Mar 20; 3320-2): 2-9; J. Immunol.
Methods 2001 Jan 1; 2470-2): 191-203; BiotechndiZProg. 2002 Mar-Apr; 18(2): 212-20). More
specifically, 40 pmol of biotin-labeled SR344 was added to the prepared phage library and the library
was contacted with the antigen for 60 minutes at 37C. 5Streptavidin-coated beads (Dynal M-280)
washed with 5% M-PBS (PBS containing 5% skim milk) were added and allowed to bind for 15
minutes at 37C sThe beads werewashed fivadimeswithath S:EHBLRERBS b RBSIsMMainng 0.1%
Tween-%g)ﬁ%H 7.43@ d PBS (pH 7.4). The be awerg t@e&é}sﬁgs enggd(f'ntéfbrqll_ oLPBg (([):)H 5.5) at
37C, an BHa HRSEov el iy T e 18%%@@ SHitbRRAR R4dRE 0 10 mL of
logarithmitggroiwthvphpseliad) 1aBloep0DB RO dGiHoMets Bt mnecaltodvEdmotistantiidy 8Tiguinutes at

- 37C for jpfection; Theiniested EigliwaiginRtedraptioarl MANXWARRHARIAR EPIRINIAG # YT, 100
ug/mL ampicillin and 2% %cose. These E. coli were used to begin ado‘gmn Igha e culture |51 the

same mEARESEE deStEARCAIRe ShHFE pRSEHE FA MG 45 PERAIM IS ABIEBhALE BlisA

The abavésitgie colenieeresgdnoculitec:ietitOo: bif tok DYacetdOnhdlnslp Hrdpixitlien bbngingose and
12.5 ugimtietiacyaiing %”&ﬁg@ﬂé%%%(ﬁ@‘é%é@t 390G i 6! 1S suibya Wasinpemiated dnto 300 pL

of 2YT, 100 1.ig/mL ampicillinand 2% glucose, and then cultured for 4 hoursq%t 37C, A helper phage
(MI 3KOPHWARRERRE P Rs'iRe Lriivenat 8k PHEp A5 BRet eI Oah G EOMIFIBEA C and then
shaken far2fduninntdsat 7@ aditinfacticfhSubshguébtiidh ehm aditnbeyascteplad éd thath 80GajiL of 2

Y0108k AR A3 ARk KANRMMGN. ANCL A3 IBMdR] R AllRIHILTIBG AUE TGN, 3 30C.
the centrifuged supernatant was recovered. 3604 of 50 mM PBS (p1-1 7.4) was added to 40 p.L of the
centrifu@é@%&é@%ﬁ&ﬁaﬁ?ﬁhﬁ%ﬁj@&]@ﬁ‘{]& el helnankieerigtas\RlIf BBDRIIANTE RIS M tRtgsBthe) was
25coate@natie vaghifitnkaOHlhaBS containing 62.5 ng/mL of biotin-labeled SR344. After removing
the antigen by Ing Wi ' i t i -0F2% BSA-PBS for 1 hour or
more. After rem\%ﬁvgllrtl}&%él %ggglb%%ﬁ%tg%?%ﬁ%% turé%%%é%%%h%%ﬁsé g@%%%d allowed to
stand T0FE PO G for rtisoly BIAAYS ARERAS IS SO PES AR ) SRS PSS (ph
5.5} wagraded Rakinrubpled lysiandingafot 3030 mimatascat BVIC aAffesdvashiagyset@tiion was

e et MR e on o i
reactiordissegigtiageeablidhvesre abkbiopiihiodha asienultiple ipgyevEre dbtledeLdibiting potent
pH-depepslambinaing akility yvexablpioedy/Bhthie-paniningobsingdhenantigap bynthekitized on the
e S e e S MR PR AFRIREGARS SN S BBl RbIected o
20  adjusted to pH 7.4 was then allowed to flow as an analyte to bind SR344 to the antibody at pH
7.4 (step 2). This binding at pH 7.4 mimics the antigen binding in plasma. Subsequently,
buffer adjusted to pH 5.8 alone (not containing SR344) was added as an analyte to expose the
antigen bound to the antibody to acidic conditions (step 3).  This dissociation at pH 5.8 mimics
the binding state of antigen-antibody complexes in endosomes. Subsequently, step 2 was
25  repeated. This mimics the rebinding of antibody that has been returned to plasma by FcRnto a
new antigen. Subsequently, step 2 was repeated to expose the antibody-antigen complex to
acidic conditions. Repeating “step 2 to step 3" multiple 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 onfo 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).



77 primers. The positions in these clones where histidine was present at a high rate are shown in
Table 3. [Table 3] Positions of Histidine Substitution Detected Using Phage Library (Magnetic Bead
5 Panning) HSO, H58, H61, H62, H63, H64, H65,18%102 L24, L27, L28, L32, L53, L56, L90, L92, L94
Acquisition of pH-Dependently Binding scFv from Library by Column Panning 10No clones having
strong pH-dependent binding ability were obtained by typical panning using the magnetic
bead-immobilized antigen. This may be due to the following reasons. In the panning using an antigen
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repeatedly bind to roughly 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 Ahtibody Using Human I1-6 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-IL-6 receptor antibody binds to
a membrane-type IL-6 receptor, is subsequently taken up into an endosome within a cell by
internalization while the antibody is kept bound to the membrane-type IL-6 receptor, and then
moves to 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.  If H3pl/L73,

35 CLHS5/L73, and H170/L.82, 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



Evaluation by Phage EL1SA The resulting phages were evaluated by phage ELISA. Clones that
were found to have strong pl-1 dependency were subjected to sequence analysis using specific
primers. As a result, 10several clones showing strggag pH-dependent binding as compared to WT were
obtained. As shown in Fig. 6, clone CL5 (H chain: CLH5, L chain: CLL5) (CLH5: amino acid sequence
of SEQ ID NO: 5, CLL5: amino acid sequence of SEQ ID NO: 8) was found to exhibit particularly
strong pH-dependent binding as compared to WT. It was thus confirmed that antibodies exhibiting
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[

was corlCuREHRie ey FbtamPREtt ds e SHRARRT it AN AT e R4S, His,
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andt H95 and H99, were further substituiadawithy slingepdJslensie-esBactyalyiguproduce H170
(SEQ ID NO: 4). The variant production was cayried out using the metho scribed in Example I. In
additionSEBP!PS EY P RIENOM WS B30 REerpiss A BRI ‘P%%n%ﬂ?ﬂ?s?%% §f§t§136\ri)/lﬁ’cﬁ as
producelasndroll pg/mL. The calibration curve samples and mouse plasma measurement samples
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
BiuePhos 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 HBpI/L73, CLHS5/L73, and H170/L82 are shown in FIG. 13,
The pharmacokinetics was improved for all of H3pl/L73, CLHS5/L73, and H170/L82 as
compared with WT. In particular, the pharmacokinetics of H3pl/L73 and CLHS5/L73 were
30  improved considerably. A wild type anti-IL-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



chain in Example 2, with aspartic acid. The variant production was carried out using the method
described in Example 1. (1170/L82, in which H170 was used for the H chain and L82 10was used for
the L chain, was expressed and purified as 19G usigg the method described in Example 1. [Example 5]
Evaluation of IL-6R-Neutralizing Activity of pH-Dependent Binding Antibody Evaluation of Human IL-6
Receptor-Neutralizing Activity of Clones Converted to 1gG 15The IL-6 receptor-neutralizing activity
was evaluated for four antibodies: humanized PM1 antibody (WT) and H3pl/L73, CLH5/L73 and

H170/L82 uced in les 2 and 4. More eC|f|caI , the IL-6 re or neutrall ac Ivity was
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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 1L-6 receptor, under acidic conditions within endosomes. If antibodies that
25 have returned to the plasma can bind to membrane-type IL-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 IL-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.



to concentrations of 9.8 to 400 riM 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. 8 and 9).
All the measurements were carried out at 37C. Assggiation rate constants ka (1/Ms) and dissociation
rate constants kd (1/s) were calculated using Biacore T100 Evaluation Software (GE Healthcare), and
dissociation constants KD (M) were calculated on the basis of those values (Table 5). Moreover, the
ratio of the affinities at pH 5.8 and pH 7.4 were calculated for each 10clone to evaluate pH-dependent
binding. All the eeas%resmentgn\{vgfreo%agriﬁg %lflltia'[ 37(():mérs asre%%%eof %Icuéavtvi“ng the. a f‘i:)ni{3 ratio
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one hour at room temperature.  Subsequently, the samples were dispensed into the anti-human
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 Streptavidin-PolyHRP80 (Stereospecific Detection
Technologies) was allowed 1o react for one hour. A chromogenic reaction was carried out by
using TMP One Component HRP Microwell Substrate (BioFX Laboratonies) as substrate, then,
15  the reaction was stopped with 1N 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 intravenous administration are shown in FIG. 14.  As a result, the
20  pharmacokinetics of H3pl/L73 was improved considerably in comparison with WT in
cynomolgus monkeys in the same manner as in human IL-6 receptor transgenic mice. Since the
pharmacokinetics of a pH-dependent-binding anti-IL-6 receptor antibody, H3pl/L73, was
improved considerably, H3pl/L73 was thought to return to the plasma via FcRn as a result of
dissociation from the antigen, membrane-type [L-6 receptor, under acidic conditions within
25  endosomes.
In order to evaluate the degree to which cynomolgus monkey membrane-type 1L-6
receptor is neutralized by the intravenous administration of WT and H3pl/L73, the effects of
sample antibodies on plasma C-reactive protein (CRP) induced by cynomolgus monkey 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
I1.-6 (cyno.IL-6 prepared in Example 1) containing 1% inactivated cynomolgus monkey plasma
was administered subcutaneously into lower backs of the animals daily at 5 pg/kg from day 3 to
day 10 after the administration of WT or H3pl/L73. Blood samples were collected from the
saphenous vein immediately before the start of cynomolgus monkey IL-6 administration (day 3)
35  and after the administration at 24-hour intervals (day 4 to day 11}, then were separated into

plasma. The CRP concentrations of individual animals were measured with Cias R CRP
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(Kanto Chemical) using an automated analyzer (TBA-120FR, Toshiba Medical Systems). The
time courses of CRP concentration upon induction with cynomolgus IL-6 with respect to WT
and H3pl/LL73 are shown in FIG. 15.  As a result, the duration of CRP suppression was
prolonged considerably by H3pl/LL73 in comparison with WT. On the basis of this finding, a
5  pH-dependent-binding anti-1L-6 receptor antibody, H3pl/L73, was thought to return to the
plasma via FcRn as a result of dissociation from its antigen, membrane-type 1L-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/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/L.73 than WT.
In order to evaluate the degree to which cynomolgus monkey soluble IL-6 receptor is
15 neutralized by the intravenous administration of WT and H3pl/L73, the concentration of
unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was
measured. All IgG-type antibodies (cynomolgus monkey Ig(G, anti-human [1.-6 receptor
antibody, and a complex of anti-human-I1-6 receptor antibody and cynomolgus monkey soluble
1L-6 receptor) present in the plasma were adsorbed to Protein A by adding 30 pl 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 IL-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 ruthenium-jabeled with Sulfo-Tag NHS Ester (Meso Scale
Discovery) and Biotinylated Anti-human 1L-6R Antibody (R&D) were mixed with cynomolgus
monkey IL-6 receptor calibration curve samples adjusted to concentrations of 4000, 2000, 1000,
30 300,250, 125, and 62.5 pg/mL and the plasma samples treated with Protein A as described
above. The mixtures were allowed to react for one hour at room temperature,  Subsequently,
the mixtures were dispensed into an SA-Coated Standard 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-013 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, usigg 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. 5R344 was biotinylated according to a 30 method known to persons skilled in the art,
and the biotinylated SR344 was immobilized onthe sensor chip via streptavidin by utilizing the affinity
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SR344 from Mehnbratiedt ihdegepter tke( Lis) Kd ratibogididappears 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-dependent-binding anti-IL-6 receptor
antibodies that were made to bind strongly to the antigen at pH 7.4, which is the pH in the
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-1L-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 IL.-6 antagonist.
20
[Example 10} Improvement of pH-Dependent Binding to Mémbrane—Type IL-6 Receptor by
Optimization of Variable Region
Optimization of Variable Regions H3pl/1.73 and CTLH5/1.82
Antibodies having pH-dependent binding abilities were shown to demonstrate superior

25  effects in Example 9. Therefore, to further improve the pH-dependent binding abilities,
mutations were introduced into the CDR sequence of CLHS5 obtained in Example 3 to construct
VHI1-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). Moutations were

30  introduced into the CDR sequences of L73 and L82 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). More
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 consiruct the

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



pH5.0 pH5.81pH7.4 WT 4.84E-04 7.15E-04 1.5 H3p1/L73 3.44E-04 3.78E-03 11.0 H1701L02
7.70E-04 1.44E-03 1.9 CLH5/L73 1.04E-03 5.67E-03 5.5 The highest pH dependency of the
dissociation ratio was observed in H3p1/L73 20follgwed by CLH5/L73 and 1-1170/L82 in descending
order, and each clone demonstrated higher pH-dependent dissociation from the membrane IL-6
receptor than WT. However, the rank of

of the resulﬁng expression vectors were determined by methods known to persons with ordinary
skill in the art.
The antibody having VH2-IgG1 (SEQ ID NO: 22) as H chain and VL2-CK (SEQ ID
NO: 26) as L chain was denoted as Fv1-IgGl, the antibody having VH1-IgG1 (SEQ ID NO: 21)
5  as H chain and .82 as L chain was denoted as Fv2-1gG1, the antibody having VH4-IgG1 (SEQ
1D 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, Fv2-1gG1 and Fv4-IgG1 were expressed and
purified. The expression and purification were carried out by the method described in Example
10 1.

Analvsis 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/L73-1aG1,

15 Fv2-IgGl, and FV4-I.gG1 constructed in Examples 2 and 10, by using Biacore T100 (GE
Healthcare) (buffer: 10 mM MES (pH -7'..4), 150 mM Na(l, 0.05% Tween 20). Each antibody
was bound on a sensor chip on which an anti-IgG v chain specific F{ab), (Pierce) was
immobilized by amine coupling, and then, SR344 adjusted to a concentration of 9.8 to 40 nM
was injected thereto as an analyte. The association to and dissociation from SR344 were

20 observed on areal-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 Healthcare), and dissociation
constants KD (M} were calculated on the basis of those values (Table 7).

25 [Table7] Comparison of Dissociation Rate Constants of pH-Dependent-Binding Clones from
Soluble IL-6 Receptor, SR344

Sample ka (1/Ms) ke (1/8) KD - ()

Wt 4. 0E+05 1. 1E-03 2. TE-09
H3pi/L73 4. 1E+05 h, 9E-04 1. 4E-09
FvZ2-1gG1 3. 9E+05 1. 7E-04 2. 0E-09
Fv4-1gGi . 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, H3pl/L73-1gG1, Fv2-IgGl, and Fv4-IgG1 to SR344 were,
respectively, 2.7 1M, 1.4 oM, 2.0 oM, and 1.4 nM, and they are nearly equivalent. Fv2-IgG1



pH-dependent association/dissociation was different between the soluble IL-6 receptor and membrane
IL-6 receptor. It was revealed that HI70/L82, which exhibited the highest pH-dependent binding in the
analysis of binding to soluble IL-6 receptor, showedthe lowest 25pH-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 (affinity), they divalently bind to membrane antigens (avidity). It
is suggested that this difference in the binding mode between soluble antigens and membrane

antigens, | %k‘?d“fetgllt%l%'ﬂg%dgﬁé‘%?e% g"ﬂg %f{' 3% d?%t%i t§%e83oluF 1e/E. %‘%%8&% ﬁ%‘amp'e 2,

pH- depen ent b| ng an esm e to tigens multiple times.*Speci |caIIy,
pH- dep@ﬁﬁ@r@&ﬁé’fﬁ@tﬁ‘éﬁﬂ%&vfﬁﬁ‘ﬁ/gs bound to an antigen is non-specifically taken up into
endosomes, but dissociated from the soluble antigen under the intraendosomal acidic conditions. The
antibody, b qu tq Fef Dy, returns,to (?the(ﬂlasmg Igfncg the afntlbciﬂyﬁtﬁat has returned to the
plasma ot ound 1o af 1S a16 1o Difd to-& 1ew Aya o1T Of this process

enables pH- depénaem-mﬁ @@Y&ﬁﬁﬁﬁme@t@%@%ﬁ@@éﬁs@fﬁﬂﬁpﬂ@ﬂﬁ&OW@WQG@F HorigG
antlbOdlﬁﬁitBﬁt e ﬂ@&h@mﬁp&@ﬁr@dﬁﬁm{é@eg)a@sllmnwmﬂ/mg@ﬂ}ﬂ am@ﬁgs:@platﬁﬂ from the
antlbod c%feéf)he mtraﬁ?aocl:osorgfad @% glac%e T WS, su&)h &Qg]bo ies th eaI\Le ({)een returned
to the pasm§ b)ylgc]ﬁ% rem 6 ant igen, SrefSre’cannot b Gc'inf’o W antigens.
ConseqUsAtigT Waﬁe@m}t@méégeevaja@mﬁguhmémgdleé@ﬂéleﬁlg@eammmihzaﬁlert@ Aekfeaik® only two
antlgensﬁgzm%ggﬁ)ﬁﬁ walent @meﬂbﬁﬁem%bwaﬁmmg phisshertine dMafry skill
epenﬂjengé ﬁgﬁg agt]bol%e 9—&] L73 .CLH5/L73, an Hle70/L8%é) copst ecteg Examples 2
an 4 wae'§ [ SHS AP MRS iRt SR SAR Y é’tﬁ gnu%gg PM]
antibodyhenildinyyehWWEnBiacpire B EapiEbitticare W akeuseds tecevalisatetheartival antibbdig€ binding at
pH 7.4 and %%%ﬁ@'ﬁﬂ% BEFEE} %&W@Eﬁﬁm@@ incst\the @ptidauaamrtale. UB@%S{‘J&% aptibqgly to be

luat ( tein.A/G ) mobilized pb li
ethod BRI BHLEE PR 7 BRI MO 1 SR SOl SULRb{E t pH
7.4 washindriafBwéd Gojfiotirnsanpinbiffertd (meSFiB&A{le thé) ahilbody HiaplH ¢.a50stévadn Thjs
binding @&LRH, - ﬂé%é%%ﬁttﬁx%s%@%% BINAngRRlasRaLRLseaHeRi iR Al iRl Hg8 alone

(not containing SR344) was added as an analyte to expose the antigen bound to the antibody to acidic
conditio tep’3). This dissociation at pH 5.8 mimics the binding state of antigen-antibody complexes
in endosomes. Sahsénemnttyistem? was Zbuspdated.2Fhig/mimic8thdine bas crgratiantitody that has

been refitpadie plasma bysheRn *@a@l”%%@%”fééﬁhsﬁﬂueﬂﬁbénﬁ%ﬁ’oﬁ W%éﬁﬁ%ﬁt@& fQ gxpose the
antibody- ané%gg é%nﬁﬁex to acidic conditions, Repeating "step.2 to step 3" multiple times at 37C as

describ&M4 e Hoblseat G Wi dRVEFTtiBBieLon fhiFesethn st T the
plasma intstenddkgliiiey byppinb8ysesiscaledlaetd ined tinthenpyatbmditspdraiidn (Nadte Rigv IB8nunol. 2007

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

concentrations were adjusted to 0.25 pg/ml, binding was carried out in 10 mM MES (pH 7.4),
150 mM NaCl, and 0.05% Tween 20, dissociation was carried out in 10 mM MES (pH 7.4), 150
mM NaCl, and 0.05% Tween 20, and the dissociation rate constants (kg(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
H3pl/L73 2.6E-04 6.7E~04 259
Fv2-IgG1 3.4E-04 2 4E-03 7.18

Fv4-1gG1 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 wasggarried out as follows. All the measurements were
carried out at 37C. First, the sample antibodies described 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 1). 83 SR344 adjusted to a concentration of

about 40 nM was injecte nalyte.fot 3 minutes.at pH.7.4 and.all to hind .(the buffer for
ioeted SR344 S8 TOTL e o PSS B PR A %@%ﬁ%@;{;&% %
SubseqbEniye thehp e steIRBd Wasceres b éoune enasolie pRadd-dB g .BIE\)M&é%I'IMed to
flow for @%ﬂ@g%?@ﬂéﬁr&@&&?@ﬁsﬂhM&BMM@B%ﬂ@Cm|¢.>i guslar mdsosaogmt,ions (scgep 3).
Ten sets of this hindi e acidit osure (ste rocess,were continuously repeated to
observer?ﬁ%e%%‘ﬁgsigr‘gPégﬁé?ri%%gléﬂégy% @ﬁ I8 %%%%%@%g%f T8 %v%/%e%p elsns%i ?sggﬁg?%n of
SR344 frinththsasitimeippslirebirecstepBihand Seddetiutafily- the proportion of antibody capable of
bmdoilng to new Sj“é% ] Hislthﬁtﬁé' Q§§€B{%@%ﬂ%ﬁ%ﬂf&;@ﬂﬁ@ﬁ#ﬂ%&%ﬁ%tﬁ@ﬁ{oﬁwa% feungethat the
pH-dependent binding.1Qclones, particular an rated so strong
Cissoo SR S b CTRRTRSANS thab ATOSh 6F FE RS ASEY WAL osociated, and
thereformaietuiyingl twtidGdies fecte ableblo Birtlreseriar aatigennsiivagubbey denostdpl2. In the
10-set repetition of the binding (step 2) and acidic exposure (step 3), almost all H170/L82 and

el s B DD R R DRI GR HEoLH Gt Tor St HISHAERS (e Biacore 1100
EvaluatidegBoftWareg EEttedlihe ReepihelintesgetadMalees in the time course of the 10 sets are

shown in Fig. 133,The, intecrated RUvaluesablained-al ae; 1018 wef ateeauivalantia therieial amount
of antigens bouynd during the ten. cycles. The pH-de en?%gznt blhdll}lg clon ,§artlcularly HI70/L82 and
etz ko

y p
CLH5/LPSPerslasd e atsddn 3o tmica SUrirs s BBt ISERPIORATITERIT were
demonstiatedstal e Eddentder 8 pe 84 [ nh@l. 18 -Igighlydugtimes thd -dgtounkehdmtigettsdddond by WT.

Acgordipglv. itiyas reveaied dnathy: senfsiringRHsserenaentdinding ability 4 Wicstichdntgodies

can repeatedly bind to antigens and thereby neutralize multiple antigens. 25 [Example 8] PK/PD Test
 of pH-DESETAERIBIR AP RNPB IR DSHYTRAMARS P28 REEERI AT HAASGERE fice Reé R eptors are
presentdautises kddidplastie soludaiertitiGneaeptor [Eni/And-fgerhiirahdgfipeaid 6 vdcgitdraferm (Nat.
Clin. Prgﬁvﬁlﬁmpql&m% Nov; 2(11): 619-26). Anti-IL-6 receptor antibodies bind to soluble IL-6
receptors and membrane-type IL-6 receptors 30and neutralize their biolpgical action. It is believed that

an anti-IL-6 recapoPRHEIRSAIBRES 86 B AREjpwieved &t eprsats By BERIERIR T Ep into
arpendasemer\withiExaalle)sjmatkalizattamvibikithel ansfiody istke phd Bund 46 theangmbeane-type

L reccpigs 296 ion pves to vsome il SULKGRLARTA9 e e a1 ecertor
T meaurcd in YTiomoleus momkeys in Examiple O, wat carricd out in the AIT-OK tg mice i s
test using the same method.  As a result, prolongation of the duration of neutralization of the
soluble I1-6 receptor was confirmed for Fv2-IgG1 and F'v4-IgG1 in comparison to that for
25  H3pl/L73-1gG1 (data not shown). As indicated in Example 10, the pH-dependent binding to
the membrane-type I1.-6 receptor was improved for Fv2-1gGl and Fv4-IgG1 as compared with
H3pl/L73-IgGl. Therefore, it was indicated that further improvement in the pharmacokinetics
and duration of neutralization of the soluble IL-6 receptor over those of H3pl/L73-1gG1 is
possible by improving the pH-dependent binding to the membrane-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 Fv4-1aeG1

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



35CLH5/73, 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 returneghto the plasma can bind to antigens again. This
enables neutralization of multiple membrane-type IL-6 receptors with a single antibody molecule.
Whether or not the return to the plasma via FeRn 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 ete mlned evaluatlng €Nhether the acokinetics af these antibodies are
improvelt4¥om R TG R BRABTE TR CR AR T Boceptor
transgenmpm@e!@mugl@ﬂdgmﬁ@e Iﬁfuémg\aaﬂhmm@mewﬁm 11995 ddery?3; 92(11): 4862-6) was

evaluated for the,fpi ¥Beal SRHRRAISSIHIAL iSefidimA eb%%%iﬂ CARRdY LW, b PEsYMAA and
H3p1/1_,73, CLH5/L.73, and 10H170/L82 constructed in Exa rI%'quand 4. WT, H pl/L73 CLH5/L73,

or H170TEBWAS AdHRAY b hig ROARIEE R ATRRbS RISt SHo o B il BR G hice at 25
mg/kg, atubiileod satiplewmwetecdotietiaty theforasdminigtraligh GO ve dimeud ollestad higiod was
immediately eepiitioR@bianis rnma@a;@weﬁ@é&%emm é&&%@@@mmé\reﬁmr@@ plasma

was stored in a freezer set to -20C or |OW€I’ until. measurements were carried out. 15The measurement

of conce¥itrddidAaRsHISGSesTABhIESHRS MaHibaESA LBy EL 13N 28d Wi $FERINBYSidreurve were
prepared at pIaMe@Mt(@M)dﬁMOSE)Ms OB sOuddd Z;ﬁmbélﬁuuggmhe E_detaatlhn@bﬁn curve

samples, R4 MouSe aﬂgﬁwgm%@am%ea&@f@ P

(Nunc- Immuno ate e Nunc Intérnational)) immobili ed |th anti- hgman IgG ()'-chain

spé%.f.cf%%e%%@maysaw%m&m% aiod vt fo BRMBUF YISt empetsre Goat
anti-huneanstgés:& GiF {Setitbenp Bioteakvaatagyidissadicdtes). andistcaptaviditialkalresgbasphatase

B e

carried ou ICro atase Substrates System ( IC| '{ﬂ@ erry

Laboratéﬁ@g%%%ﬁ%&%ﬁ@%@%ﬁbﬁ%@%%tm WedigrinaunsEewRAsHYRefoplates rekRstidme

concentga@@eﬁ&é’éﬁf ﬂﬂ@t&alﬁ@smgmr@xoadewﬁiwxfém&hﬁmmQ&b@gﬂ@@a@ﬂiﬁtﬁl@ﬁhﬁﬁaﬁmgurve using

the an are SOFT. Q (Molecular Devices). Time courses of plasma concentrations of
jja vg %%1;?& ?IEC%M@,[L Xg %{ﬁld H170/L82 are shown in FIG. 13. The S;Ipharmacoklnetlcs was

improved for a||%meﬁmweltbmﬁnmnm%m@fa@&%ﬁ(ahléafw&hﬂﬂﬁria Defdlar, the

pharmasgkmetcs Afiki3pt 78 syl Q;If&ﬂha&wmm%@wmve@tqgﬂgqgm #xvyile tyepe anti-IL-6
receptor ntlbﬁdx %‘g)utgglungﬁg m@@gﬁ?ﬁ rgoce[B aken A ;}t %:gg g%?gﬁ?% within a

cell by i ifterna zatlon MoVEs 162 lyso |Ie the antlbod is en, and then

degradeai’)tﬁm@mechaﬁawiml\ﬂéé@amee\&ﬁ}i’»ewﬁ%@g@ém&\l% %@hf@aéheéﬁq@@m@nd
phaymasgkineicaeighe pit depepdant-Disding amipk-iacepiqnamiiadieswe inarevesing

considerably, the, ,  tedin Example 1.

Analvsis of Bmding of Fv4 Having Optimized Constant Region to Soluble 11.-6 Recepior

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-IgGl, Fv4-1gG2, Fv4-M58, and
Fv4-MT73 as well as WT. The association rate constants k, {1/Ms) and dissociation rate
constants k4 (1/8) were calculated after analysis in the same manner, and then, dissoctation
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 IL-6 Receptor, SR344

Sample ka (1/Ms) kd (1/s) KD (M)
Fvd-IgGt 7.2E+05 1.0E-03 1 4E-09
Fvd—IgG2 & 6E+05 {.2E-03 1 .3E-09
Fvd—-M58 8.3E+05 1.1E-03 1 408

Fv4d-M73 7.5E+05  1.0E-03 1.4E-08




35pH-dependent-binding anti-IL-6 receptor antibodies were thought to return to the plasma again 85
via FcRn as a result of dissociation from the antigen, membrane-type IL-6 receptor, under acidic
conditions within endosomes. Although the phgymacokinetics was improved for all of H3pl/L73,
CLH5/L73, and H170/L82 as compared with WT, the effect of prolonging plasma persistence time of
HI 70/L82 5was weaker than that of H3pl/L73 and CLH5/L73. Since IgG molecules are thought to
normally bind divalently to membrane-bound antigen, it is thought that anti- IL 6 receptor antibodies
also bind divalentl (aV| |ty%nto membrane-type IL-6 r%(:f rs ang “;Ten ag} ernallzed As indicated in
Example 6, the ai4&lysi %%?5 HRR/_HIBHREP AL &S P00y HIS SO FroRTETE-6
recepto(ﬁfmmmmbmﬁn@-@@éldblé k@ réodpidp { RG] FoRVhutitheRid4oeiatiort ratk thereof
from therl VeeepiR 361 3 BUNELIRANG. I BRPLANSHRE dhufk ERSAP IO BUIRMENY Slow

(FIG. 10 From this result, the reason for thé weak effect of p rin |ng residence time in plasma of Hi

70/L82 iSHBUGHERPHE e PRt IRl et A e sEGEFARIARitH EhdOSdRES after
having dengetemmal radchifioniststowdissociation atpHies. Sasisart thisdingitg nterbbrding-type IL-6
receptor Al 13150 IS castalAingdaMATRIPDRADNAG, 1t e drlglmined fhgln order
for a single I9G molecule to neutralize multiple membrane antigens, the pH dependency of
dissociatRSfEfravamat BirdiHdy @mAdifisds more important than the pH dependency of monovalent
binding (afflnlty) 20 [Example 9] PIC/PD Test of pH-Dependently-Binding Antibody Using Cynomolgus
S olgF: bindinoantizll:0.recepter antibodies were
improved consideran yin xampe 3, the pH-dependently-binding anti-IL-6 receptor antibodies were
th Qghtm&h to plasma via FCRn as a result of dissociation from the antigen, membrane-type IL-6
receptor, underAﬁtegerpmmﬁiﬁbd@swdﬁumenﬁmeaﬂmﬂ;mw@edl% teatRbhave stdraetiid the plasma
can blnd to_ membrane-type IL | m r type IL-6
&?OJXBUI npd’:ul:] gﬁg‘r% RS 1%‘(?5 %%L!P(%% t}@@ﬁghm% REMmbrape:

receptor, %reo (§epen ent -6 receptor antibo ttoéll}ﬁersst longer’'than that
by the wiftd: E@W@@r@c@p‘f&@ﬁtﬁ%&@%sﬁﬁ@?\’@%&ﬁt@@@é&&%ﬁ?ﬁﬁhﬁtﬁin gé&cidsoluble IL-6
rece ptOblﬁaaim bpaﬁﬁaxa@mm&feﬁapﬁ@tanﬁt@gdub@a@nﬁeﬂﬁwr@jﬂﬁtt@ﬁslaﬂbﬁughttmbedonger for
the,sa e e e t 30to the solubl r as.we har acokipetics in
oo R R Bl s RO g e D RS

cynomot@@@h%kﬂ@éy%ﬁ@ﬁ@téﬁcﬂ@ iftravan8iss mhttﬁéﬁ@ﬁeﬁﬂﬁtdpﬁﬁ@fﬁkg t%‘éﬁﬁl@)ﬁ@%‘%ﬁﬁb‘téﬁ were

collectegxbefgeer admintsl alind prd Ryiealigridt el estedibloadinasninmaeniaiel icemifuged for 15
minutes at 15,000 rpm and 4C to 350btain plasma. The separated plasma was stored in a freezer set

to -20C or lower until measurements were carried out. 86
. [Table 10} Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones

20 from Membrane-Type IL-6 Receptor, SR344

pH7 .4 pH58 pH Dependency
Sample kd (1/s) kd (1/s) kd(pH5.8)/kd(pH7.4)
Fva-lgGl 4,TE~04 2.6E-03 556
Fva-lgG2 1.0FE-03 1,86-02 16.99
Fv4—~M58 5.4E-04 9.5E-03 17.64
Fvd~M73 51E-04 5.1E-03 10.08

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

Fvd-IgGl, Fv4-1gG2, Fv4-M58, and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and
25 10.1-fold, respectively; thus, Fv4-1gG2, Fv4-M58, and Fv4-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 11-6 receptor using the variable region of Fv4, it was found that substitution of
the constant region from IgG1 to 1gG2, M58, or M73 could improve the pH-dependent binding

30  to the 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.



The measurement of concentration in cynomolgus monkey plasma was carried out by EL1SA. First,
anti-human IgG (y-chain specific) F(ab')2 fragment of antibody (Sigma) was dispensed into a
Nunc-ImmunoPlate MaxiSorp (Nalge Nunc Internatjgnal) and allowed to stand undisturbed overnight
at 4C to prepare plates immobilized with anti-human IgG. Calibration 5curve samples having plasma
concentrations of 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05 ug/mL and cynomolgus monkey plasma
measurement samples diluted 100-fold or more were prepared; 200 ut of 20 ng/mL cynomolgus
monkey IL-6R was added to 100 jiL of the calibration curve samples and plasma measurement
samples;APMEA 1Sy Vi e Siobndd Ry REARTT IR AISRGHBR AR5t OHEE R S R OB T Erdire!
Subsequilyn themaptes Weke Ritspetiosddaintgethe Minde-human 101gG-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

Streptavidin-Poly PRIb8TESRIEGESE offiE Wi itioh tdehito RsidsTinds Siwmatsdo dadriBleont hour. A
chremogesticenaiiod was: cheretnautibysusirg MR OneIC enpoféht 4RRE Mierpwwedl Hubstrate (BioFX
Laboratorigs) s SHPSRIRI IR ABINCRACIANAS SI0RPEH W igacld (Yppwa Chemical)

and the ai% ance at 450 hm was measured with a riicrop ateg?é%%ﬂl_g#e concentrations in
cynomokiis gfé heApiRGhaward-Mrdursetrorrprebindbmbl ce b tafaica iy tingls €asfe using the

analyticahsefbyaie Skt max RO Moy ah Davicesdasthertisnedabessiasaidasteateanegrifations of
WT and H I/Lﬁ73 gfter the intr vegougladministration are éhownlirgFIGF 14£. As a result,.the 20
B Tt 111 sample 8. . The i

pharmaggélsr)felhcs?o?f I“E3pM073 was improved considerably i comparison with W1 in Sc%gr%%?gaus
mdfkeysapcaE &ipne thahhel wh igChumetr e G8 reed fror Madsyesiomict Sideéthe pharmacolcinetics
of a pH-dependgniinaiExantple 18 racspiamaiinadyickiSpHI3 o tyasWuh pEgyededanidRRIbILn

H3p1/L73. ought to,return to.the pla vig 5cRn as a,result of dissociation from the antigen,
membra%fgﬂ;{ge’lfgé] reecg%%gﬁaﬁﬁgg}re a1§? E%‘?ﬁ\g@n?@vfﬁﬁsﬁ%a&%%%élmmeﬁgoir%ler to evaluate

the degrssnterriAsRvEpOMdEfas mbftasyeieerbrate Bipa o elefterckpHE v aliotiB)ihas
gtrave'nﬁiéés@%@iaﬂﬂ%:srﬁ&%lgﬁy\%o%m@lybiﬁp%@aé@@ @E@@dﬁ%&ﬂmﬁi@%m%%ﬁ@ﬁg@%@aﬁm@ .
-reactive pratei RP) induc cyno us monkey IL-6 were studied. Since CRP is, secrete
iR bt R R e St Rt pi s i e
membraisdulpél 16 Bereptiptoiss Opiomeldos ke A et i8-8 grovpaaepnte ahplie 1)
containipgiedinaativatereyRamolgus Renkey iR IRs Mapwas agrn SRR 4R GtRneoIsININto lower
backs of theﬁgg?galsd ily at 5 jilg/kg from da %%o %gaiipllgﬁ%ter I%F%%ﬁ%istration of(}NTtﬁr H3pl/L73.
Blood SHNBIEEHENP LR ISEHEI RS SBRRDIR ba Aot BATrE SRR D F Enomolgus
monkeyHi46l gdiminisheatitngdayay SBamel thitcimbr eanaitistr top-ationehdunt ibitehngl $o(dwy 4 to day
1gthenwgie.sergsateddne flasmad The-GRR&eNc e atichs afindiduabanimals were measured
. with Cias R CF P@ég& nto,(é(g jcal) using an automated analyzer (TBA-120FR, To.s%%bﬁa Medical
Sy ctom DS R D TS B R eaN A ATONE e S G S GG SE VA espact to
WT andig3p16gG Are SHelvn (dnRiG bisis A thisdoulintheé dasiion gt GRPUstipressiokwEs prolonged

considefahly, Ry idRRtA(3 Al £ABRAFELOMIBIMT - SR dhshasis Qhihis BIdinge 8f Fv4, but also in
5pH-dependent-b|ndlngFantl-IL-6 receptar antibody, H3pl/L73, was.thought t% return to the
the cases of Fv1, Fv2, and Fv3, can be improvéd as compared to lgG1 by substituting the

25  constant region from IgG1 to [g(G2 or M38.

[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 VHQ-;IgGl, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID
NO: 39), having M71 and M73 for the constant region of VH4-Ig(G1, were constructed using the
same method as described above.
Fv1-M71 using VH2-M71 for the H chain and VL.2-CK for the L. chain, Fvi-M73 using
VH2-M73 for the H chain and VL2-CK for the H chain, Fv3-M71 using VH4-M71 for the H
35  chain and VL1-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL1-CK



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 foysa longer period of time than WT. In other words,
H3p1/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/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 H3p1/L73 than
WT. In ofareﬁﬁfole\a%auw%eawﬁé B IERLISh o RFGSSIAB ARE P BB 76 CAPTSH &t
15neutralizag thy thelot dvendhsl adminisiriation of WT and H3pl/L73, the concentration of unbound
cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was measured. All IgG-type
antibodies (cynomolus monkey | G ant| human IL 6 rece ptor antlbogl)y,t and a complex of
¢ Hi : { ApTYVARY 3}

anti-humaialy S§Sre g g ¢ Ot ] B
plasga weeﬁsa@e@m&setem@qm Rddﬁmo uL of cynomolgus 20 monkey plasma to an

appropriate amount of rPrg elnA p éJ%ﬁlg%A@%ﬁEq}%Z pin filter
cup (Millipore). A ér%ss?ﬁh?ﬁ“d%’v@lsﬁﬁwﬁ gd:%:gr J)e:edyR((entn};’ Hheg{fo lution that passed through

(hereinattéipectfetrameorngihemas @W@ﬁ'*}%ﬁé%@é@é@@iﬁ@é%ﬁéﬁ BB e e ot contain the
complex fiaatshemanyhe6 werapio By a0d aOMOIGUS, MNTE FsplufilE | <G etaptor which is
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measuring he concen US monkey solu receptor in the pass solution.
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(Meso Sﬁﬁé@@bsﬁ%&fyz)r@@ﬂlﬁiﬁ&nﬂ@deﬂaﬁﬁkmaﬁ@ﬁ HorBRAN DAY (R&d2)culereataixed thathasis
.cynomol monk % lT 2 tor calibration curve samples adjusted to concentrations of 4000, 2000,
1000, 30 3% pg/mL and the plasma samples treated with Protein A as described
above. The mlxtures were aIIowed to react for one hour at room temperature. Subsequently, the

mixturesypgiR dfﬁpe(L‘%ﬁﬁbﬁ}&&ﬁ%ﬁﬁs@&ﬁ&%m@%Mﬁ%%%me&&@iaﬁ%eﬁﬁxfg@la@scovery)
Aft [ aIIo mg%O %ﬁ%ifdoé nother (ﬁ%%ur and washing, Read Buffer T (x4) (Meso Scale Discovery)
dlsp’év lI tgﬁf’ FREYe he measurement with Sector 35Imager 2400 (Meso Scale
Dlscoverﬁaw@@conwc@gﬁs T he coneentragmng of cynomolgus monkey IL-6 receptor were calculated
from the fgSponse of thagalibratipnaurve byiging the 88 analytical software, SOFTmax PRO
(MoleculggDaviges)4 Tinepiime gosrsas of gogreemtrations of unbound cynomolgus monkey soluble 1L-6
receptor for\WT andsHspddL73 amEgiaown in7TEH@. 16. As a result, the duration of neutralization of
cynomolgus-ienkes sihible 1Ls65e0eptordbyEHBPI/L73 was considerably prolonged as compared to
that by Wi2-Ogithe 15a8is06f thid fitkdPdg, the piHCEiependent-binding anti-1L-6 receptor antibody
H3p1/1" 73 3wlE thouBEteedissdciaté4rom fitdEahtigen, soluble IL-6 receptor, under acidic conditions in
endosomies; Biid retBrPEt8ihe plalint4 via Ed&rf%nd bind to and neutralize the soluble IL-6 receptor
again. Sifitds 1o duratﬁgnoéf sudp?ééjélon of-dRFiund cynomolgus monkey soluble IL-6 receptor by
[-3p1/1,7 Vi tot aig‘o ' T, the duration of time where an antigen, the soluble
IL-6 recepfor or, |§ated to be prolonged for H3p1/1,73 than WT.
From th isappears from the plasma as well as the time where
soluble and membrane -type IL-6 receptors are bound by the antibody in the body ‘

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 thatof WT.

Analvses of Binding of pH-Dependently-Binding Antibodies Having Optimized Variable and

Constant Regions {0 Membrane-Type 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,
Fvl-M71, Fv1-M73, Fv2-IgGl, Fv3-M71, Fv3-M73, Fv4-IgGl, Fv4-1gG2, Fv4-MS58, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected



were found to be considerably elongated for the pH-dependent-binding anti-IL-6 receptor antibodies
that were made to bind strongly to the antigen at pH 7.4, which is the pH in the 15plasma, but bind
weakly to the antigen at pH 5.8, which is the pH wilfin 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
pl-lI-dependent-binding anti-IL-6 receptor antibody is thought to be particularly advantageous as a
pharmaceutical for use as an IL-6 antagonist. 20 [Example_10] Improvement of p1-l1-Dependent
Binding tBRF&MSENETOBOT P REL B HIP BB AfIALi6h i Ve A ISBGBA RO BERREZIGH of Variable
Regionsild8plih{i@harid4ch ibA82 thenpib adids: aviilg phkste pEntl 8 ntvbsndisg adoiliti@&heeraishawn to
demonsirale, PRSI ASGLIGHLS ) RAAmpIe S ANGIPIOIRlR fu IR AR 7 e REARRRTGNS pinding

abilities, mutations were introduced into the CDR sequence of CLH5 obtained in Example 3 to
construdtiAq 1eRds fes themsInmess si %ﬁWleEﬂéé&é@é KNP ST SRR ARt E Svere
intréducashintadhe:franme B skodencttangiC B saguance ohHdpkdoi sonstaicicthstaodifiet H

chains éﬁ%é%%‘L@%%é%%%ggggﬁg@gomﬁidgﬁghﬁ§Q ID NO: 24). Mutations were 30introduced into

the CDR sequences 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). More specifically, the mutants were
construgtegusing thaiQukshanges Sit®RirtiedVRirgenesiniiv{ PHargena)niscBidiiggo the

method élﬁ)s%rsiq?od i%@&@ E(;_:}gl{gg f’ﬁ_sérﬂcéggﬁ%ra@t%,tgg resulting plasmid fragments were inserted into
it ctor to construct the 35

desired H chain expression vectors and L
ybderiesdgacyf the resulting expression vectors were
s K HAr&rns KA HARISKHL in the art. The antibody having
VH2-IgGlA§ : NOﬁ?ZjS?S H{ %’1 :and VL2 o(SEQ ID NO: 26) as L chain was denoted as
Fyl-1gGl, trp_g?zi dqody haying VH1; (SEQ ID4i¥44: 21) 5as H chain and L82 as L chain was
denoted ag/v2:4@Gl, theagibody hawing VH4-1g@de(SEQ ID NO: 24) as H chain and VLI-CK (SEQ ID
NO: 25) aglpchain was geneted asiful-1901, and fbe antibody having VH3-1gGl (SEQ ID NO: 23) as
H chain arfl3AMHCK (SED D NOS-ZEA)PAs L chdihMvas denoted as Fv4-1gGl. Of these, Fv2-IgG1 and
Fv4-1gG | WeleMbdoresdddd putifletPsThe expr?%%%on and purification were carried out by the

method Nl n EAAE 10120 2 oo

Fvd— M58 5.4E-04 9.5E-03 17.64
Fvd—-M73 5.1E-04 51E-03 10.06

an mammallian cell expression v

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,
Fv2-1gGl, Fv3-M71, Fv3-M73, Fv4-1gG1, Fv4-1gG2, Fv4-M58, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison
15 with H3pl/L.73-1gG1, for which the time until the antibody disappears from the plasma as well as
the time where the soluble [L-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 pI-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions Using Cynomolgus Monkeys

Construction of Known High-Affinity Anti-IL-6 Receptor Antibody
A mammalian cell expression vector was constructed to express the high-affinity

anti-IL-6 receptor antibody VQ8F11-21 hlgG1 described in US 2007/0280945 A1 (US

25  2007/0280945 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 amplified by PCR from the expression

vector used in Example I. The antibody variable region and antibody constant region were



- 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 WT917|3pI/L73-IgGI, 15Fv2-1gGl, and Fv4-1gG1
constructed in Examples 2 and 10, by using Biacore T100 (GE Healthcare) (buffer: 20 mM MES (pH
7.4), 150 mM NacCl, 0.05% Tween 20). Each antibody was bound on a sensor chip on which an
anti-IgG y chain specific F(ab)2 (Pierce) was immobilized by amine coupling, and then, SR344
adjusted to a concentration of 9.8 to 40 nM was injected thereto as an analyte. The association to and
dissocialisHeory sresainrE 208REnediiBil & reainiis HERISSHPIR BARIEndERE BiFdiRE clones.
All the meahuiemeantserbakrigehounal Y46 iAssedaivmiaiencihstasiiskaréids)vaomdigsociation
rate constanis 1/s) .were calculated usi lacore T| valuati (GE;Healthcare), and
dissociaﬁ%%%%?%éen S%Eﬂe p\f\?esﬁleoga‘i%%ﬁ%éﬁ]é%go?% e g)é%s %%%ﬁ%us‘%&?/%lﬁgg%?aggﬁé 7%.}135[Table 7]
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ReceptofindR3Ad-Danple kadiMp 3kt (1 shd<(N)BATr s Un i dudficdSod, wiseQri3p bllt (3ide 1E+05
5.9E-04 I1i 4E-09 . . e . }

the constructed expression vectors. Expression and purification were carried out using the

method described in Example 1 to obtain the high-affinity anti-IL-6 receptor antibody (high

affinity Ab).

10 PK/PD Test in Cynomolgus Monkeys
The pharmacokinetics and pharmacological efficacy were evaluated in cynomolgus
monkeys for the pH-dependently-binding antibodies H3pl/L73-1gG1 and Fv1-M71, Fv1-M73,
Fv2-IgG1, Fv3-M73, and Fv4-M73 and the known high-affinity anti-IL-6 receptor antibody
(high affinity Ab). H3pl/L73-1gGl, Fv1-M71, FvI-M73, Fv2-1g(G1, Fv3-M73, or Fv4-M73

15  was administered to cynomolgus monkeys by single-dose infravenous administration at 0.5

mg/kg, while the high affinity Ab was administered by single-dose intravenous administration at
1.0 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/L73-1gGl, Fvl-MT71, Fvi-M73, Fv2-1gGl, Fv3-M73,

20  and Fv4-M73, as well as the high affinity Ab are shown in FIG. 21.  In order to evaluate the
pharmacological efficacy in terms of the degree to which the cynomolgus monkey
membrane-type IL-6 receptor is neutralized, cynomolgus monkey I.-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 1L-6 receptor in cynomolgus monkey plasma was

30  measured in the same manner as Example 9. The time courses of the unbound cynomolgus
monkey soluble IL-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

Fvl-M71, Fvl-M73, Fv2-1gG1, Fv3-M73 and Fv4-M73 in comparison with H3pl/L73-1gG1,

35  while the concentrations of CRP and the unbound cynomolgus monkey soluble IL-6 receptor

were maintained at low levels. Nametly, this result showed that the time where the



Fv2-1gG1 3. 9E+05 7. 7E-04 2. OE-09 Fv4-1gGl 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, ICD value) of
WT, H3pl/L73-IgGE Fv2-IgGl, and Fv4-IgG1 to SRg#4 were, respectively, 2.7 nM, 1.4 nM, 2.0 nM, and
1.4 nM, and they are nearly equivalent. Fv2-IgGl 90 and Fv4-1gG1 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 ohQserved at pH 5,8 and pH 7.4 for the four types of
constru RSP EIGH S R A T T P S P A SE B T T BB 2 Fo T

HealthcdreatiBindingutoet e tiveinbaa pestypesd b6 tleceptbodias ievaimatetdbyvevialdaphb BiAgng to the
IL-6 receptor immobiized on-2.SRnSRLEMRLRRAt4iNAsRIgtinylaled i} a6eRrdancE Wit maLcd

known among persons with ordinary skill 10in the_art, and the biotinylated SR344 was immobilized on

the sendBF BripRARAHZAIN GHGE RGeS Eshr BTGP R sh i Bidtnt Riftfdnown
megsurainenaiinsramidiied rutpb37adibbhe (rigbilfhtigsa bldfemnar::d s MMESkEIHt5:8Y, 150 mM
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of pH 7.4 to allow them to bind t6 SR344 %n ection sample buffer: 10 mM MES (pH 7.4), 150 mM
NaC1, OXsso6 reidsErdto)havrbn gty R e soEisttA et Enadh RePRR SbEvet! fthe pH of
the mobieophasghodBiBiff-Hati I7)}6 receptor antibody.

Those antibodies shown in Table 12 for which PK/PD tests were not carried out using

10 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 H3pI/L73-1gG1.
Therefore, the time during which the membrane-type and soluble [L-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/L73-1gG1.

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 I1.-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, Fvl-M73, Fv2-1gGl, Fv3-M71, Fv3-MT73,
Fv4-IgGl, Fv4~IgG2, Fv4-M358, and Fv4-M73, having superior sustained neutralization effects

20 to H3pl/L73-1gGl, are therefore thought to have remarkably improved sustained neutralization |
effects as compared with WT.

In contrast to anti-IL-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor
antibodies that are made to 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 considerably reduce the total administration amount. Therefore, the
pH-dependently-binding anti-IL-6 receptor antibodies are thought to be extremely superior as a

pharmaceutical for use as an IL-6 antagonist.

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

pH-dependently bind to the IL-6 receptor were successfully created by imparting the dependency
through 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 kg/mL Binding was carried out in 10 mM MES (pH 7.4),
150 mM NacCl, 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 dis§§>ciation rate 20constants (kd(l/s)) at pH 5.8 were
calculated by fitting only the dissociation phase at pH 5.8 using Biacore T100 Evaluation Software (GE
Healthcare). In a similar manner, sample concentrations were adjusted to 0.25 p.g/mL, binding was
carried out in 10 mM MES (pH 7.4), 150 mM NaC1, 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,dissgé.iation rate constants

(kd(I/s)) B iadies irpaaiesthy Riad Sdhedy- AR BN APl He8S HaiE A PR e DRI RRI GSMS Bifcore

T100 Evaluirntion Software (GE Healthcare). The pH-dependent dissociation rate constants of each

clone are shown.in Table 8, oo [FARIS Bl.CAmpAUSR ALISHRGIFUAN RABHAPEIANIM b an
)ft\iﬁn mdg rom %

pH-Dependent-Bi lones Membrane- Ig_e IL-6 Receptor, SR344 pH7.4 pH5.8 pH
Depend@f&gﬁgﬁ%ﬁﬂéﬁﬁ&@%@ﬁdqmtkﬁ(ﬁw%@}k@@{ inds WA AREERUOSSELR 16348 pi/L 73
2.6E-04r6eéfi4ising 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 2004/039326,
(“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 info 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-IL-6 Antibody
To confer the pH-dependent ability of the antibody to bind to IL-6, histidine substitutions

weré introduced into the amino acids in CDR of the anti-I1.-6 antibody (Anti-IL6 wild type)
including the H chain (WT) (amino acid sequence: SEQ ID NO: 62) and L chain (WT) (amino
acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR amino acids and _

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 17 including the H chain (c1) (amino acid sequence: SEQ ID
NO: 64) and L chain (c1) (amino acid sequence: SEQ ID NO: 65), and “Anti-IL-6 clone 27

25  including the H chain (c1) (amino acid sequence: SEQ ID NO: 64) and L chain (¢2) (amino acid
sequence: SEQ 1D 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, H59, H61, H99
1.53, 1L54, 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),




2.59 Fv2-1gG1 3.4E-04 2.4E-03 7.18 Fv4-IgG1 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-IgGl, angyfv4-IgG1 with respect to SR344 were 1.0-fold,
2.59-fold, 7.18-fold, and 5.56-fold, respectively. Fv2-1gG | and Fv4-1gG1 demonstrated higher
pH-dependency in dissociation from the membrane-type IL-6 receptor than H3p1/L73-1gGl. On
the basis of the above, Fv2-IgG1 and Fv4-IgG1 were shown to demonstrate stronger pH-dependent
binding to the membrane-type IL-6 receptor thanfl3pl/L73-IgG1 while maintainipg the affjnity for the
soluble 16 FRYARE e qUABIILSHSH JE SHRATTRAD G SRPPOR SR ff%ﬂ@ﬁ:@o?%gt ﬁ
pH-Deperideasel- Bindingdvilibedliesamithe@ptiphizedivhtiablbuRegidhs USngyhedateil 16 Receptor
Transgenic I\/Ié%%te con&%&a%@%r{y% 1 E&W@n%g %ﬁf}ggcg gzr@ﬂ%fﬂed' 19531 (RSEY A A e

C.

H3p1/L'f§)-Ff§0 prepared and evaluated in Example 10 were evaluated using the human IL-6 receptor
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plasma concen l, Fv2-1gGl, an 4-1gG1 are shown in FIG. 18. The
pharmaebimistierst H3padri3 Idorrsplaveddiedmiaslenn Wiy ANE s e SirreDB Hanner as in
Exampl@;i@dybile the pharmacokinetics of Fv2-1lgGl and Fv4-IgG1 was further improved than
H3p1l/L73-IgGl. Measurement as to the unbound IL-6 receptor concentrations, as measured in
cynomolgus monkeys in Example 9, was carried out in the hIL-6R tg mice in this test using the same

méthod [ BabierbEult Gerotorigatioh Bindiagiel alibh aremégnidhlantsiofite soluble IL-6 receptor was
conflrmcl‘ég};ﬁpﬁé’ Z'EH#T’l %éﬁfiﬁ‘éf‘*'ikﬁ(’%i/s'j' Ulkmyb@ﬂm

| pH7.4 | 2.056+07 3.91E-04] 1.91E-11
pHE5 | 1.52E407 2.45E-04, 1.61E-11
pH7.A4 | 1.07E+07 4.71E-03] 4.38E-10
pHE5 | 2.05E+06 9.26E-03! 4.52E-09
pH7.4 | 8.96E+06 2.63E-03] 2.94E-10

clone? 13.5
pH5.5 | 2.76E+06 [1.10E~-02{ 3.88E-09

Wild type

0.8

cionel 10.3

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 humnan 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  npeutral 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-IL-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-[1.-31 Receptor Antibody
30 In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that

pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH



25H3p1/L73-1gG1 (data not shown). As indicated in Example 10, the pH-dependent binding to the
membrane-type IL-6 receptor was improved for Fv2-1gG | and Fv4-IgG | as compared with
H3pl/L73-IgGl. Therefore, it was indicated that furlt@?r improvement in the pharmacokinetics and
duration of neutralization of the soluble IL-6 receptor over those of H3p1/L73-IgGl is possible by
improving the pH-dependent binding to the membrane-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-I1gG | . Generally, binding to membrane-bound
antigendFnesdis fuosre P IRsiRadIitnTG YR BBl s s HEG IS SREnE 2 RIBSTRI Y. hununol.
Methodgak99il dym2 8BTS uéec)f THechaonsiand pegidhssotthetpthuiépeheentibinginguadtibodies
PreparerhAPNENELE SlINGIICL 8 dstivacs INsielore ALt Man R ok UmEATRn of the
constant region in order to improve the pH-dependent binding to the membrane-type IL-6 receptor. A
mutatiofrePas et edRig-a naturally-occurring constant region, i.e., constant region Ig62 (SEQ ID
NOs 28), to congtiefel€anstanisetinrdoG? AG KHSRA ABNQD2Y. GAnatidsotutatisndwasrntroduced
into the cq:nstan%dﬁ?gt%n%g)%%gééqu toOﬁ%@sﬂ%%g;?ﬁ%% t gmgg _%%me:tﬁgiLMutatlons were

further ifittGduced Into Lij e_constgnafnreglons g 0 constract constant regions M71 (SEQ ID
NO: 31)reerptr7aigRemiNoetnd.  Mapsgligdbmemtes pes #sIRitrd3s) heRHertAncad by
substituipng-the3¢qnsipit m@g&gﬁ%{&t&ﬂg@h@ma@c@qwﬁmﬂiﬁie ﬂ@ﬁmﬁhdﬁﬁe?ﬁﬂﬁ@m%l\z@ (SEQ
ID NO: 34), was 10 ucte ubstitutin g)%a egion, wit VW43 (SEQ ID
NO: 35)%%?8 %%r@%?jg%%%%Bgﬂsﬁﬁ%eﬁ%'c%%g}lanﬁ regi[:gl)gg ’V\_/I#Il Lf\ﬂv;)én %Séhgggg?{”%gﬁ% ixpression
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constantyegionaynghial digestipnrmogdigatieTweretosstuibiatht henucientidesegeences of the
resulting expression, vectoc{s were determined. usin a.methc%grknown Sat;nugpg)él ersons with ordinary
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Example 1. :
Construction of pH-Dependent Anti-I1.-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-1L-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 ID 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 pH 7.4. The position of histidine substitution in the pH-dependent clones is shown
25 inTable 15. Anexample is “Anti-IL31R clone 1” including the H chain (c1) (amino acid
sequence: SEQ ID NO: 69) and L chain (WT). Anti-TL31R 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 IL-31 Receptor
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
35  Anti-IL31R wild type and Anti-IL31R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM
NaCl, 0.01% Tween 20, 0.02% NaN3). 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,fv4-1902, Fv4-M58, and Fv4-M73 as well as WT.
The association rate constants ka (1/Ms) and dissociation rate constants kd (1/s) were calculated after
analysis in the same manner, and then, dissociation constants ICD (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 IL-6 Receptor, SR344 Sample ka (1g\l/ls) kd (1/s) KD (M)
F4-1gGIEe D084 /63 Riaec) oy s Ageb A S ey B S0 18 £ (ORI B BE MSE 1E-03
1.4E-0911.-31 receptor (prepared according to the method described in WO 2007/142325) adjusted to an

appropriate concentration was injected therein as an analyte. All the measurements were

carried out at 25°C.  Association rate constants k, (1/Ms) and dissociation rate constants kg (1/s)

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 II.-31 Receptor

Sample | oH | kali/Ms) | kd(t/s) KD(M) KD{pH35.5)/KD{(pH7.4)

pH7.4 | 1.40E+05|3.40E-03: 2.30E-08
pH5.5 | 5.10E+05 |3.80E-03! T7.40E-08
pH7.4 [ 1.70E+05 ;3.30E-03] 2.20E-08

clone 1000.0
pH3.5 | 1.10E+03:2.40E-02! 2.20E-05

3.2

Wild type

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-JL31R wild type and Anti-IL31R clone 1, respectively. That is, the pH-dependent binding
ability of Anti-IL3 1R clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-IL3 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-I1L-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 IL-6 receptor antibodies described below were prepared.

As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-1gGl including H




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, KD value) of Fv4-IgG |, Fv4-lgG2, Fv4-M58, and Fv4-M73 to
SR344 were 1.4 nM, 1.3 nM, 1.4 nM, and 1.4 nM, ygspectively, and they are almost equivalent. This
indicates that the binding ability of pH-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 FYI, Fv2, and Fv3 even if the constant
region was similarly modified. V. in ing Q timized C |on to
egion vesAaty modled. AR BiNdne o P! Harba Qpumied Conaon Ses
receptoil &y, phﬂ&ﬁ@h@&a@@lmmém@éﬁwwﬁmh@s{-meww FE@M@W@)@@LE&@MES and

The resiit Sy oI REET ﬁ?ﬂgﬁ%ﬁﬁ*’é‘%ﬁﬁ e A o eaILt Tt
allow 13BFARRS fo SRIME a&ﬁ’&’%eﬁﬁgﬁtri?ﬁgjiﬂﬁ’g g’é’?ﬁj i&o&fﬁﬁ?ﬂ%‘ g‘&%é% 1the pH

5.8 inohilEiyaagee armsihding Mlﬁﬁmmﬁmma@mabﬁs&(&dm NondyctedlifZliansamacidanner as in
Examp'%%,%&%dg herb-Hependent diasne for gagh canevais shewrshd alkd 03

[Table 1 omparison of Disspciation Rate Cons tants of pH- Dependently Blndln Clones 20 from

Membrafe-FpeiK-65RELEp IR SR IEH REPIERIAS 3 H“B EpdHgsdfe méthod inditaicd In

Example 1.
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-igGl,
H54/1.28-1gG1, H170/L.82-1gG1, 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

The antibodies were bound to a sensor chip on which

15
appropriate concentration was injected therein as an analyte. The association with and

All the

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

dissociation from SR344 of each type of antibody were observed on a real-time basis.

rate constants kg (1/s) were calculated using Biacore T100 Evaluation Software (GE Healthcare),
20  and dissociation constants KD (M) were calculated based on those values (Table 17).
[Table 171 Comparison of Association Rates (k,), Dissociation Rates (ks), and Dissociation
Constants of Fach Type of Antibody Against Soluble IL-6 Receptor (SR344)
pH7 4 pH5.8

pH Dependency

Sample

ka(1/Ms) kd(1/s) KD{M)

kall/Ms) ke{l/s) KD{M)

kd(pH5.8)/kdpHTA)  KD{pHS B)/KD(pHT 4)

WT-gGi
H54/L28-1eG1
Hi70/L82-1gG1
Fed-igG1

49E+05 94E-04 1.9E-GD
83E+05 14E-03 L7E-GD
6.7E+05 1.1E-03 16E-(3
98E+05 9.5E-04 &7E-10

BEE+Q5 2.7E-03 31E-09
245406 27E-03 1IE-09
126405 13E-02 1.0E-07
14E+06 3.7E-02 2.6E-08

2.9
2.0
114
38.8

1.6
0.7
61.9
27.3

25

The ratio of affinity (KD) 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

WT-IgG1, H54/1.28-1gG1, H170/L82-IgG1, and Fv4-IgGI, respectively.

In addition, the ratio

of dissociation rate (kg) at pH 5.8 and pH 7.4 for each antibody was calculated. The kyq ratio,

30

which indicates the pH-dependent dissociation rate for SR344, was 2.9, 2.0, 11.4, and 38.8 for

WT-IgG1, H54/1.28-1gG1, H170/L82-IgG1, and Fv4-1gG1, respectively. Thus, it was
confirmed that H170/1.82-1gG1 and Fv4-IgG1 demonstrate the pH-dependent binding, while the

conventional antibodies WT-IgG1 and H54/1.28-Ig(G1 hardly exhibit the ability.

In addition,



Sample kd (1/s) kd (1/s) kd(pH5.8)/kd(pH7.4) Fv4-IgG1 4.7E-04 2.6E-03 5.56 Fv4-IgG2 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 As a result of
calculating the pH dependency for each clone, the gid dependencies of Fv4-IgG |, Fv4-1I9G2, Fv4-M58,
and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and

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 adminisiration of SR344 and the anti-human I1-6 receptor antibody to mice that do
not express the human IL-6 receptor (C57BL/6]; the anti-human [L-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 ug/mlL and 0.1 mg/mL, respectively) was
administered into a caudal vein by single-dose administration at 10 mI./kg. Since the
anti-human 11.-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/L28-1gG1, H170/L82-1gG1, and Fv4-IgG1 were used as the anti-human IL-6
receptor antibodies. '

20
Measurement of Anti-Human I1L-6 Receptor Antibody Plasma Concentration by ELISA

The concentration of human IL-6 receptor antibody in mouse plasma was measured by
ELISA. Anti-human [gG (y-chain specific) F(ab")2 antibody fragment (Sigma) was dispensed
onto a Nunc-ImmunoPlate MaxiSorp (Nalge 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/mlL., and mouse
plasma samples diluted 100-fold or more were prepared. 200 pl. of 20 ng/mL SR344 was
added to 100 pL of the calibration curve samples and plasma samples, and then the samples were
allowed to stand for 1 hour at room temperature.  Subsequently, the samples were dispensed
30 into the anti-human IgG-immobilized plates, and allowed to stand for 1 hour at room temperature.
Then, 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



2510.1-fold, respectively; thus, Fv4-IgG2, Fv4-M58, and Fv4-M73 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 recgpior 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
lgG1 to 1I9G2, M58, or M73 could improve the pH-dependent binding 30to the 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 Fyl, Fy2, and. Fv3. 94 [Example 13] PKJPD Test of pH- en ly-Bindi
Antibodlb A 5 e SETAAA B O L AR 1 RO B U e
pharmataiinetics She it ig@iFafpEaerhFnliiss piepareavienBxpadpln k8 Biweres evaluated using
the humap, U84 ¢ eROREARRGE RIL IHCR (ith-6R tg mice) used in Example 8 to examine the effects of
the constant region on the pharmacokinetics. WT, Fv4-IgG | Fv4-1gG2, or Fv4-M58 was administered
to the hIL-6R tg mice by single-dose intravenous administration at 25 mg/kg, and then, measurement
of the plsemarcorocofSR6#é PlsameH antibgdyiwakychlrkrbohtrnitheigesrmenanner as in Example 8.
The time courges,alpiasmanaesRsantAlens oh Mlh:Avds Bl fud g GRaodEMnfAeshown in
FIG. 20. Similar to Example 11, the pharmacokinetics of Fv4-] was improved in comparison
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that the phannacokineti ion of ne jization O 6 Lot in the
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substitufiig th@ D EEeRE ANRRSERW BRI yesTung wﬁmﬁfmd[Ex%m@&t@b@&%tﬂ%ﬁ%%% T
pH-DepgngentiéRindinpdaiaadiasaslainamptinizackVatnbla and feonstant Regiossc2M71 (SEQ
D NO: igb ﬁrgzgd\c/r _Q/Isg %éﬁggi's%o’é'%)?’nrﬁ@ Eﬂ@ﬂ' Zé)t%%%t%?ign was calculated based on the

response of the calibration curve using the analytical software SOFTmax PRO (Molecular

20  Devices). The time course of SR344 plasma concentration after intravenous administration as

measured by this method is shown m FI1G. 29.

Effects of pH-Dependent Binding
With respect to the time course of antibody concentration of WT-IgG1 and H54/1.28-1gG1,
25  which do not demonstrate the pH-dependent binding, and H170/L.82-1gG1 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 H170/1.82-1gG1 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/L28-1gG1, Fv4-IgGl, and H170/1.28-1gG1 were 21.0, 28.8, 26.2, and 7.5 days,
respectively.

As described in Example 2, when the antigen is a soluble antigen, an administered
antibody binds to the antigen in the plasma, and is retained in the plasma in the form of an
antigen-antibody complex. Generally, in contrast fo 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



30 for the constant region of VH2-1gGl, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID NO:
39), having M71 and M73 for the constant region of VH4-IgGl, were constructed using the same
method as described above. Fv1-M71 using \IBR-M71 for the H chain and VL2-CK for the L chain,
Fv1-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 VLI-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL | -CK 95
for the L chain, were expressed and purified. Expression and purification were carried out using the

methodideseribed i, pis & ro’f&h%'é’&%ﬁ%?&%?éﬂﬁoﬂftﬂﬁe'?%B?ﬁ%%ﬁ'&fjéﬂ%ﬁ%‘g({a § Having
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WT-« oG, 6.3 days for H54/L.28-1gG1). This is because nearly all of the SR344 molecules
were bound by the antibodies administered together, and thus SR344 bound by the antibodies

10 hada 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 8R344 with the H170/L82-1gG1 or Fv4-IgGl
antibody, which demonstrates the pH-dependent binding, the elimination of SR344 was
significantly rapid (plasma half-life: 1.3 days for H170/L82-IgG1, 0.6 days fof Fv4-1gG1l), as

15 compared to the case of concurrent administration with WT-IgG1 or H54/1.28-IgG1.  This
tendency was particularly prominent for Fv4-IgGl.  Since the affinity of Fv4-IgGl at pH 74 is
equivalent to or stonger than that of WT-IgG1 and H54/L.28-1gG1, it 1s thought that nearly all of
the SR344 molecules were bound to Fv4-IgGl. Even though Fv4-IgGl demonstrates
equivalent or slightly longer plasma retention and slower elimination compared to WT-IgG1 and

20 H54/L28-IgGl, the elimination of SR344 bound to Fv4-IgGl 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 FcRn -
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 returns to the
plasma, the antigen bound to the antibody has a prolonged plasma retention time similar to that
of the antibody (the elimination 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
mtraendosomal 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-IgG1 or H54/1.28-Ig(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-1gG1 or H54/L.28-Ig(1 both in plasma and

endosomes. In contrast, in the case of concurrent administration of SR344 with the
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H170/1.82-1gG1 or Fv4-IgG1 antibody, which demonstrates the pH-dependent binding, the
elimination of SR344 is extremely rapid, since SR344 dissociates from the antibody in the
intraendosomal low-pH environment. That is, since the H170/L.28-1gG1 and Fv4-IgG1
antibodies, which demonstrate the pH-dependent binding, dissociate from SR344 in the

5 intraendosomal low-pH environment, the majority of H170/L.82-1gG1 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 was revealed that, by dissociating from an antigen in the intraendosomal low-pH
environment and returning to the plasma with 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

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 is 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 FcRan, the antibody can again bind {o 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 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.

25 Determination of the plasma elimination rate of an antigen can be performed, for example, by
administering an antigen and an antibody in vivo, and then measuring the plasma antigen
concentration 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

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 Fv4-1gG2 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 digsociation constants (affinity, ICID 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 peras |creT1 GE
Healthca trc?e\%egl[g\}gﬁ%%es o%jtan';%lgs ?gn I%rl%ﬁnaﬁlfzteé ﬁfﬁ %ﬁ% %g Ot%/ée?%ﬁra r%j@
H3p1JL?@YI§’@1 P%brW@YW?lwamgw«!l@?epfﬁbeIW10frﬁ9§&ﬂl?3 Fvd- IgGI Fv4-lgG2, 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 Fyl-M71, Fv1-M73, Fv3-M71,08nd 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

pll-Dependently-Binding Clones from Membrar@%K RE—%L-G Receptor, SR344 Sample p117.4 Id (1/s)
pH5.8 kd (1/s) pH Dependency kd(pH5.8)/kcl(pH .4)§ VVT 2.5E-04 2.5E-04 1.00 H3 p1/L73 2.6E-04

6.7E-04 2.59 Fvl- M71
1. An antigen-binding molecule having a 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, 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(pHS.8)/KD(pH7.4) value is 40 or
10 higher.

4. The antigen-binding molecule of any one of claims 1 to 3, wherein at least one amino acid of
the antigen-binding molecule has been substituted with histidine, or at least one histidine has
been inserted into the antigen-binding molecule.

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 1 to 5, wherein the antigen-binding

20  molecule binds to 2 membrane antigen or a soluble antigen.

7. The antigen-binding molecule of any one of claims 1 to 6, wherein the antigen-binding

molecule is an antibody.

25 8. A pharmaceutical composition comprising the antigen-binding molecule of any one of claims

1107,

9. A method for improving the pharmacokinetics of an antigen-binding molecule by impairing
the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH
30 7.4

10. A method for increasing the number of times of antigen-binding for an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as

compared to that at pH 7.4.
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11. A method for increasing the number of antigens that can be bound by an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as

compared to that at pH 7.4.

5 12. A method for dissociating within a cell an antigen from an extracellularly-bound
antigen-binding molecule by mmpairing 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
10 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 tmpairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as
15  compared to that at pH 7.4.

15. The method of any one of claims 9 to 14, wherein the KD(pHS5.8)/KD(pH7.4) value, defined
as the ratio of KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, is 2 or higher.

20 16. The method of any one of claims 9 to 14, wherein the KD(pH5.8YKD(pH7.4) value 19 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.

25
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.

30 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
35  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.



5.56 Fv4-lgG2 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. Moreovét, all of Fyl-M71, Fv1-M73, Fv2-1gGl, Fv3-M71,
Fv3-M73, Fv4-IgGl, Fv4-1IgG2, 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 cynomolg1us monkeys in Example 9.

20[Exarhplé* 1B]BIE IB 0 1306 Bingrv e hehiy BHERR & ARBLERES HVIAYYOIRiZed Variable and
ConstanhRegidisdilgingEyakrbplgiistitankeys] GonstratidnoickneivicHigh: Aty Antidle:Receptor
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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 to 23, wherein the histidine substitution or insertion
increases the KD(pHS5.8)/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(pH5.8YKD(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 é.ntigen.

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
10.04
(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 amplifiedi fpy 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 haj ressi wterasta T I f ' ression
vectors vavgerg%e%g%ﬁﬁr%%%g%a%geﬁh%%?ﬁr?g\’/v{r‘lﬂé%}?n%ﬁngg gg%%%%%%\% hggr%}%g%%séﬁl%%&tﬁ% rt. %?(%ression
and purifieigerrhitiesastistotiriding e EoH R it iaace s reighiontial@biae padhessdibilgd purification
were cakigieophiising.the preod described in Example | to obtain the high-affinity anti-IL-6 receptor
antibody (high affinity Ab). 10 PIC/PD Test in Cynomolgus Monkeys The pharmacokinetics and
pharmacological efficacy were evaluated in cynomolgus monkeys for the pH-dependently-binding

P iBoci 8 HEpIALTEL B ninE SMM MBI g G abivs caPISES Wy $erbihe known
high-affinitysantirk £ eepptopaatipos kgl affinibnAlbn tapk/h G3ngGbaRlyMEY GWHMTS; Fv2-19Gl,
F3-M73, or BV MES dauas administeted fo aynomolgus monkeys b singlerdose Intiavene
administratoi atd. mg TWHI elhgié”hig a?flnlaty,& Was administered %?/smgle-dpose intravenous
administftibnréd 4.9 emg/kg Blood samples were collected before administration and over time. The

plasma ¢onesntrationmofgach-smibadwRsuRaased B ha same MabneliasidENample; 9Hhe time
coil1 ses§0f plasma concentrations of H3p1/L73-1gGl, Fv1-M71, Fv1-M73, Fv2-IgGl, Fv3-M73, 20and
Fv4-M7 %s well as the high affinity Ab are shown in FIG. 21. In order to evaluate the pharmacological
efficacy in terms of the degree to which the cynomolgus monkey membrane-type IL-6 receptor is

neutralized, cynamplapscraemke)rdl £ WasAIBIRISHY b RUDRIANRe WShaIRLo.tiR g ek ibaaksof the
animals daily at 5{}&%}% from day 3 tﬁﬂ&% 1§§(from ? ﬁgo da¥l(:)LéQ with respect to the high affinity Ab)
after the h8HHHTE %P&ﬁﬁﬁ%gdﬁg HEBELSHRPHIGH A H&Ph Example 9. The CRP concentration of
each an{mdiindisgreastige-ining saftendorpadnigistiationbitiredicvdusoursdsrshCRRdition
copeentiationsawith the administration of each antibody are shown in FIG. 22. In order to evaluate the

pharmacplogical efficacy in terms of the degree of neutralization of cynomo monkey soluble IL-6
receptor@%é@b‘?ﬁzgﬁt?ﬁ‘%ﬁn@%%%w &%;ﬁﬁtn}?a’ljgbl% ?ﬁk’g&‘? &olume ?Eﬁé%ggf%;ﬁ%rf%@ﬁh%molgus
monkey @hsmamds 8@ roadsiuredin teeosdmelmatner as Example 9. The time courses of the
unbounq(gy&m{gg%@gﬂ@yaﬁgw%im%w%gpncentrations with the administration of each

y .

antibody are shown in FIG. 23. As a result, the antibody concentrations in plasma were
- maintained high for each of Fyl-M71, Fv1-M73, Fv2-1gG |, Fv3-M73 and Fv4-M73 in comparison with
H 3yl /L 73 ¢Gh Shydhiles thesaondentia ttangof-BREnanddleulinbdiosd wydorp algivstynarkéssisatuble [L-6

receptorwere mainiainga.ak I ey o, NASloHSEHl SBpwed that the time where the
(a) binding an antigen-binding molecule library to 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 is 6.7 to 10.0 and the second
pHis4.0t0 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/L73-1g01 .

In addition, these pH-dependently-binding anti-IL-6 rgceptor antibodies were confirmed for their
neutralization effects and sustained efficacy equal to or greater than that of the known 5high-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 P1C/PD tests were not carried out
using 1PByABIMBISERINEARDYS 86 anvtsraetepae’diso Tedhredritiminghmantigmnsndiagmproved
pH-depengdiohibinging oy BerbianetlyRe Hibeeopa HbeomRadison with H3pUL73-1gG .
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

als@ thodght ks Bessrongigeddd oz misadielimcobivaisdnrwhiniBp A7 3sigG-hitdingExample 9,

for H3plAeT-aGhathe dimesleritl sheiatibady disapperrsemhe Plasmaaswelhagthe time where

the solubl i”@'@bﬁeﬁe tortand membrane-type IL-6 receptor are bound by the antibody in the body
(sustain%%i ﬁelﬁtralﬁzlaﬁosﬁeésﬁects) were found to be prolonged considerably as compared with WT.

Fvl-M71, Fv1-M73, Fv2-IgGl, Fv3-M71, Fv3-M73, Fv4-1gGl, Fv4-1gG2, Fv4-M58, and Fv4-M73,

having sisperierssretained nasiralizajeneliects 20 38 1431 4:f 3daGh; %%{%@{%MH@N to have
arkab |m[€roved sustained neutralg@gﬁgﬂggﬁ%as compared with WT. In contrast to

|
;en |-IL-6n?‘é/1ce§B s e TSRV ErB8 S tor 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 endosomesQhtd mEnBekL.lPasSIR IR HRAUCE the ZRRatiantosrgs:and administration
frequenc ftqerﬁ\@grllbﬁ receptor antibody, and as a resuilt, th%ﬁ‘can cansiderably reduce the total
adminisﬁkz/?t'cl)‘%cﬁlg i DFHRA 9 2P RO HERME S Dt A Shatt B Resed ior B aBiite stare
thought ttee lvel bixtramaeligsudmddioas.a pharmaceutical for use as an IL-6 antagonist. 30[Example 16]

Capstruction of pH-Dependently Binding Anti-IL-6 Antibody Expression and Purification of Anti-IL-6
Antibodé In Examples | to 15, a plurality of humanized anti-IL-6 receptor antibodies that

pH-depeldERRFBHTALES REHR BFAtBntBr WErALTE 84Sty Tore isinmEi Ampt g AR did8endency
throughrintiendcihgt histidicressub shilitip nscimed she hkeainigethin yéaiatde region, in particular, the 35CDR
sequences of the humanized anti-IL-6 receptor antibodies. It was found that all of these 99

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;
() 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

(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:
35  (a)binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;



antibodies repeatedly bind to the IL-6 receptor and demonstrate a considerable improvement in
PK/PD.  Therefore, it was confirmed that the pH-dependent ability of an antibody to bind to an
antigen could be confered to another antibody thatiinds to an antigen other than the IL-6 5Sreceptor
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 \sigR3Dsthad ko, 1bse skileddngtie.atgsne TAdmenis ensering i Agtbody

amino acid sequences of interest were inserted into mammalian 10cell expression vectors to construct
the H ch%fﬁ%@?éé’%ﬁ@ébtor and L chain expression vector of interest. The nucleotide sequences of
the resuliingedkptigsiba aedienshivaiedeateemiratusingrimednodidnbweoiairiskiléd persan pAnti-1L6
wild typg;was expressed and purified by the method described in Example I. 15Construction of
pH-Dependent Anti-IL-6 Antibody To confer the pH-dependent ability of the antibody to bind to IL-6,
histitline(8uBRtRIIRG R erasrpeoias din tr iserahmsdbngcRrlsaUtRIBREdEm I 1128 antibody (Anti-1L6

wild type}jnshmisg¢hacld chair(M(aminaraigise denaes SR NQ1)62) and L chain (WT)
(amino acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR amino acids and
20subsequently screening, several clones that demonstrate the pH-dependent binding were obtained.

The binding/aisthaiseyasostypiie anayiseubading conlpsale avivitgs tHedvhsoradvat i a7l sté ipositions
of histidipe subgtitytien i sheqnddgpenticnt-clongsaraskeyadn Table 13. The examples include
"Anti-1L6 clone.1" including the H chain (el) (amino acid sequence: SEQ ID NO: 64) a ain (el)
(arbho 22 e A A e e S S S ey G amine
acid seqe®iEBoSEQ ID NO: 64) and L chain (c2) (amino acid sequence: SEQ ID NO: 66). Anti-1L6

clone 1 gndsAmtidlnG slene2 MR expresrd Rprp iadbYdhe mathed describadin Example 1.
[Table 13 Positioglg of Histiogn%SCu glift}]ti_on in pH-dependent clones 30 H32, H59, H61, H99 L53,

bstit
L54, L9G" EgﬂnAn yrs?ssg?@ln ing o P : -II]_’)ependent Clones to Human IL-6 Kinetic analysis of

antigen-antioddytremtioeiviad prigs-duipld malsyakscarried out using 35Biacore 1100 (GE

HeﬁéthC%&?Mﬁéﬁﬂﬁé'ﬂﬁ%@géﬁl@%&fﬁfgiﬁﬁ@ﬁﬁg&?@@ﬁf&% soNeAtionsdiabeye '(6955‘131'—6 wild type,
Anti-1L6, clone 1, and Anti-1L-6 Iorée 2 bLiffer' DPBS(:) (pH 7.%0{ pH_S.?‘;
(ec) e Eene obtained in'(d}.

producing the antigen-binding molecule using
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;
(c) amplifving 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 obiained in ().

47. The production method of claim 45 or 46, wherein the first pH is 6.7 to 10.0 and the second
pHis4.0to 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 analyté3All the measurements were carried out at 37C.
Association rate constants ka (1/Ms) and dissociation rate constants kd (1/s) Swere calculated using
Biacore T100 Evaluation Software (GE Healthcare), and dissociation constants KD (M) were
calculated based on those values (Table 14). Furthermore, the ratio of affinity at pH 5.5 and pH 7.4
was calculated for each clone to evaluate the pH-dependent binding. [Table 14]Comparison of
Binding of pH-Dependent Clones tq |L-6 Sample pH ka(,l/Msé!kd(l is) O(M)KO(pH5.5)/KD(pH7.4) Wild
type pH7% DHEEDASEE G} rRsiHam CEDPROTPS UsEline e Bodiies mslecucomspdigsd 2 the

production method of any one of claims 43 to 49.



pH5.5 1,07E+07 4.71E-03 12,05E+06 F9.26E-03 4.38E-101 10.3 4.52E-091 clone2 p H7.48.96E+06
2.63E03 pH5.52.76E+06 1.10E-02 2.94E-10 13.5 3.98E-09i The ratio of affinity at pH 5.5 and pH

7.4 (KD)(pH 5.5)/(ICD)(pH 7.4)) calculated, Whicmppgcates the pH-dependent binding to human IL-6,
was 0.8, 10.3, and 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 re é&&ﬁnt&%o(&ies, pH-dependently binding anti-IL-6 antibodies
that bind to the antigen strongly undé@%ﬁ af rln @Jtral conditions, but weakly under intraendosomal

acidic conditions can be constructed by introducing histidine substitutions and the like mainly into the

CDR amino aaigh seuerices) YAsirapcated: imExamples 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-IL-6 clone 2, which have the
pH-depender£®indiiy Qﬁé‘a%?f?ﬁ),N%%E%ﬁﬁwﬁafoﬂﬁw%k@w&@@ﬁWﬂM@i@rﬂiﬂﬁﬁﬁuw@hﬁﬁm%d PIC/PD,
as compareREREIEANN-1L6 wild type. [Example 17] Construction of pH-Dependently Binding Anti-I1L-31
Receptor Antibody Expression and Purification of Anti-IL-31 Receptor Antibody
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Q211> 118

212> PRT

213> Artificial

220>
<223> MAn artificially synthesized peptide sequence

400> 1

Gln Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser §iu



30In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that pH-dependently bind
to the IL-6 receptor were successfully created by conferring the pH 101 dependency through
introducing histidine substitutions and the like int E Jvariable 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 receptor and demonstrate a considerable improvement of P1C/PD.
5Therefore, it was confill ed 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 receptor using a similar
method. Mouse IL-31 recep%or 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
sequence: SEQ ID NO: 68), which binds to the mouse IL-31 10receptor as described in WO
2007/142325, ("AntizIL31R wild " onstructed, Usi method known to those skilled in the
art, gene fra?d% ﬁ’fssgﬁc eHiXértr?tgz’g iﬁvﬁc%!’szccgﬁgﬁéess%f%%e% rs?\ﬁ)e fnserted into mammalian cell
expression vectors to céfstruct the H chainZ8xpression vector &fd L chain expression vector of
interest. The nucleotide sequences of the resulting expression vectors were determined using a
method known to a skilled person. 15Anti-1L3 1R wild type was expressed and purified by the method
described in Example 1. Construction of pH-Dependent Anti-IL-31 Receptor Antibody To confer the
pH-dependéetie dWAit) B e Hatidd) ®d Bindte l%é (3§ leseptbrt Hiskdine substitutions were
introduced into the @mino acids of CDR40f the anti-IL-31 reggptor 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 ID 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 klgrificdintly! fediecetvasSenripardd WithAtre yindismgFab 847 4uThe position of histidine
substitution in thg pH-dependent clgaes is shown 25in J@able 15. An example is "Anti-IL31R clone 1"
including the H chain (c1) (amino acid sequence: SEQ ID NO: 69) and L chain (WT). Anti-1L3 IR clone
1 was expressed and purified using the method described in Example I. [Table 15] Position of
Histidine Substitution in pH-dependent clones 30 H33 Analysis of Bindina of pH-Dependent Clones to

Soluble IL-3} Rerepterysingtic anabwisrpl anpoen-geribpdysgagtions addpH 5.5 and pH 7.4 was carried
out using Bié)bcore 1100 (GE He?dthcare) for the tw%ypes of antibodiesggrepared as mentioned above:

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 a0 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
115

210 2

11> 107

212> PRT

Q13> Artificial



35Anti-1L31R wild type and Anti-IL31R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM NacCl,
0.01% Tween 20, 0.02% NaN3). The antibodies were bound to a sensor chip on which 102
recomb-protein A/G (Pierce) was immobilized by3§1g11'§1e 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. All the measurements were carried out at 25C.
Association rate constants ka (1/Ms) and dissociation rate constants kd (1/s) Swere calculated using
Biacore 1100 Evaluation Software (GE Healthcare), and dissociation constants ICD (M) were
calculated 15884 on those values (Table 16). Furthermore, the ratio of affinity at pH 5.5 and pH 7.4
was calculateziforieantt dorie ity essaitiate 1be ypict dépeelentdinding. 10[Table 16] Comparison of
Binding of pH-Dependent Clones to Mouse IL-31 Receptor Sample pH ka(1 /Ms) kd(1 is) KD(M)
KD(pH5.5)/<K4E869H5.4) pH7.4 1.40E+05 13.40E-031 2.30E-08 Wild type

Asp |le GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

hsp Ser Val Thr lle Thr Cys Glin Ala Ser Gln Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu |le
35 40 45

Tyr Tyr Giy Ser Glu Leu His Ser Giy Val Pro Ser Arg Phe Ser Giy
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 70 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr
85 80 g5

Thr Phe Gly Gin Giy Thr Lys Val Glu lie Glu
100 105

210> 3
Q11> 119
212> PRT



3.2 pH5.5 5.10E+05 13.80E-031 7.40E-08 clonel pH7.4 1.70E+05 13.30E-031 2.20E-08 1000.0
p115.5 1.10E+03 2.40E102 2.20E-05

4/113

213> Artificial

<2200
223> An artificially synthesized peptide seguence

CADD> 3
GIn Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu

1 5 10 15

Thr Leu Ser lLeu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 _ 30

His Ala His Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

tte Gly Tyr lie Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Yal Thr i{ie 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 Ala Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu VYai Thr Val Ser Ser



The ratio of affinity at pH 5.5 and pH 7.4 RICD)(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-1L31R wild type and
Anti-1L31R clone 1, respectively. That is, the pHsdeendent binding ability of Anti-1L31R clone 1 is
about 300 times greater than that of WT. The sensorgrams for Anti-1L3 IR clone 1 at pH 7.4 and pH
5.5are 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 Z0under 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 wggguggested that Anti-1L31R clone 1, which has the pH-dependent 25binding ability,
repeatedly%’(n%? t% r{uore antigens with significantly improved PK/PD, as compared with Anti-1L31R
wild type. [ 5 ple' 18] Repetitive Binding to Antigen by pH-Dependently Binding Antibody Expression
and Purific&d# offRhtibody Administered to Mice 30The four types of humanized IL-6 receptor
antibodies dgspribgd Irglow) were prepared. As the antibodies that do not pH-dependently bind to the
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/L28-1gG1 including H54 (amino acid sequence: SEQ
ID NO: 70)%9128 (amino acid sequence: SEQ ID NO: 12) were expressed and purified using the
method indigaged im Exanleall yAsytheeahtddoghesi has@idecependently bind to the IL-6 receptor,
H170/L82-IgG1 5 of Example 3 including HI70 (amino acid sequence: SEQ ID NO: 4) and L82 (amino
acid sequence: SEQ ID NO: 7), and Fv4-lgG1 of Example 10 including VH3-IgG1 (SEQ ID NO: 23)
and VL3-CI§4@§EQ‘ID NO: 27), were expressed and purified using the method indicated in Example 1.
10 Analysis of Binding of Each Type of Antibody to Soluble IL-6 Receptor  Kinetic analysis of
antigen-aniibedy; reacticfs @t o’ A28, i o &8 yas, ol Tied OptHsipgdhiacore T100 (GE Healthcare)
for the four types of antibodies prepared: WT-I%GI, H54/L28-1gGl, li-%170/L82-lgGI, and Fv4-1gGl
(buffer: 10 MM MES (pH 7.% or pH 5.8), 150 |

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser iie Ser His His
20 25 30

His Ala His Ser Trp Val Arg Gin Pro Pro Gly Giu Gly Leu Glu Trp
35 40 45

lie Giy Tyr lle Ser Tyr Ser Gly {le Thr His Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 15 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 90 95



mM NacCl, 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 ag/ananalyte. 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 dissociation rate constants kd (1/5) were
calculated using Biacore T100 Evaluation Software (GE Healthcare), 20and dissociation constants KD
(M) were calculated based on those values (Table 17). [Table 17] Comparison of Association Rates
(ka), Dissociation Rates (kd), and Dissqgciation Constants of Each T)(pe of Antibody Against Soluble
IL-6 Receptbia(8HE38) LE}H#'& pred. 8 pi DEpdrbidneyieaipd e MEYkd(1/s) KD(M) ka(1/Ms)
kd(l/s) KD(M) kt1(015.8)0k4H7.4)KD(pH5,8¥KD(017.4) Vit-lgGE W 9E+05 9,4E-04 1.9E-09 8.9E+05
2.7E-03 3.1E-09 2.91.6 H54/128-101 8.3E+05 1.4E-03 13E-09 2.4E+06 2.7E-03 1.1E-09 2.00.7
H170/132-19G16.7E+05

Thr Leu Val Thr Val Ser Ser
115

210> 5

Q1> 119

212> PRT

213> Artificial

2200
223> An artificiatly synthesized peptide sequence

400> 5
Gin Val GIn Leu Gin Giu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

i 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly His [le Ser Tyr Ser Gly |le Thr Asn Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser



1.1E-031.6E-09 1.2E+05 1.3E-02 1.0E-07 11.461.9 Fv4-lgG1 9.8E+05 9.5E-04 9.7E-10 1.4E+06
3.7E-02 2.6E-08 38.827.3 25  The ratio of affinity (ICD) at pH 5.8 and pH 7.4 for each antibody was
calculated. The KB ratio, which indicates the pH-glepgndent binding to 5R344, was 1.6, 0.7, 61.9, and
27.3 for WT-IgGl, H54/L28-IgGl, H170/L82-IgGl, and Fv4-IgGl, respectively. In addition, the ratio of
dissociation rate (kd) at 5.8 and pH 7.4 for each antibody was calculated. The kd ratio, 30which
indicates the pH-dependent dissociation rate for 5R344, was 2.9, 2.0, 11.4, and 38.8 for WT-IgG I,
H54/L28-1g&, H170/L82-1gGl, gpd Fv4-IgGl, respegfively. Thus, it wasggonfirmed that H170/L82-1gG1
and Fv4-1gG | demonstrate the pH-dependent binding, while the conventional antibodies WT-IgG1 and
H54/L28-IgG | hardly exhibit the ability. In addition, 104 since the affinity (RD) 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 Pharmagokingligssiesicbsing Mice: » ke pharmagekingliesof wR344 and the anti-human IL-6

receptor antibody were ev%iéated following adrégnistration of SR344 (human IL-6 receptor, prepared in
Example 1) only or simultaneous administration"of SR344 and the anti-human IL-6 receptor antibody
to mice that do not 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-h IL-6 receptor,antibod gﬁ mJ.,and 0.1 mg/mL, respectively)
was adminéfaergré?ﬁfg iétegaﬁfa \Céir‘:{g)?%rnlm%-Eb%eﬁsgd%sniswaﬁé) %{[ulki?(m_/kg_ Since the anti-human
IL-6 receptor antibody W4s present in an ad@quate excess amaifht relative to 5R344, 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, | day, 2 days, 3 days, 4 days, 7 days, 14 15days, 21 days, and 28 days

after administration. The collected blood samples were immediately
Thr Leu Val Thr Val Ser Ser

115

210> 6

211> 107

212> PRY

<213 Artificial

{2200
223> An artifi_ciai Iy synthesized peptide sequence

400> 6
Asp 1le Gin Met Thr Gin Ser Pro Ser Ser leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Vai Thr lie Thr Cys Gin Ala Ser Gln His lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Glu Leu Leu |le
35 40 45



centrifuged for 15 minutes at 15,000 rpm and 4C to obtain the plasma. The plasma separated was
stored in a freezer set to -20C or lower until the time of measurement. Above-described WT-IgGl,
H54/L28-1gGl, H170/L82-1gGl, and Fv4-1gG1 wegg ptsed as the anti-human IL-6 receptor antibodies.
20 Measurement of Anti-Human IL-6 Receptor Antibody Plasma Concentration by EL1SA The
concentration of human IL-6 receptor antibody in mouse plasma was measured by ELISA. Anti-human
IgG (7-chain specific) F(ab")2 antibody fragment (Sigma) was dispensed onto a Nunc-lmmunoPlate
MaxiSorp (Nalge Nunc International) and allowed to stand 25overnight at 4C to prepare anti-human
IgG-immobilized plates. Calibration curve samples having plasma concentrations of 0.8, 0.4, 0.2, 0.1,
0.05, 0.0257 4ndv .61 SasgisL LehHimeeisd Makrd9afsplésediibeede 13 ¥old or more were prepared.
200 viL of 20 ngimL SR344 was adiied to 100 p.L of thgs calibration curve samples and plasma
samples, and then the samples were allowed to stand for 1 hour at room temperature. Subsequently,
the samples were dispensed 30into the anti-human IgG-immobilized plates, and allowed to stand for 1
hour at room temperature. Then, Biotinylated Anti-Human IL-6R Antibody (R&D) was added to react
for 1 hour aiero@iy team deyatireAspubise Gjure Rbly , 18tre péavediSd? dleyHR P &0a(Stereospecific Detection
Technologigs) was added to reggt for 1 hour at roofs temperature, ancgghromogenic reaction was
carried out using IMP One Component FIRP Microwell Substrate (BioFX Laboratories) as a substrate
35After stopping the reaction with 1 N sulfuric acid (Showa Chemical), the absorbance at 450 rim was
measured by a microplate reader. The concentration in mouse plasma was calculated from 105 the
absorbance; of iig aaliyalion civepsing the analwicalsolvare SOF Tprax PRO (Molecular Devices).
The time course of plasma&oncentration after éﬁtravenous admini%tgation as measured by this method
is shown in FIG. 28. 5SMeasUrement of SR344 Plasma Concentration by Electrochemiluminescence
The concentration of SR344 in mouse plasma was measured by electrochemiluminescence. SR344
calibration curve samples adjusted to concentrations of 2000, 1000, 500, 250, 125, 62.5, and 31.25
pg/mL, and.mogjse ka a es dilyt c% 0-fold,or more were prepared. The samples were mixed
with a soluotng%\ g‘?el\/@ %n@?ﬁrﬁt}i-gﬂgm%r? I ?%Fg%(rjlst?ﬂody (R&D) 10ruthenium-labeled with Sulfo-Tag
NHS Ester (Meso Scalé®iscovery), Biotingfted Anti-human IL-6R Antibody (R&D), and WT-IgGl, and
then allowed to react overnight at 37C. The final concentration of WT-IgG1 was 333 ng/mL, which is in
excess of the concentration of anti-human IL-6 receptor antibody contained in the samples, for the
purpose of binding nearly all of the SR344 molecules in the samples to WT-IgGl. Subsequently, the
samples w &5 Ispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed
toreact <211> 107

212> PRT
213> Artificial

{2200
€223> An artificially synthesized neptide seguence

<A00> 7
Asp fie Gin Met ?hf Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Yal Thr lle Thf’ Cys Gln Ala Ser Gin Asp fle Ser Ser His
20 . 25 30

Leu Asn Trp Tyr GIn Gin Lys Pro Gty Lys Ala Pro Glu Leu Leu |le:



for | hour at room temperature, and washing was performed. Immediately after Read Buffer T (x4)
(Meso Scale Discovery) was dispensed, the measurement was performed by the Sector PR 400
Reader (Meso Scale Discovery). The SR344 conggntiation 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 WE-SIgGl and H54/L284§gG I, 25which do QQt demonstrate the pH-dependent binding.
and H170/82-1gGl and Fv4-1gGl, which demonstrate the pH-dependent binding, the time course of
concentration was roughly identical for WT-IgGl, H54/L.28-1gG1 and Fv4-1gGl, while H170/L82-1gG1
was eliminated slightly more rapidly. The data of the time course of plasma concentration was
analyzed b f |neti lysissQftyyars, \Vi g g sight). The half-lives in the
plasma of go’&?v?%%ﬁ%%&ﬁ{%%ﬁr%?|§§<?|R)gﬁf lﬁ{i’%&'&? rlbé rI&%vf/etge%l.o, 28.8, 26.2,and 7.5
days, respectivéR/. As described in%xample 2, when tH¥ 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 (the eliminagion rate is extremely low) due to the function of FeRn, the plasma retention
time of an ig@l’ i24hbk (he %ﬁﬁl’ﬁﬁ%ﬁgﬁ 18high) S¥has" dahhtiydhéhat is 106 bound to an
antibody haa prolonged plasm@ retention time sindlar to that of an andfbody (the elimination rate is
extremely low). Similarly, when the antigen of humanized IL-6 receptor antibody, SR344 (soluble
human IL-6 receptor), was administered alone, SR344 was extremely rapidly eliminated (plasma
half-life: 0.2 days). However, in the case of concurrent 5Sadministration of SR344 with a conventional
antibody, Wituder1 Ao Hea/[irgTyg by, Wik ddds Aby dembrsheite’thelpH-dependent binding, the
elimination rate of SR344 wgs considerably redgced, and the plasmg 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 antibodies 10had a prolonged plasma retention time similar to that of the antibody, due
to the functitin Fhé-ERN & dépdbddaliaves|u [le Glu

100 105

210> 8

211> 107
212> PRT

213> Artificial

{2200
{223> An artificially synthesized peptide sequence

400> 8
Asp fle 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 Gln Ala Ser Gin Asp ile Ser Ser His
20 25 30



In the case of concurrent administration of SR344 with the H170/82-1gG | or Fv4-IgG1 antibody, which
demonstrates the pH-dependent binding, the elimination of SR344 was significantly rapid (plasma
half-life: 1.3 days for 1-1170/L82-1gGl, 0.6 days fogfy4-1gG1), as 15compared to the case of
concurrent administration with WT-IgGI or H54/L28-1gG1. This tendency was particularly prominent for
Fv4-1gGl. Since the affinity of Fv4-lgG1 at pH 7.4 is equivalent to or stonger than that of WT-IgGI and
H54/L28-IgGl, it is thought that nearly all of the SR344 molecules were bound to Fv4-l1gGl. Even
though Fv4-IgG1 demonstrates equivalent or slightly longer plasma retention and slower elimination
compared to WT-IgG1 and 20 H54/L28-IgGl, the elimination of SR344 bound to Fv4-1gG | was
extremely regidhsThisrciy HE efipralved by tHe tyhdeptiBPhéipkesdititdéhnology shown in FIG. 4. In
the case of convenggnal antibodies thagpdo not demonstratg the pH-dependent binding, an
antibody-soluble antigen complex'is taken up into endosomes by pinocytosis in the plasma, and binds
to FcRn expressed in endosomes under intraendosomal acidic conditions. Since the antibody-soluble
25antigen complex bound to FcRn transfers to the cell surface as it is, and again returns to the
plasma, th@anfiget hossrdHc thesatitbbidy tiasVa pfologedpddmaqaeténtion time similar to that of the
antibody (the eljnination is extremedy slow). On the othgr 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 30the
plasma. Since the antigen dissociated from the antibody is degraded in lysosomes without returning to
the plasmagdhe;efirppationraf agEgeR imextreMel rapiskascompaged ko4he case of antibodies that do
not demon%ate the pH-depengent binding. Name% in the case of coréﬁurrent administration of SR344
with the WT=1gG1 or H54/L28-1gG1 antibody, which'does not demonstrate the pH-dependent binding,
the elimination of SR344 is slow to the similar 35degree as the antibody, since 5R.344 binds to
WT-IgG1 or H54/L28-1gG1 both in plasma and endosomes. In contrast, in the case of concurrent
administratign gf SR344, with t 70(1,82-19G 1,01 Fy4- ntihody, which demonstrates the
pH-depenggrilJt %?ﬁoﬁ‘r%&hggfgﬁrﬁ%aﬁa 0 S%ééléj?s%&tr@%é@ r@ﬁcﬁ@irﬁ SR344 dissociates from the
antibody in the intraendosdhal low-pH environfent. That is, since%he H170/28-1gG1 and Fv4-gG1
antibodies, which demonstrate the pH-dependent binding, dissociate from SR344 in the '
5intraendosomal low-pH environment, the majority of H170/L82-1gG1 or Fv4-IgG | that has returned
again to the plasma with FeRn_is thought to be not bound to SR344. Thus, as shown in FIG. 4, it was
revealed thEt" BPHRE0EIARY FF8m XA dAtidhR iH th&'thtraendosomal low-pH environment and returning
to the plasma with FeRWvithout binding tolflse 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, demonstrating that
pH-depend&ifantbodies can repeatedly bind to antigens. Thus, by enhancing the pH-dependent
binding of anantikggy to an antigen, the number of times of repetitive antigen binding can be
increased. gﬁ\é\éheﬁh{he antigen is a soluble antigen, and the antigen binds to an antibody under

plasma
(213> Artificial

(220>
223> An artificially synthesized peptide sequence

<400> 9

Gin Val Gin Leu Gin Giu Ser Gly Pro Gly Leu Vai Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp



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 gf @ntigen 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 (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 aﬂ)tigen IS increased,zgince the antigen is%bransported to lysosomes and
degraded. Thus, the plasma elimination rate of an antigen can be used as an index to deteimine
whether an antibody can bind to the antigen multiple times. 25Deteimination of the plasma elimination
rate of an antigen can be performed, for example, by administering an antigen and an antibody in vivo,
and then mgasuyri N opcepirati inistration, as shown in the
Examples. ﬁ%kirﬁlé;%égeggﬁ?ﬁdﬁeﬁ%ﬁ@tﬁtﬁéﬁﬁ%&%&é&% iﬁ?j{l?nzppc?an repeatedly bind to
multiple antigens irSGontrast to the casébf a conventional &ﬁtibody that does not demonstrate the
30pH-dependent binding. Thus, the amount of antibody administered can be considerably reduced,
and the administration intervais can be greatly prolonged.  The repetitive binding to multiple
antigens of this mechanism is béased on pH-de entgnt antigen-antibody reaction. Thus, regardless of
the type of aHtideh, ¥ an '&ntody REhGhEH ARG th bHTyﬂe%é’n%f&f;‘Hinl(ﬁ%g that binds to an antigen at
pH 7.4 of plasn¥ but dissociates fréf the 35antigen atfthtraendosomal 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 108 applied not only to antibodies to the IL-6 receptor, IL-6, and the IL-31
receptor, but generally to any antibody to any antigen, regardless of the type of antigen. 109 CLAIMS
1. An antigéhsbiatiAtgnialeEueMabiipig A sCBpt5. 831 CBY T .A)rvBhgeSadefined as the ratio of KD for
the antigenggt pH 5.8 and KD fggthe antigen at pH7&.4, of 2 or higher. §p2. 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 K.D(pH5.8)/K.D(pH7.4) value is 40 or 10higher.

leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Oys
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 Aia Pro Ser Ser Lys Ser Thr Ser Giy Gly Thr Ala Ala Leu
130 ' 135 140

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



4. The antigen-binding molecule of any one of claims 1 to 3, wherein at least one amino acid of the
antigen-binding molecule has been substituted with histidine, or at least one histidine has been
inserted into the antigen-binding molecule. 15 5;,5I{g;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 20molecule 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 &p antibody. 258. A7 harmaceutical cog? osition comprising the
antigen-binding molecule o} any one of claims !L o 7. 9. A method for improving the
pharmacokinetics of an antigen-binding molecule by impairing the antigen-binding activity of the
antigen-binding molecule at pH 5.8 as compared to that at pH 307.4. 10. A method for increasing the
number of fimes of antigen-hindingJfor an antigen-bhindi oleculg byJmpairing the antigen-binding
activity of tﬁéna%t?ggeqr-b%%ilﬁ%um%ﬁescet?le%i{ %F—i %’% avsaqcﬁ%gp?r‘éﬁg '?ﬁra(t’t S<31I%rpH 7.4. 110 11. A method for
increasing the number Eﬁoantigens that can'B® bound by an anﬂi%n-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 for dissociating within a cell an antigen from an extracellularly-bound antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as
compared RSt at PHE7aThr 618 R lethbierSY Feteadi A dHfideid-bidding molecule, which has
been bound to an dfitigen and 10interndized into a cell, inZ8% antigen-free form to the outside of the
cell by impairing the antigen-binding activity of the antigen-binding molecule at5.8 as compared to that
atpH 7.4. 14. A method for increasing the ability of an antigen-binding molecule to eliminate an
antigen in plasma by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8
as 15compeedso thatlaspla 7 e 1% The YakthladRopdryp dae 6fTiasmsYS to 14, wherein the
10(pH5.8)/KD(ptd7.4) value, defineghms the ratio of KDsgy the antigen at pH 5.8 and KD for the antigen
at pH 7.4, is 2 or higher. 2016. The method of any one of claims 9 to 14 wherein the
KD(pH5.8)/KD(pH7.4) value is 10 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 |ie Ser
245 750 255

Arg Thr Pfé éTb VaIIThr 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 Gln Tyr Asn Ser Thr Tyr Are Val
290 295 300

Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu



17. The method of any one of claims 9 to 14, wherein the KD(pH5.8)/10(pH7.4) value is 40 or higher.
25 18. A method for improving the pharmacokinetics of an antigen-binding molecule by substituting at
least one amino acid of the antigen-binding molq?ﬁgvith 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. 20. A method for increasing the number of antigens that can be bound by an antigen-binding
35mo|ecule3l9§) substituting at 1e¥8t one amino acid Yfthe antigen-bindiﬁg]molecule with histidine, 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 acid of the antigen-binding molecule with histidine, or inserting at least one histidine into the
antigen-binjyﬁg%ofgéuig.s g@’. /ﬁehé?%lo[ﬁo%lraeleka%'smﬁ iiaa%rtfbéh@b%ﬂihﬁsmolecule, which has been
bound to an antigen and int¥nalized into a cell3#f an antigen-free 8fm 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 antigenibihdirigSetolesuld avitrs Histiditie Por itteeind e [ekisVahéwistitine into the antigen-binding
molecule. 1524. The matigod of any one of glaims 18 to 23, whegggin the histidine substitution or
insertion increases the ICD(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 ICD(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 antigentlinding Prw Bxeule haspabl anaginistics aktivityn 26! Tee mretiad of any one of claims 9 to 25,
wherein the antigenghinding molecule bjggls to a membranggntigen 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;

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
385 390 395 400

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 {ys Ser Val Met His Giu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro G[y
435 440 445

L1 10



(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
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 ant}%]dehose 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 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; (b) placing the
antigen-bind#idgmaldcule that bound to the antigen of (a) under a condition of pH 4.0 to pH 6.5; and
(c) obtainingaparpgen-binding molecule that dissociated under the condition of pH 4.0 to pH 106.5.
31. A methg 1% s%rr%(lapii(r;\%ror an antigen-binding molecule whose binding activity at a first pH is
greater than'that at @ second pH, which comprises the steps of:  (a) binding an antigen-binding
molecule to an antigen-immobilized column under the condition 150f a first pH; (b) eluting the
antigen-bindpig>molecule that had bound to the column at the first pH from the column under the
condition of&zggc%dapﬁ' an IW) lc%%'é!?ﬂa hs:eﬂl-@g%m%g-binding molecule. 2032. A method of
screening for an antigen-Ein Ing 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-imndddiizéd 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

euted antgE NN Joeeulg; 20c () SRS (e g AWOpTy g molecule
1 5 10 15

Asp Arg Val Thr 1le Thr Cys Arg Ala Ser Gin Asp {te Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr GIn GlIn Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 95 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr [le Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp lle Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Thr Leu Pro Tyr
85 80 85

Thr Phe Gly Gin Gly Thr Lys Val Glu |le Lys Arg Thr Val Ala A[a_ :
100 105 110



33. The screening method of claim 31 or 32, wherein the first pH is 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-binoliﬁ/ Holecule. 3535. 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.
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 a&pRpared ie.thenpiales ofiéssentiggnebinging sifess Ser38lyThe screening method of any
one of claims 28 to gs’s for obtaining an tigen-binding 10mplecule that dissociates an
extracellularly-bouA antigen within a céell. 39. The screening method of any one of claims 28 to 33,
for obtaining an antigen-binding molecule that is bound to an antigen and internalized into a cell, and
released to the outside of the cell in an antigen-free form. 15 40. The screening method of any one of
claims 28 t9,33, (or,gbtalnigg) a9 eauganpinding maleqyledhphas jgciepsed abilty to eliminate an

. antigen in plasma. . The Screening method of any one of claims 28 to 40, wherein the
antigen-bindind?'ﬂolecule is 20used®ds a pharmaceutic1a4pcomposition. 42. The screening method of
any one of claims 28 to 41, wherein the antigen-binding molecule is an antibody. 2543. A method for
producing an antigen-binding molecule, which comprises the steps of: (a) determining the
antigen-binding activity_of an antigen-bjnding molegule at pH 6,7 t 0.0; (b) deteio ining the
antigen-bindihd ey Bt ?Véaﬁ{i;éiﬁ-éﬁﬁldﬁ%rﬂfglegfﬂléeét%lﬁ 4% 1%%11}8.5; (c) selecting the
antigen-bintihig molecule whosé&ntigen-binding at¥vity at pH 6.7 to pt4010.0 is 30greater than that at
pH 4.0 to pH 6.5; (d) obtaining the gene encoding the antigen-binding molecule selected in (c); and

Giu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 ' 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser .
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 11
Qi 119
212> PRT

- <218> Artificial

Q2200
<223> An artificially synthesized peptide sequence



(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: 35(a) binding an
antigen-binding molecule to an antigen under a ig qiéion of pH 6.7 to pH 10.0; 114 (b) allowing the
antigen-binding molecule bound to the antigen of (a) fo stand under a 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 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 t#gsteps of: 10(a) binding an antigen-binding molecule to an antigen-immobilized column
under the first pH condition; (b) eluting the antigen-binding molecule, which is bound to the column at
the first pH, from the column under a second pH condi iop; c) collecting the eluted antigen-binding
molecule; 1Bty db&iRiheuiengBiteSEhBdinGt ahfiydA bhigiA °n§e87e§ e obtained in (c); and (e)
producing the antigen-bindifig molecule using tHe gene obtained inf$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 secondTH kanditioheychhentptifidiag eHeSgerid ehgodtiy the Utk d¥lgen-binding molecule; (d)

collecting the eluted angigen-binding molecgge; 30

His 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 tle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 ' 10 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ata Tyr Tyr Cys
85 _ 80 9%

Ala Arg Val Leu Ala Arg tle Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

210> 12



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 secon }—{%s 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. 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 RABUSRIKI KAISHA <120> ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO
TWO OR M@RE ARITIGEN MOLECULES REPEATEDLY <130> CI-A0801Y2P <140>
PCT/IP2008/087309 ;51417 2009-04-10 <150> JP 2008-104147 <151> 2008-04-11 <150> JP
2008-247713 <151> 2008-09-26 <150> JP 2009-068744 <151> 2009-03-19

2200
223> An artificially synthesized peptide sequence

<400> 12
Asp tle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys GIn Ala Ser Gin Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Giy Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Giy Ser Giu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lie Ser Ser Leu Glu Ala
65 70 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Ser Leu Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu
100 105



<160> 70 <170> Patentln version 3.4 <210> 1 <211> 119 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 1 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val
Lys Pro Ser Glu 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 Prot&ht &lu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser 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

210>
Q21>
212
Q213

13

1404

DNA
Artificial

220>
223>

400> 13
atgggatega

gtccaacige

tecegocptiet

cctgegagaag

ccatotectca

aaacteoagea

ceggactacgg

accaageggce

goggoccteg

tcaggcecee

tacicoctca

tgcaacgtea

tgtgacaaaa

gotegtateat

ABEaBaALCEE

¢tgectactic

gtottpagte

aaggoagagt

gegtgacage

ctatggacta

categgtett

getgootpet

tgaccagcEs

goagepteet

atcacaagce

ctcacacatg

coctottotty

toccaggtott

aattagcgac

gatteggatac

gacaatatce

CECCEZAcace

ctggeeteaa

ceccetgeca

caaggactac

cgtgeacace

gaccgtecce

cageaacace

cccaccgige

gtagcaacag
gigaaaccta
gateatgeot
attapgttata
agagacacca
goggcttatt
ggeaccoicg
ccotcctcéa
ttecocgaac
ttocoggcte
tecageaget
aaggtggaca

ccageaccig

An artificially synthesized nucleotide seguence

ctacaggtet

gogagaceoct

ggageteeet

gtggaatcas

gcaagaacca

attgtegcaag

tcacagtclc

agagcaccic

cggteacget

teotacagte

teggcacoca

agaaagttesa

aactoctpgg

ccactoccag
gagcctgace
tcgocageca
aaactataat
gttcageccty
atcoctaget
ctoagcctce
tegegecaca
gtogtggaac
ctoaggacte
gacoctacatc
geocaaatot

gggaccgtea

60
120
180
240
300
360
420
480
540
600
660
720

780



100105110 Thr Leu Val Thr Val Ser Ser 115 <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 SggMa4 Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser
Tyr 202530 Leu Mn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser
Glu 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 Il

G

u
{ga toteoogeac cecotgagete

gtoticotct teococctaaa actcoaageac accolica 840
acatgogter tegtegacet gagecacgas gaccctgagg toaagttcaa ctggtacgty 300
gacggcetee agetgcataa tgccaagaca aagoogeggg aggagoagta caacagcacs 860
tacegtetee toagogtocst caccgicotg caccaggact ggctgaatgg caaggagtac 1020
sagtpcaagg totocaacaa agccctecca goococcatcg agaaaaccat ctocaaagee 1080
aaaggecage ccogagaace acaggtgtac accctgscce catccoggga tgagotgace 1140
aagaaccagg tcagoctgac ctgoctggtc asaggcttet atcccagega categocgte 1200
gagtggrapa goaatgggea gocgpagaac aactacaaga ccacgecice cgtgotggac 1260
tcopacggct cettottoet ctacagcaag ctcaccgtgg acaagageag gtggcagcag 1320
ggeaacgtel totcatgotc cptgatgeat gaggotetge acaaccacta cacgcagaag 1380
agectotece tgtetocggs taaa 1404
210> 14

211> 321

212> DNA

213> Artificial

2207

<9293> An artificially synthesized nucieotide sequence

400> 14

gacatccaga tgaccoagag cccaagcage otgagegeca gogtgggtea cagogtgace 60
atcacctgtc aagccagoca ggacatcage agttacctga attgglacca geagaageca 120



100105 <210> 3 <21‘1$ 119 <212> PRT 4/1 1 3 <213> Artificial <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 TrBQﬁS

45 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr

Asn Pro Ser 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

ggaaagegcte cagagotget gatctactac geotcogaac itgeactoigg tatgecaage

agattcageg gtagoggtag cggtaccgac ttcacelttca ccatcageag cctogageca '

gaggacgccg ctacctacta ctgeggecag ggtaaccegge ttocatacac gitoggccaa

gggaccaagg tggaaalcga a

210>
211>
212
213>

220>
223>

<400>

15

15

PRT
Artificial

An artificially synthesized peptide sequence

15

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1

{210
<211
212>
213>

220>
223>

<4007

5 10 15

16

24.

DNA
Artificial

An artificially syntheisized primer sequence

16

tteocaccag cctgtoczoe totg

210>

17

180

240

300

321

24



Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu 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%égg Val Lys Pro Ser Glu 151015 [hr Leu Ser Leu
Thr Cys Ala Val Ser Gly His Ser lle Ser His His 0 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

Q11> 24

212> DNA
213> Artificial

2200
223> An artificially syntheisized primer sequence

400> 17
ceteaageca aaggecceac toce 24

Q10> 18
QU 32
212> DA
213> Artificial

Q207
223> An artificially syntheisized primer sequence

400> 18
tagaattecca coatgetgge czteoggotisge ge 32

210> 19

211> 5]

212> DNA

213> Artificial

220>
223> An artificially syntheisized primer seguence

<400> 10
attpcegocg cttatcegtyg ptoateatea tpatgtosta cogaagaaga atottge 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 Ginﬁl}f1 er Gly Pro Gly Leu Val Lys Pro Ser Giu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Sef1le 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 Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
859095 Ala Arg Phe Leu Ala Arg He Thr Ala His Asp His Trp Gly Glu Gly '

Q21> 1131

<212> DNA

213> Artificial

<220
223> An artificially synthesized nucleotide sequence

<400> 20

gaattccacc atgetggocg toggeltgege getgctgget gocelgotgr cogegecgeg 60
gecgegeecte gococgzeee gotgcootee acaggagete gogapapgte tectgaccas 120
tecteccagga gacagoetga ctetgacetg cocageggga gagecggaag acaatgecac 180
tegttcactege gttctcagea agocagolgl aggcicecac ctcagcagal ggectescst 240
ggeaageage ctgotectea ggtopeteca gotocatgac tolggamact attcatgota - 300
coggegocgge cegceocggote gaacteteges cttegcteste gatsttoooe cogagzagoe 360
ceagetetoe tecttoocgga agapcoocet cageaacgtt gtitgteagt geesteoctoge 420
gageacecca totecgacga ccaaggctgt gotettegtes apgaapttitc agaacagice 480
geocpaagac ttooapgage cgtgoccagta ttoccaggag toccagaagt tetootgzoca 540
gttgecagte cogpaggeag acapetettt ctacatagtg tocatgtgeg teogecagtag 500
tgtogegage aagotcagea aaactcagac ctticagget tgtgpaatet tgcagectea 660
tocgoctgee aacatcacag tcactgocgt ggeecagaaac cocogetgge teagtgicac 720
ctggcaagac cooccactoct ggaactcatc tiictacaga ctacggttte agetcagata 780
tepagetgaa cogtcagaga cattcacaac atggatgetc aagpacctcc ageatcacts 840



100105110 Thr Leu Val Thr Val Ser Ser 115 <210> 6 <211> 107 <212> PRT <213> Atrtificial <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 Thé#l hr Cys Gin Ala Ser Gin His lle Ser Ser His
202530 8/113 Tyr Tyr Gly Ser His Leu His Ser Gly \} | 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 lle Glu 100105 <210> 7

tgicatccac gacgectgpa gogeccteag geacgtgpte cagettopte cocaggagga 900
gttogeecaa gecegagtepa gogagterag cocggagece atggecacge ctiggacaga 960
atccaggagt colccagote agaacgaget giccacceocs acgoaggcac ctactactéa 1020
tasapatgat gataatattc totccagaga ttctgcaaat gogacaagoc toccagtgea 1080
agattcttet topgtaccac atcatcatca toaccactga taagcggoce ¢ 1131
210 2

211> 448

212> PRT

213> Artificial

{2200
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 Oys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

ile Gly His lle Ser Tyr Ser Gly tie Thr Asn Tyr Asn Pro His Leu
50 55 60



<211> 107 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 7 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 His 20?2@({ 3_9/113 354045 Tyr Tyr Gly Ser His 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 [hr Phe
Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 8 <211> 107 <212> PRT <213> Atrtificial <220>

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 Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 90 95

Ala Arg Phe Leu Ala Arg tle Thr Ala His Asp His 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 Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 1565 160

Asn Ser Gly'AIa Leu Thr Ser Giy 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 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 Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu
Leu lle 354045 Tyr Tyr Gly Ser His Leu His His (ggy Zg.al Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser
Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gl A%I 65707580 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> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 9 Gin Val GIn Leu GIn Glu Ser Gly 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 Cys Prb 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 M¥et Ile Ser
245 250 255

Arg Thr Pro Glu Yal Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Giu 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

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
300 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Lau Pro Ala Pro |le Glu Lys
325 330 335

Thr tle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gln Val Tyr Thr
340 345 ' 350



151015 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr
lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Lea 505560 Lys Ser Arg Val Thr Met Lea Arg Asp Thr
Ser Lys Asn Gin Phe Ser 65707580 Lea Arg L Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Mét'Asp Tyr Trp Gly GIn Gly 100105110 Ser Lea Val Thr
Vaf 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 Lea Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160 12/113 165170175

Leu Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 385 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 22
211> 449
{212> PRT
213> Artificial

220> _
223> An artificially synthesized peptide sequence



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 Mn 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 P%}Drﬁ Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225230235240 Ser Val Phe Leu Phe Pro Pro Lys F;ro 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 13/113 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

<400> 22

Gin Vai GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser ile Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Giu Trp‘
35 40 45

Ile Gly His lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu
50 55 60

Gin Asp Arg Val Thr tle 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 20 95

Ala Arg Phe Leu Ala Arg lie Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Glvy Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Aia Ala Leu



340345350 Leu Pro Pro Ser Arg Asp Glu Leu [hr Lys Asn Gin Val Ser Leu [hr 355360365 Cys Leu Val
Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Set- 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®&A3/al 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 14/113 <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 Ser Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg
Ala Ser Gin Asp3fe Ser Ser Tyr 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Vat 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 Vai Val Thr Val Pro Ser
180 185 - : 180

Ser Ser Leu Gly Thr Gin Thr Tyr lle Oys 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 {ys 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



202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lie 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 ‘Egé 'li)ér Cys Gin Gin Gly Asn Thr Leu Pro Tyr 859095
15/113 Pro Ser Val Phe lle Phe Pro Pro Ser Asp ]Iu 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 Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala
Cys Glu Val Thr Hié'&In Gly Leu Ser F8Ppro val Thr. Lys@ér

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 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 lle Ser Lys Ala Lys Giy Gin Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln VYal Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu
370 37 380

Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lvs Thr Thr Pro Pro Val lLeu
g5 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
- 405 410 415

Ser Arg Trp Gin Gin Giv Asn Val Phe Ser Cys Ser Val Met His Giu



195200205 Phe Asn Arg Gly Glu Cys 210 <210> 11 <211> 119 <212> PRT <213> Artificial <220>
<223> An artificially 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 Gly Tyr Ser lle Ser Asp
Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pré®tbiGly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser 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

420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

Q10> 23
Q1> 449
212> PR
213> Artificial

{220>
223> An artificially synthesized peptide seguence

400> 23
“ 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 Hé Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Giu Gly Leu Glu Trp
' 35 40 45

1le Gly Phe lle Ser Tyr Ser Gly tte Thr Asn Tyr Asn Pro Ser Leu
50 55 60



859095 Ala Arg Val Leu Ala Arg lle Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr
Val Ser Ser 115 17/113 <211> 107 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 12 Asp IE@? Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Al %Bin 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 Ser Glu 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

Gln Gly Arg Vai Thr [le Ser Arg Asp Asn Ser Lys Asn Thi Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Afa Val Tyr Tyr Cys
85 a0 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Giy Giu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 1256-

Pro Leu Ala Pro Ser Ser Lys Ser Tnr 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 Cys Ash Va! Asn His Lys Pro
195 200 206



Glu Asp Ala Ala Thr Tyr Tyr Cys GIn GIn Gly Asn Ser Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr
Lys Val Glu lle Glu 100105 18/1 1 3 <210> 13 <211> 1404 <212> DNA <213> Avrtificial <220> <223>
An artific ally synthesized nucleotide sequence §Aq9> 13 atgggatgga gctgtatcat cctottcttg gtecaactgc
aggagagcgg tccaggtctt tgcgeegtgt ctggctactc aa%tagcgac cotggagaag gtettgagtg gattggatac ccatctctca
aaggcagagt gacaatatcg aaactcagca gegtgacagc cgccgacacc cggactacgg ctatggacta ctggggtgaa
gtagcaacag ctacaggtgt ccactcccag60 gtgaaaccta gcgagaccct gagoctgaccl20 gatcatgcct ggagcetgggt
tcgccagccal80

Ser Asn Thr Lys Val Asp Lys Lys Val Giu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Gys 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 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 Cvs Lys Val Ser Asn Lvs Ala Lsu Pro Ala Pro ile Giu Lys
325 330 335

Thr ile Ser Lys Ala Lys Giy Gin Pro Arg Giu Pro GIn Val Tyr Thr
340 345 350



attagttata gtggaatcac aaactataat240 agagacacca gcaagaacca gttcagcctg300 gcggettatt attgtgcaag
atccc agct360 ggcaccctcg tcacagtctc ctcagectcc420 accaagggcc catcggtctt coccetggea ccotcotcca
agagcacctc tgggggcaca480 gcggccotgg gctgcct?%(igaggactac ttcoccgaac cggtgacggt gtcgtggaac540
tcaggcgcco tgaccagogg cgtgcacacc ttocoggctg tcctacagtc ctcaggactc600 tactccctca gcagegtggt
gaccgtgccc tccagcagct tgggcaccca gacctacatc660 toaacgtga atcacaagcc cagcaacacc aaggtggaca
agaaagttga gcccaaatct720 tgtgacaaaa ctcacacatg cccaccgtgc ccagcacctg aactcctggg gggaccgtca780
19/113 gtettectct toccoccaaa acccaaggac accdcatga tctccoggac coctgaggtc840 acatgcgtgg tggtggacgt
gagccacgaa gaccctgagg tcaagttcaa ctggtacgtg900 gacggcegtgg aggtgcataa tgccaagaca aagccgcggg
aggagcagthevabicafoadgd80adepgitigetcdcdirctieactiptélety Sractagdact ggctgaatgg caaggagtac
1020 aagtgcaagg tejgcaacaa agccctoegg geccoccatcg agaggaccat ctccaaagec 1080 aaagggcagce
cccgagaacc acaggtgtac accctoccc catccoggga tgagctgacc 1140 aagaaccagg tcagcctgac ctgectggtc
aaaggcttct atcccagcga catcgccgtg 1200 gagtgggaga gcaatgggca gccggagaac aactacaaga ccacgcctcc
cgtgctggac 1260 tccgacggct cettcttcct ctacagcaag ctcaccgtgg acaagagcag gtggcagcag 1320

gggaacgtot{etcalionis CHIORTHPRE IR0 URISISs AtaAcrania GaaJeAN2aY 1380 agcctotecc tgtetecggg taaa
1404 <210> 145211> 321 <212> DNA <213> Artificial s220>

Ser Asn Gly Gln 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 feu Thr Val Asp Lys
405 _ 410 415

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 475 430

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 - 445

Lys

210> 24

211> 449

212> PRT

213> Artificiai

L2200
223> . An artificially synthesized peptide seguence



<223> An artificially synthesized nucleotide sequence <400> 14 gacatccaga tgacccagag occaagcagc
ctgagcgcca gegtgggtga cagcgtgacc60 20/113 ggaaaggctc cagagctgct gatctactac ggctecgaac
tgcactutgg tgtgccaagc180 agattcagcg gtagcggtagygggiaccgac ttcaccttca ccatcagcag cctcgaggca240
gaggacgccg ctacctacta ctgcgggcag ggtaaccggc ttccatacac gttcggccaa300 gggaccaagg tggaaatcga
a321 <210> 15 <211> 15 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 15 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 151015 <210> 16
<211> 24 <212> DNA <213> Artificial <220> <223> An artificially syntheisized primer sequence <400>

16 ttcccaccag cctgtcegcec tetg24 21/113
400> 24

Gln Val Gin Leu Gln Giu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Giy His Ser [le Ser His Asp
20 25 30

His Ata Trp Ser Trp Val Arg GIn Pro Pro Giy Glu Gly Leu Glu Trp
35 - 40 45

lfe Gly Phe lte Ser Tyr Ser Gly lie Thr Asn Tyr Ash Pro Thr Leu
50 55 60

Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser lys Asn Thr Leu Tyr
65 70 IE! 80

Feu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ata Val Tyr Tyr Cys
- 85 90 95

Ala Arg Ser bLeu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu



<211> 24 <212> DNA <213> Avrtificial <220> <223> An artificially syntheisized primer sequence <400>
17 cgtgaagcca aaggccccac thee24 <210> 18 <211> 32 <212> DNA <213> Artificial <220> <223> An
artificially syntheisized primer sequence <400> éjé%i aattcca ccatgctggc cgtcggctge go32 <210> 19
<211> 57 <212> DNA <213> Artificial <220> < Fﬁn artificially syntheisized primer sequence <400>
19 attgcggccg cttatcagtg gtgatgatga tgatgtggta ccgaagaaga atcttge57 22/113 <211> 1131 <212> DNA
<213> Atrtificial :

130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Vai Thr Vai Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Giy 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 Cys Asn Val Asn His Lys Pro
185 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Giy Gly Pro
225 230 235 240

Ser Vaj Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Giu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Vai His Asn



<220> <223> An artificially synthesized nucleotide sequence <400> 20 gaattccacc atgctggccg
toggctgcgce gagotggct geectgetgg ccgegecoggg60 ggeggegcetg goccoggggg getgocctge acaggaggtg
gcgagaggtg tgctgaccag120 tagccagga gacagegiga gtetgacctg cccaggggga gagccggaag
acaatgccacl80 tgttcactgg gttctcagga agccagctgt aggctcccac ctcagcagat gggctggegt240 gggaaggagg
ctgagotga ggtcggtgca gctccatgac tctggaaact attcatgcta300 ccgggecggce cgccoggcetg gaactgtgca
cttgotggtg gatgttcccc ccgaggagcec360 ccagctctee tgettcogga agagoccect capaacgtt gtttgtgagt
ggggtcctcg420 gaﬁcccca tctccgacgz;ggaaggctgt gagttggﬁtggaggaagtttc agaacagtcc480 ggcogaagac
ttccaggagc cgtgccagta ttcccaggag toccagaagt totcctgcca540 gttggcagtc ccggagggag acagotottt
ctacatagtg tocatgtgog tcgccagtag600 tgtcgggagc aagetcagoa aaactcagac ctttcagggt tgtggaatct
tgcagcctga660 tccgectgee aacatcacag tcactgecgt ggccagaaac occcgcetggc tcagtgtcac720 ctggcaagac

ccccactcct ctcatce fttctacaga ctacogitt tcagata/80.tcgagotgaa cggtcaaaga cattcacaac
atggatggtc Ha%geggglgctgac?aft%gégg@l% %%%ﬁg?fgtcgast%i%é Oébl&g? cté%gag%%goctg ag gcacgtggtg

. cagottcgtg ccc %Q;aggagoo gttoggd@aa ggcgagtgga gcdfélgtggag ccoggaggece atgggeacge
cttggacaga960 atccaggagt cctccagotg agaacgaggt gtecaccecc acgcaggcac ctactactaa 1020
taaagatgat gataatattc tctccagaga ttctgcaaat gcgacaagcc toccagtgca 1080 agattcttct toggtaccac

atcatcatca tcaccac{{ga taagoggccg ¢ 1131
Val Ser Val LeuThr Vai Leu His Gln Asp Trp Leu Asn Gly Lys Gly

305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr lle Ser Lys Ala Lyé 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 Yal Ser Leu Thr
3565 _ - 360 365 : '

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp.4le Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 380 395 400

hsp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu



<210> 21 <211> 449 <212> PRT <213> Atrtificial <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 151015 Thr Leu
Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser#iisAsp 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 Asp His Trp Gly Glgzg-ly 100105110 Th‘r é_eu Val Thr val S%OSer Ala Ser Thr Lys Gly Pro Ser Val
Phe 115120125

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 25

211> 214

<212> PRT

Q213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 25
Asp e Gln 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 Arg Asp ile Ser Ser His
20 25 30

Leu Asn Trp Tyr Glin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu |le
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



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 GlygL.ei5Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
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 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
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 Gly Gln Gly Asn Arg Leu Pro Tyr
85 80 95

Thr Phe Gly Gln Gly Thr Lys Val Glu {le Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Oys 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 Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Afa Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ata Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 ‘ 205



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 Giu Leu Thr
Lys Asn Gin Val Ser Leu Thr 355360365 Cys Ley Val.Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp
Glu 370375380 Ser Asn Gly Gin Pro Glu Asn As)ﬁ%jr}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 His Tyr Thr 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

Phe Asn Arg Gly Glu Cys
210

210> 26

Qi 214
212> PRT

213> Artificial

{220>
223> MAn artificially synthesized peptide seauence

<400> 26

Asp tie Gin Met Thr &ln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
i 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp |le Ser Ser His
20 25 30 '

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu ile
35 40 45

Tyr Tyr Gly Ser His Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 5h 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 Gly Gin Gly Asn Arg Leu Pro Tyr



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 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 Gin Asp Arg Val Thr lle Ser Arg Asp Thi"$ét fys 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 Glu Gly 100105110 Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe

115120125 28/113 130135140
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu {le Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe [ie Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu GlIn Ser Giy Asn Ser Gin
145 150 165 160

Glu Ser Val Thr G&lu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 1710 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 GlIn Gly Leu Ser Ser Pro Val Thr Lys Ser
185 200 205

Phe Asn Arg Gly Giu Ovys
210

210> 27



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 Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Lys vai@ildrro 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 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr
Arg Val 296205300 ¥/al Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu

212> PRT
213> Artificial

2205
<223> An artificially synthesized peptide sequence

400> 27
Asp [le Gln 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 Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Giy Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 70 75 80

Gifu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 a0 85

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Glu Arg Thr Val Ala Ala
100 105 110



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 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 Asf&4d3ryr 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 <211>
449 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence

Pro Ser Val Phe [le Phe Pro Pro Ser Asp @lu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu GlIn 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
185 200 _ 205

Phe Asn Arg Gly Glu Cys
210

<210> 28
211> 326
212> PRT
{213> Homo sapiens

<400> 28



<400> 23 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu
Thr Gys Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala Trp Ser Trp Val Arg GIln Pro Pro Gly
Glu Gly Leu Glu Trp 354045 31/113 Gin Gly Ar Q/al Thr He Ser Arg Asp Asn Ser Lys Mn Thr Leu Tyr
65707580 Leu GIn Met Asn Ser Leu Arg Ala Glf? L53Thr 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 Gfy 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 Let [Eh$eseihGiyvy &l HiBrTHieP e IPPbe Aiep\LakiLida 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 Ser
' 35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 g0 95

Thr Val Glu Arg Lys Cys Cys Va! Giu Cys Pro Pro Oys 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 lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140



165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 32/113 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 225234%&5@40 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro al 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 GlIn

Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle
Glu Lys 32¥a3@834lis 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 Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 - ‘ 200 205

Ala Pro bie Glu Lys Thr ile Ser Lys Thr Lys Gly 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

Gln 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



33/113 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 [hr Val
Asp Lys 405410415 Ser Arg Trp GIn GIn Gly AstPildPPhe 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 34/113 <400>
24 Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015

teu Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys

290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 29

Q11> 324

<212> PRT \
213> Artificial

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

1 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 Thi’ Val Ser Trp Ash Ser Giy Ala Leu Thr Ser
35 40 45

Giy Val His Thr Phe Pro Ala Vai Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



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 lle Ser Ar%f#) ?«sn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gtn
Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Ty ))7 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 3 5/1 13 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

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 Lvs Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Cys Cys Val Glu Oys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Yal 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 Giu Vsl 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 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



180185190 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn [hr
Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys Pro
Ala Pro .GFu 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 Valq”FHrléys 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 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

Ala Pro 1le Glu Lys Thr |le Ser Lys Thr Lys Gly GlIn Pro Arg Glu
210 215 220

Pro Gln 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 Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 210

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys
2490 285 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

<210 30
Q211> 324



Leu Pro Pro Ser Arg Asp Oft Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 CYs Leayal Lys Gly
Phe Tyr ProSt.M4. 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 GIX %elr Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405410415 37/113 420425430 Ala Leu His Asn His '}yr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435440445 Lys <210> 25 <211> 214 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 25 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015<2A15£ S}()aRrTVaI Thr lle Thr Gys Gin Ala Ser Arg Asp lle Ser Ser His 202530

213> Artificial

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

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Giy Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Yal Glu Arg Lys Ser Cys Val Glu Gys Pro Pro Cys Pro Ala Pro
100 105 110



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 38/113 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 lle Glu Arg Thr Val Ala Ala
100105110 Pro Ser Val Phe lle Phe Pro Pro Sef¥$p3Giu 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 Mn Ser GIn 145150155160 Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr
Ser Leu Ser 165170175 Ser Thr Leu [hr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190
39/113 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 Vai Thr Cys Val Val Val Asp
130 135 140

Va! Ser Gin Glu Asp Pro Glu Val Gln 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 VYal His Gln Asp Trp
180 185 190

Leu Asn Giy Lys Glu Tyr Lys Oys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lle Glu Lys Thr lfe Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn
225 230 235 240

Gln Val Ser Leu Thr Cvs Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255



Phe Asn Arg Gly 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 Asp Ser Val Thr lle Thr gSin 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 Thr Phe Thr lle Ser Ser Leu
Glu Ala 65707580 40/113 859095 Thr Phe Gly Gin Gly Thr 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
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 Glu Gly Asn Val Phe Ser Cys
280 295 300

Ser Val Met His Glu Ata Leu His Asn His Tyr Thr GlIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 31

Q11> 326

212> PR

213> Artificial

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

1 5 0 15

Ser Thr Ser Giu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30



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 Ala Asp Tyr Glu Lys His Lys Val Tyr
180185190 Ala Cys Glu Val Thr His GIn Gly LegiggrsSer Pro Val Thr Lys Ser 195200205 Phe Asn Arg
Gly Glu Cys 210 41/113 <211> 214 <212> PRT <213> Artificial <220> <223> An artificially
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 Ala Ser Thr Asp lle Ser Ser His 202530 Leu Asn Trp Tyr
Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Lou lle

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 Vai 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 85

Thr Val Glu Arg Lys Cys Cys Val Glu Gys 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 [le 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 Afa Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175



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 Gys Gly GIn Gly
Asn Arg Leu Pro Tyr 859095 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 LeigAs3 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 GiIn
Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala 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

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

Leu Asn Giy Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lle Glu Lys Thr tle Ssr Lys Thr Lys Gly 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 Giu 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
280 295 300

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu
305 310 315 320



<210> 28 <211> 326 <212> PRT <213> Homo sapiens 43/113 Ala Ser Thr 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 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 S_)ejr ?&5560 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 44/113 Val Ser His Glu Asp Pro Glu
Val GIn Phe Asn Trp Tyr Val Asp Gly

Ser Leu Ser Pro Gly Lys
325

210> 32

Q211> 324

212> PRT

213> Artificial

{2207
<223> 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 Yal Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ata 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



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 P®tRG 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 Mn Tyr Lys Thr 260265270 45/113 Leu Thr Val Asp Lys Ser Arg Trp Gin GIn
Giy Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr [hr Gin Lys Ser Leu

30531031932Q5ef, L adrSR PAGGIYs LR Pro Ser Asn Thr Lys Val Asp Lys
85 90 %

Thr Val Glu Arg Lys Ser Cys Val Giu C}s Pro Pro Cys Pro Afa 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 lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln 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 Gln 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 lie Glu Lys Thr fie Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220



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 Set-
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 46/1%81lLéu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe
Gly Thr Gin [hr 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 [hr Cys

\/aI\/aI\/gLé\g@n Val Tyr Thr Leu Pro Pro Ser Gin Glu Gfu Met Thr Lys Asn
225 230 235 240

G!n Va! Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp [le
245 250 255

Ala Val Glu Trp Giu 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 Glu Gly Asn Val Phe Ser Cys
289 295 360

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 33

Q211> 443

212> PRT

Q13> Artificial

{2200
¢993> An artificially synthesized peptide seguence



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 Thr Phe Arg Val Val Ser Val
Leu Thr Val Val His Gin Asp Trp 180185190 47/113 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly
Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thgé_@%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 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 Se<r4(()30¥s 23%0295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu

Gin Val Gin Leu Gln Glu Ser Gly Pra Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Va! Ser Gly His Ser Ile Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
3B 40 45

|le Gly Phe tle Ser Tyr Ser Gly {le Thr Asn Tyr Asn Pro Ser lLeu
50 55 60

Gin Gly Arg Val Thr ile 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 Ale Val Tyr Tyr Cvs
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Afa 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
116 120 125

Pro Leu Ala Pro Cys Sar Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140



305310315320 Ser Leu Ser Pro <210> 30 <211> 324 48/113 <212> PRT <213> Atrtificial <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 Aé\?/(@ér 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

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 @iy Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr &ln Thr Tyr Thr Cys Asn Va! Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val 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 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 Giu Val His Asn Ata Lys Thr Lys
275 280 285



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 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
Glu GIn Phe Asn 165170175 Ser Thr Phe Arg %8{1VA 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 Pro Ser
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

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Lsu

290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro 1le Giu Lys Thr Hle Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp [le Ala Val Glu Trp Glu Ser Asn Gly Gin
3 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 - 300 385 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Oys Ser Vai Met His Gfu Ala Leu His Asn
420 425 430



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 His Glu Ala Leu
His Asn His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro <210> 31 <211> 326 <212>
PRT <213> Artificial <220> <223> An artificiallggyrthesized 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 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr 65707580

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 34

211> 443

212> PRT

213> Artificial

2200
223> An artificially synthesized peptide sequence

400> 34
Gin Val Gin Leu Gin Giu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu

[ 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His 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

Ite Gly Phe 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 _ 55 60

GIn Gly Arg Val Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80



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 [hr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130135140 Val Ser His Glu Asp Pro Glu Val Gigg?hg 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 Mn Lys Gly Leu Pro 195200205 Ala Pro He 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

22523023524, G| Sk T U 15 6h Yab s By RIS BIoer Asp lle 245250255

85 80 95

hla Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Als Ley
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 165 160

Asn Ser Gly AEa 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
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220



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 Mn Val Phe Ser Cys 290295300 53/113 Ser Leu Ser Pro Gly Lys 325 <210> 32 <211> 324 <212>
PRT <213> Atrtificial <220> <223> An artificially6§ytqt§lesized 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 Giu 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

Cys Pro Pro Cys Pro Afa Pro Pro Val Ala Gly Pro Ser Vai Phe Leu

225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Giu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Giu Asp Pro Giu Val GIn
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lvs Cys Lys
305 310 - 315 320

Val Ser Asn Lys Gly Leu 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

Gin Glu Giu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365



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 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 GighlRhg 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 55/113 Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn

22523023%%?9’% Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Giy Gin
370 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro.Met teu 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 Yal Phe Ser Ovs Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

Q10> 35

211> 443

Q12> PRY

213> Artificial

{2202
223> An artificially synthesized peptide sequence

400> 35
Gin Val Gin Leu Gin Giu Ser Gly Pro Gly Leu Vat Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gfy His Ser [le Ser His Asp
20 25 30



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 Glu Gly Asn Val Phe Ser Cys
290295300 Ser Val Met His Glu Ala Leu His Alg4#3 yr Thr GIn Lys Ser Leu 305310315320 Ser Leu
Ser Pro <210> 33 <211> 443 <212> PRT <213> Atrtificial <220> <223> An atrtificially 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 Ser lle Ser His Asp 202530 His Ala Trp Ser Trp
Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Giu Trp
35 40 45

Ite Gly Phe Ile Ser Tyr Ser Gly lte Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gin Gly Arg Val Thr |le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
85 10 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Afa Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 - 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Yal 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



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
100105110 Thr Leu Val Thr Val Ser Ser Ala Segliar 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 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

Gin 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
185 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Giu Arg Lys Ser Cys Val Giu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met 1le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser GlIn 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

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Yal Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys &lu Tyr Lys Cys Lys
305 310 ‘ 315 320



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 [hr 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 58/113 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
Val Val Ser Val Leu 290295300 Thr Val Val HisgginjAsp 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 [hr 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 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Giu Lys Thr Ile 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 Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp tle Ala Val Glu Trp Glu Ser Asn Gly Gin
3 375 380

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

Giu Gly Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His Ala
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440

210> 36
Q211> 445



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu [hr 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> Atrtificial
<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 Leg/Ber Leu Thr Gys 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 Leu 505560 60/113 Leu GIn Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys

<212> PRT
213> Artificial

{2205
223> An artificially synthesized peptide sequence

400> 36
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 Gys 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 Giy Leu Glu Trp
35 40 ‘ 45

e Gly His lle Ser Tyr Ser Gly ile Thr Asn Tyr Asn Pro His Leu
50 55 60

GlIn Asp Arg Val Thr !le Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp His Trp Gly Glu Gly
100 105 110



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 [hr 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 Asn Ser Gly Ala Leu Thr Ser GlyVpd 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 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 Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu

245250253 Vo) 1Y 45 V3L VL VL ATReh S50 R B 49 1P g o

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 Val Ser Trp
145 150 165 160

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
195 200 205

Ser Asn Thr Lys Val 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 Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met {le Ser Arg Thr Pro Glu
245 250 255



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 Leu Pro Ala Pro lle Glu Lys [hr
lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg4ghyiRro 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 Val Phe Ser Cys Ser Val Met His Glu Ala

Leu His A7, 120478430 145, TYE T UL 45 S64 0 563 o2 891V
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 lLeu
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys &iu Tyr Lys Cys Lys
305 | 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr Ile Ser Lys
325 330 335

Thr Lys Giy Gin Pro Arg &lu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Giu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Vai Lys
355 360 365

Gly Phe Tyr Pro Ser Asp !le Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 360 395 400



435440 <210> 35 <211> 443 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 35 Gin Val Gin Lea Gin Glu Ser Gly Pro Gly Lea Val Lys Pro Ser Glu 151015
63/113 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 Mn Tyr Mn Pro Ser Leu 5058680 I3in 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 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 Alask€®he 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

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 37

211> 443

<212> PRT

213> Artificial

{2207
223> An artificialiy synthesized peptide seguence

400> 37
Gin Va! 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 Gty Leu Glu Trp
35 40 45

Ile Gly His [le Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro His Leu
50 55 _ 60



130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 64/113
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
Ser Cys Val Glu 210215220 Cys Pro Pro Cys RP9Ala 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 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

GIn Asp Arg Val Thr ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 15 80

Leu Lys Leu Ser Ser Vai Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
-85 90 95

Ala Arg Phe Leu Ala Arg 1ie Thr Ala His Asp His Trp Gly Giu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys &ly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala feu
130 135 : 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 165 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Afa 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
195 200 205



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
370375380 Pro Glu Asn Mn Tyr Lys Thr Thr PrejArpsMet 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> Artificial

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ata Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu NMet Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Vai 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
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Giy Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro |le Glu Lys Thr lie Ser Lys
325 330 335

Thr Lys Gly Gln Pro Arg Glu Pro GlIn Val Tyr Thr Leu Pro Pro Ser
340 345 350



<220> <223> An artificially synthesized peptide sequence <400> 36 Gin Val GIn Leu G n 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 354045 lle Gly His lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu@g??w Gin Asp Arg Val [hr lle Ser Arg Asp Thr Ser
Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Sei"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 Giy Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr
Phe Pro Glu Pro Val Thr Val Ser Trp

GlIn Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
3b5 360 365

Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 385 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Net His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 38
Qi1 445
212> PRT
213> Artificial

220>
223> Anartificial ly synthesized peptide sequence

<400> 38



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 Mn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys
Cys Val Glu 210215220 Cys Pro Pro Cys Pro AlgRro Pro Val Ala Gly Pro Ser Val Phe Leu
225230235240 68/113 Val [hr 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 GIn
Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly

VS Gl T v L4 ¥R HRERRER3ER Rh 9 480 WSIGY BRUEFufta Protle Glu Lys Thrlle Ser
yS
i

5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His 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 Phe Ile Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr lLeu
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 Leu Arg Ala Giu Asp Thr Ala Val Tyr Tyr Gys
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 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



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 69/113 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
Ser Arg Trp Gin 405410415 GIn Gly Asn Val Phip;8eg 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> 37 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 G%FW%&%J[F\%WL‘?&SA@EP{W Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Giy 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
180 185 180

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 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 |le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Va! Val Val Asp Val Ser His Giu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 70/113 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 Val Tyr Tyr Cys 859095 Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp His lip Gly Glu Gly
100105110 Thr Leu Val Thr Val Ser Ser Ala SeJ%S'I;I?H_yS Gly Pro Ser Val Phe 115120125 Pro Leu Ala
Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala AlaLeti 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser lip 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

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 Gly Lys Gfu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr ile Ser Lys
325 330 335

Thr Lys Gly GlIn Pro Arg Glu 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 lLeu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp fle Ala Val Glu Trp Giu Ser Asn Gly Giln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 305 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

GIn Giy Asn Val Phe Ser Cys Ser Val Met His Glu Ata Leu His Ala
420 425 430



71/113 Ser Asn Thr 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 Asp @yt 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 Vat 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 72/113 Gin Glu Glu Met [hr Lys Asn Gin Val Ser Leu Thr Cys Leu Val

Lys 35530036, (e Ty Blo 26T &R lie flp Mal G (W Glu Ser Asn Gly Gin
435 440 445

210> 39

211> 443

212> PRT

213> Artificial

220>
¢273> An artificially synthesized peptide sequence

<A00> 39
Gln Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Tht Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gy Glu Gly Leu Glu Trp
35 40 45

[le Gly Phe Ile Ser Tyr Ser Giy Ile Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Gly Arg Val Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
§5 70 _75 80

{eu GIn Met Asn Ser Leu Arg Ala Glu Asp Tar Ala VYal Tyr Tyr Cys
85 a0 95



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 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%7Artificial <220> <223> An artificially synthesized
peptide sequence 73/113 Gin Val Gin Leu Gin Giu 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

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gy
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Yal Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Giy Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 185 160

Asn Ser Gly Ala Leu Thr Ser Gly Vai His Thr Phe Pro Ala Val Ley
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
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lvs Ser Cys Val Glu
210 215 220

Cvs Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240



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 Giu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr [hr 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
7 4/1 1 3 Gly Cys Leu Val Lys Asp Tyr Phe Pro } Rro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Al eglgl_eu 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 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 lie Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Va! Val Val Asp Val Ser GIn Glu Asp Pro Glu Val Gin
260 265 210

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
280 285 300

Thr Va! Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 o 310 S 320

Val Ser Asn Lys Gly Leu Pro Afa Pro lle Glu Lys Thr lle Ser Lys
3726 330 335

Thr Lys Giy Gin Pro Arg Glu Pro Gin Val! Tyr Thr Leu Pro Pro Ser
340 345 - 350

Gin Giu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Giu Ser Asn Gly Gin
370 375 380



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 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 P i% 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 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 G y 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

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Afa Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 40

211> 6

<212> PRT

213> Artificial

(220>
{293> An artificially synthesized peptide sequence

<400> 40

His Asp His Ala Trp Ser
i 5

210> 41

1> 18

212> PRT

213> Artificial



76/113 His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 39 <211> 443 <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 [hr Cys Ala Val Ser Gly
His Ser He Ser His Asp 202530 His Ala Trp SegrO)'l[PBVal 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 lle
Ser Arg Asp Asn Ser Lys Asn [hr Leu Tyr 65707580 77/113 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met
Asp Tyr Trp Gly Glu Gly 100105110

220>
<223> An artificially synthesized peptide sequence

<400> 41

His Ile Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro His Leu GIn Asp
. 5 10 | 15

210> 42

211> 16

212> PRY
213> Artificial

220>
<223> An artificially synthesized peptide sequence

400> 42

Phe 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu Gln Gly
1 5 10 15

210> 43

Q211> 16

<212> PRT

213> Artificial

(220>
<223> An artificially synthesized peptide seguence

400> 43

Phe lle Ser Tyr Ser Gly 1le Thr Asn Tyr Asn Pro Thr Leu Gln Gly
1 5 10 15



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 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 Sgi $¢g Val Val [hr 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 Ser Dye Val Glu 210215220 78/113 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

210> 44

Q211> 10

212> PRT

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
<223> 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



Pro Arg Glu Glu 6In 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 Gin Glu Glu Met Thr Lys Asn GIn {al;ggr 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 Leo Tyr
Ser Lys Leo 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 Leo Ser Leo Ser Pro 435440 <210> 40

<211>6 _ . _
<293> An artificially synthesized peptide sequence

<400> 46

Gin Val Gin Leu Gin Glu Ser Gly Pro Gly lLeu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Oys Ala Val Ser Gly Tyr Ser lle Ser
20 25 30

Q210> 47
211> 30
212> PRT
<213 Artificial

220>
993> An artificially synthesized peptide seguence

400> 47

Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
i 5 10 15

Thr Leu Ser Leu Thr Cys Aja Val Ser Gly His Ser lle Ser
20 25 30

<210> 48
Q211> 14
212> PRT
213> Artificial

{2207



<212> PRT <213> Atrtificial <220> <223> An arti cia y synthesized peptide sequence <400> 40 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%HRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 42

223> An artificially synthesized peptide sequence
400> 48

Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp {le Gly
i 5 10

210> 48

Q211> 32

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 49

Arg Vai Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys
1 5 10 15

Leu Ser Ser Val Tnr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg
20 25 30

{210> 30

Q211> 32

212> PRT

213> Artificial

{2205
<223> An artificially synthesized pepiide sequence

<400> 50



Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr Mn Pro Ser Leu Gin Gly 151015 <210> 43 <211> 16 <212>
PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 43 Phe lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu Gin Gly 151015 8 1/1 13 <210> 44 <211> 10 <212> PRT
<213> Artificial <220> <223> An artificially syntfesized peptide sequence <400> 44 Phe Leu Ala Arg
lle Thr Ala His Asp His 1510 <210> 45 <211> 10 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 45 Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr 1510

Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys

1

5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

<210>
Q211>
212>
213

(220>
(223>

<400>

.20 25 30

51

32

PRT
Artificial

An artificially synthesized peptide seguence

51

Arg Val Thr tle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gln

1

5 10 15

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg

Q210
(VARDS
212>
213>

220>
223>

<400>

20 25 30

52

11

PRT
Artificial

An artificially synthesized peptide sequence

52



<210> 46 <211> 30 <212> PRT <213> Atrtificial 82/113 <223> An artificially synthesized peptide
sequence <400> 46 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 lle Ser 202530 <210> 47 <211> 30 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesize(éﬁﬁ)gide sequence <400> 47 Gin Val GIn Leu GIn Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thi Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle
Ser 202530 <210> 48 <211> 14 <212> PRT <213> Avrtificial 83/113 <223> An artificially synthesized
peptide sequence <400> 48

Trp Gly Glu Giy Thr Leu Val Thr Val Ser Ser

1 5 10

210> 53

Q211> 1

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> &3

Gin Ala Ser Arg Asp lle Ser Ser His Leu Asn
1 5 10

210> 54

AP IR R

212> PRT
"C213>  Artificial

. L2200 _
{223> An artificially synthesized peptide sequence

{400, 54

Gin Ala Ser Thr Asp {le Ser Ser His Leu Asn
1 5 10

<210> 55

Qi 7

212> PRT

213> Artificial



lip Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp lle Gly 1510 <210> 49 <211> 32 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 49 Arg Val [hr lle Ser Arg
Asp Thr Ser Lys Asn GIn Phe Ser Leu Lys 151015 Leu Ser Ser Val [hr Ala Ala Asp [hr Ala Ala Tyr Tyr
Cys Ala Arg 202530 <210> 50 <211> 32 <212>8f%ﬁ5 <213> Artificial <220> <223> An artificially
synthesized peptide sequence 84/113 Arg Val Thr He Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser Leu
Lys 151015 Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg 202530 <210> 51 <211>
32 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence '

220>
223> hn artificially synthesized peptide seguence

<400> 55

Tyr Gly Ser His Leu Leu Ser
1 5

<210> 56

Qi 1

212> PRT

213> Artificial

{2205
223> An artificially synthesized peptide seguence

<400> 56
Tyr Gly Ser His Leu Glu Ser

1 5

210> b7

Q21> 9

212> PRT

213> Artificial

$220>
223> An artificially synthesized peptide seguence

<400> 57

Glv Gin Gly Asn Arg Leu Pro Tyr Thr
1 5



<400> 51 Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu GIn 151015 Met Asn Ser Leu
Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 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 A é?Arg Asp lle Ser Ser His Leu Asn 1510 <210> 54
<211> 11 <212> PRT <213> Atrtificial <220>

<210> 58

Q21> 23

212> PRT

Q213> Artificial

{2205
223> An artificially synthesized peptide sequence

<400> 58

Asp Ile Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
i 5 10 15

Asp Ser Val Thr tie Thr Cys
20

210> 58

211> 15

212> PRT

213> Artificial.

220>
223> An artificially synthesized peptide seguence

400> 59
Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle Tyr

1 5 10 15

210> 60
2i1> 32



<223> An artificially synthesized peptide sequence <400> 54 Gin Ala Ser Thr Asp lle Ser Ser His Leu
Asn 1510 <210> 55 <211> 7 <212> PRT <213> Artificial 86/1 1 3 <220> <223> An artificially
synthesized peptide sequence <400> 55 Tyr Gly Ser His Leu Leu Ser 15 <210> 56 <211> 7 <212>
PRT <213> Atrtificial <220> <223> An artificiallggynthesized peptide sequence <400> 56

212

{213>

220>
223>

<400>

PRT
Artificial

An artificially synthesized peptide sequence

60

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr

1

5 10 15

Phe Thr 1ie Ser Ser Leu Gliu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys

<210>
21
212>
Q1%

<220>
223>

<400>

20 25 30

61

10

PRT
Artificial

An artificially synthesized peptide seguence

61

Phe Gly GIn Gty Thr Lys Val Glu Ile Glu

1

210>
\VANDS
212>
21D

<220>

) 10

62

448

PRT
Artificial



Tyr Gly Ser His Leu Glu Ser 15 <210> 57 <211> 9 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 57 Gly Gin Gly Asn Arg Leu Pro Tyr Thr 87/113
<210> 58 <211> 23 <212> PRT <213> Atrtificial <220> <223> An artificially 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 <210> 59 <211> 15 <213¥PRT <213> Artificial <220>

223> An artificially synthesized peptide sequence
400> 62
Glu Val Gln 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 Phe
20 25 30

Ala Met Ser Trp Phe Arg Gln Ser Pro Glu Lys Arg Leu Giu Trp Val
35 40 45

Ala Glu !le 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 70 7% 80

Leu Glu Met Ser Ser Leu Arg Ser Giu Asp Thr Ala Met Tyr Tyr Cys
85 90 95

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



<223> An artificially synthesized peptide sequence <400> 59 Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro
Glu Leu Lou lle Tyr 151015 <210> 60 88/113 <212> PRT <213> Atrtificial <220> <223> An atrtificially
synthesized peptide sequence <400> 60 Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr 151015 Phe Thr He Ser Ser Leu Glu ARDGABAsp Ala Ala Thr Tyr Tyr Cys 202530 <210> 61
<211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Va! Lys Asp Tyr Phe Pro Glu Pro Val Thr Vai 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 Giy Thr Glin Thr Tyr [le Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lvs Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Oys Pro Ala Pro &lu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 210



<400> 61 Phe Gly Gin Gly Thr Lys Val Glu lle Glu 1510 <210> 62 <211> 449 <212> PRT <213>
Artificial 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 151015 Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Ser Ser Phe 202530 Ala Met Ser Trp Phe Al Bih Ser Pro Glu Lys Arg Leu Glu Trp Val 354045
Ala Glu He Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Thr Val 505560 Thr G y Arg Phe Thr lle Ser
Arg Asp Asn Ala Lys Asn Thr Leu Tyr 65707580 Leu Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala
Met Tyr Tyr Cys 859095 Ala Arg Gly Leu Trp Gly Tyr Tyr Ala Leu Asp Tyr Trp Gly Gln Gly 100105110

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 ' 285

Aa Lys Thr Lys Pro Arg Giu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
280 295 300

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 ile 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 Led Thr Lvs Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp [le Ala Val Giu Trp Glu
376 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val leu
385 390 385 400

hsp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415



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 Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Ser Leu Gly Thr GIn Thr TyP#d Bys 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 Pro Pro Lys Pro Lys Asp
Thr Leu Met lle Ser 245250255 91/113 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn 275280283 rg Trp Gin Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu '

420 425 430

Ala bLeu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 63

211> 213

212> PRT

213> Artificial

220>
{223> An artificially synthesized peptide seguence

400> 63
Gin llie Val Leu fle Gin Ser Pro Ala tie 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 e Tyr
35 40 45

ksp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
80 55 60



Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu [hr 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 Serﬁ?f@%a Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340345350 Leu Pro Pro Ser Arg Asp Glu Leu s 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 [hr 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 <211> 213 <212> PRT <213> Artificial

Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Glu
65 _ 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Gly Tyr Pro Tyr Thr
85 90 85

Phe Gly Gly Gly Thr Lys Leu Giu lie 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

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Vai Gin Trp Lys Val Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gin Glu
145 150 155 160

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 110 175

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



<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 GiIn Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr 354045 93/113 Gly Ser
Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met GIPAILI&Iu 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 G u Gin Leu Lys Ser Gly Thr 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

Asn Arg Gly Glu Cys
210

210> 64

211> 449

212> PRT

213> Artificial

2205
223> An artificially synthesized peptide sequence

400> 64
Glu Val Gin Leu Va! Giu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

1 5 10 15

Ser Leu Lvs Leu Ser Cvs Ala Ala Ser Gly Phe Thr Phe Ser Ser His
20 25 30

Ala Met Ser Trp Phe Arg Gin Ser Pro Giu Lys Arg Leu Glu Trp Val
35 40 45

Ata Glu tle Ser Ser Gly Gly Ser Tyr Thr Tyr His Pro His Thr Val
50 55 60

Thr Gly Arg Phe Thr lle Ssr Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80



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 <220> <223> An artificially synthesized peptide
sequence <400> 64 Glu Val GIn Leu Val Glu SegrSéIVGly 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 [hr Tyr His Pro His

Thr Val 505560 95/113
Leu Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala 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 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 lie Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lvs Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220



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 PP&’&1d Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 OIn 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 Va Asn His
Lys Pro 195200205 96/113 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
22523023524 0HEel MalRher b dlrPhis P e (Bys Bro LyisasptThiGledvet He Ser 245250255

225 230 235 240

Ser VYal Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [le 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 Tfp Tyr Val Asp Gly Val Glu Val His Asn
215 280 285

Ala Lys Thr Lys Pro Arg Glu Giu Gin Tyr Asn Ser Thr Tyr Arg Val
290 265 300

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 Ile Glu Lys
325 330 335

Thr lle Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro GlIn Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365



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
305310315320 Tyr Lys Cys Lys Val Ser Asn Ly2’Ald3 eu Pro Ala Pro lle Glu Lys 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 met Argalrpysial Girn& Ry Asro\sal Pise Sbr OpsVaériVallket His Glu 420425430

370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 3490 385 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 A40 445

Lys

210> 65

Qi 213

212> PRT

213> Artificial

220>
723> An artificially synthesized peptide sequence

<400> 65

Gin 1le Val Leu Ile Gin Ser Pro Ala |le Met Ser Ala Ser Pro Gly
1 5 10 i5



Ala Leu His Asn His Tyr Thr 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 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 358843 Asp [hr Ser Asn His Ala Ser Gly Val Pro Val Arg
Phe Ser Gly Ser 505560 Gly Ser Gly Thr Ser TyrSerLeu Thr lle Ser Arg Met Glu Ala Glu 65707580
Asp Ala Ala Thr Tyr Tyr Cys GIn His Trp Ser Gly His Pro Tyr Thr 859095

Giu'Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
200 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 Giy Ser
50 - 55 60 '

Gly Ser Gly Thr Ser Tyr.Ser Leu Thr lle 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 | a0 95

Phe Gly Giy Gly Thr Lys Leu Glu |le Lys Arg Thr Val Ala Ala Pro
100- 105 110

Ser Val Phe 1le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Giy Thr
115 : 120 125

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 o135 140

Val Gin Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gln Giu
145 : 150 155 160



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 [hr Glu Gin Asp Ser Lys Asp Ser [hr Tyr Ser Leu Ser
Ser 165170175 Thr Leu Thr Leu Ser Lys Ala As§p/My3Glu Lys His Lys Val Tyr Ala 180185190 Sys Glu
- Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe 195200205 Asn Arg Gly Glu Gys 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

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 Oys
210

210> 66

211> 213

212> PRT

213> Artificial

{2200 |
<223> An artificially synthesized peptide sequence

400> 66
Gln Iie Val Leu fle 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



100/113 Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu 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 His Trp Ser Gly His Pro Tyr Thr 859095
Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg THPV/ALAla Ala Pro 100105110 Ser Val Phe He 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 Val GIn Trp Lys Val Asp Asn Ala Leu GIn Ser Giy Asn Ser GIn Glu
145150155160 10 1/1 13 Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
180185190 ysr & yVaInT GriHigsGinoGiyyLaur Ser Ser Brp Mal [dur Lies TSer Phe

35 40 45

Asp Thr Ser His His Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser.
50 55 60

Giy Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Glu
65 70 15 BO

Asp Ala Ala Thr Tyr Tyr Cys Gln His Trp Ser Gly His Pro Tyr Thr
' 85 ' a0 : 85

Phe Gly Gly Gly Thr Lys Leu Glu tle Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Vat Phe {le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr
115 _ 120 125

hla 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 Gih Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175



195200205 Asn Arg Gly Glu Cys 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 Glyléli&lu Trp-Met 354045 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

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
180 185 180

Cys Glu Val Thr His Gin Giy Leu Ser Ser Pro Val Thr Lys Ser Phe
195 200 205

Asn Arg Giy Glu Cys
210

210> 67
Q11> 456

<212> PRT |
213> Artificial

<2205
223> An artificially synthesized peptide seguence

<400> 67
Gin Yal Gin Leu Val GIn Ser Gly Ala Glu Yal Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser .Giy Tyr Thr Phe Thr Gly Tyr
20 25 -3

Tyr Met His Trp Val Arg Gin Ala Pro Gly GIn Gly Leu Giu Trp Met
35 _ 40 45

Gly Trp fle Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
50 55 60



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 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 GI'8@rt&er Gly Leu Tyr Ser Leu Ser Ser 180185190
103/113 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 Leu Leu Gly Gly Pro Ser
Val Phe Leu Phe Pro Pro Lys Pro Lys 245250255 Asp Thr Leu 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

Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser l{le Ser Thr Ala Tyr

65 10 : 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 Afa Met Ser Phe Tyr Tyr Gly Met
100 105 110

Asp Va! 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 Ala Leu Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu
145 150 155 160

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Lesu 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 Gin Thr Tyr lle Cys
195 200 205



275280285 Gly Val Glu Val His Asn Ala Lys Thr Lys 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 S&#¥/&l3Thr 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 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

Asn Val 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 (ys 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 {ie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Giu Asp Pro Giu 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
290 295 300

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 |le Ser Lys Ala Lys Gly Gin Pro Arg
340 345 350



450455 <210> 68 <211> 214 <212> PRT <213> Artificial 105/113 <223> An artificially 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 Mn 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 AspoAgp3rhr Asp Arg Pro Ala Gly lle Pro Glu Arg Phe Ser
Gly Ala 505560 Asn Ser Gly Mn Thr Ala Thr Leu Thr lle Ser Arg Val Glu Ala Gly 65707580 Asp Glu
Ala Asp Tyr Tyr Cys GIn Val Trp Asp Ser Ser Thr Asp His 859095 G y Val Phe Gly Gly Gly Thr Lys
Leu Thr Val Leu Gly GIn Pro Lys 100105110 106/113

Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Gfu Leu Thr Lys
365 360 365

Asn Gin Val Ser Leu Thr Cys Leu Val Lys &ly Phe Tyr Pro Ser Asp
370 375 380

I'le 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
420 425 430

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

{2207



Ala Asn Lys Ala Thr Leu Val Cys Leu lle Ser Asp Phe Tyr Pro Gly 130135140 Ala Val Thr Val Ala Trp
Lys Ala Asp Gly Ser Pro Val Lys Ala Gly 145150155160 Val Glu Thr Thr Lys Pro Ser 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 GIi/0S&rifhr Val Glu Lys Thr Val 195200205 Ala Pro Thr
Glu Cys Ser 210 <210> 69 <211> 456 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 69 107/113 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 GiIn Gly Leu Glu Trp Met 354045 Gly

Trp lle Mn RrssAspnSsk i ol Ry mees e Ala G Ly Rhs:
<400> 68
Leu Pro Val Leu Thr GIn Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1 . 5 10 15

Thr Ala Arg 1le Thr Cys Gly &ly Asn Asn |le Gly Ser Lys Thr Val
20 25 30

Tyr Trp Tyr Gin Gin Glu Pro Gly Gin Ala Pro Val Leu Vai Val Tyr
35 40 45

Asp Asp Thr Asp Arg Pro Ala Gly |le Pro Glu Arg Phe Ser Gly Ala
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr ltle 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 80 a5

Gly Val Phe Giy 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 Glu Leu Gin
115 120 125



505560 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 [hr Val Ser Ser Ala Ser [hr
115120125 Lys Gly Pro Ser Val Phe Pro Leu Al&47t¢3Ser 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 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 Leu Gly Thr Gin
Thr Tyr lle Cys 195200205 Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu

210215220, Bro Ly 3 Sef1E0RAER W4 [BsHisuTireCs R Bre Fuis REpeia Pro
130 | 135 140

Ala Val Thr Val Ala Trp Lys Ala.Asp Gly Sef.Pro Val Lys Ala Gly
145 150 . 155 160

Val Glu Thr Thr Lys Pro Ser Lys Gin Ser Asn Asn Lys Tyr Ala Ala
165 170 175

Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gin Trp Lys Ser His Arg Ser
180 _ 185 190

Tyr Ser Cys Gin Val Thr His Glu Gly Ser Thr Val Glu Lys Thr Val
195 200 205

Ala Pro Thr Glu Cys Ser
210

210> 69

211> 456

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 69

Gln Yal Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15



225230235240 Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 245250255 Asp
Thr Leu 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 Leh‘WéWGIy Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
Leu 325330335 Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg 340345350 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

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr

20 25 30

His Met His Trp Val Arg Gin Ala Pro Gly GIn Gly Leu Glu Trp Met
35 40 45

Gly Trp lie Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
50 ' 55 60

Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser [le 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 85

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 Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
145 150 155 160



405410415 Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 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> Atrtificial <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 LEBTHBCys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
202530 GIn 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 Asn Tyr Asn Pro Ser Leu 505560 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala
Ala Tyr Tyr Cys 859095

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 &In Ser Ser Gly Leu Tyr Ser lLeu Ser Ser
180 185 190

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr [le Cys
195 200 205

Asn Val 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 Ile Ser Arg Thr Pro Giu Val Thr Cys Val Val Val
280 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 285

Giy Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
290 285 300



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 Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gly Ala Leu Thr Ser GIyO¢&alHBis 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 Mn Val Asn His Lys Pro 195200205 1 12/1 13 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

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
305 310 315 320

Trp Leu Asn Giy Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
325 330 335

Pro Ala Pro lle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg
340 - 345 350

- Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Lgu Thr Lys
3565 360 365

Asn GIn Val Ser Leu Thy Cvs 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
385 380 395 400

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
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
435 440 445



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 Leulhr 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 Pr Wé Biu Pro Gin Vval Tyr Thr 340345350 113/113 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 Lou 385390395400 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
Lou 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

Leu Ser Leu Ser Pro Gly Lys Gly
450 455

210> 70

211> 449

{212> PRT

213> Artificial

220>
223> An artificiaily synthesized peptide seqguence

o> 70
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 Asp Asp
20 25 : 30

Gin Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80



Lys

beu Lys Leu Ser Ser Val Thr
85

Ala Arg Ser Leu Ala Arg Thr
100

Thr Leu Val Thr VYal Ser Ser
115

Pro Leu Afa Pro Ser Ser Lys
130 135

Gly Cys Leu Val Lys Asp Tyr
145 150

Asn Ser Gly Ala Leu Thr Ser
165

Gin Ser Ser Gly Leu Tyr Ser
180

Ser Ser Leu Gly Thr Gin Thr
195

Ser Asn Thr Lys Val Asp Lys
210 215

111/113

Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
90 95

Thr Ala Met Asp Tyr Trp Gly Glu Gly
105 110

Ala Ser Thr Lys Gly Pro Ser Val Phe
120 126

Ser Thr Ser Gly Gly Thr Ala Ala Leu
140

Phe Pro Glu Pro Val Thr Val Ser Trp
155 160

Gly Val His Thr Phe Pro Ala Val Leu
1 175 =

Leu Ser Ser Val Val Thr Val Pro Ser
185 190

Tyr lle Gys Asn Val Asn His Lys Pro
200 205

Lys Val Glu Pro Lys Ser Cys Asp Lys
220



112/113

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Giy Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr lLeu Met |ie 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 Va! Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Giu Glu Gin Tyr ‘Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp lLeu 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 Gln Pro Arg Giu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365



Cys Leu Va!l Lys Gly Phe Tyr Pro Ser
370 375

Ser Asn Gly Gin Pro Giu‘ASn Asn'Tyr
385 390

Asp Ser Asp Gly Ser Phe Phe Leu Tyr
405

Ser Arg Trp Gin Gin Gly Asn Val Phe
420 475

Ala Leu His Asn His Tyr Thr Gln Lys
435 440

Lys

113/113

Asp lle Ala Val Glu Trp Glu
380

Lys Thr Thr Pro Pro Val Leu
395 400

Se; Lys Leu Thr Val Asp Lys
410 415

Ser Cys Ser Val Met His Glu
430

Ser Leu Ser Leu Ser Pro Gly
445



