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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 pharmatokinetics 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 HabirfgRHArE&dSed number of times of
antigen-binding, and methods for producing such molecules.

M@E\‘?WM@%BQ@@&%ME@ AHIRANRS TO TWO OR MORE
pharmaceuticals are Et%hlﬁ stable |n plasma 15 and have
few adverse effe ﬁ‘%l‘l e antibody
pharmaceuticals are available on the market and many more
Technic@hlkatly pharmaceuticals are currently under development

('ﬁ“9&%@%3%@&%‘6%&%&&%@1@3&4\4&%%@% ﬁiré%)lﬂgnnacokmetics of

echnologies applicable to second-generation anti

mgeﬂ%ﬁ%@&ﬁ& %%3%3@88%%%\988?%@ R G155 tgntsen binding of
antigen-dyjargc@obifelsto pfuridtirantatiybndneoirdeaifitpaving improved
pharma@haiefasekinesicsinaing siabilitys andihose-thal fegyee,2Q e disk

antigen? %ﬁdmuﬁﬁqﬁ%ﬁé NI RAGRLRAGHRENES)- 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
Qﬁc_kgmh@eﬂtﬁculty in producing subcutaneous formulations. In theory,

thatbasieseiaianipadynpbaENgeemical ay ReHgdLeribY stable in plasma

and havﬁ%‘é@s@@ﬂ%&gy %%ﬂ&@ﬁ? E H&]ﬂgér Q1 W Q&l%%ﬂﬂagxa deutmals are

between a t|b ies and anthens 25 The'literature has reporte

&"aﬂabiﬁ%tm?dg BN R BB PR RPATERERIH e &1 SHiEenabivRisr
deVBIOPQ@béENQﬂ&%@ﬁ@HWma@wé indconstiiseredidmsiiton tEeogics applicable to
second-ROGH MBS #H AR REmEIRatiasly hattinityraatukaiéaniasdeeRose that enhance

effector &%98”3%%@&%&% Qéoa%ﬁl é%%pﬂg&mﬁe%ﬂggﬁﬁ Q&%ﬂlg&g aﬁ? m%ep fhat reduce

allzm act|V|t n-Patent Document 6

Igen-neu
the risk ?fghgﬁa%og%ﬂ LB Bt [GSDSiRbITG BatHy dgse of an
mtibodmh@mwaﬂamd@@d rhuitatfosiirtes theé (€ PRbBOsegjionapthich

producti¥Akiad ey egion ticstighuuihenenhaneenseiuehaniigeRAGIE. In theory, the
dose of QPAH%SW%A@%H{% ?ri)te%&ﬂc\é&rqu}g}@g&ﬁ% %QH)V@_(' armacokinetics or

re ucﬂ?n of dosage, and urther enables Improvement of in vivo

1mpmv“é%1§11&% P RePYHTB BR8P #1159 antigen-neutralizing
daip dicerptoredaingpertedtinebydmiordouls dep endiw dnrteraffivilyneys using

artificiali ndransing Semmiinibidan antigen ﬁgmxﬁqmupaaaﬁndamﬁmalteand 5).
Sxmﬂarlyamﬂmr Ma@lﬂa@l'aﬁl?lgg%e%%e Q’chygs T&gﬂﬁgﬁa& a%%ﬂléou %n—blndmg

enhance the antibody affinity. Furthermore, i n|t
ability %%5%%%%@% F@H’tﬁ}“%ﬁ%ﬁ“ﬁ?@%ﬁ%ﬂﬁ%é ton%tam@asyaﬂab}es
enhancersg e aﬁtmdy@umﬁéﬂ@mebdon@ﬁ@mnime adigetativoldotgehe CDR

region of@ Wivabent-ghaiandyctan TieLdralize:ive: dNHESREn-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.
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
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molecules). However, the stoiehiometric 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 neutralizé 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
moleculgettalith setiaitrethecantipouyoleridt Geladienh istdredy atangogelize two antigen
moleculBigherghandh ehasastib otantiganpraduceddi thebu: ukiAGne antigen

(one dﬂ&?%‘iﬂﬁo@%@né’v&% %%égﬁw 2 &E"l‘?ﬂh%ff%@%g}/ng methods, and thus it is

harmacokingtics or affinity maturation technology alone

mpossi e 6 ABEEII O HTAHE FOBRER SR, S Vel OReeY en he amouny
of antigepquirediht0 werdbddy aibsisy Adworitiagiccinherdéintts Gimtdintent Document 9).
To prol@igtibedyisrantigen JieutializiRgreliestiaradarget pesinch yatdd, the antibody

must beiﬁ}ﬁﬂk‘?&é@&%‘é%?}ﬁé*ﬂ?g t{p&%éﬁﬁﬁﬁ)?gﬁﬁgm gxf ﬁ@g%%eg ’t}% body during

single antibo %ﬁmust neutralize tiple anti

the samg Bty e O TS SR TEH A o R BRSOy v gy maturation
technologptidens dvaetivedidr usithgreatdiytie Bmiibookes, thehichidien of the required

antibodyaddeodies conferred with a 15 catalytic function. When the antigen

'm&r&s% g 4 6aR B8 Inashivates By hydral 'x%aargﬁmﬁgeﬁga RONYS0ct period

An antibo n repeate@y neutralize aritigens by catalyzing suc

yc
with smiles Apouat f(&f hapabady BErinEneE)t ¢re 1@% ARG AHiRAGy st
neutralizepeitpigubliskhied oMahedl/fic spibddiesraitbteshiisiogiath fosingle antibody

include pragucingthesn Howevelytherrihave begomnocsrenissief GaRIECwith a
catalytlcq{lxtfa%q{es\bﬂé/ﬂqge%ftﬁgéﬁng z? Bltgtjé/ HQP&S‘D@%Q&@VE{QQ@%%&P ‘igf’lng its

agent. Specmcall In an 20 antib o{%m Vivo stud certal
peptide %%ﬁaen%%}% i BRSPAS PR ﬁ%PE‘ﬁ‘f&MP&"&%%%ﬁé&Gh hydrolysis
(Non-PajghidtpesneptStlucthare o paratiiesvpetropoey mifdchalencatelptie antibodies

and techfl616gROfoPHRsictA Mmaie Plengeteifesieven Al fsaerdasstic
annbodlés%%?'ﬁhpﬂﬁg&9&%%‘99@{&9Qs%%ﬁ%%&%{'féﬁ?ﬁ ing %]ééa% iy, in an

esc&l_‘tr?é’e? above, there have been no reports of antib

a“t‘bOdycfﬁrY "Bfo ﬁ%@iﬁ?géﬁb ?W?H’?ﬂ%e@ﬁ‘@éi‘i}ﬂéfﬁt%ﬁféﬁﬁmc antibodics
which canauadilizingeammitddiey trougheiisinglenahtibodyseneuralizieg more

prolongdditifiple-antigansmelesilescchipiscdromnibrmiewnainkef ARsRutralizing
antibody' reductlon and prolongation of the durability, there is a need for
at permit the production of novel antibody

technologies tg‘l
V?YS%‘HEB% ﬁﬁ&Vﬁg CENGEPTA WVGRHE of fRiRogie g can produce a more
superior feghatigheythativodiey ipptnbiniduatipalssttlizigigarioliplaidntigen
neutraliz@lacligis a30gBigfoatulacumantsrptated IOMRErRET IV HURHAANd

pmlonga%ﬁ §f‘ﬁ’1‘é’&$’£¥9% dReFlo% aﬁegg?mg@ﬁlmaggﬁeﬁgpf@%v Fﬁgﬁﬂmmon of

nt Document 1: Monoclonal antibod Y SUCCESSES Int
novel anié gé %ee

RREEMAETEIB ASHORSRIe W&%%ﬁ%@%ﬁ%@f%&ﬁ gntibodies
by indivifgattheowic BowinyiNgituriBiswelnoleogy 23, 1073-1078 35 (2005)

Britvar-RatemiRacluBe i fe PrRYaUi A BRISRYsMdx TR w:

[Prior mtgggﬁggﬁg]c antibodies market to 2008. Eur

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

(2005)
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J Pharm Biopharm. 2005 Apr;59(3):389-96 Non-Patent Document

3: Kim SJ, Park Y, Hong HJ. Antibody engineering for the

development of therapeutic antibodies. Mol Cells. 2005 Aug 31;

20(1):17-29. Review 5 Non-Patent Document 4: Hinton PR, Xiong

JM, Johlfs MG, Tang MT, Keller S, Tsurushita N. An engineered

human IgGi antibody with longer serum half-life. J Immunol. 2006

Jan 1;176(1):346-56 Non-Patent Document 5: Ghetie V, Popov S,
Non-PEgji/areynREd ErvidateBoPplswddedin beransei Rytibpdigermgket to 2008. Eur
J PhanknBiegising, o Santpopprststance of an 1gG fragment by random

Non-PIHHaSSRGRIS: i\lﬁlﬂqosﬁ'ﬂﬁ@?nﬁlorgggﬁ? )J‘Hhﬂr&g eéfgl for the dlevclopment

Non- Pate er.L, Cappucm |
Ofther@ev Q%?E‘) %?E(FB?S euc%afg Ee?nea %F& %rggv R7A general
Non-Pﬁf@tHMWg?éaﬂ&me?Bvﬁﬁ@%ﬁél\éfﬂﬂhlmff%ﬁlf?@é&@ }Syikqéﬁ}df surushita N.
An engiospaihiatarialliorasiemhddyediNahieac ookl SiA. PRGDuleh 2046 Jan
1:176(107%48.4%:8466-71. Epub 2005 Jun 6 15 Non-Patent Document 7:

o RS ISP S BN 13, Moot L EeUN - . ot

Ward I npeeaspttéhit ssmm@asslﬁ?mﬂﬁ@f PrdyErfiREmeRREspidamBaputagenesis. Nat
BioteciBighapdal Mirux Trfectien in the Upper and Lower Respiratory

NonupéEéﬁ@boluM&h%l%j%Q% §§%§§§%{§§é E%Q%%Epﬁr]%%gg?gg%m@ fﬁ@m RR,

yti ibodi
Taken G N RN o ol S P B ogs 0 el of
aﬁtlbo%ﬁ’wété&fi%@@ﬁ%ﬁl GbreghdHasWari mdRebistad- S0¢dsKkos L,
14;10284)Qdod-ackipS, Babdonk J. Demonstration of an in vivo
won-pggﬂ@@ésgewb RGP Bk ANy @um@wﬂmoweaé ﬁM‘ BOE NK, White

to in uklnigs E@ m Bioph Res Co 2005 S
Wi, Yoggﬁ ): B4t é egelo %ealll’il s hz\}zénn {I;g%n[ tr otcgttorgé)ody for the

PrevengehddRBspHsEoTHaRanH]! VW@%&@W@%W@Q%MW@W@%W Tract. J
Mol Bidisp@venes, 6b2hespresent invention. Accordingly, an objective of

Non—Pzﬂgﬁt @&%%W%}%Bd%@ m%%wtlﬁ%ssfﬁa@l[}%?n&egbg%ﬁs and their
mo ultiplé ti
apphcatm ﬁg’% 6?6??&‘5% %g’\i%%%ai%éigogf réztlcs of antigen-binding
Non- Paﬁ%@*l&ﬂ&lééefas?v&éﬁn%aéiﬁ’ﬁ@éﬁ Bipditg mdteekaes thatdréaedpaplabeook J.
Demongkdiogl iTgi0ri e antigensdeulitigletiniasrantigéntpngiag monoclonal antibody

fo interTARIROHIBS BRMING IPRIONES BRATMASSY @%ﬂ%ﬂ@@rm@%t'cal

compositions containing such antigen-binding molecules, and
methods for producing such molecules and compositions. [Means

Summagy oSl iayemEProblems] 35 Dedicated studies on methods for

[Problehinaibg pdtypéptide mbaniag] antigen-binding ability, such as

aptiganhindipg d??@lﬁﬁkﬁ%%é%ﬁ@@ﬁ@&%ﬁ@%iﬂi{% Hf&%ﬁt BREhtion.
thods for | |mtp 9\&3(? 4 the half-lives of such mol|

Accord §’ma?B]|%C(§IJ) (Qmpr resent Iventjon is gor i)mdmg

ving their p armté)cigﬁme?lcse) we
antigen- bmdmg molecules to the antigens multiple times and methods for improving the
pharmacokinetics of antigen-binding molecules, as well as antigen-binding molecules that are
capable of binding to the antigens multiple times, antigen-binding molecules having improved
pharmacokinetics, pharmaceutical compositions containing such antigen-binding molecules, and
methods for producing such molecules and compositions.
[Means for Solving the Problems]

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

such as antigen-binding molecules, to the antigens multiple times, and methods for improving
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conducted herein. As a result, it was discovered that if the

antigen-binding activity of an antigen-binding molecule at the

early endosomal pH is lower than its antigen-binding activiy at the

pH of plasma (blood), it would be able to bind to antigens multiple

times and have a longer 5 half-life in plasma. Accordingly, the

present invention relates to methods for binding antigen-binding

molecules to antigens multiple times, methods for improving the
the halpheaneacefimenicsulst mrmtieemn btidd implecukteamiiametprdefios) were
conducRiOBEIAG antigeBabinting M&%&H@&WH&H@ prOY&dbinding activity of an
antlgenptg%mgﬁ%lfég\%técﬁ tl’i@%a%? éi%ﬂ)ts!)waq ?i g 1%@91‘ tﬁ@l@& zlﬁlgen binding activiy at

antigen-binding moleculés that are 10 capable of binding to
the i1 3 BIESRR (HORHiE TRES BB G AR T BB S ave & omger
half-lifgrippwend- pharmacokinetics. More specifically, the present

INVeJBHER dIVONEl B&isth] RReaNLg enabingdi g imAeauBIMANING @ en-binding

moleculép@ﬂlﬁgge}(ﬁ%ﬁgﬁﬁe ﬂ%‘é@'ﬂ%ﬂ%‘é@ 'ﬁ&qn?;%bﬁlé%ﬂé’p%farlﬁﬁ%&i?{n%s of

en at D for the antigen at p or ni

antlgen[E] 5%1”661 ﬁaﬂﬂje}ﬁﬁé Cfeﬁ & flrﬁln\%/ﬁxét]lgﬁn llﬂgdmg molecu%s with improved
phanna@(m%ssghmesmm\yw@zméaisoln@l@ps I5ahitgsarbi]ingenolecules that are
capableasTtigennpincingsaeleauigl ofillds witekeipetheidRDTBEME DN Tuthroved
pharma‘éé‘i@ﬂ%t‘i%s“o ol '@%@fﬁi"ﬂ;}%eﬂﬂ@&%ﬁﬂ@&%ﬁ ;E?&JE&H'G of any one

1] to [3], wherein at least one amino

[1]an a&ﬂﬁabwrtﬂwg.ﬁﬁﬂﬁ%}séavéﬂﬁéé@é@ﬁ s Rﬁsﬂéé %*fﬁlﬁﬁsﬁaﬁﬁad the ratio of
KD for [bagntiem ishlig sk taoigenesbih b4 Antgishasinding

[2] the sogREWRIR] thelantigarhirdingimatacoigos any paeiofhlaad 410 or
or- Wherein the antigen-binding molecule has an antagonistic activity;

the antigen-hinding mole uIe of a one of wherein
131 the %H Mgé%"%na?ﬁa%af? hihBRiB Y n[/i%%%#@ww 4 40 or
higher; spluble antigen; 25 [7] the antigen- blndlng molecule of any one of
[4] the ddfigen[Blnavherairihre antigembitding m9leguweiis@taantikoehind@lid of the
antigen’ %IBB%MS&H%L&QM%Eﬁﬂt&@%ﬁ{ﬁﬁ?ﬁiﬁﬁee Aigen QH%qfﬂgdme has been

mol eF%u e of an one o [9] a method for improving the

inserted g, %E%tf&ﬁré L BeAn g‘i‘fﬁ%@n -binding molecule by impairing 30
[5] the aniéecantigeiinbindieryactidity ofdloé [Ahtigédh-birmigthaoritglie tingpg molecule
has an Jat@:asiq@a@aangd to that at pH 7.4; [10] a method for increasing

[6]. the gﬁﬁ H'HR@&%EH&%%E}Q%P%Q% Qﬂﬂ@(g gqréﬂeﬂl%rhlg@g{%ndmg molecule
e by impairing the ﬁl2en b|nd|ng activity of the

binds tofrﬁ?&@%rﬁ?ﬁaﬂﬁ%&&fﬂ '5'8 as_compared to that at pH 7.4;

[7] the aptippattandieghoeldor wfr@&sﬁng ehE higrifberbiraintie At ieat dadingenolecule

is an antdesdyel by an antigen-binding molecule by impairing the

[8] a phARHRERRINAING AFHVIN A IS ANHI SRR R MAIRHIEI AL PHPfe o£ 1] 10
as

[71;

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

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

7.4;

[10] 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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compared to that at pH 7.4; [12] a method for dissociating within a

cell an antigen from an extracellularly-bound 5 antigen-binding

molecule by impairing the antigen-binding activity of the

antigen-binding molecule at pH 5.8 as compared to that at pH 7.4;

[13] a method for releasing an antigen-binding molecule, which

has been bound to an antigen and internalized into a cell, in an

antigen-free form to the outside of the cell by impairing the
[11] a neathierbfetdimdingngchvitobthefl antigrs thin dimgperioterUbe at prig:8binding
molecuRDSQMRALE 1R tnakal Bhiihd adf il Araonethash fandnareasiagidhept 5.8 as
Comparg%) Il%gf @n}g%gen binding molecule to eliminate an antigen in

sma b impairing the antigen-binding activity of the

l12]a %fefa%f?f AR SIS LRI P Ians B SE" EOM BRI TERt A A Prior 4;
anngen{b_lﬁ]iu@nmmﬂﬁjbgﬁmylmtbf z{gﬂzggnfbﬁ;@immmxhéthe antigen-binding
moleculd R(PHS. B)dbpt¢ o valug, glefined as the ratio of KD for the

i t 8 K en at is.2,0r higher
f13} anie%l 3 ilﬁg%%e a§ m?tl é:r)i %fne i %ﬁ&& g lﬁ%g}aglgg £ Run3%h antigen
and mf%é HY/KES b%ﬂ%ﬂa‘é e fyar ﬁ@FtTIff?]oﬁ%Berﬁ@{t‘?éSd“&mmg the

antigen-dmgdmgeaivig)] o6 {fksntghretoditherkD(pld SISKIR pHP A paradue ibat at pH 7.4;
[14] a nfho8 i’ﬁigﬁtﬁﬁa:ﬂ%]tﬁefmﬁmpdff&{ m@r@mt@@m&m@mm@ﬁm &f antigen in

plasma ij gxg%g%n legnp a(pt}/ ?lg %ﬁ%?’q & (ﬁ S E‘e%lﬁe aln 5.8 as

acl anti ng “moleclle wit Idine, or'inserting a
compargg fathahat R ine |nto the antigen-binding molecule; [19] a
[15} themethatidominere asifg tthié HuwitveriofiirkéX i 2B eMpbindingfor defined as
the ratic¥ Kﬂﬁiﬂﬁﬂmbmig& ANSHECBImb X SUfstilutingeah @3St paeiaminBigher;

[16] thea}&é%ﬁ % m@g @Q%@%?Jﬁ%ﬁ%@%@ D%I?? O\“JQQe% 10 or

least one hlst the dntigen-
higher; method for increasing the number of antigens that can be bound

[17] thewyethodoiirpereisindifd tmhbibouberby Siedsttptitigd dklegst bhevalminodO or
higher; acid of the antigen- binding molecule with histidine, or inserting at

[18] a n!gtﬁ%l (?é}e %'\q QIE g& cP&?%Pglgég!leglﬂ(ﬁné%Je%ule by

or diss C|at| Wlt In acel an antigen f

substitutigg,at lef| I%{WWI ?ﬁf&%ﬁnﬂﬁ?& R&?ﬁlﬁé’ﬂ:ﬂf’@‘ﬂ?‘@%ﬂﬁﬁﬁ G gt inserting at
least on¢gagsidomerdairoanicigrobitiienamigenoinding molecule 30 with

[19] a mRistdiRe 1&5&@@&{@5@@&3%@1&@;@&%{@&[39@% antigendindingiing
moleculm%%ﬁbj Igtu %lnglgtt 89 dl’gL [)eéggs )G, Qnﬁ”é'x%ﬂ@ c%dnp&ecu ¢ with histidine,

lecule, w een ounda to an antlgen and’internalize

or inserijgg ableasfof aﬁﬂgfﬂf‘glar? HRecR BRI MBLTRREIST the cell, by
[20] a mstiostifertingcasitedist mmebanvifanégidsofithemhtigewdbindingntigen-binding
molecul SeGRIENWIED Rislidinge BnIASQLING #deAsE SNBnDis DR JIMOWNR histidine,

or msertﬁ'%tQ?& H}Q'Hﬁtfh‘% eﬁ%‘?h@ ar{g Jnabrgg é:reasmg the

an al’ltl en-bind ing mo‘%ecu e to ’?‘mmate an ant| enin

[21] a mgfly %&W@Wﬁf&aﬁ%%%%ﬂ@%mﬁ%ﬁ%ﬁ ‘ﬂ&ﬂy bound
antigen- Hmﬁgmmbtn@h@m@@@lémmh@s&@n@m@w arsé il anicantionkng molecule

with histMstiginarise; tbeamigen: Riseing MEIEGUBigen-binding molecule;
{22} a method for releasing an antigen-binding molecule, which has been bound to an antigen
and internalized into a cell, in an antigen-free form to the outside of the cell, by substituting at

least one amino acid of the antigen-binding molecule with histidine, or inserting at least one

histidine into the antigen-binding molecule;
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[24] the method of any one of [18] to [23], wherein the histidine
substitution or insertion 5 increases the KD(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 gH 7.4, as compared to the
KD(pH5.8)/KD(pH7.4) value before the histidine substitution or
insertion; [25] the method of any one of [9] to [24], wherein the
antigen-binding molecule has an antagonistic activity; 10 [26] the
[23] a mestied doofrersponethf §0ilty [25] witieraibitdmantidenibindinginate an antigen in
pzasmanasalﬁ@simmda lead oMemiaRe @Btige Rdizansale antigan, {2 histidine, or

msertﬁ@%t%g;pgr% 8 sﬁc@ﬁ Ofy Qﬂ%éaj;f%&lme tlh %geﬁ?e'f}éhﬁ .antigen-binding

molecule Is an anti screenlng for an
[24] the methad o ﬁ%@lﬁf&@&f@ RPEGRoR RIS S BB Biqayr insertion

increasgetheiip{ng 8y Rt Ehdbivadima gdatiticdtys dharatimoildn dingtimdinding activity at
pH 5.8melesiiambpinifihiaaint ot 30 0.4k detgninRAHbE D(pHS5 8K D(pH7.4)
value b%ﬁ)t}%(é R 5191&9 (?a%trlk‘ %85 the,20tigen-binding molecule at pH 4.0

selecting.an antigen-binding molecule whose
[25] tham?&m Bfﬁawaeﬁ{ﬁm o B ORE 2016 POILARIP eIt 20
antagowisiigedittiimding activity at pH 4.0 to pH 6.5; 20 [29] the screening

[26] théngéhed of 2Bhnwbigh)comprisasihie alepvselecting AN aRIBIGENs o a

membr‘é‘ﬁ%%%‘?i Qr%i &1%]9'@991 Qe tivity at pH 6.7 to pH 10.0 is twice or
[ %hat of the antigen-binding activity at pH 4.0 to pH 6.5;,[30]

higher
1271 the, et 8serseh ﬁﬁ’g ifR2Ah BAEEES) ﬁ‘&?ﬁ@“n‘?&@éﬁl@%ﬁ%%ls anantibods;
[28] a woimptivesttiveistdpsanfarfaidifdidgandetide whidtigpiste tedeteps of:
(2) detcMiaRIORO MAgeT. BiapREiianef @lantufilePbinkth ndfe(a)eRiaging 7 to pH

10.0: the antigen-binding molecule that bound to the antigen of (a)

under a condition of pH 4.0 to pH 6.5; and (c¢) obtaining an
(b) detctpgiBh fB?ﬁ&ﬁ%%?ép&ﬁéﬁMYd?&%%?a{&% BB UG BRISH O to PH 6.5;

and  pH4.0to pH 6.5; [31] a method of screening for an
(c) seleaiMiganabinding mplesie R oae: Y AfiRenasiving abe fksitpit BPHspH 10.0 is
greater %%J Q@ékﬁ%&%@a%%% Qt%lﬂ Mgglf Q@pnses the steps of:

bindingan antigen-b n molecule to ah antigen-immobilized

(@
129) O ST BAENE! CGHBI SPRYSES S, YB3 BRI e ntibody whose
antigengntidjon dshdingt mokeéiterthad Bas thtsred hizbaetbylofithe ahtigenfipiiding
activityRli flomataepigelymn under the condition of a second pH; and 35

130] a SENER/SSINGHNE %%%%@E%ﬁ]%?@ﬁ?ﬁe@&?ée& &h Zoﬁzg}s@s method of.

of screenlng foran antigen- Ing_molecule w ose

(a) bindingian antieanrbi g molgrule s tp AR araey sseohyet m? & to pH 10.0;

(b) placgrmilyr g thdistipsofiqalbikdibgrahta Htigatidsmdig) molecutendition of pH
4.0 to plibsagyat@ an antigen-immobilized column under the

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

[31] a method of screening for an antigen-binding molecule whose binding activity at a first pH
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 to the column at the first pH from the
column under the condition of a second pH; and

(c) collecting the eluted antigen-binding molecule;
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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 antigenh-binding molecule. [33] the

screening method of [31] or [32], wherein the first pH is 6.7 to 10.0

and the second pH is 4.0 to 6.5; 10 [34] the screening method of

any one of [28] to [33], wherein at least one or more amino acids
[32] a nefihthibontigenapifed ing:miglechibel hasHoéenl swhstidutadingtictivity at a first pH
is greatdVEHAIR: A ALIRATLENQRiSlidinghas eghpingerted into the

antigen-bindin molec le the screenin meth of any one o
@ bind e A M RAH A e e e
conditi érﬁfls‘iﬁltletentlon in the plasma; 15 [36] the screening method

(b) elutinf dmyongob[28h0:{3BEule frobtaninguam antigehe bindingn of a second pH;
©) ampmﬁlﬁgtﬂ@ﬁgh@E&M@eﬁt@%@ﬂ%ﬁﬂt@@%@ﬁﬂ)@%@& more

e screening method of any one of [28] to [33], for
@ Obianb?ﬁsirlll% at?lgan é kit ecfle%ule that is ca&able of binding

[33] ihet%?ttf@tégaﬁt@eﬁg atélééﬁtéa SHERdbA dbRI 6F ftd ahttb%ﬁnélﬁﬁuﬁrgond pH
is 4.0 togites; 20 [38] the screening method of any one of [28] to [33], for

[34] theQBIQIRY n?é@h@@@ggﬂfy QM@@]Q g!eﬁl’é?éig Igs0GiAles &hore amino acids of

the antii)t(lt%e:cg U|aro¥ecu?éj E %th wféethxs 9 etl‘(l)(%‘g, Ea?is(?tnom dsttdme has
any one ot or OBtAmINg an antigen-

been insgftsid EtifetheatiRembi ﬁ)‘%ﬂ%ﬁ’a figen and internalized into a cell,
[35] theandadteasetidd dharputsidé [08 The 8] for drtaanitigensiree:-fiobindidh molecule

that is S‘Lﬂgﬁpgl%@%gmng meﬁlrggl ghof any one of [28] tod[33g for obtalnlng

an antigen-hin molec jncreased a | 1o eliminate
[36] the S%r%ﬁt'%en in ﬁ?a%%rﬁ' %ﬁzét LQ?Iflnor ‘r)nggtﬁl o 0? anyFone oé’ﬁga’]m}ewie
that is cygaplop Mét%&ﬁﬁ%%ﬁ’éﬁ”&ﬁ%%@%ule is used as a
[37] the plracniagewtlesl dampasitidn? §42) (Hd, Screbringmethotof-bindioneolecule
that is c&falA8b @il s WRFRILAREANHOSRBIRAING RAIBGULS 13 ANarden-binding

.. antibody; [43] a method for producing an antigen-binding
sites;
molecule, which comprises the st ES of: (a) determining the

[38] the serpeuneEnSHIPG SR envinoPHIR SritdEH- Hn ARt Hine e ans 2andtipgine molecule
that dissteiples 4004t idbtbrrhiumathieantigen-iading activity of the
[39] the @@E%ﬂgbﬁ@%@@%?%ﬂ@o@fﬁ%‘]{t@ 4p ﬁ%@t&nm@a@iﬁ@@ﬁgﬂﬂﬁﬁwlecule
thatis b uné%lon bln&llng ch1ecu gh anigern. rgld déCt vt E’e 0§the cell in

t 5.4 greate an that at pﬁ 238t obtaini ng
an antig¢pdrgeEEncoding the antigen-binding molecule selected in (c);
[40] the ancer(e} pratiutidgith erentigedi-bifshhgdondleduile: usingitive-y@dmg molecule
that has 9@%@&9&%@1&9% 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
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;
{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;
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[44] a method for producing 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; 5 (b) allowing
the antigen-binding molecule bound to the antigen of (a) to stand
under a condition of pH 4.0 to pH 6.5; (c) collecting the
antigen-binding molecule that dissociated under the condition of
pH 4.0 to pH 6.5; (d) obtaining the gene encoding the

(d) obtantigahelderdingenddie cudeclgairreaing(ollende $de(@dpnaducing the

(e) pro@RHEeNDINGIRG- MAIRGUIR ST hE.dRNE-ADIAIBREI Mg, [45] a

th for oducing an anfigen b|n in ewhose in
o e AR R S e o
(a) bm‘BB%’r%é@?ﬂé’% B Wi AR e e A- ERdiRy ﬁf@@@@wﬁ 10.0;
(b) alloamngritigen: gomidillizeddaluimbound er teefitigtpbf (epraditiod uhdefla)condition
of pi mﬂqg{tbg -antigen-binding molecule, which is bound to the column

at the irst om.the qu er a secon con ition; (c
@ ol B A LSRR P 4.0 o p
6.5; gene encoding the antigen-binding molecule obtalned in (c); and
(d) obtdim)rgriducing:thedangitye anbigrdibiuingl anileusisigadhelgens; and
() pm&mam@ aﬁd&h @Qdﬁ@]@[@&ﬂ@%@%g@%ﬁ%@@ﬁﬁt{gﬁn blndlng

le wh se binding activity at a f rst pH,is ter t
[45] a meﬁxog or pr ﬁ%céﬁl Coﬁgpnégg}% S eps Olwlza m né ac%wgy ta ;}rs‘z pHis

gfeater&?‘?ﬁdéﬁ ﬁlﬁdﬁﬁ%ﬁﬁ%&h@@lﬁ?&?t@%ﬁ%ﬁ?@é{ |mmob|I|zed column
(a) bindumgler shegfirsbipkhg onditida (¢l ehitieg-thenamtigehebindingnder the first pH
conditi®nolecule from the column under the second pH condition; 25 (c)
li gene en h ted t| en-t |nd|n
(b) eluty(rcxl% [ ﬁlgnr%% mo eg%tlsférh m dlng mo ecu ol u(ny %t{-;: %I.rs% pE from the
columny r?ﬁrﬂi\‘é‘%tlgen -binding molecule collected in (d)
(c} collwmdg(tﬂ)epﬂ@tmmehé)mdh@emlﬁqdmg molecule using the gene
(d) obtéﬁh@ ﬂ@gﬁe(%hdﬂﬂgthﬁ mggalcﬂgﬂlﬂgqﬂa%gé [ﬂu@:ﬁ’éd[ﬁ@d wherein

{e) I‘OJ lerﬁlt pH i3 en- bm fHiTegas] I%C‘ggblgir?e Ond 50 6 > [48]
Po%he |§ odu %5n met o% ?an one wh| further
[46] 2 mashod feeRreducite ﬁ“c?ﬁ“é%?ﬁs’ﬂﬁﬁ‘t‘i%”é‘f %Wﬂﬂ’(ﬁ‘%%?&"é‘fytﬁfé‘ first pH is

greater mangmdzjlmdm@lmﬁkwﬂehmmmwdmesiepsm@ertlng at least one

(2) binchligtidlinginie sheiaptigeabingdingymolacaie; JAah e PrRAUGHOR under the first
pH Commethod of any one of [43] to [48], wherein the antigen-binding

molecule is 35 an antibody; 9 [50] a pharmaceutical composition
(b) eiutles%@F@%ﬂ%%%lﬁm.ﬁg%@%afmw&& BRFeRe pH condition;

(¢} amppfodgdtiogenetivodinf Gnylold oft[d81binfie] 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
is 4.0 to 6.5.

[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 [48], wherein the antigen-binding molecule is
an antibody;
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[Effects of the Invention] The present invention provides methods
for making single antigen-binding molecules to 5 repeatedly bind
to multiple antigen molecules. When an antigen-binding molecule
binds to multiple antigen moleculé@s, 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
[50] a prdfBateigicatitagnamtdepiotingsadegradatiohipdtiwuajcofiamtibbdiekby the
productBAWRAHR speRpkiRNgRovRd antigen. FIG. 2 is a diagram depicting
[Effectsa @%;ﬂ%@ril%@ y which 1gG molecules are salvaged by FcRn. 15
FIG.31sa schematic diagram depicting the re-binding of IgG
MBfEUGIER {8VRBUPRAIRYEITS AR (oaraabisa figs friigen-binding molecules to
repeatediyénnidnanesbiplinchgtigeniwitlein eMdesamagidelGhiddisganolecule binds to
multipleSEREAHE I atam: daRiciBo thaite (1nding oL o MY GRNESIEQan be

. new antigen. fol owing dissociation from solu ?nﬁiggﬁlwithi]p .
mprove aad suc moIT:cI g Xerf.more su%ﬁriar bia] wvche ects th Pseo ordinary
endosomes. . 5Is a diagram depicting the process of panning

antigen-HHGERIFEn-immobilized 20 column. FIG. 6 presents graphs
depicting the results of phage ELISA for clones acquired by
Brief DGOHHIGH RAMRIBG s upper graph depicts WT and the lower graph
icis CL5. FIG.,7 IS a graph depicting,the biglogical.
e S R R P R g
membragehaRASEIEEIF|G. 8 presents graphs depicting results of Biacore
sdfisdngradndombiledingneh petdepanbe niyebiding latildh abe salvaged by
FcRp. receptor antibodies to soluble IL -6 receptor at pH 7.4. The top

depicts WT; the second graph from the to icts_, .
Risky g AR é{&%& RS i sy pg antieen
following digspqigiigs Geremrmbiars herad engrsaavitin radrvdshicting
fgsulsof Blaooe sensorgiapivtiog Bindirigrof:800f IgG molecules to new antigen

followinp ldrdenendentiy- RinfieaAptn lhis eeRisantibodies to soluble
icts.WT; the.second

oo ho e AT BT HE e
column. qenpjcts HI 70/1,82; and the bottom graph depicts CLH5/L73. FIG.

IO resersigeaphs depidttngiresulls of hiaroré Sénborgrae fofuired by
column FeREatioR(Rbhef- dhpandlissaciationuPldweBhahh depicts CLS.

RideRendently-binding, aptisli-0 fecept Jz%%;‘c}iba%%iﬁ? 18-35

membran%-t@pe -6 receptor. The top grap (rj’eplctsy ; the
pH-deperdeilyPyidiph 8- th &SPt AR depiies H3pl/L73; the third graph

& petopsdemibtsitildog 82qland thecbattenagagpi fdepiodég of
pH-depefderlB/1oTdtifd il 18 RBRGOISBEIRIGRMIRAICAINEFeReaIRd7.4. The
top grapfpg?a%ggtg ﬁffﬁ? lﬁl]%ds% S gerg;t) f (gpndtigleqtop depicts H3pl/L73; the third graph from the
top depicts H170/L82; and the bottom depicts CLH5/L73.

FIG. 9 presents graphs depicting results of Biacore sensorgram for binding of
pH-dependently-binding anti-I1.-6 receptor antibodies to soluble I1.-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/L82; and the bottom graph depicts CLHS5/L73.

FIG. 10 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to
membrane-type IL-6 receptor.  The top graph depicts WT; the second graph from the top
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anti-IL-6 receptor antibodies to SR344. 5 FIG. 12 is a graph

depicting the total amount of bound antigen in a repetitive binding

experiment of pH-dependently-binding anti-I1L-6 receptor

antibodies to SR344. FIG. 13 is a flaph 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
depictsgidsifia/ $ohedntratiopis fofrl Ghp lordépertdd h 1§ Ading thetidite® graph depicts
CLHs/egeptor antibodies in cynomolgus monkeys FIG. 15 is a graph

d%EHICt qq;!’in]l:ﬁa‘ggl%rg %§O(Pf Ril?lcﬁ E%%ﬂ/ gli?]b%pl ?]m %%endcnﬂy binding

monkeys, In relation to epen g an receptor

anti-1L G ?é&nﬁ%d‘%‘@%%r%ph depicting time courses of
ubRBourdstygeapy doptigridhaiopkeydintobceptenitondentratititiye binding
expenﬂférﬁ)é'ﬁ@ﬂ%lﬁiéﬁd@@@’ﬂﬂﬂ&m@d&ﬁiﬁﬂm@z&dgﬁld@xﬁ%}ﬂ%ﬁhmng
a.'é‘ L6 Lo reﬁ?&’% ta”“?r%%"géur!fes%f%ﬁ?,o%seﬁ‘%%n%ra tatjons of
(or 74y

ﬁ%lctl ults o BIaC re sensorgram or ass C|at|on

pH-depg s%eﬁﬁ%ﬁl%b% B e LREa ShbyEBm Hirfy ss T gemsgenic mice.
rédepidrinatbpdidepidimagmb ransaypiaitil®de obptor cimardetions of

pm-depeaﬁvi@g-mmd@&t@@@@é@ﬁbﬂ@ﬁﬁfo%?,inld?»mlﬁaéukgﬁim% 2-19Gl,
aﬁbeYé‘m% gh%e 18""” 60 FlG k8 ISR 91 Fceﬂ%‘?‘%s”% UMSmolgus

courses 0 Yy concentratlons (0]

mo“k%H”créb’é‘HHé%Hﬁﬁﬁﬁ’aﬂ‘?@“&mP‘Ft Iy arBptoP AR padies-
HIBI/LT 3 kyipFdepigBl tind chvdesgGinhvinghian Hyi®retsptoronkey 1L-6

receptoﬁr&ﬁﬁgﬁmgd'ﬂiﬂ@ﬁ cﬁi@n&@u@fﬁ&ﬁf%gfﬁ@ﬁﬁmﬁﬁp@e&%miﬁfbmmng anti-IL-6
5§1gensorgram for association (pH 7.4) and dissociation (pH
H-dep endentr%eé)élndlng anti-IL-6 receptor antibodies to 25

B PGSR IR PRAIGIOG Har S RSB 2pigciation (pH 7.4)
and dismaﬁtmfme‘B) FWH@@EH@W@@EB&@@HW S mresiipwits to
membrdnkGy gO1is rgianbr Shoverg: haeise tisie shefrai ROy RSN T,

f ding anti-IL-6 receptor
mpI/L???%@gles ?Pﬁa\%ﬁgg?%gs%ﬂ%gmand Fv4-M58) in human

It I@wé%éi)%&rﬁpéﬁga@m@ ﬁﬁ&%@%fé%&%ﬁ@%ﬁ% g apdations of
pH-depefajsivtintirdinglanof Biavssretsemstrgran WlasBoblalivke(pH Fr2)jgG1, and
Fvd-Tg@ndndisseeiationdpipé- ﬁi@fga{;&(ﬂﬂa@ndently binding anti-1L-6

ﬁfépf@r %@EHQ@E&% r@ﬁﬁt&)@% 'Au%?%%@% am'\"f%}"a% %[%n (pH 7.4)

e top down, t eresu FVI-M73, FV

and i AR TS SHORH- e %"éhi’sbéna%??f&ébuéﬁﬁﬁ?ﬁ&%&%&%‘ﬁf
membragatippoll flasrepiconbéntiratioes dfc 8% peivdependelttl{pbMdiny4-1gG1,
sz;,[gcanﬁnla_f@zr@qgg)wé godies in cynomolgus monkeys, during 11

aﬂ@"ﬂ@ %t gpgfs Hé‘?%é%g‘ﬂrs QILMEHB(EM MZI%& !::(y Igtgﬁlt’lons 0%0

administration o
PH-dep?ﬂaw%%%aaﬁl i%ﬁmfgﬁs&fﬁr@%%%% A Rl i d FA-158)
in humapdlr§escaftGRBosgavdenikgtions in cynomolgus

FIG. 21 presents graphs depicting results of Biacore sensorgram of association {(pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-1L-6 receptor antibodies to
membrane-type 1L-6 receptor. Moving from the top down, the results for Fvi-M71, Fv1-M73,

Fv3-MT71, and Fv3-M73 are shown.
FIG. 22 is a graph depicting time courses of antibody plasma concentrations of

recepto

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

antibodies (H3pl/L73-1gG1-, 5 FvI-M71-, FvI-M73-, Fv2-IgGl-,

Fv3-M73-, Fv4-M73-, and high-affinity-Ab-administered groups).

FIG. 24 is a graph depicting time tburses of unbound-type

cynomolgus monkey IL-6 receptor concentrations in cynomolgus

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

antibodies (H3pl/L73-1gGl-, FvI-M71-, FvI-M73-, Fv2-1gGl-,
adminisprg@ommt 3 FVU IRATESL F0laMd high-adiaityvAd tthministdigdand Fv4-M73 at
0.5 mg/e¥@updhriniGd2Bnistasiagramidepicing =R .6 R2KERS, and FR4

AW, GRR] d%%@gﬁﬂg o§eRB3,PERPAVY ENAIRS, (YH e MblGo1 gus

VH3, VH4) and light chains (VLI, VL2, VL3). Asterisks indicate .
monlkes MO e A T ORGH LetSFPOS SR (ELPIL73 1661,
Fvi-M7dedliéridds:. FIG:126 résentt & Biatdf Escrsorghaniigépiéthgithigistered
groups)pH-dependent binding of an 15 anti-IL-6 antibody, Anti-IL6 clone

- 7 . i .

i e
receplor SRARRAATANSA LYRURAIUS BARKGT: LdREB IR E AP hebinding anti-1L-6
receptorgpfifediendE biftieg bt Bnl -htiLE s Yete plor-deftibody3-M73-, Fv4-M73-,
and highAditiniit3 WR-alerieisteral heullsy31 receptor at pH 7.4 and pH 5.5.

%a%%%%sdégg‘%%@@?%@%ﬁ AR G2, nd
CORS of e/ bt Hendd A A L RHEROL el L2 V1. Asteriss
indicate lygedipmn SUSTEHTRG SHATHAEPES idURd ORI comeliatig SR344

m:aﬁ ﬁﬂ&ﬁeﬂtlsl mBfudbrbstecaptonaeiihoty the PHOfSRndAS bitlding of an
g e el RS
o R o RGP b o o GE A

focargieigno BirsarmasatiuaThdpiesehthnpErdipandeotiteding of an
anti-IL-Thethgas toritnareasingtbernonber ofitietesiofre3hantgpn-bingiagH 5.5.
The cur&!@s ﬁp{&%@ﬁ%?&]é}g m{gﬁlﬂl@&m&%@@s&%@[l¥5}gﬁdpl@§% bl 1L-31

invention provides methods for increasing the number of times of
recepmr’%?fﬁ@h%?nding in antigen-binding molecules by impairing the

&Hdgehdpidiribed By o el alsgerubibeigrnelectien Hicadidievenous
administpitioasfeofiparedolatihat @t isur aRpkl I therarentheIpesesiitor antibody
{0 mousdnVention provides methods for increasing the number of times of

Y A A SR PR S SRR S R e avenous
administypigta el @@qugﬁgnmo@a@{@ﬁj{}ﬁgﬁgﬁ]@ imtB-teran IL-6 receptor antibody

to mouseantigen-binding molecules. In addition, the present invention
provides 12 methods for increasing the number of times of

s PS8 apger oing moecle by sosiuing
EbmatessttéyioHion Paptigernisthaftdomisraeaiiag the number of times of
antigen-binding in antigen-binding molecules. More specifically, the present invention
provides methods for increasing the number of times of antigen-binding in antigen-binding
molecules by impairing the antigen-binding ability of the antigen-binding molecules at acidic pH
as compared 1o 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
histidine for at least one amino acid in the antigen-binding molecules or inserting at least one

histidine into the antigen-binding molecules. In addition, the present invention provides
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The present invention also provides methods for increasing the

number of antigens that 5 can be bound by an antigen-binding

molecule. More specifically, the present invention provides

methods for increasing the numbet2of 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
methodnéreasingsithetiruminbeoflamigen sithgin-bantipe boumigdoybanling molecules by
sULI)s‘u’f:ﬂﬁ\ltég@é]etl't[]g&:iL lﬁ@lﬁgﬁ leeuie 19%%”@?11%@11B§Ifﬁdﬁl§af@ib@@l}%§§tﬁﬁleregion of

[ in the antigen-binding molecules or inserting at
antlgenlagg]s&:%%?% |stLO|lcfne into the antigen-binding, molecules. In addition,

thE PSSR SRR A S SR T msthodil 9B infiersingifg iR heiAbaptigens that
can be bfuvahtigensittiginebindoes baniewhloy dvican sigrentibaidinlge mreteculevention
prowde;ﬂi@tlghlssﬁﬁ%ﬁ&&iﬁgg@@%ﬁﬂﬂ)ﬁﬁéﬂﬂﬁﬁgex@fﬁ@@ﬂ%rﬂ%@@i@ﬁ antigen-binding

molecuﬁcb?fsmlan thl‘l%,%a tf':ba%g enotgrsma of rgﬁlo%t%m g sbcgdl ed to that at neutral pH.
he present inve ition ‘iSSFrOVI es met

Further&%?oﬁ}ﬁﬁﬁﬁ%ﬂﬁwglegW%lgﬁt@%ﬁqo JFdpqragsing the numbcr of antigens that
can be exnd delulanydonibndliap tiggecbinbiingbvitieing bishitbne opecifichlipe amino acid
in the e&h@dﬂ@ﬁﬁﬂig iInveaties @r@g&@@mm@amﬁ@%@%m m{fgkh%mdmg

molecu?% a4 ?cﬂ:[)ggn {ﬁg as‘n teir)gf %‘f’%”u' gsorlrjleﬁm adntfgrel%c:? asulljgﬁhe Sf)umber of

molecule |mpa| ng t e antlge |ng a It at aci

antigeng et Capehe PR ataﬁéaﬂ%ﬁnpﬁnfiimtwem%hfﬂ@gﬁr%@éﬁwﬂseHﬁ%ﬁng adding,
and/or ipsovitkesmitethods ifothadistbefatingswithirz el ani gntigedidponvlaules.
extr@ﬁ%ﬂ@i{armguﬂalmmemiﬂﬁ%ﬂ@dﬁi@l&ﬁbﬁ@c&ﬁ@ﬁmﬁwn& antigen

from an Q(En grﬁ}ago%atag{fg %}% %%hlstlﬁ 5 aloffogg ) Qcﬂgceﬂgy the present

E,‘CU e or’insertin east o ine into t

1nventl%ﬁf6gﬁeaﬁa h@ﬁ&é&%@ﬂ%ﬁﬁhﬂ s HHE8EAH ﬁ%ﬁﬁ%n
extracelpripvictbsumbihbgim fondiss oviktinig Withinaaioglireraigigenstomaiity at acidic
pH as coxpace lulary-bund: antigen-hincing, melgews: tALRHEM: provides methods for

d:ssoma%lﬂ?w%{ }chg?ﬁ%ﬂg s%dﬁj ar?'%%%e'ﬁh ﬁtrlgng}uf[ﬂ A acu:Ls I@:n%h%olecule by

constant region o ant| en-bin mo

Subs*‘“’ﬁP@é’éﬁtﬁ%éﬂ%’i‘fﬁeﬁéB”ﬁmia‘é%ﬂé’EﬁB‘a%nFéﬁﬁFbPé%@Wg’%ecule or inserting at
least ong hiitjdmeintdithg mbisotimdingictidals bearnddition to:ancsantigerntion

provide@p@iaernalizeddnima welkida @em antigemiresniormiedhsuaitsisliind
antigen- %fr}g'gg J%(L e%%%h%&?@@ﬁ% Yt'u % Q{?ﬁst%@t "?iv nt'%rﬁd%lp Vldﬁsﬁ amino acids in

OI’ releasing an anti ng mo

the antﬂb@é‘éﬁ%@ﬁ&f?@l% A ArgesrLrlingeralshigd into a cell, in an
arftigeeséne énfontiptoatheposidenotitbé dellbebspimpairimgigbre binding molecule,
which hafbigan-hindiamhilibeatacigienil-30 ias curnaned tadbat ate form to the

outside Hyé‘éﬁ)"’ I\EH Qfémr%yﬂlﬁe% G %@fﬂ@e ‘?ﬁﬂoﬁoﬂ%\g%ﬁhmﬁtp&da asing an

ar rel easmg an antigen- |n |ng molecule, w een boun

antigen-pindine MeGEH EntPis B 8 BeinHeR T ahiERat R faf coll. in an
antigen- f@@ffermftstﬁemaﬁe @%the loylls by stimativieg Histidinge fobiad ilepatibiyest acidic pH
as comp@¥ine BeidtiRetheaMigeruhinRdingeRigeeendmNSAaNgG Alideasicthods for

reieasm& A agg’é,eql %%Ht'xtl% %e%&%g%;ﬁ%%ﬁ%éﬁ‘ 8!)%91'&'% AH Q%éhoé]idtt}l%emahzed into

present inyvention pI’OVI es methods for rel easing an

a cell, ma%‘t?j‘é’ﬁe& g dRla R AR hasebh SBBEIHH“&?' Hiviting &y at least one
amino agif dhifte snilicedidioanedcute aninSrtastigesndrorefbistdioctingo the

antigen-ButBigianRldhaccellntiraugh, &&&ﬁﬁi@ﬁhﬁvgﬁl&liﬁ@vﬁﬁgﬁﬂgﬁh@wﬁ releasing an
antigen- Bnr?(ﬁ %r}go%aﬁp B '81?%'& H}%n%%g %( a%%ﬁ'l% c{&g rggilzc:d into a cell, in an

antigén-binding molecule. The present invention aso provides
methods for increasing the ability of an
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antigen-binding molecule to eliminate antigens in plasma. More
specifically, the present 5 invention 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
antigen-§gp Sehuitin ¢hhistditreofchaedBasrongesabaiiiotiaeididietine adding, and/or
insertingddHigendide dingermalectiesQtinse fingoakigpsh onelhstidinessto

tjf'ﬁ’e }Jpe%? gﬁf@ﬂ%&ﬂéﬁ% #@%%ﬂlﬁ%tﬂ@dgﬂg'g Q:Qeem gﬁﬁ%%ﬁﬂﬂy of an

invention provides methods for increasing the a
antigen- %ﬂﬂﬁtﬁ‘@ﬁ%l%ﬂﬂ‘?d?ﬁ!ﬂa’é’ﬁ %héﬁi‘ﬁ|H]df@5é‘?ﬂlgel}4§rﬁ158?8‘§0%a{%h%%%rﬁsem
inventiog phystitletimy thadidong cradgghanbiloy piseranigemiimdiagieslisuledo climinate
antigens@ BhealY BPRSRMICBOMasanbpdmbindingatnaleeyie adfignpared to that at

neutral plff es?ﬂhﬂ%%éﬁ!i%oﬁlé‘ﬁ%&@ Yl%?lﬁ&ﬂ %%9‘3@ %‘aﬁ?ﬂ&%ﬂg&@%mg the ability of

harmacokinetics of 15 antigen-bindin moectmg gt More
d

an entie G B R R S PIGRS B e HOL YOP B o oot
one aminheqithir thaediiaetiyiantigercpivrding vl etlshss s bisimagnthghe
antigen-bel@Rionvitcydasmaxiytimpaitpgthe antgen:bioding albilibaator increasing

the abﬁs@cdgﬁ QH;S&% %Qﬁﬁ&%rﬁgléglﬁg% Qﬁ&%&@n@@eng er%%%?m@?subsuwtm <,

resent invention provides methods for jmprovin
detting 0G0 S B SRRG SR BINBIRG LT @&%%ﬁsg%aﬁﬁ@ﬁgen binding

molecultyistidine for at least one amino acid in the 20 antigen-binding
mialeaias arinteting pidedst orebusticin@prioiiehe pharmacokinetics of

antigen- 8o gqu Egﬂgg nﬂ%%&%lﬁ@lgﬂ%g%pesgﬁ? 19(/@1?1?&{ }'J%/\gaégoﬂethods for

provides methods for im Lﬁgrovm %I co t|c of

‘mp“’“%%wtﬁa@ PRGNS ég%‘ifbgﬂ é‘ﬁtﬁ‘ﬁ e&“ 8l ﬂ@“%&%ﬁl?& T
plasma) ysieririgrinenterisbinding ahiliih etiscinathnt regioedfo that at neutral pH.
Furthern@htigea paindinigaoles plesideuiiben dh@irsenthip deniinmprovideses of
antigen- Mh%ﬂ'{lg%fé’éui% B‘?r%ﬁmrﬁ%ﬁgaﬁﬁ%ﬁé FE';%?@&PHQ@MB%@@ in the

molecules to eliminate antigens in a. Mor ecifically, the
iR Eh U 94 1P e e ORESEI B molecles.
In additighetlnpigestbityaiig mpotstlsieaahodsifaimateraritg s haplagrhiadyys of
antigen-BM@a ngltbelantigabshinaingdaletity, atither aatidaridsnttiagmino acids in the
antlbodymg%{]?&i%h%?lglﬁéyﬁl Qﬁcﬁ&é’?ﬂ&é@@é@ that at neutral pH.

Furthermore, the present mventlon rfles methods fo
RS R RIS B G RE R A PSR e e Al
antigen-t3odstiyelneuinspadmenply subeittindasneastiorfesrvieaibcithgrpresent
inventiod peoaidtg enrthias foginealetuasaubihichigtidinamosdnserting ableasss to
eliminate é}l‘?léyr?ygl'gﬁﬁl@bw&ﬁﬁqgﬁ%g 519 Q&mﬂlﬁﬁglﬁﬁhgﬂ cﬂqgétéﬁﬁgéﬂ%mdmg
present mgﬁ ntion E g{ﬁ% ilrggthods o [g:e ilnr%th%e %b'“t%ﬁ:/ntti?wenuon

m()lecmeéﬁf@cé AGHBTE ifafe antigERE M prashi
provides sufRaiteifingn dedsina gharidiity o b/t isrsebitinamiplecalsti fithaate

antigens a{mbﬁda/@cyastﬁntth@aon:@t antigemdioding thealatdesidiblekaioyles with
histidine dﬁ%&%ﬁéﬂd‘% 'igagtf &H@}ﬁé@ﬁﬁﬂ%@ﬁﬁkﬂﬁ@ﬂﬁﬁg@n %EH&%%@%@H&@Q“% addition, the

harmacokinetics" erior pharmac net|
present RGO PG BT AL T A tecules o
eliminate(yigee))s m@}ﬁgﬂ@@@ﬁg@ﬁh@ré@t@na@mwmm@ dAdpo acids in the
antibody SupeRiotgietemtiatdampiadng (blieod)s, respectively, and these
H@@ﬁ,e§n%§1%§éfggﬂ¥%ﬂé’Ehannacokinetics”, “amelioration of the

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



10

15

20 .

25

30

35

Herein, impairing the antigen-binding activity at acidic pH as

compared to that at neutral pFl means that the antigen-binding

ability of an antigen-binding molecule at pH 4.0to pH 56.5is

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
retentioatitigRebifdiRg )y m&heeudeaabp&5181@@1&1@@&&691@&@51%590&1&@ ‘superior

retentlomtﬂz{sﬂu (%1éoﬁ€%£é@9&éi§”a§ﬁetﬂs%§:%ﬁsé£‘&%% Bﬂnﬁﬁbq[lg: pH is

ically. 0t referabl H5.5t0 p11 6.5, and more
s elé‘fé’ﬁ%ﬂé’l‘ et B9 T BrACEAEoGHBR [0 ht a
neutral ﬁ’é@ﬁﬂpﬁaﬁ%ﬂmmmﬁm@g t5iph of eueinpastebétslinp R dicoule pHH 4.0 to pH
6.5 is inBhBiraing mieupdaterabiyt pH § %oerein, erphmseraimpaiing thending
activity %P%%‘t@éﬂ%ﬂ& ﬁ&%ﬁé&ﬁ%@&i‘9%@@;5@%@1&8{5%5%@&&8{;‘1&0# that at pH

58 ompared to aﬁf t neutral pFI" isInterchangable with

700 o i e AR SR B o - biciog
moleculg gtigdr-Biisdimepined lecemparebint b HPES Teb m paredi g o ihtheatresent
mventloapm‘iidmbﬂ inypibatywords) 16 thiesprgsepabyeHion, dhet i eaceore
prcferaH HT?S %n“%%&éﬂ@éﬂg E;QE%%E&R 1?10&9%'3 *ﬂ'&‘t’x‘ﬁ%ﬁ‘ ?Jé%i'&glly pH 6.7 to pH

eenaC| ? neutral pHs

; E‘* incre
0.0, prﬁé%‘ sl O 88f ({Bilfﬁ%r)e B 4)5hould be increased,

dergias isrbertselbnparing mﬁéﬁéae@rmm ahrﬂl@eaflemdmgeakbﬂm}mg
moleculobeaviditigeashinaiagdolbetienbatweern RaidiccangoRiay rathntSphrase
mcreasmgﬁlpgnmg&@ﬁﬁ% g&ﬁwelmlggatmaﬁg %ﬁdﬁé&@m&a%%@ compared

and increasing

(nd t acl
e el R S e e R
antigen- fé@%@h&ﬂmﬁ@am@hmig@mm@eaéwmheb@@eﬂetw%n acidic and
neutral fpprofsiasely iy, thesehakifadnipHeSMK TRPH 12¢ bonrlibens A% A0k

descnbegﬁmla”%g fmﬁ%%ncl;hﬁ tﬁ@gg&é]axp 'ﬂg!ﬂgg ‘38} }f Fﬁpalaﬁgen bmdm molecule
b tweendctglt rcrgll1 ed fo under C% Fﬂ%lrtlons of ESt u erbahrll C 0
© S SEAGe ]féﬁ% RIS &ihfROr both, impairing the

aﬂtagen—%zﬁﬁ@eﬂhﬁmm@%ﬂﬂwa@fiamesm@eﬁnﬁmﬁ@m@@d@ eanebial pH.
deiefinuinedtiay meathiedskbodatamihiagehsktleebinbineiaf b dofity can be
selected WJ%&W?%@@QB&%&%H@ %ﬂ'%&?ﬁ@o‘%&ﬂ%ﬂkﬁm@% E\Bgﬁ*y limited.
The ani nr%e xagé Ies erein. Vé/ en&? |sasol% 5&3 % & bufh
S R OO TR LB 19 PRI Ao BS BB S burer
and 37“%@&%@%@?&@%@@%@@@ oriberaetsighormidsiihdalinihctivity of an
antigen-thdiaptigddindinge tealecilel Aliestaiivelyowheniihe aatigen dart, for
examplerﬂ@ﬂk%?‘&@r@f@g%amﬁz@g)tw%é)ﬂpéngHgségggz?ﬁ%mm%erem

en can ssessed Fg in ectl the antig n b| |ng molecule

e
e g S AR W DS i R L £on
assessed iy, Eyffding the W%@l@ﬂ#ﬁ%ﬁi@éﬁ%ﬂdﬁ@@bﬁvﬁmmﬁgeﬂ binding
moleculeacidiceramtl sigutitain melansgmtlpalfﬁemlaak)elﬁmﬂ@ﬂ anclangag dheinding to the

membralﬁ%ﬁ RiRindipgsacivityahacidic B 45 % MY gﬂﬁﬁﬁé"%@cﬂfe%@%%alym onto
owever, the value of KD(pH5.8)/KD(pH7.4), which is a ratio

anantlgeg I?mc)zl|ss,00|a¥“8n constant (KD) against an antigen at pH 5.8 and

I degrpentioayispethesbilrzise igrdgwiigemhingietaiiy teteren acidic
and neutigresieis :ngestithmoydipiefe ra by 46 dregienterbikieny pperitinitatBlic pH is
lower thagffﬁpéplllééﬁé)/ fﬁp (pﬁgw@fééa{ﬂg Jéiﬂ@&ﬂ@ﬂ{ﬁﬁ@ﬁyﬂ%?ﬁ c?}”@ﬂ?&@(s a ratio

V Xam
of d1ssoc;a? ion c%nst ueCKf_B ggaéilnsp an'antigen at pH 5.8 and that at pH 7.4, is preferably 2 or

greater, more preferably 10 or greater, and still more preferably 40 or greater. The upper limit
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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-binding activity can be presented in

terms of the dissociation constant {KD). Alternatively, when the

antigen is a membrane 5 antigen, the antigen-binding activity can

be presented in terms of the apparent dissociation constant. The

dissociation constant (KD) and apparent dissociation constant
of KD(CdPpav&m (K Bavausd schetareniveldthylimétdods! know toxthelse, for example,
400, 1,6bd)ed in,the, aruof;gra@xmmrﬂ%cuﬁird&@aﬁe@c(@%y@ﬁhb%@ of those skilled
in the aﬁcat%%ﬁdt}[%l 915’(: LG {Agé)hﬁ IR éo e|t¥1’e 'Jxﬂ%g&%ﬁ% % ﬁ%eﬂ fg?n be presented

examp SSOCIatIOH rate constant, as an 10

it RS GEPbindiigaabichy BREES FEiSeRd SHegombranc
antigenp thgtealiptishindiheacthiéndiss deiatrsentedéndenstaritifkdpisragetisassiation
constarAN iMgicatesdianishedifierenas) imthe hirdingssactivity H&ﬁt@ﬂfd @r)lsa@m KD) can
be dete%ﬁ&? @'&&ﬁ@d&%@%@ho&@%ﬁ‘ﬁé‘d‘%n%‘égﬁp l%? 8)2/ k usm 'Biacore (GE

ratio of ISSOCIatIOI‘l rate constant
hea}thc%?rggéﬁtﬁ%aﬁ P8 Akd it at pH 7.4, is preferably 2 or greater,
miterprételailysPosighetitare e s . refedaiblyidloorgesatetant, as an
indicat@Terstll difrdnare prefesaiiyn36 Qg @&Ieﬁym@v&ﬁp&ﬁcﬁm&@fnwﬂ al pHs.

When tﬁg Q?éz‘(?c%}ﬂﬂ@c“ Zoﬂgtmlgg)lﬁ ﬂ@écﬂ%@&ﬂl@lﬂk{to 0'11%9@ tﬁﬁgre &y 1116%16 binding

any val ugﬂaor example ong as_the molecu

ity O b e B BB e 1+ 3 ENGLL SR i is
ratio of glissywindentiate aptisien (saazselublenantigerattbid SBtigdthinting7.4, is
preferalbl@tivity seaichenare samtasd i 5 tarms:ak b 6issachdiRRBRIG 0 or greater, and still

more p&?@%ﬁ%é%@gr@é@maﬁ/e&% Wqﬁﬂttgﬁ{ pl%efﬂ/f(s SRS ‘1219t articularly
of’

antigen, the antigen- brndrn actrvrt)é

res nted in terms
limited  pod Ty A IRNS G STAARS QBntirE %Qrp A THgSule can be
producagdhistenhnpkedicirig appatenbaissoliationbraat.constant (apparent
kihhearhbargigtanninad by aﬁagaﬁdwmrgm@;ﬁbmamm&a Eb%resented in
terms offile @Es%éﬂﬂb%' ?dté:' %ﬁ%@tﬁge ﬁ%’gnIﬁ% PC&}E@; 9{6 %%’z !Qa membrane

resent mventron wh en the antr en-bind |ng actrvrt of
antigen, i AT R 28 IS SRS L B AHGRORPRIL fspoeiaion rate
constanpreférr diwrattibe inteemisiarhdal avhditioes diccepatifor pid emestant (apparent
kq) can Boagtatindheymethaisdomsmpaiingstig-antigen-inding At/ itief Biacore
(GE hea?tﬂc%@j%‘?@i?@&d'”g molecule at pH 5.8 as compared to that at pH

7.4 (methods for conferrin dependent binding ability) are
‘bearf%sﬁiﬁrfirﬁrﬁﬁ&u“féﬁaqﬁr %@eaﬁr’mﬁ%@tw&ﬁ ARCHcunding

moiecufmelé@eweg@te&ﬁm@m@m@a@qumw itfrrgptbes entigeieidiiony except
for pH s@€tivilytzat.pH 5.8 as compared to that at pH 7.4 by substituting

higt %@&(ﬁ% f%mrﬂsaﬂﬁrg%;r&m?gam;&% 0&’8& MUCEHE R binding molecule
sertin tidine in rF ecule It 1s alreacf1
at pH SR & %Ci ﬁﬁ{.ﬁf&% %ﬁaﬂbeég SR glﬁﬂ%%%ﬁrmrmdmg
ability) intigepatindmly Hotitadeby sabberniryeHistting o mhed sdoidisldanfor
examplehgediatio dehi(pE By Lietten 201 SEaS (PN S9ch histidive o that at pH
7.4 by sff%ﬁ?cﬂfﬁ% ﬁ%ﬁ%g%%i% §éd9ﬁ?{ﬁ@&§éﬁsbﬂgﬁgﬁﬁﬁmﬁy (%q}{sertmg

imited, and an _Site is acceptable as long as the antigen, binding

hisudmeaefm@? RS A IERSH thal dHASH B A AR 50 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
insertion sites are not particularly limited, and any site is acceptable as long as the
antigen-binding activity at pH 5.8 is lowered than that at pH 7.4 (the value of
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KD(pH5.8)/KD(pH7.4) gets greater) as compared to before

mutation or insertion. When the antigen-binding molecule is an

antibody, such sites include, for example, sites within an antibody

variable region. The appropriate ni#nber of histidine mutation or

insertion sites can be appropriately determined by those skilled in

the art. Histidine may be substituted or inserted at 5 a single site,

or two or more sites. It is also possible to introduce non-histidine
KD(pHh8iadid(pH vt atio grovdtty )aandnoecids ot ¢tham dtistidiriedeafdhe When the

antlgensﬁmngrﬂi%ié: Hféhoem?cda@t.&q.ﬁﬁ%n@@%@ﬁﬂ@ %@)ﬁ)@ﬁlﬂrggé’sc@ghm an

&m t%peous hlstldlne insertjon. ssnblx; [0 subst
antibo 8’ variable re 6%:H:)é riate number o at lﬁ E)r inse 101 sites can be
nsert hi ne a r m using a met SUC as nisti

appmp%fgwn@ﬁ@nwmqb&élé%smtl%ﬁﬁél ﬁFf‘sﬁéfad %fsaltaﬁm"@avhbslamﬁémd or inserted at
a singlsganningknower¢sithosdtskitled instiideant indltemativelyisti@ine mutation
(mutata@@ﬂgﬁ{bﬁiﬁgiﬁ@d?@iﬁ?%ﬂ%%@ﬁ%}@%@é@é@(p'#Zrﬂ’)eiﬁmre histidine

incr r re .mutation can, be selecte
mutation %1%? ee 1d aBS COIEE&S 9 befox%th hig émel sertion, 3‘[1% possﬂge to substitute
tl en-ninding mo ECU e rar ran isti

or msel?ﬁmaﬁ@ﬁ YrrindertsrinseHer RS et %éﬁ@%‘l&‘ﬁ%t‘iﬁé’é*f@r g eibistidine
mnstead of alargmtigeriabimdsognigldoulena thsertéd!distwsentamiriaaeidsly,
antigenQﬁﬁlaﬁzﬁrlQ&é‘dﬂﬁs 'Mﬁ&rﬁf?@ﬁg S@H"\t Hrﬁ g%ré@@ﬁt&ecompared to before
d{ln 15 actm% of th ant n mo cuI
ec rom en-b cc tuikne

er histidine su lon or inértion 1S co ara %altg
mutatiogiqr niefidpre hlstldlne subst|tut|on or insertion. The

" avitipeinsbiholéng sistivitydabthenantigels-bindingi paolendiegh pldcldor inserted
betwee:BHAIHAISHAYGF IARSHILGIRN RIS BRAEHRR, SuGRMIOMIRRIC IR IRLAL R -binding

before hi t|d ne substituti S rtl n ean teven after
s B AU

Gompﬂ?e{%fﬁéhfb@)ﬁp& %‘?@fomé*@r%fwzb%%’b%%ﬁ%ﬂ?ﬁoref b?e?én%a@rybmdmg
activity 80%ecmntizonehiadid st levote 4o rgict b0 DBsidinenobstvftihe or insertion is
comparm&i eemRIGIng aoi'@fiﬁé ﬁfsagﬁ%u@@g@geﬁ w@%ﬁm@gﬁﬁﬁg %%ﬁt@@n after
s O B 0 Sl B PR ey
S07% or gyopigeretsi ﬁaﬂfff‘gaébt.%@ Ridy e Adteasy IPFﬁF%Ta’P}é’HEJ% or more of the
antigen-$usBtigLatom] telefdtidre Hditiersuasiditioinsertioniof. on® lamreratigen-binding

activity @mﬁé%%gﬁ M@:H@%I&@%m BeipgpRiegus- 39 thatiwe Mstitution or
1nsemorili%%aln 1?&!9 dblrrll%acuv t¥1 beco &;thc% ra}?l tc?uct:pn%[tsu%s%tlunon deletion,

esubstltu on orr¥1 ?ﬁon resent inve

addition i qe e EtinaHRge BIoEH TG o RS @%%ﬁ@ﬁ&eem%m@ewle so that
the antipindingiartivityiadecvesaktofsubsttiotiba, eébdetiditididditidniiamndos: insertion.

The preiBSQHRRRLANG chmﬁsuéﬂﬁﬂ@g@ﬂﬁ?ﬁcﬁﬁg&B!%UQB%%&HQ%Q%&Q&Q{M@

mutano c
145

binding S:EI'O” Ar'éf?éf‘aP‘s’& IJ %@pa%é'f’gntmﬁ @ TR o more
activity of an al’ltl en mdlecu e at as compare

amino a@f@?&?ﬁ@?ﬁswmﬁoﬁﬁ@tﬂﬁa@ﬁ? substituting non-natural
aritimpageids dibpdmion oraeids griberrazggdmbing g vitpldeul engigen-binding

moleculiﬂﬁ@}tj@% ROBoAFAER BMIA TS IRPAMHNSHBEAT Qftdfuting non-natural

amino aCIQS &)en blndln%mOIe{:u elftl-lglggigwf% t@%&ltp gr E_)Blgg IZ%\H%?]—HEULUI’&I amino acids

aruﬂmaﬁﬁl/ COﬂtI’OI usm non-natural amino aci

into amigshagids i EHB00S HineR e hdm doé W%ﬂ@@%&f@n be artificially
controll SB(T 2h 3R AahinGnAeidds (O89YLE(Ben): BASEAO}NTHYS, A tihem Soc Rev.
2004 Sepr@sﬁm}m@.@nimmrﬁﬁmer&aﬁ@@ %{yng md@pamhﬁsmé@%w invention,

non- natura %frsrxgrgc!one gescnkpeeigsgﬁggt%aé 1s't} }Qlen ts!,'cl:rr Y é%ch non-natural
ubstitution and/or Insertion may be Intro UCE S|mu taneo
amino aq/\ﬁtﬁlhggwﬁgﬁ(ﬁﬁgor insertion may be introduced simultaneously WIth the histidine
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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 5 constant 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
substitygpriodifyimgetien defivbey donstantregioretmbinedoiacidemay be used in the
presenidntigeidhindingpmsigewasSuehmathngs 10LamofifyingdnBose skilled in the
at.  antibody constant region include, for example, methods for
onstant region described jn the Examples herein.

sypstituting a
1 ‘KﬁEESFHQ?Rré" AR5 AR TR BHIRATCtR it B SEREBrhaMnggigtibody
constarihsigige, forrastiveplehodreidowiiag Sesutigriobisdogstanitretitr

antigeni$OYPES{I0CIId g2 13GS cangaleGr)inndisiect an1iaebpedhator modifying
the antlwﬁfg&g%ﬁ@%gﬁ QOQQ%%MéVAM1%érPHn%1§g(t%‘ %%ﬁees glichhmethods for

dissociation rate at Alternativel S Include

modifyag s sainY %ﬁ8“§ﬁﬂb‘§ﬁ“ﬂ?ﬁa?r1}&%cfﬂfxﬁ§ﬁﬁtpﬁﬂﬂ@§‘oﬁﬁE%%i&ﬁtj‘{fﬁé‘%aCOﬂS‘aﬁ‘
region ¢rsgdeidiothe dixaplsE8ighby substituting amino acids in the
antivmh A thEIsRI aNEedok o \ild- imeo'tgo&ysﬁﬁaﬁh@;ﬁmmma@w for example,

method§?<9££%@&%8§aﬂﬁ‘éoté[£§1 mll%gé?y i%cﬁrl' |s i rcg% g?d select an

of the hinge region of an.antibo tant regio
oty pe AR B B SR 5P S BB, Aaion rte at pit
5.8). ﬂ]ﬁéﬁ@ﬁtﬁéﬁﬁ%@%ﬁg@ﬁé@ib@ﬁeéﬁnummmw@m hasliagpetatity at pH 5.8
(increasimpetdprdieiantigea: pdiBY BN whRb Sniiis RAESPBLAmino acid

sequen r L I I or
gD R
gud). .S&‘@H%Fw (50 g A A7 PO UTHLATRIE, SHes by
differeng pferemsetireh 84t g g lem Armd dsitill sebbeddiéehascan the hinge region
amino aslgRéicantd hfluearatemnihe &ﬂﬂ@%@éﬁfﬂﬁﬂxﬁgﬁvﬁﬁtprefﬂ{ﬁgm 1s possﬂ)ie to
select a@ﬁBB}Qp@lﬁ'tg AURRHY %a’?}tﬁfe m@&m&a&g&a&&wgﬁ%\ﬁé@ mCﬁease the
dlssomag/f? |so%§1%% e)aglssume to l:ge within the hinge T §99£‘f
BgaR & LR St the Bﬁf?@%ﬁ%ﬂﬂ% ¥ fBEeRsce BipIgrmge, sinee
the diffqeens pabikbinee eaprré s ithsgaaeptd gasigeficant influence on the
antigen-Kin{pid adB)/ D pdt4) Malue dsiinareasabnlitdor @bevendaskiRetence of a
wild typTRURARS. AL SHRR S aRRaralbnalgieaRle that the
}%r%g) %8 /KD%pH? 4) value tig]wo times ordmore more
ST TS RSB, bGP rubstRFfeh Phiekis
WBakcnﬁ%?éfaét@éhﬁbﬁ@é ¢ (vdreo fRérbi g WK nHB ddyabitHo Ugketial) by the
above désuttriianeidietariasiioy laryelinaiten thefeivl30Ha s dhes. 8)/KD(pH7.4)
value be éWtP{%Yééf&el%féf m&ﬁ%}@f%ﬁ? WH&I%S 5?%%@ REQ é@%%g © tfh%biy fen
time reqwred for tQE e matlon antien -binding mole el
e o D e T B e o
particul aghy{gjaieB itheielg- molecule cannot return to the plasma due to
degradationvipraeelsnonoiesheasonshaiter admipsiationla anhe time
required Y @ﬂ@'eﬁﬁﬁ&ﬂ%%@%ﬂé@%%&% fﬁ‘cﬁ@&ﬁ’é( fr&%bpﬁétyﬁi Hglgexample reaching
the Statevf% g\%}%olon% jon of th sma retrentlon time of t
Theh-BHR Sremels PSCTAY I SHHEPY SdptE b BiriafgRlation in

cells, or aﬁﬂg@%@(ﬁi@&ﬁaﬁﬁmmﬁé@m in aihaaihtigenchreshuman, mouse, rat, monkey,
rabbit, or dog, as well as prolongation of the plasma retention time of the antigen-binding

molecule being in a form capable of binding to antigens (for example, being in an antigen-free

form) during the period until it is eliminated from the plasma after administration. Even if an
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form) during the period until it is eliminated from the plasma after
administration. Even if an 18 antigen-binding molecule is
circulated in plasma, it cannot bind to an antigen when it already
binds to another antigen. Accordingly, the period where the
antigen-binding molecule can newly binds to another antigen is
prolonged (the chance to bind another antigen increases) by
prolonging the period where the antigen-binding molecule is in an

antigen AMIGRN IO cl?ls\@aém}sﬁsjd{ap@%mlﬁ B?rﬁh@%t@anﬁg%mﬂ@;dn already
binds to"%ﬁ ellgx"?tl élgeﬂclc%; nr%r, JO@eaQ;ﬁ g 0 belrtlzdt'krl]eg mom%'r? mln VI aule can

|n O er W S, to proio erlod where the tlgen IS oun
newly %%F%lw APRIGEFABHSERS PrABREH ERereBek AfiRg. epilRtiigidsen increases) by
prolonggngtitie nsrivd itk tothmsigeesbining moleoidesiagaimsighefranfigens This
makes 1%66@8@@}’5&11&!@&58@e@@tﬁ%ﬁ&@@ﬁ@%&@ﬁ@%@%&ﬁ%ﬂﬁg&%ﬂ%ng molecules

in vivo (1§ gﬂ{é?@o‘i}ag f%%ﬁﬂé) {F i)%ﬁor@ Egr I%(S—:)ag ager%"g thg %eaan an Lgen -binding

certain period of time aft ministration o

moleculghticfefy %ﬁ?f&ﬁ%& fofetepisiehbRrditrietteistinganrsyles aganst the
antigenssuighedodwdn (fosrexdiriplef thégde grelewladdoredse aahfise fwatde

antigen-$aH@NnBlANRI) REiBG I Asatandian ine.ch she.aniigen-hinding
admnnsmglg}:g: Hﬁﬁe@nﬁg{%{ @1&@H%1?J§le%ﬁf)egnd|% e antlgleﬁ]% JOI3 Fem teS s@ppressed

an_Increase inthe ratio antlgens boung to antl en- E‘bln Fgfa'l
(for exapppit, thideaemi SEER@SGIHAY Qﬁé"ﬁ‘f“fﬁ@%;}’?’r?&’&’éﬁﬁi% theFrpien time of
the antigimbiafiog amlibody adnimistratidle dDBpeeificaliyginsthel presenits in an

increasd @Rt Uf@némmmma@hgaﬁ ﬁ*ﬂ@fﬁga&ﬂkﬁa@%@aﬁmﬁe B@fgens in the
body in %gﬁgﬁ @gﬁﬁ}ﬁ@g Oa!lg)[ﬁ% é}% g%nﬁl%n) of the time required

or the elimination oft e antigen ng molecule after
ahsitisttanohth Eea%%&wgwfaﬁu.%@ar?aﬁwtethﬁahﬂmom&m does
not necegpitiie mbsimtlingroierieaiive Gftensiomivl diediivn repisd foutichdimgeatjon of the

anngemmﬂiﬂfgaﬁm%igkiﬁ&ﬁi%ﬂzﬁﬁﬁtﬂﬁcﬁﬁidﬁ%lpmﬁe%ﬂﬂ r@&lﬁlﬂf@ﬁﬁrﬂﬁe elimination of
the antlégﬁ/ %Hl f{bqn%geé[}l% %?%ﬁ%?ﬁﬁ%‘ {ggfﬁggf@c%&%gg%e 'l[ﬂa &okmetics can

molecule being in a form capable o ing to an antigen
be said "dpRrAYTE, fHéhSerFjéPF BIHEY Molecule being in an antigen- free

fdernasmprottige dmhefkeiodigehdriading awiigrale is:frgénfrdimamapable of
binding &MigeRTRINdNG:-asiseUR:immthebedyiis Sbedapediiniehenwaidsee form)
is pmlont&%perlod where the antigen-binding molecule is bound to an

antigen 25 is prolonged); and the ratio of antigens bound to

ST i BrdEaNdS e ﬁ?&%}fﬁ?@emgcﬁwaﬁ%ols%wfyhe body is
shorteneihGreeiberdyTHushérptheordsertbivaitorhitdmgimproviensdouod then antigen
is prolor@B@rmarokinetics” encompasses at least: (1) prolongation of the

%?a{ﬁq}# Eﬁg EQ{S ttfthgn?ti I %ﬁ' nggﬁgig%%%%%gg RO L%?lélz%s in the

0 from plasma_ aft ministration of t inding
body s EfEREhe: |31 bIOIBGUSH S et S URBHNGHPE I Brmacok inics

encompagiigeFedsinding molecule in a form capable of binding to an
antigenqtesaenivistatianielfdng a{&@mﬂrtakﬁlﬂi@@tm@gd&b@mng molecule

from pla&ﬁ%@é}'g&%ﬁ?&%%rmh‘é’%f eﬁ‘ﬁ{f}ﬁﬁg%@ +{ige from an

antigen-binding molecule Int ftera ministration of the

é@ﬁ’é@ﬁnﬁﬁ’jﬁ*&a fihe Rlgsma (Bﬁgﬂbgﬁlgﬁwwmmg molecule in a form

capable of binding to an antigen after administration of the antigen-binding molecule;
(3) shortening of the period where the antigen is free from an antigen-binding molecule
in the body after administration of the antigen-binding molecule (prolongation of the period

where the antigen-binding molecule is bound to an antigen in the body); and
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35 where the antigen-binding molecule is bound to an antigen in
the body); and 19 (4) increase in the ratio of antigens bound to
antigen-binding molecules to the antigen in the body. When the
antigen is a soluble antigen presenpin plasma, even if the
pharmacokinetics of the antigen-binding molecule (rate of
elimination from plasma) is equivalent, there are cases 5 where
elimination of antigen bound to the antigen-binding molecule is
acteleratadirRedutingf thegohasmadaokineties-dfddiegantigeties to the antigen in
the bodi@ccelerating elimination from plasma) results in the relative
s e ARt o
the antigepibiipgaer Wiolesurd pisesiiomaspsmidserm elpashererre cases
where dlimdliagotocdintiggnsholihdisy theandembindingent]dhee inpreliemant Reducing
the phaﬁflmﬁ(%ﬁég@ﬁﬁ&ﬂﬁ%ﬁﬁlt&@é@r%@&ﬂﬁﬂ%&ﬁ%@ﬁ Iacuies QEGin the relative
im I'OVQI{]e%gng tWeV%£%n Io %n%?gss CIIP tcflre? astm tg'ec;[ate Ofie“Q“natént% leads to the
Proveofiible antgens from plasma after Administration of tha s, leads to the
prolonggtiiyahtbsiibhs g rhsiaeiiess-bindinmmejesiameatieplasming form capable of
bindingmodeggiesto dlininatenantigeds-iambplssmagvdndhie Priesgnimacokinetics” of
anti genlﬁi{ﬁlmg}ﬂotwaﬁéi mzkﬁrﬁ'&%?t 'ﬁ%ﬁggfg}gﬁﬁﬂﬁ%?&?% _ hethera egminating
single igen-bindi olecule binds to multiple. antigens c .
soluble Ziltechs ol pliota o) Miatirangnoing anttedy Biaging Bfiaies the abilit
of the agiigrahindinaimgfile KU RinatpraEds WoTB e tRL
" bitenpacekd metiosiis,imjpnovedihtgm beaassessed Dyithe, folening single
antigen/R@HQESmEREEX MG WNEHNSAIRE HMErBaEeddOh & ting whether the
h elkmlr)tatlortlt%f an antlgen-.blndlr]g molecule after |n|st¥ﬁ1t|on is
pharmacokipetics ¢ antigen-binding mol&cule 15 improved. etl%er ¢
; pro _ongea canage a§sesse5 Ilgy detérminm any one of parameters
Phafmwl&ﬁé%ﬁﬁg@wmn@qﬁﬁmﬁq@cﬁ%@%ﬂmﬁ snigr example,
whethemtieanmplasmeacdetentioditimetiandfce ardgee iingilasmac20le after administration
is proloﬁé@@m@% ERSBUARIYOrH &%@EM@F@E}Q‘HQ Hﬁ'f%lég—h')inding
@racthc,es)" I}Ifalntzandp . For exam le, when the half-life in plasma
molecule, such a8 half-life i plasma. mean plasmd retention time. and clearance in plasma
. or mean plasma réjtenlﬁo’n"hmepo an antigen-binding tolecule
(Ph”méﬂ?ﬁlﬁ‘i’é‘l‘“egr‘é@%&%f&%gﬂgﬁkﬁ%}ﬂ@%{‘m‘%@%ﬁi&ﬁi’éh@{l@ﬂdo)' For
examplgtiemahinhalslig jprplonged, heenpharmacokineticsobfhe antigen-binding
molecul@BUAGRsRIRG iﬁgﬁg&@,lgﬁg,l %Mg%@%%%@%@iﬁ%g%g?ﬁ%r anligﬁalé is
rameters can etermin methods. known to e skille
prolonggd R0 PR R e g SIS e I e Uipproved.
These pyawstess g8 P HEFIEBRHISS N BISTEPdanguRs tadiinge prblerhincBripeticEor example,
the parampiaty sisndeftyeeiiicl N sl barsighthpocordinprtalike using
phamaaa@ﬂ@ﬁ&%éﬂ%ﬁg%mrmm@nﬂ@MJFﬁiyMmhg k& RIFRMR instruction

retention time of an antigen-binding molecule in a form capable of
“binding_ to antigens after administration of the antigen-binding _

mbaiieelz: shefiendigderranchatigsiassd syamiashintinmeolecule ina
form camplds pibrdhnetotaatigmoé fleesdntigiemafieecd itigenhinding motebidde is
prolong(ﬁnﬂrﬁ%%,ﬁgiﬁéﬂg)}aﬂﬁé@ﬂﬁn%ftﬁ)@ﬁ%iﬁi%é@ﬁﬁgﬁoﬁr&i%ﬂwg%mfree
< ren @1 igen-bindipgdn %I%cule .such as haF-Ilfe in Ia§mgl, mean
antigen- 1P molecule rq efermin ng ang one o Para]me 1S QIE ¢ antigen-free
. plasma retention time, and Clearance in plasma. The ™ =
antigen-pigfiogRlfoHicoftHkeahaldHtri® elarmy sirsiminyariimetond e, and clearance
in plasmplasSihacoarcheative aftireehiigemitheds dondviml g thokeskiltgslzivma can be
measured S HIHAE RXAMABLSHCEIMEBSURRENtS & Example, such measurements are

described in Clin Pharmacol. 2008 Apr;48(4):406-17.

manual
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35 described in Clin Pharmacol. 2008 Apr;48(4):406-17. 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 short&hed (the period where the
antigen-binding molecule is bound to an antigen in the body is
prolonged) can be assessed by determining the plasma
concentration of the unbound antigen that is free from 5
afitigéesbindingahotabelesicdnheensidaiing théqedriod thihenégthebinding
morec&me%éreémeéﬁaeawe%aef Rlasha 2 tBE AHMAHAELANR QEHGRned (the

penodw[ﬂ tige, 5 g%arnst the total en remains low. The lt%?bo% 1s

1}3{% g mo ec e 1S oun {0 an.ant
concen e ee antigen or amountra of freea

be assegpediRE Cetam iy dA PafBecaeeinmipieef| Wm@tﬁmﬂ’sﬁmﬁnﬁhﬁé is free from
antigenthdsBngkilldekineth endrtofubdiceianhplgsridohme alsticemeantstiares! free antigen in

plasm (QQ§@@B%gn'tr}fR RamRes12000 138,43 (193403 éﬂ%fﬂ@f&wlyff‘he plasma

%/}/ r}ehan en exerts some 10 fu tion |n VIVO, Wh
concen on G 1 en or amount r ee g Iil a%ﬁ nts en can be
enis oun an an |gen Ing holetule tha neu

detemtrf@ ﬁﬁ@%@é&ﬁn@n&ﬁ%&mg&rﬁ%eﬁ%eéuréﬁoéaﬁaeeias%eémwmm are
describtestifharhdtbe 2196 JunCion:of- thd antigerisdieuilalizéd atibatheerts some

func’ﬂemrﬁ W%@tﬁ)&thﬁ %ﬁ@%%'%fﬂﬁ&' Eﬁ%ﬁtf‘g%ﬂ Q@r(ﬁ§§%§ﬁ%@¥hm neutralizes

ssay, vivo m rkertgal ects thef tr n of th trgﬁ
e s QAR RD LA SRR Bg/an%an SRRy PROIGLTE ol e ionof

the dnﬂaerrrﬁaréeirﬂe%nc%%aﬁ@ AFRfgen qé@sﬁr@fr&?&e FIOIER ) @arpe assessed by
assayinperadsessacfyrassayigiarhaTuivoomaiker dinatereflets fine the antigen is

bound @ﬁ%ﬂg&hﬂ% Q%CJQQ{Q agtﬂfgt&atﬂécﬂr!ﬁétﬂﬁ‘ g@%@%{kéﬁ?&gomstlc

termination of Iasma concentra on of free {a 9e
moiecu can be aq £55E, as a an in vivo n%ar;[ ects unction of the antigen.
dunt rato o fr & AAtIgenR against tota an Igen, an

A B BT NS A T R ARG BRlcaRgion of fee
antigenaebatasnrpesioch foliewvinipadmanstratid anoikem aadtigemsbingingassay, but the

determamawgeféamecare@@&mQﬂe%maﬁyﬁéhmriealf@ lﬂﬁ‘iﬂ&tration of an

rnrstr tron of ZP nantrgen -bin |n su stancer ff
n nt inve SUC 6[‘10 ollow egadmi%xstratmn of

mr‘fed and na fopriate period can be det

ananﬁasy hﬁei;égsrahétanﬁ fRE4R it Bertsadorn peresies grrsiod can be
determiaethbin ibtesedtildtigele bindinepdingstadecpand:ithe dikéecktampiesdf

anﬁgenmad@egl%a&ee@ee devipfter Eaaqymrsmﬁeee@roa%n&%m@m

admlms%mgo g a%a‘nﬁee db%aate dminist %at n.of %Pa ”“%%%rb “ﬂl“d%
stance, sé ter a m1n|sr an an

anugenarﬁet&féeﬁweeaawaa&ﬁafawﬁmrm of aﬁdaﬂﬁabhnmaﬁgsme: 14
days aftsuisBtamsestanch 2 Sndayigaafie ndogiriistratio anof 2Bnlaantiferdimdingtion of an
amigenm;%%ggtgggge present invention it is preferred to improve the

macokr etrcsrn man n when th smar en ion.i
rese 101‘1 1 referre {01 TOV e Cli') aco dlf: ICStﬁ} wnan.

huma G détermine, it can ep ed base
Even W]Eﬁﬁ@ﬁﬁﬁé%'fmﬁﬁ%m@fl %ﬁﬁ?@ tﬂgﬁﬁqum‘?cé A Rfdpcdicted based on
the plasmatigentiex iressin@dransgelkindthah necahdhumaizgen-expressing transgenic

mice, afdIRABNAIRSSING LLANSYARIEMICRI LY HPAVRYSs (R BXAMMRICynomol gus

nomolgus monkeys). Methods for determining the retention in
monkeys
?(asma are not particularly limited. The determination can be

RRAIOIGE JeFERainp e SeHiamg MrtRe mehtoaytdeiplieigd. The

determithigorEoarnples lee rein for example, according to the methods described in the

Examples herein.
Whether an antigen-binding molecule is capable of binding to antigens multiple times

rolonged) can

antigen%ln

can be assessed by testing whether the antigen bound to an antigen-binding molecule under the
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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 21 same
neutral condition as plasma dissadiates 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
same negitdwingithve anpigenabinsingtm oketlébend cariitje naalfdsmagendosome and

how ma@%ﬁk@ﬁé&ﬁ@%ﬁ@&ﬂ%&ﬁf@é FRNAILIEREMPARING The-CoRRaRAQ-aRtition.

SCondltlon for,.a red ter eno and then testin
gpemﬁcg%e ee?s e(%s%ﬁ{lgen% %gsm {I% Sllg ca tr% o(?arff'lmS ﬁn%}ecu}e and

antigen g {gran ﬁfé’%B@ﬁéPéﬁdéﬁ?&ﬁﬁ“%&ﬁ?@da“déaﬁéé%?%%@e?ﬁﬁ@lex i0/0n acidic
conditionfitigepredineingerhpieod) exdntiger steactibeibestichrag Bidbbalng molecule can
rebind tOMRERNitRE Antigan: hindin e&anﬁﬁitsas%ga%ean@qam@m&emgemmdmg

molecule cgonferred with,the ent blnd bilit
m(ﬂecul%an{ erlnreagveastosu?\l}v%e %cq[ of the an g%e andllggfngl %)affy of the
ot

antigen-pading rﬁ%mﬂea@eﬁm%w&rﬁlbw%ﬂﬁﬁ% m’d‘iﬁg‘ﬂlb%flﬁﬁ geen improved to
twice thantigersiipdifgmbioleoulecobrifeirednwitifitigop Hbd eperdest thirdin(pinding
of the MEM&%@&Q%M@CE@@@&@ Wﬁ@%%f@dé’}ﬁ'&ﬁﬁh%@ﬁﬁ@eabﬂﬁy can be judged

to be inc asgf 10 w?ce"t}ga l Cu' be%f redmogg) tA Iterr{‘)%t%eliyd gpernatlvely,
fﬁ antl genis a mempran |gen 3

when thepligen s wm@ma%@etlwdé%ﬁﬁlwee@ﬁ %}ﬁﬁ@gﬁnﬁ%e"dﬁlate& tminated
from plasiptakeegichdiegradationeinathiscsdriegrwihgthen thgsosaomberhether the
number &E"Eﬁﬁ@é@ﬁﬂiﬂg m{mme&neiﬁg ineipalecse saniaradsithddendent

endent 5 binding ability. i increa com red to that
binding %}I_ffctﬁg IE mcra;z}scatas conz}l%anbg;éﬁtaséé% ie%r%m %EP catson C e dssessed %

€ Mo on c comparing
comparipg{heRbaplaratedist w‘gﬁaﬁwfaﬁt@ahbmﬁ%beeawe%ﬁ qpfigen-binding
moleculcantigeredindinte pibkdputel aoniedied abithythedpht-gependénting molecule
before m@@é&@%biliﬁé%ﬁﬂb@eaﬂﬁ%ﬂﬁ%ﬂg&g mﬁiﬁ%ﬁﬁralﬁgfpé?the antigen-binding
molecuie 80 df'e'ceaé'\% For ‘?%(%m%n b%%%he E en-binding f“%%th?'% gthe

nf R Molecule conterred ﬁ'Pfﬂ dent
aﬂﬂgﬂﬂ*ﬁﬂﬁ‘&}ﬁ&%ﬂ&ﬂ? QEB?’GIBWQéQHRﬁBeﬂ?ﬁQPB\bﬂﬁé’mﬁﬁééW chge
antigen-tindleg ulelbefore nfiodificetiothe thid-depmidentdfitidivesabiliginsimdgof to be
mcrease(f-li@t\«ﬁ@ei gﬁ[‘o@ ind iﬂﬁ@@@@ﬂdtﬁ@%f@&ﬁ%&ﬂﬁ mgdﬁttlag@i?enﬁiﬁéﬁlaﬁveiy,
T e
moleculeyig raewaeeeﬁ%@wsﬁaﬁ ‘BP%fﬁ HrBEERE e tiRRRHhE ﬁeeaﬂﬁgen or the
amount rit@nofttie &ntigetebindmgst theletu leytigedeteramn&ovan drtenpetiodwice, the
number MRS H@%ﬂ%ﬁ%ﬂﬁ GeRGERLFALIANRf Iﬁaetrae a&ﬁa%a%ﬁha@ée dependent
bindin % I{Qt % Qf(ﬁae?ngl%gsgc? en a ap ¥} Qtal aB en re a{ﬁ]es before

£ Jow s ro fo twice, the number of times’ ) 'Of the
meodificatiphien-pinding molecule conferred with the pH- dependent
Winiriep abilityniss usigelldeitiedndfsbs edisiwisedhatofitkigen-binding

mo1ecu1eeatiae£ebiasﬂagcmfaleeﬁle beioie dmdﬂ'teaiml éMteaﬁeeaamieen

antigen- bmcglnsomll“(l)l?le ?nt Qstrg h%%lzjl Ob%{]di%ntrgﬁgcge can% am bind to
E‘% e neutr COI’IdItIOﬂ in asma ssoclate ﬁ‘l

a0 antigeR HRUSEAPRRCHE SRV AABGR AUBTHRtng RioIEE RS ERch S s drglecule that has
the charaglastia, ithBssrtige mvitiridingtizrol ecedel canaljion bind todemme is capable of
binding t@atiggeﬁsuﬂdebmemutrdomeéﬁ@a m@@%@angém}@a fo an antigen-binding
antige nglndln mol ecu that e characterjstic glss ciate
molecule o% MOt diSSOCIate 1N afl somdz 1 efl remains boun o t eba]n Ié]g:n inding
an antigen in acl IC conditio enaosome IS capa
molecule when returning to plasma), when the antigen bound to an antigen-binding molecule
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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 plasm&), when the antigen bound to

an antigen-binding molecule 22 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
dissocidtssiinstalempos shslentizdeteddingedvihethepthiecamuigben dimided, and thus, the
rate of dRRIGEHIR iF apableofbindingioiantgens Mutipladimes YsBBING determine

whetherd ?[k{g a%ftlggﬁ% ?aa{h g‘&?&@&} 9m%%me%ﬁmﬁﬁoaﬂﬂ%gﬁg(mlnﬁlﬁ%gg using the

mination o antlgen 5 from p asma can be determined
rate of lipainahion B AR TR THESAGERS (elGe Fs Mt aRmatittighthy entigen
from plasm: senibedetsimdireg. ﬁml@mebiﬂvwmlaﬁ@mheﬁlﬁ@@mnﬂ{g ghenembrane
antigen CARCARHERMIOM OhaRligensed mPRs AR WAGReasARHGR¢BcBniration of antigens

in plasn@em%%{?%n% ga% 3, pﬁ?%‘iﬁ’e%é[g Ee&$ﬁu‘é'é’é3011'§§cré{k%sﬁl‘9rvo the

antigen concentration'is reduced It rate of elimination, of

plasma é?ﬂﬁf&ﬁ%ﬁ%tﬁ‘é%‘maf%i‘ﬁ??&bf&‘é‘éEP"%‘PﬁP%‘“?E‘?@%%é’%B%&ﬂSH%CPofmm plasma is
increasedetefininat whdsihpeshel aletitpémobimdiviytheo lbe aidigstDivdipableleiile is
capable RINERBNIOARIGRAS MMM HINASYSING Sh8MasMRABgRAration as an index.

tr i b
e e T e

moleculgyfpegns %PW'B%‘P YIRS SR RER kNG AL °8REVE)RIRe process
where athwpgordisiivgreeleancadiigentdindinimalctwiesadmiristeresied binds to an

antigen BbtManudnaUse] Mmoenkeyl, ospeehidindadeiar BakigaR@bddsmg molecule binds
twice to' Qﬁ‘f‘aﬁ'{{?é%e %c@% ?h&ﬁﬂe %H?é%'xfl' %%%n@ %{(9'&:’111 Eﬂ%xﬂ(ﬁ‘@f& Q{R%@ﬁs internalized

molecule binds 15 twice toan antigen” means t

info a cell sl ERediMpRSIERtRd BB (v W%"ﬁﬁf@ﬂe‘# %ﬁ ﬁFé¥r?§ﬁ288 relsged
antigen-hindihamdlrcidambinily mraagitigemiesse foins tolthelogtide ottiagain.
cwthca e thedalansads antigen: hinting.metetule: RiNds A be in a form bound

by a sm@@%ﬁﬁ%@@%‘i‘%@ (gqgok% H?ﬁ?é&%“zed into a cell again. When the

antigen-binding molecule 1S internalized intq a cell, it mag;{ bein a

fIGIFﬁ‘?‘BoJ%I“ 5 S hYRea Rl O RS STt ekt oL igmolocule is
increaseflietom nmwm§mﬁh@§@ aeriberediindingf ehagen-binding increases in
every aniggenmiindingcnneculeisxingirasadndarinobnacessakibles in an
anugen-ﬂ‘&ﬁﬂgt%ﬁéﬁﬁ&%’iﬁ?&ﬁ@é&'%Q?r%[)&%g & Q@Q&l%ﬁﬁ%ﬁ&lﬂ% that bind to

every antigen-binding molecules. For example, amon

antigens i BNAINY THBRCHRENT 48 D RIGESHIEIRY-A Siatipeevents of
antigen-bipp sitisauitsenpro poitonordinggercbiingproléaulesy thiatebind
1 thaligRns Iwieeios MY gtiraesimayicrease; drihesayandgen-binding of an

antigen- &H%&B{%ﬂ%ﬂ%%%ﬁ% ﬁ@ ﬁg%%ﬁ@ @'élﬂﬂncﬂs@épég%&r’]&?ﬁgﬂaﬁ‘” However,
when it ‘Bféé%ﬂilﬁﬁ%/ ﬁ%ﬁﬂﬁ% CPEREFEY t B P R aR S i opan, he number n
human regtiepepredinidihtpesidan hnatiatistsibiding! oleciite hsereasesamenent using
mice (foHgamel em@@&dm&&t@lt&dﬁgbﬁ;hmmamdim%mmﬂdidﬁg transgenic
mice) or%fg Qee 9&&%«;5 of antigen-binding in
uman t e number in h n may be predicted ased on

FB%’&?tBISSS{%Su‘r?@EPB%HT\)ﬁrW %‘é‘&@‘g%ﬁ{b%{%lﬁ“é’iﬁ ’Er%fﬂ %8 E%H‘éls o
antigens (ficeRamptetiantigdriexiresksingiiramsyeditmice thndhegenamding
moleculdsGRAr@XPEES NG HARSULNIE cONERXAbNANKaYS (obexarapiesferably 30% or
more, m&@é’k‘?é‘i’é%L%ﬂf'%‘P%‘?‘?X&)e %&Q%IPH?&%'ﬁ'iéfé‘{?{l?%%td?zﬁé?ef%ﬁ?&&%ﬁe 90%

an antigen-binging m ule binds to
or more, 95% or gnorc anéi sogon %m(ci o anfigens twice or more times.
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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, and2still more preferably 80% or

more (for example, 90% or more, 95% or more, and so on) bind

to antigens twice or more times. 23 Herein, "increasing the

number of antigens that can be bound by an antigen-binding

mBlecule imeaissitiereasing dhentipmbdrofariigensdhatapantpen-binding
molecilOURERY 13&6%@195@% Qlﬁ%ﬂofﬁ@%@ﬁ@}ﬁ%@%gﬁ% QL HAHERE binding
molecuqe Hg.r? ?hndlgr mo"telct&llle I dn qeyﬁosord’g raJe% ﬁlegll asfts%me of acell

administration ?t‘he anti % I'Mofeculs to afr animal soich

after adpuipighiAn Aiobsetises ?ﬁ@m&wlﬁ%@ﬁ%% 2RI GBE SSRiEReasmOuse, or

monkelgG have two binding domains, and thus a single antibody binds
toR ga@efynsam&hmmtmg@ M%H had %am %H%B@Ea&?gle antibody

internalized In tﬁw Il, and tl ant
1
binds o a magm&n}] SOS% eér; In g% %13% gn tIBO%IeS 1l 1? naemahzed into a cell,

and fh%ﬁfdb&%%%ﬁaﬁﬁ%m;@aﬁﬁ@fbw Weethe érh@ra@r—?«‘bﬁ%#@ws such as IgG
can bindotivityofiannd Of awati getigbindiriy naotbe bt suchi alnaraaniityadyrat
antigemﬁﬁﬁgmgaaieghuﬁam%@&)@? Y E%@%@aimH@EﬁBQQMpmed to

that at &eOPthhe %R' 1%esot l‘§)1r sent ég%entlo I?t%hantl

asan ant y y fternaliz ba ceﬁ I5socia
as an a%ﬁéﬂéﬁﬂ@*@ﬁl%lﬁaqénﬁ%a@é@w%&d&m@%ﬁww tsanleaprd fﬁ@%e@aﬁlde of the
cell, anithditcaamdifier antige nmagainadrirothir werdsytie tnethdde 0f ftthe present
inventiB@RENE W@é@%%h@n@h@ﬁmiwn@ MM@@H&% RiRGumber of its

ant1gensgm ?1#% tlge ecﬂ%a ebnuﬁr?fé%t S f It%hlgs o?tt er}'egflﬁrglgl 9&1}&{?}? for example,
a sm e presentinvention

IgG hﬂ‘éﬁgm én%f‘@ 'Ha@m%g L) f&ﬁt?@‘éht%rhﬁﬁ@ SH6 EHiEBIR PR AtRbefour or more

antigengrdwmdre aptigensitih teéevalbydfolariogmilodefmntidg@nsstcitiing d'or example,

when tr&eﬂﬁ@dasltik the-antibogdy.isidsgraded-alies afmiRSHAONHESs that can be

bound B L I S s pomber o

mgeﬂéﬂﬁ*@&w mﬁaﬁ&&%%@f&@%‘weﬁ%@%e witHisinbiedsiay hpeeplaced with

“neutrahizst béreofi2Cuaittide fsathattthigzmgtigehelinding molecule can

n%@ﬁz&m{ﬂm&at@n@hn&%@s% IePlaced Withnipeutializen ﬂ@ﬁdhnd by an
Q {glnt ociié/ a{peutralllzm% an |bod In the %ret%ent ml\)/en

antlgen- 11 CH e % ehn mcwagl go Hr% er o anflgens that can

creasing the number o aeég S that can oun
be b"“’é‘rﬁ?@‘“e‘f?%ﬁﬁ}ﬁ@“fﬂ’a%&% faelgeds ndionsruualeit 9%@&?@%@&@1@5 antigens
that canthe ummbleyr of antggehsitihat cafechle bounohtiyesvérying-molecule composition

may indHGER-DIGIRLMAeTUR; géﬁfbﬁi@ii@%iéﬁﬁe@{ﬁ{@aﬁ BHIRERAE antigens than

hat ¢an be bp }/an antlgen binding molecule in

S.25
the numg)ﬁragrﬁ{lﬂeé%agglﬁan mdin cule coym OSIPOH may increase, or the

p%%r%%fr ¥R ’é‘ﬁab‘i h%ﬁ’ﬁ"gf%ﬂéﬁﬂlé? iR bca o iness s Highgan be bound by
an antigantigehsgthetectiie incrmberwidhdic anligel-bindingisited mayuman.
HowevdRGIEASE - iditR UM eSEeAtiRvantie 'ﬂuiﬁlﬁlﬂfﬁ{@fﬁﬁd ihatihe F‘i‘éﬁ"@@t{ based on
the resuﬂ‘é %‘Q%A%%B%”}%itiao“ats’s% bound. by an antigen b'“gl ? cule

creases when the molecule 18 agministered to %umarp 30

aﬂﬁgmﬁﬁeﬁﬁé@é‘s FARESH G SRR IR T R REFESHGHBRSE IR dtPahOtfonkeys
{for examply, bgnorediptedddsgs).onWine resuitsbotiyainectyalivivigrantibsdy the
above-dREMIRASHIAREBE HSING MIGE OR8N BI€he antigen-binding molecule is generally

assumed to correlates with the number of antigens which can be neutralized by an

mokecule such

antigen-binding molecule. Thus, the number of antigens which can be neutralized by an
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antigen-expressing transgenic mice and human FcRn-expressing
transgenic mice) or monkeys (for example, cynomolgus
monkeys). When the antibody is a neutralizing antibody, the
above-described number of times of antigen-binding of the
antigen-binding molecule is generally 35 assumed to correlates
with the number of antigens which can be neutralized by an
antigen-binding molecule. Thus, the number of antigens which can
antigelDBiRNELErRABIEG DY Ab24etamtigenHiindingraplasude ¢aprded ahove for

determSISISAINGH. DY mla@mm%ﬁag%% ﬂ:eﬁﬁ Oégs%l%m Y&l cute.

determining the number of timeés of hin antigen-bindjng
mTECGTB R ITROTE PR SEnT v et 5395 D higtABeen-binding
moieaﬂ@rtbm@m@fm@n@gmmmmnmlé@mbmaémgénsmn@@rgnmbe&dmg
molecdin@fold thedadynby.adminisiesng aprnligesn-hinding & molecyle.

Wﬁ‘ﬁéﬁr@&ﬂ%@e‘ﬁ%ﬁ' D ARIMILY tgtn?e%%lc?s E’&' A%JQXY‘%EH %’i’aﬂ%ﬁE it are greater in

neutral he present invention also relates to me

numbeﬁ@ﬁﬂ&}&waﬁt@éﬂg%?lﬁﬁéﬂg AR PRI A fﬁ%l?fﬁ‘ﬂﬁ paying the
neutral gfegigeiizbindidgivitderiog dre antigerbbihidihgaisolde wleobraitigethbinding

activityn@alsaiiz 19 iacdiviiythby @i nisie ingith &’M@Bﬁrmﬁ@fb@em @RERRN relates to
methodV SR ARHISR hind! '&Qn&%“z}éﬁ}’ alagidic i Iﬁ)u?Wrell;] B'P@Qnmg%h%y

neutral pH. Preferably, the resenf Invention relates to 10 method

acminiglring (A A YRR 5P SRR AL AT b beh B e peel L.
antigersdy izgniipistienngdgGavhebeda ftigbssdsintingrabivitydt an antigen
from aiGittigcpIblisliowenthandhabaidneuiialplt bl hepiasgmdaMeRioRinding ability

of the ﬁ%&ﬁ%%&ﬁé?ﬂmﬁg(ﬁaﬁg&g ﬁo?ﬁ.l @J}'ﬁ% ﬁ'%b”t}%%'k&ﬂr@l”&@enxn the present
rom an extracell%ary Qun fgnt% inding molecule
[

inventihbn R RG R R BIRER ° BPtRE"AMRGBA Iﬁ?ﬁfﬂf/a anywhere within a
cell; howieNe il s aredettié thH ths aviepeicdssodatdayifonaarply. drddseme.  In the
presentfif@S@RNin I ardRvEpiion dbodatigentiay b dissoeiateddromiiebound

antigendHGRD ARG rHQé?ﬁH%%&@é@’é{H@r faiig 3.6 a&?@,’XSY&EﬂEﬁed into a cell

tlgen is dissociated within an early endosome.

referred that th
via bm‘ﬁi’ % é‘%‘é%et‘ﬁ ROt IS RIS RS oGt PRt A E LR molecule
within ﬁa@mﬂén &y aeettabldyibiabia drenmidenob adisng thelsclilsodded fop te
antigenfeaéisganidjecopanithiathevenyasiige pisieimaiized intefarcethpuidng the

antigen URAAG 18; o@%@f%&‘ﬁ'@iﬂ& %%‘Fé&'xﬁé%t‘&&ﬁf&%@f%g 359{?&9&0 that at

tajantlgen -binding molecule 20 w In the cell. It Is acceptable that
neutr proportion of antigen that is dissociated from the

ahdeaieirdithg pristetiecwithinda et nerbadebnnbmeomibaratiacel lular
bindingtofhefaresinpaidng thecantigenhincingaipidiycaf dRe by impairing the
anngen%@lﬁ?a@ ﬂﬂé‘?@ MAsER ALAHLIG AR AS £ARRRRE SO Rk Ala fo that at

A A e Gl

Howevwmmm@w@m@ﬁﬁm@m@ qﬁ@mwmrwmﬁg@ tR@ssumed not to bind to
FeRn. artigen-bindiagedkiliboohibe, artiigancbintiag oleaen-saidicaptiben, the

present ﬁﬁzé\rﬁ{&? ﬁ{ﬁgd@ Mﬁs Rt lé['ﬁ%ﬁﬁ 'ﬂﬂ&&f&%éx‘n&f 9@&9‘1{%@ e Q’Rigens from

n uIe |thlna e 0s However, an
antigen Y ke 0 o PR D S ST A M R binding
mofeculﬁ&smm@ﬁaﬁm&bﬁ%&@l h@ﬂlﬁgﬁhxﬁ@f i enpreferdindmpodiasalstat the
endosordi @H {he HOHER Asisotpacs by dng -haund-anti genthe 3G pyeS&ten the

antigen '19\!1%8%%'5}9 %Q:?%H@E{Hg J%ﬁ%f}ﬁ‘élgéﬂfé U%ﬁ EH&"P&?E&%' in the presence or

ociation ens rom
absence ofq Sﬁe antigen. oczatlon of the antigen from the antigen-binding molecule within

endosomes can be promoted by impairing the antigen-binding ability of the antigen-binding
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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 plagma pH (neutral pH). When the
antigen is a soluble antigen, the antigen-binding molecule can
bind to FcRn in the presence or 35 absence of the antigen. If
dissociation of the antigen from the antigen-binding molecule

molecul¥ith itREURSOME SaCRIT DET PEO BORTELA) d TBE PR (neutral) pH, the FcRn

bmdmgatgﬂgg QnQQQ' %&RQ‘%‘?&&HS tﬁgtt Qeﬂegﬁfm%%tx glegalﬁl %eag‘nhanced by the

0 m@aﬁg dosomal (acidic) pH as compar plasma
methoch o fanr pe! tﬁ’%“-’ﬁE?éh binding of the antigen-binding molecule
mdﬁmw&mmwemmm@mm bystiieblendtimoatgigdn-binding

molecul D& BSANEANMEREE Barega dagasphwiethet:2 MhaRlgem 1Sinding molecule can
bind to %@M{gﬂ%@%n% 4&91;0419& aso%@&gﬁ@ B{Eégéﬂgﬁ inARQIGSHEMEn bind to

from an antigen can return ma with

the andg I ATAE mTo 6B BB B B SR ding of o
antigenrbipdanirgofieisisrotbiss: thid”alvtgaei-hinehingimolerouteicars tyiag ign-binding

moleculb@iaMigaT RAIItIRIB tigsgsali the prepppbinvepiienaneRRaReS; molecule
free fromgnFa%% Q 'ﬂg{%% %q?c%t'\gqﬁrpér@ pglcgé%gg '\‘Uﬁe}% %%etJ) before

S no neces arily mean_ that every antigen-binding ecule

impaii i VRG] e S A B B e endosomal pH as
comparghtiytbetbiribirmieoieEl e Preftresd frsizeatiadtigenoibad biitieancihods of the

present reRAHGAthin calcalincieasescahes BRIAIPAMRER DEFOLe: HPSIRIIG: molecule
and Fcﬁn‘?n@fﬁ&!lg %r@%%aﬂ Qé%ﬁ'i&%’]ﬂgﬁ&fémgé %1%&9&%&% ?%Q %Bound

endospomal pH as compared at at the plasma pH. Preferred
antigens, ReRREHIR A O Rt BB o Qféerﬁ@gaﬁ%ﬂrhwmfa&mdmg
molecukesrinpindmentigenbindirecaitsen ositHainy ddosebhltratissigevebmdivigble

proteingnolecule and FcRn include, for example antlgen binding

mbrane roteins. Ot er prefera

S) such as
acell afsaigr “&Fﬁ?ﬂ%’“???& RIS %%Hf?&é%‘%ﬁﬁ?rﬁf%ﬂﬂﬁéﬁﬁﬁt
antigen{hinding swigbide aritige aselér axpguilgbtethiremdpsMse methods of
enhianreingdadindingiotananigan-hindingieecuasmatiFaREen-binding

moleculwlm&%ﬁ%”egﬁ%%% @(?‘Ii!xy gg{zg &P ﬁﬁgﬂﬁgg{? 1{1?(? yl%ﬁsug fan antigen-free

n 20 antjgen-binding molecule

" omotlngé)ﬁh FeRn bind |a%%

orm 1o (oS 8%?%’16@3 BT A EEB RS e RN EF b Apfigen-binding
moleculp gé geifidmVentionsrstbbabatmestiadisHor Faldagirgeahinvention, “releasing an
antigen-8hidgemiRding Wwiklebi@cwichnhas heendaund To-amBniigen 2 cell, in an

antigen- @%9 f&&ﬁ%%é%%ﬁ@ @ra%"céﬁ ad@e@rﬁugﬁ&égsﬁﬂ}%@a&%\%%gen binding
molecul %r %%/lmpamn the alntlgen medlng ?Hb@/oct e

0 smt.@‘éh i Bt B SERAB R FR B SPet a e lGatH 47 22
antigen-HEg forahi Presekidnobiieall releiasivepiabia shantig erebimdingt
antigen-Biolaguie lwdiiehthasdecbaldio anidatgar andiioieinslizrg compared to
before u&&g%g%ﬂe IRARLARHgER JBQEJQFM%P&H%EQ& %5&%&9& &%z?pH as

n-binding.” molecule, which

ecessaril an that every anti
comparg 8 AT RORANE ar AT S Rar A el A e Rlebsd o the
outside %Pe@é)édtﬁmaﬂlméwmmim th&wsiiideraftihenctipdpfeleasing an
antigen-BiaaapiabiRdiial thechiopodianahantigenbinding meleguesithatb cell, in an

antigen-ALE FSI8a5e6 QLihgtsIde-ATthe GERINCFEASES X\é@%ﬁe?@mm%gfé%mg o

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



10

15

20

25

30

35

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 réfains the antigen-binding ability.
Furthermore, the method of releasing an antigen-binding
molecule, which has been bound to an antigen and internalized
s AP ) RGTTBE O BTG S i ol s
bound teatigeteindihgimoiticedenéoproplrty that the antigen-binding
IHIgRHORC ERIPRSMGRe-aasH Y-Riey & easesiiddna eeusidetaf dhdity of the

antigen- %ﬁlh (R AR AL Eﬁ%ﬂ‘i’a@é‘aﬁ@%ﬂé gyf’a@ﬁ'ﬁ%’} &%ﬁ%%%‘%ﬁ&ﬂ&'%lmmg

hound'to an antl en and internalized into a cell ermore
ability %f&%@ﬁ?gﬁ@&mwr@r&?&%%ﬂﬂ&dﬁffa% ?ﬁ&%@%@%%ﬁmﬂﬁ In the
present fineengintiGehe-Bilding eliolvets estigeatimiplatoaingéenty ihqibiivyadbsliminate
from pldfAPAHMNGERehantig eR-RiNciNg.onabliheoiibenartigpndiindigcules are

admimsmglle (;’H!g)% & ﬁglgégr@e_h %’?v%p p‘?ﬂﬁg o &l%%%ﬂ?%&!d%ﬁ Jﬂc&@@smg the

resent invention "the abi |ty '[0 ellmlnate antlgens In plasma
ability Ofé?ér%“f@?ﬂé”ﬁﬂiWS BHGHREEANSH BILEFAATH RGN s Hpg the rate of
eliminatpreséantinephasrnapwinane thetigdigebihtinganolsculkesimredministered in
vivo is aBeleIRISierEshiflpkive t@ramaeﬁée@a@rmngaﬁ@uﬁmmg WERest the

antigen- '!S]Mc?rﬁ Q1 DFLE Q?A”&E'hﬁq AU éﬁ?oﬁ‘ﬂi'tga‘? QGBMg@ MEIEGHIE the ability

to eliminate antigen in plasma” ans that the rate

of the andjeenshindinePalsaYEAR W%?M%FWH%R%@%@W%&%&@ determined
by, for erroletsu I@hnareta@lm iniBteiradtigend vodsutaretdindéy awlcongsared to and then

measuritiabdefRrenlauesi Bﬂsﬂl‘@a%ﬂi‘ﬂ@éﬁbiﬁ eragrabilityihthe concentration of soluble
anugensa}gﬁgag%éj é?tgﬂge%%‘?ﬁld % (?IC gg MM? g&{g@ﬂg@ E% ‘iﬁlﬁ&ﬁ% molecules is

H. Whether the ab ity . of the antl en-binding molecufe to

reduced Sﬁr}ﬂﬁé’i’é’%ﬁﬁd’éﬂ SRS &%% 8?&5%@’&168’?1 Hrigedninrgaigpidic pH
than thafet mexdiaipld, ddmnihisietingisol dsietzvigevohivd aniigedsbitrmyplecule to

e}iminatm@g‘dﬂgﬁlhmém@ iamgrthen. 15 measuring the concentration of
gsg qtl enﬁcl)g B'%%”Tﬁtc%h ﬁ'&ﬁs‘i& G&h g ﬁ%%nhg é)ﬁf?lll%g(lt%kinﬁ ics of an

ant| ens in pasma after t adm|n|strat|on ntigens an
antigen-Binermgiti bt inas Sividiar aeray o g ipactd for at least one
amino agitigthe-witigéndamidiligmod teel antigentivinbistyglimobe cotenatuadidicipHicid into
the moldi@ that at neutral pH, it can be determined that the ability of the

%ggggrmg ngh%%l@s%ﬁ(fgv%ntt?o e“ Inﬂ%ge %ﬂE B Iﬂc@!:%?%a[gé x}umber of times

Increase he present |nv ntlon also relates to met

of antigqhARAR AR PHSFMBEOKIASIRIE S S&Hﬁgtéﬂn&‘?fa i aRsiefgtural amino
acid for Pyegbstitatingehistdindcamtiorhatdral aniicolacidnforiag bsttorer
non_nag@@yﬁglﬁp&glmﬁmmgga}@nd|ng molecule or inserting histidine or
%%JJ qh@?&@n@%gelq}gn JthJ%tén 90 {E odlsf%lthr%[%%% ¢ numb?r of
resent irivention provides methods for Mcreasin u
sy o

anigns s 8?%@@?? Bt ipE apRigRe S SHAY!
non-natustlbstindimgdHistidivesopmomivataral artiinantarid fodaglewbtoohver inserting

histidmeam&e@ ﬁ&@ammaﬂw@%bmmmwecule or inserting histidine or
%er{ 1 %pi 19 8% ﬁg;ot\pdt F mnlgodglﬁla? dis 129 I’%n th%éje e\%‘i?tﬁm acell

|nve tion relates to me or Increasing '[ e nu ero
from an g{fsENE A R B BB BP e ARt RYSIHHTG ot fy amino acid
in the angphstituding inidticiteevoth histidine or non-natural amino acid, or inserting histidine or

non-natural amino acid into the molecule.
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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 antigér 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
nOR RERHPAIEYARHE R RiRyiise Hsdteduifer reieating gsraigen-binding molecule,
which hs/lertidowid oo proaitgs: methodsdiireblaasing am antigigebineifigrm to the
outside BTQIRGUIELYVRIEHiNAS LR HOHO A RANHORP ﬁﬂ%&ﬂtﬁﬁ@ﬂ Hiecule with
nistidind 02,08 Ny 0,30 antigon-free form 1o the outside of the cellbY: 1 iuto th
suBstltutmg Atfeast one Amino acid jnthe anrilgenr?- ifdifig'e 2-1¢ 1o the
moleculgolecule with histidine or non-natural amino acid, or inserting
Hidgdirescor meenthatutal pronifiosacidhintofthénbreagigableabling of the
antigen-lﬁ[ﬁt%@%@)_é%ﬂma alﬁﬁrﬁf%@@&mﬁt}ﬂﬁgﬁa@& %Qﬁﬁﬁﬂ@a@]@amﬂyamino acid
o e o 00 SR RO TR S0 SR AR, s o
non-natyrd waine kit HrstigiAes¥on-natural amino acid, or inserting
hibtidireeobhimdmaaturat@meinbaadich ivid theanel¢aibeitdihil hessiton, etc.) is
not partRERISHAINRAr NANRAGHALABINRALE MAUCR GUPSIHEQRuted or inserted at
any site. RO el e e B SR B B dstton includ
Y " amino acid may be Substiuted of isSHee 4t Iaﬁ‘i};‘%ht@.lg]rgfé?rsgﬂmn Hmetuee;
for exanypfe.ss e thimreres oibthan Aes e iatisboadhs suiiesabingine ehibereabihe
antigen-moiiendcdxaniplessitgdawihin aegigardaidigsrasicroRactOmntibody,
such sitdRANMIORNRIRIING ARl &%{&%@@B&?”'ﬁ&@%ﬁb@? QEEHRF Y non-natural
v e B 5 AL S e
substitutgd fitaterrhréidiiel o biiforr AbtipAT E1erng iatid Frtthatoers.is dretion, addition,
insertiorpanticul awbgtitmitechfdistidingnocidn matbedhatiinedaiguinaydasly with the
histidineStositdiReAninsEried alRRinglesilg LA two or more sites.
Furthermore, a deletion, addition, u_‘gs.erhop, and/ r,substltlﬁlc&n of "
' other amino QUL AR Tt SRk G BRI ESTR IS ARitR R, possible
sites of higddinm arsrAvntiatarabg Ao s Eitsaakidn for saepioniteowithin the
CDR sedimngr essruinve ntipnpsitiefotiie g enubindinfamolesde. isAih sites

include, ﬁﬁé&@l@?}éie@m#@%@%&gws“%{éﬁﬂﬁﬂéﬁaﬁ @(%[@&é%%@guﬂ%ged based on
ubstitution or ex e, sites within the sequence

the Kabeg o oA GO A P AR Ierest

NIH).  sych sites include, for example, the sites listed below. The amino

Heid pdsitiont are hiymbis EeBbasedH0, Hs Kadsatiou pleering3, He4, Hes,
H99, H1t@bat FAet al., (1991) Sequences of Proteins of Immunological

Wl oA e L i e o,

Smane eabporsiieod1R831415551.940 58! LYbequdbbeawiega! modification
sites.  Among the above sites, H32, H61, L53, L90, and L94 could be

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

Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, H64, H65, H100b, and
H102

Light chain: 124, L.27, L28, 1.32, .53, L56, 1.90, .92, and L94
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30 sites. When the antigen is the IL-6 receptor (e.g., human IL-6
receptor), preferable modification sites include the following.
However, the modification sites are not particularly limited thereto.
Heavy chain: H27, H31, H32, H3%8H50, H58,1-161, H62, H63,
H64, H65, H100b, and 35 H102 Light chain: L24, L27, L28, L32,
L53, L56, L90, L92, and L94 28 When histidine or non-natural
amino acid is substituted at multiple sites, preferred combinations
oMgehdtittifion sitesinghrdesriaroexahpiebshaicd abéipn ot + R ferred
combmﬁl%s angibidRiiaombin m@d&@&k b HZ Amlph3; lth%@e%ntiﬁe@mh' %Hbﬁgﬂ and H35;
c tio
conti L e b AL O 2 1.53;
combinafier Qi 28 e3gniathbf htlﬁﬁé(#ﬁg%eﬁﬁ&éf?ﬁé%hﬁw%mf Bibiytion sites of
heavy apBlitht @@2jrmrichE8 thwbanbinetian tif&id 1sHB16 {82y antdiFan IL-6),
pw;g@ﬁai@é%mg&iﬁ@mrr@igeﬁdmﬁlﬂsf@ rdcﬁél%%dﬁﬁ\é{ﬁ}f%tibﬁmlude the
modification sites a rticularly limited, t to, Heavy chain:
oo B e R R B od 1o
e 6 Biia! RO 99 Weptor (o.6. human 1131
récgptoninpishraiel Mloeifidation sites include H33. However, the
nyestifieRtian; sites ﬁ{@m%%éﬂﬁlélét@)g limitesh thereia.-Regapdingible
modlﬁctarg%nas? e\s"i:"ns t%s }?ﬁly & Slxggr M ﬁlﬁczgscyr{l'sq d Wel:trrx]o IStI?(I:QI%r?yr limited
on-natural amino acid. Aternativel , mu tlple Sites ma ag
thereto. substltuted with histidine or non-natural amino 15 acid. The
nietaotisechthrbpresent onlemteoriane applicedtietd sy histidine or non-natural

amino aamigenr&mmymﬂiﬁwlﬁsimﬁ&%ﬂ e96s0fiRe RERELRLE8E non-natural amino
antigen. The antigen-binding molecules of the present invention

are not particularly limited as long as the p){i‘have the specific
bk Fﬁ@&&?\ﬁ %%ﬁ%tﬁ@‘éﬁ‘f‘%ﬁf@?@%&‘c eriyrsy Prjigen-binding molecules,
regardleantifybnpirdifigumoletiges of the present invention include, for
em?éaﬂdrﬂg %_lﬁhﬁiﬁa@(}ﬁ&é%@}éggfﬁg: &@;&aﬁ%@ﬂ%ﬁ%@gm%gﬁﬁny fhm;ted as
e antigen:bindi main of an antibo es, for
fong as %e lBav fh&ﬁ?ﬁc gn\lllgﬁléo e{] r%t %On (t)éq}_e]:r%ﬁ% inte esty %cre%qrred

&nﬁgen"&%ﬁ%%@%ﬂﬁéayﬁeéwe%%ml% %ﬁﬁi‘iﬁ@%oﬁ%‘&ﬁﬂé“ﬁ%&?"mg an
antigen-nolimedathothBasixnGivRes oﬂhmho@mhhﬁu@yimaﬂnﬁ; anafviledy includes,

for exaﬁe&r@gﬁmﬁ@maﬁﬂﬁy@gmy when Qﬁﬁ;@ﬂ@'@&ﬂﬁﬁ'@%%ﬁt}ody is
CDR, ﬂ’llfp gtlu g S—bc1: RS E}ecglﬁbmdl I?aﬁizg ag})? %%a W%O? Iﬁlbody, of one,
clude & addi a/or

|no aCId ion su S itution, tion, an
or two %@fﬁ@ﬁtbéfﬂm a@lﬁ@aﬂaamgev@w Plieebinding Mtierviigciudes CDR as a

binding dotigerniindingoipl d¢eEDR clad ésadeantinodyid daistamt selgitimiion, addition,
and/or Iﬁ%mg@g{&pg@gtﬂg&g@@ﬁ@ to methods for improving the

&%5@1%%?5 m%tlcﬁh%fa%?gcie%?br}ngigg mglecule 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
insertion) of the antibody constant region in the antigen-binding molecule.

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

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
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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 includeg%n antibody constant region,
the present invention provides methods for increasing the number
of times of antigen-binding of an antigen-binding molecule by
modification (for example, amino acid substitution, deletion,
by an anfiggiBndingansicrde Oy SfigaEoRA g R Rt agibphstitgion, deletion,
additiorpatidlentisierding ehdle eulibo3p dounthe rapore imthe anthen-binding molecule.

Wﬂﬁ%@dmm%%l%mmﬁﬁﬂe%ﬂ%%%&@ Qﬁ%@g'%smﬂ region,
entl vention r efc, methads fo anrea}Flng the number

e e R T R0 AP ST nen
extracelpylaphys m@&tﬁﬁ%ﬁ&@gﬁaﬁp@i%ﬁlﬁﬁd a@ra%zf@@m(fﬂwam@wﬁmo acid

substitufidlditiintian ddditinsentitog iofdthiegniildedyn tbnitasisegi epith thahe
anﬁgen_gﬁwjggjpg molecule. Furthermore, when the antigen-binding

cule incl de ntibody.constant regian, the e
D O R R T s R RERCIR coms region,
the presgiipsitirartigiestiemethadndrars/sstonarantigeninding g irsideurdich has

been bolyd ool findgionaffdinexatiptd ixamiamdinwb@ﬂfuﬁwﬁdmlaii% outside of the

cell, by AAMiHeRi ANYUPLIRSSILIoN)RS the %QM&%M LRGN ih8 insertion)

nt| en-bindi cule. Furthermore, the antigen-binding
of the al%b?e%ﬁf’e manlp% lgléﬁlgﬁnt bo ‘f/“cdxﬁs‘tnaﬁff’ gj%?ﬁ the present

iRvRRTBIG S thessieradR TeneaRoAeivg Bledrsgemibriingonstant region,
the presemoleculénvbliabs hasmdBdde én hotinelrig tan sitiiged aniptersaldzedmolecule

to elim;ﬁﬁ&?aﬁtfg%ﬂs i s?fﬁt'fgeﬂoféﬁﬁff%m(f& @M@'Qﬁi% &I&% &.‘ﬁgglmgﬁon deletion,

ficatio ample, m|no acid substitution, deletion
wation R Ay SRRty BTt Pegions e

Sntigesientrmberonel r@e FRfgsersies skl Hisgaestsinaigtion
includesrnuigeutendiolusiesianaritiody canBtantiegiog refhe pres®itinternatized into

cells, anifé\éﬁ@'ﬂﬁrf@@?ﬁ%ﬁ@emﬁg for I@ﬁ?ﬁ@ﬁﬁlggl%@? ity gnﬂﬁ' to the plasma by

n-bi d| e o eliminate a Si
e e T G R P CRIAB BRg drcty binds
to FcRn, ad%i?%ﬁe‘éﬁ%hﬁgjé‘?ﬁ Fiigs el wvélém ey sopistant vedsidis ineies.
HoweveamtigBrikbibiditigemplieawltthd prasprefierath e mbpoimentioth@at can bind to a

polypeptﬁfétlgﬁﬁl%mg InQisHRIAAGE Péﬁﬁ%&hea%%rﬁdmﬁ‘? GPP@E} iggludes, region that can

|ncl

d n indin 10
bind to tkifper H%g?rgalltl]zeﬁl%n%i?%efﬁﬁl%? r?’g Bﬁ%”r‘il &l E?éﬂ%%%%%éﬁ;‘aﬁﬂb“mm
IgG, ete.an FcRn-binding region can return to the plasma by 20 the FcRn
salvage pathwayl FhefeRbibindingreglensspeefendilyia domaisst in the

methods mﬁﬂﬁz‘;‘c@m @UQ@O@&F&%@p?ﬂ%@{@qzﬁﬁ@ binding.# %959& of interest may
recogniz nely S efor eﬁ[’gg& tlsbsgd arFrg I;;% {gns HsO\!)v ver, the ethod
FeRAbI %dln rBgion of the Bre SRt RVERISH A 6@%%&18% figgpethods

of the presgpf H}ﬁ%}lt@%ﬂﬁh{%éﬂt@@rﬁ%rﬂgttw%im t@tmqmmébzﬁnsaehgens such
as receptaspatiim ifmomtgie diowe! seehicegion dhiableancdping tanthe:l! surface markers,

and wtzb@@iypﬁgﬂgoﬁﬁiw&ﬁﬁlg @ﬁé&%@@dk%&%@”dﬁrm‘%&%&%w of

Vla min ens recognized

et R eRe e S LB oY ere e o olbl
antigens ﬁﬁé&ﬁ@t@e@f trepies anlyAcertbls prucitst pviiigsey ipdiiies! 'Suetibodies
whose phantibadiestiof interesinmpayred by the methods of the present invention include, for

example, IL-1, IL-2, I1.-3, TL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-15, IL-31,
IL-23, IL-2 receptor, IL~6 receptor, OSM receptor, gpl130, IL-5 receptor, CD40, CD4, Fas,
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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

as receptor proteins (membrane-B6und 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
osteopoptiotdiRd HExahpieBIyF Edhble2 Gmigenstof tha greseficioy éMiin TNF-a,
HMGBingudersatubie prateinsrantgens gsoarizedbyaptibodiRsTGF-3, CD52,

and 111956 B2 PIREQKIPESS 5,0 b TR gﬁ%ebwe‘%ew%wds of the

present invention In xam

EYtRETBqEE: éh&aatw&e%hﬁl%n&nﬂtméqe dnferash if Uig frethodp of ghy present
inventioh, in¢lv@8s dhti2arebmdiog, tolécrisdpiong @SMtaguepioacyplB@nthgsnistic
antigenIBEERIOHTRIAL) %%F%@Qdﬁgtﬁep:@ﬁlﬂ@ h%yakzg@%@ activity

(agomstﬁ%%%ell? ’b%?u%rgm rl%cu I{'emo Ctl c%o r§ %ﬁn{: %E béndmg
moleculpyingludps apiagerst 1@@3@%&»{@%@1@@& stdh. p@%ﬁ\%@m@}m@ﬁed
antigen-aivdgarmsdkciicetiitBrepsptarcbrthemntigres tiehaastigentbindngluble

antigendBAIRGY l@t@f(ﬂ'ﬁgﬁreskffbiﬂﬁ]meﬁﬂ%ﬁ@rﬁk‘@c REESSAL, 15(!'&%%'&@&13 that
recognize ncllurgg ?%p}&%tg) Hg hg%g; ?elzgg ecll?%gggn nn%nta Stl(é{% g%”a%d thus

an ago istic antigen-binding ant g
inhibits fhe Renale matialg H‘%ﬁﬁﬁ%ﬁﬁ‘%tlvny (agonistic antlgen binding

rhxilleﬁ:pﬂ@s)lt invanpieigheshbgbodidwent deewdntifierdinding particularly
limited, Hﬂl@'ﬁﬁt‘y'@ei &@lﬂﬁge@mﬁﬂﬁi@ﬁ@e@ﬁﬂ@enﬁﬂma&mﬁlﬁﬁb@%d&ule of the

present i?l@@%? H fe?er.li Inﬁtlges% bm Iﬂ‘l 1rr1n o Cvu alrgat reg:lg ngl%gwn) and
e antigens SUCh as I’EC tOI’S 0} bﬁi‘

FcRn-blgﬁleﬁ ’§§18§}t0 KB tipypre ReriipRs! ﬂaﬂ%?ﬁtaﬁlamgﬁ@mbaﬁ mamant invention
includesrn ofgoulthihbindecdgmize s aire cefitorinpibitsthiedigahdute tetdmg both
antigen- RO RINGID G IR H8GER N m&gg%m&ﬂﬁléhﬁaﬁmﬁﬂng The

edl ted via,the r c In the rese t inventjo
tibodi it ﬁp
e A R A i fo s

When thﬁw%ﬁ}‘B‘éi&Fﬁ/bah‘ﬁ@%ﬁ NH&%@’W@&‘P&YPFH@C %ﬁ%&éw%iwaﬁﬁig the 1gG
belonginpleoy fectith&ds prosert mmvetiiolr(Zefet@bly lgtiddestbotiad.
Furthern@HOSMH a@lmguﬁgﬂyﬂy(éagﬂttqem mmpmﬂ@&m&mﬁk@ tf&gsﬁsamisg%n of
any of thesglp% 150t9artlcuf€'n’hr[1) rels, (5redtgtntrg?n bm%’a mgluiFe Ol_érﬁxample those

present invention- includes a region t n tO human

PO*en*‘&t?ﬁéiaﬁ?ﬁﬁéli‘P Biﬁ@%*ﬁaéa&r@fm&%ﬁﬁ%a%ﬁﬁg}éﬁ Birt@ipMar
14;103(Jd g thiity -abich it Rosbindingate giompai lthd éd)dog ex@nRol €] Binlibbaies2001 Mar
2; 276(9)18391@mimdi%?em&fﬁméhiﬁ the.contayteof tmta&%@ﬁyiw&m&r}wsg;ble o
O e
BeEhgin @ﬂf&ﬁ%{h?ﬁ@&gﬁéﬂt%wéfcﬁégﬁeabﬁf e et iETioya e aptibody, it
may be dy@4tedn theivsbionturteimdrepdminoracic antitatipnisiteay kb8, rat
antibodyMadbRedittadusad inip dbe @Pdfh%ﬁ@l’ﬁrft@ﬂi 1 ofnaMiefotese d86hody may be

a modlﬁeg aﬁltﬂxr orlgxodr%c{g e ﬁﬁ'é%%s 5 %m tr%duch% Uderhoglﬁef*d antibody
examp e those entiate or |mpa|r

mgifg(g % rece
including ppipongg %H”éafunéhﬂs%%miﬁm@? tedh o@qoﬁaﬁanﬂbodws
also inclgHobepotbntistieodidmpaibafentiddirgito PeRrtiliBied Ghbmurid09tolecules,

and polyMg&dggy(ﬁ(&hgggt%%&g%ﬁge not limited to these examples.
%ﬁ%{lr}.leantfl:va?ﬂ%eﬁigsaleﬁ% B cli)les prepared by combining sequences derived from

different animals. Specifically, the chimeric antibody includes, for example, antibodies having
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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 ahimal, 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
heavy apd fihiechain yaddildy bisgisodyiamaiuniing antirrsineid sebstitudibghirehain
constantii€)seguensemt: alwmanizadyantibody, etc. The antibodies also
'nﬁ&ggn@é@ %ggﬂtlbﬁ%%éfeﬁgﬁqg gé’rggﬁ%(%)gc? DP9 ogﬁc?s ! Ieréeag}ubodles

with various molecules,. an tides_inclu anti
in which g Z nigEY, ﬁﬁ?ﬁ%ﬁ@&ﬁ?@B&ﬁf@ﬁM @w@w@w@frw @ nonhuman

mammaé{fﬁrtmﬁﬁﬁv@lge%}memsr@l@nmmgmn@lﬁ@réﬁk%mﬁaéimn@p@mheémy, Methods
for identlf@iehDMEvCANtHdOAY IRGUKGLS). foefxamm BH@@MWH@&& Interest
(1987), Rs%ﬁé@(a?ﬂlgd{% ?'ﬁ%‘ﬂtﬂ%‘&ﬁé@d&vﬁ?% bl IO%? EGOtHF’ee( @%@5’99;}’ 877).

eavcy ht chain constant { from a
Geﬂefaia%%ﬂ%bdg? ﬂﬁﬁw%ﬁ&&ahgﬂ{%ﬁ.@gm%?s%rr@fé RS AE Pé%h]éft?éﬂl (see
Europeam fietant Antbedies E8rE2 80 eoie® QrP¢ibaeRotomplementarity
dsitpenifingt iRAORS(ER @SM@H@H&MMI@@E%@&J RAbady molecule,
vanabler}gé]gm r&m%@ﬂm@& ‘éﬁ?%}}%e &1¥ gnf%"ég?’ or | oachsﬁqla%tggrhannbody

¢ into the CDRs ofg human ant y. Met enti g
that recQEAeH B [ AbAE SEETn! &BHIBHEE %@P&fﬂﬁ%‘frﬁﬁ?ﬁﬁ‘ﬁ‘a Yjfea) more
differeny spatepss ¢1987 ) eNatigmal Institute of Health, Bethesda, Md.;

Chatditmelkape Napiie( LA82)i44i8dy fegneraliganetior example, Fab
fragmcn[?%%%%gﬁeﬁgmﬁ ISB%% 81f9569 %gg‘g@ggé%e 3%},\%8121111

(see”European atent |cat|on
iR 0] PR LB FIRHS Pl BBy AR A b Fe
and Fe fils s arpeiantiddtiparotecisaey arthiiog egiondothat tece gim zetivity of
binding tlifferentepitenRseNPispasHEANED A RALEES: AnaRIRAdY thdtesent
invemmﬁecognizes two or more different antigens, or an antibody that

Irfecognlzes two or more different epitopes gn a same antigen.

FRSr G ARL B R B A rrulsaitie armalis s bR R SHaiagention may
be antibqdy-Ekamplesulzab 48 fraignderike PEb)R fegmertslesbcdNathibit functions
by bindiffieéechnet MOeb L e3P )bid6: 36 Bisetnai. gntlvediesstdABR: Current

Opmmn Q{\Qo?eg%é% %837 V\éq %906{9%%9 83?3% '1:3/ Sj:truc.éufr%Blology 1997,

5/03798 usl roteins

7:463- 4@%@5%&&%&%?8&3&%%% - AOhRM PRANEHIO IR P BIFRIRG TO
2002/02¢6Rh AdRbodrd e rdre Gnitablé onan $& () 204HethbidSVO 2005/040229),

and Adnelissavaﬁmm/mgmmsemtﬂéﬁéem@@dﬁﬁéﬁmﬁm&%a;} bind to target
molecule@@ltxlg WQ%%H&ML%BHJ&? sgﬁaq %P% S%ELn ant %IQ glsbﬁnncf multiple target

. invention may be antlbody I| & molecules
moleculgs, jacyle is a molecule that can exhibit functions by binding to a

targermote tyen(@enrbint Opinider e Biatdehnotogy2B08;)n or a receptor-Fe
fusion pr&%;ﬁ%@ﬁ&@ﬁrafge@ﬂm&amgnf&i@mwfpgvf?-@@?usl& bréin, ILIR-Fc

fusion prgtgirﬂ e@fi@ﬂ@ﬁ%&o@%’ Lé% 3(641 19? 1le317046136 %1@19 %ecp 2003

C|ence 2006, 1 s, for exa
T () FE o S Rty (ﬁéﬂi‘g@@f@m’g@ﬁwﬁﬂ&% Fe
fusion pro@ow/cund @2 085 0402129) pH-dependent manner, it is possible for a single

molecule to bind multiple target molecules.
Moreover, the antigen-binding molecule may be an artificial ligand protein or artificial

ligand fusion protein that binds to a target and has the neutralizing effect, and includes, for
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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 folecule may be a receptor

protein or a receptor-Fc 30 fusion protein that binds to a target,

including, for example, TNFR-Fc fusion protein, IL | R-Fc fusion

protein, VEGFR-Fc fusion protein, and CTLA4-Fc fusion protein
examplegNpriRgé dL-2GOBBIAN; IAT4Pe5 25 BHPILRS 32006, J0(8) 1 S1BMY. ligand
proteinStiehareAERIOE MO RN pRsideseptdindeo fagianpIeteins capinghé8dent
mmrtwg%gml@%t%ssm & %x&%?eeead&ﬁ& HRRAET.ILL BERERLs for &

S molecule tQ d multiple tar et molecules. 35 Moregver,
LR G M PTSELAE AYa He AR RS BRSR gpear chains.
Antibodé?@iﬂétélm@éfm ﬁug%nlpmermlmﬁatfbmdmgia tattpetliane Wamedificd

glycosyhivl alizingp &itect) andingikides, derddciexampiersBbant 448 to the sugar
chain (WEMBS1 934996 Pﬂ?i ﬁ@@&%@@%@%@?@? ‘l.{/éﬁ%%%%@g“%%anubodws

I’O'[EIF]S and al’tl icial %ﬁ%}gﬁusmn protelns can tot

having RS Wi Dpriep £ WA ¥ possible for a single |
midleeusile the bistodsulfigie nesget imoldtules: Fafielahorenttseccific theory, the

relationétifibeslies afdhearesankventian 4pdiyyiRcivde: ﬁﬁq)d\iﬁﬁ@rséé%hpared to that
at neutrﬁ%nﬁie %ﬁf&%&gh‘%%%@ ﬂ&?&ﬁ&%ﬁlﬁé{%r G%@ glg%h/% 4% Bng to the

example, antlbodle%}wnh mo Ified glycosy atlon
antigen 8?ﬂ|}?)%ﬁf81§,“f}‘?§ta§rf8 Teiehii¥ifEose that is added to the sugar
craier g 0ohen HeeniAodp 2y31 padhodrch2006de 87 84EmMve® antigen, the

antibod PAGMGAES nand cbddyadias tm\éim@e&g&mﬂa&ng tith BpseietiRgrmalization
into end%h%?n(\{l\é(geﬂgl %%E@wﬁﬁtﬁl%%b é‘tgh %hﬁg ti%o%réf 1%%(8 t I!glound to the

inyention are not limited to any s EOI’

antigen. p tiRle HHAGKAR TR SIGER B H&‘?ﬁ‘@‘% m’%g) 8%%?&8?8’%‘#1 wéawe@agd to the
antigen, gofriparedttodthiatdesraled batipHy troimprevbenenthohdetigen.  The
internaliphi@inacgkineticsandliiemutipig-tinie hindipgie e pantigeRimination,

and suc&QﬂrﬁﬁaﬁéP@pﬁe%ﬁ%ggu%\%tﬂoﬁd&ﬁgﬂsc%t% %fg&lfes\gﬁ' 0 H}scov Today.

body Is an antibody that b msoamem neantl

2006 S iSSP PR S RS i S
divalentmankentpsiiglimuitrdizantruSsintererdodorhids the thewelysis kept bound to

the two iegaihaiowitdheantigenand wh ib@ék}ﬁr@ntimw&&@ptmg RELEDF typical
antlbodlgg%ﬁyﬂl%?egui-gm?? (E%t%!)éﬁ %%Pﬁﬁ&? t%qg"rgetg %968 %n]g(:élyvs o? antigen.

he antlbod IS ept oun e antigen, an e ant
For exargle 88 b BRSSP P 16 s P et vtz
three or ipeegpatizgetionleaeldiated elimination from the plasma is called

antigandaepenslenicalininate (sloandiskehilininationdnasBeRnhe plasma is
due to th %BEH%% M&Qﬁﬂ Wﬁc(ﬂq§ %%Oﬁy QARJ rgceunjg nﬁ% r%@ Egésﬁl \éctﬁgsay When

2006 Jan;11(1-2):8 When a si olecul
taken “Pé’ﬁ‘ﬁt%ﬂg’/sﬁﬁ%‘&fswc%%ﬁ?é&% ifeg ‘BR}%ﬁ%’ﬁf Hﬁ%’i‘fé:rd%ﬂfﬁf;@?@d in the

endosonmgtibdutyhnadabuterdiiivte in dlizedevhitesth Vdritibigtyms kepetbeamntd not bind
to FcRn t@nthe twgs@@&g@mm@kesﬁuieﬁe @eg}aﬁg,ragd%&b&h@:dmm to FcRn

translocﬁqg%g'ggbéu%sh%n%al% té’zﬁhcﬁl (& Q %?A%S{’I UG rIQP Ctliom cl@a under the

antibody cannot ‘bind to reé or mor eclles o ant
neutral candifionin hepigfaagG antibody molecule having a neutrallzmg
Adtbvigyivelnnehanctherailizeen 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
antibody is kept bound to the antigen. Many antibodies taken up into cells are released to the

outside of cells via FcRn.  Howewer, since the antibodies are released to the outside of cells,
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25 three or more antigen molecules. The relatively prolonged

retention (slow elimination) of IgG molecules in the plasma is due

to the function of FeRn which is known as a salvage receptor of

IgG molecules. When taken up iftb 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
with thegragiadind krpGhmioibiovdetsctinat tho ariched: FoRnnat dhxl deantigentragain.  Thus,
similar @eihGbstaceiandinatis magaundniigephasiaa: bysdissepiadingfroties, one
molecuze%?&é%ﬂﬁﬁ&@&&?ﬁ&%@h&?@%ﬂé%ﬂ%Hﬂgaﬂl?g%W%o{ééﬁfJAat'VE'y

when the antigen is an ant%ent at binds t0 a soluble antigen, the

aTﬁPo‘Ef&if’%%dﬂY RS Sas S Thah e B’iWB%dt’BStﬂlé‘%‘i’ﬁﬁ‘éFPé‘ﬁﬂgﬁ?é fuch as
membragetaikégenspuintoker iy wivikndoeods Aniidonglisakept Wolniticengiedics that are

kept bodidtigens Magsnantnadias takessupdniacalsiaradelcasqddadtiBodies whose
antigens (ﬂ@)@%ﬁ%& Cﬁ? H’?’e \é}%g gﬁ@g J;'A IW%YI%:[ ’tg’ ﬂgﬁ ttﬁgt ?ﬂ%tg}( gé?s%@ﬁ? the endosomes.

d to the outside of cells with the antibodies et bound

SPEC‘ﬁCPéEféﬁhaB’f?é%h@‘ﬁﬁ’t%%ﬁ%&‘@é?ﬁw@f‘b?ﬁ&% Srigeh Segem! *Fﬂ&%o an antigen
in the plgimildntoverkib bihidstoribe Bitidetowibim o emtigemns bindte aeassigen in

plasma chﬂé@lﬁﬁla@ﬁ}ﬂ hediesepraningleculepll gisantibads cannehdynent® in the
cells via ﬂt%%%]zrqg)re ”sto%%@e’ﬁg ﬁl%'%%; e'r‘l‘?rﬂﬁ%%%ﬁ&”}ﬁ%n fLe ﬁ%ﬁsﬁ%‘éﬂn and

en antibodies that boun 0 antigens_suc 5 membrane

*Ta“Slocétﬁﬁ@gﬁsc‘é} SRS aﬁﬂ iﬁ%%é&ﬂ@@%&ﬁé‘ﬁ%ﬁ%@%ﬁéoﬁ@gm to
neutralizgritibligie sngalrare-bkepd bizadsto thetumigen shranstocateerdors discovered
that an dYSRSBMEEANAARslegratadniie 1GANtbadIRE WM ORS I AMITRRSveakly
binding %Sa%?%%the% 1 th?dggg)gr% &H‘E‘ESSQH g )k%g‘gtﬁg dﬁﬁ@&lgqgtd?ergndosomc even when

expre e endosomes. peC|f|ca Y, the resent Inventors
the mﬂ%é@%@mmﬁg&ﬁﬁ BesthAHRY U&W@Wnﬁgrféoa% Bryigrelppsed again
into the theplisrmatbanwdakhy birdtgenthe derigentuglintmib e dosomantigens.

qandhindiie ar ﬁ%ﬁ@ﬁm%&&p}@ﬁn%&nﬁeWMB MR bR KePterent from
the pH quﬂy d34 ?12 §*211§38V%}%%QE£} Hﬂg%gﬁgsoﬁgmﬁgnél#%?nﬁ%l Izﬁmgens under

via Interna ailon ISsoclate from the antigen in the
plasma Rﬁeﬁ?’ﬁ%ﬁ&?‘t&‘ﬁéﬁ%wﬁﬁﬂyt}?%&%té% ‘t’ﬁ%e&éﬂdga?fﬁ%‘é’%ﬁ‘alf‘&fa?ﬁ” ere
superioragsiteitichén phagiastin bestase oot daobody todenidreemitd bindutralideple
antigensmultiple membrane-bound antigens. Furthermore, the present

"?H@”I‘i? % gg%ﬁcﬁ%é%%}a% %Qg%shﬁ) %&Rﬁo%@ﬂ%‘% r?f[ogiasm of

Ing to antigens in t e p asma Ut weal

stron
eukarw%f@gﬁg%wwa%@a e g s e %“rﬁ’t‘@éﬂé"ﬁl’t‘ﬁéess from
the cell madbsomie thedpsosheas.thdemibodthhend tromed es dntigrpsrégdie generally

an ac;ciuaﬁ@@metmtlg}em%hmmrﬁi msy;a}@;rz%&aggd 2pain. inte:4behile, the pH
in the plgsr% S ﬁ%\%&b% € gk, On%ﬂgaﬁcgrtlc Sg;ﬁ(“)dai an neutralize

multiple soluble antigens, In esent inventors noted

rﬁ%&w ﬁ?ﬂ’i‘é‘%ﬁ%&iﬂ%&%é’%%ﬁé?é}‘hﬂﬁ%mtlﬁqg BindiRgAgHvity at acidic pH
is weakeg ﬂdogmsganulmﬁm disvoyeradutidpintibddie thtratistomdle iagina which

have a néQiANHEERSALREQp AR plasmainkbcanditardubthakwaaldy ibind édosomes
which h%@tﬁ%%gfa%’”??r endose ”éﬁ"b%fé;%g’&gd %%Hl%’%ﬁ&?d%é%?ﬁ 4 'Qgﬁﬁt&l@%%gen binds

a because one antl y molecule COU

t
o FoRon i e THE B EGFREES RHHERTAHS AIEb A e ot bound o
antigensyegigkessidy hneatigsrkbiditiieroytopiasm tofid to antigens multiple times, and the

pharmacokinetics is improved.

<Antigen-binding molecule substances>
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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

aﬂﬁ'l%?n blndgp1 rpoletcule v¥hose antl en b|n activity at acidic
pH IS Weaker tHan the antig ahehit ga%(lﬁ%yné e iricplss oM

antigenyyiadinmpityde ﬁﬁnﬁéiﬁmsvﬁh@rémchwotm/@aé Aelifal pHyHs] takameferably
antigendninititg cells;udndiihee dissoctatamlr amivibeapHIeMtiN:&.0 is lower than that
at pH 78N6QIPME Eewﬁtﬁhyh%‘{ @ptﬁﬁ’ﬂ% Ridte {16 RNHIgE 5}19%9 DR ding activity at pH

I cu dissociat antig n binds to
40top agngs oc%vtvéﬁétklgrfﬁ%atcaetﬂ)%gfsrf& Egﬁg Qé?ﬁ %eafﬁéﬁ’qulfﬁeaﬁ‘ﬁ%%giﬁ‘ﬂmg
moleculgsayhesq iRt dinestininal s SSrisdawettien tigetpHiAding
Antigenrhoidioglmdacbindlig eatiyensimbitiledimes, pnsl shelower than that at pH 7.4

can alsom@ﬂ'ﬁ%@@@?H&? 'Mﬂg%@&f@&ﬂ&%ﬁ&i@%r@nﬁlﬁ a(}u ity at pH 7.4 is

hicher ﬂs E?%Q%S > 34 Furthermore, the present invention provi
gher i gan dsng molecules whose antigen-binding activity at pH
49 1?6 B1a B biwdipgteplatideserihe BIF5e0! PO, whefermbiyen-binding
activity antlgéré bingirgthasibetdesivhose aniigethbinding asiiuity iRtly at pH 5.8 is

lower th%QHleﬁgOa{%iW@ rtﬂg?enisﬁﬂgthﬁﬁﬂ%g 09 me%9f6§9ge B%%Jléﬁh activity, and
the anti t!:ge(? bindin moI antigen-binding _activity a %4 5
¢ AT 16 prF 8B ﬁov@er% m & eg‘}?NFd ﬁl‘ifni%l@hi%lude for
&afﬁ%féedaqw@&m@mdﬁh@ %ﬂ@ﬂéﬁtﬂ@é%ﬁ@@@@ﬂmg@hﬂmmmmvenﬂon whose
antigen-biokiviiky sati piby &Bﬂsﬁlﬁﬂﬂbmmﬁhahatapfﬂ{ﬁ4 inftigeAriBaingding
moiecvl@wwgﬁtgél oin 'Qﬁf%@ ’AS’H?Q?%&V{W c,%to‘?"glrér@r'ﬁalﬁ"ﬁ% EQ%P{ 58 A

that so he‘expressed as antl en-bind Ing
more e e oo L e PECHOIE St 1o R g ocules
whose alfﬁ&%ﬁﬁﬁ@ 8etnY rtﬁr THelsistigerebin dingmbladhiestafties. A still more
preferredeabediniavestibe avigseaidigendooing cRekvitiat piti RiBidSmolecules

whose QB ShAL NGl B Pl @@slwglﬁe% : e anlpsndgadiy o

H ‘328 Iowert |n% at_ pH there is no limitation on
férénce it ﬁr {}W %HH’ WEHRBg bS5 efi Ui present
mvemw%%lw%ﬁw%@wmfemﬁe? Sbeirisdligiatiihan hresepidd 4, wherein the

value of e:mmmmmbqflm@nngemzbmﬁtgdmtemﬂm@ﬁﬁbgeﬂr@ws 8 and that at pH

7.4, is pr@é’;%g A?OWEJQE& %ﬁo?éﬁl@ﬁ?aﬂk}‘?ﬁ“& Qf‘eg}@}yaﬁ& th %gré % Fably 40 or

t binding molecules
prate. %?P% O?t W@?ﬁﬁwﬂ@méga&v%&&ﬂmaﬂ% figited, and
may be aﬁHvalse Aorr??éﬂﬁépéﬁe‘f@‘?réao@n%é@%ﬁﬁ sighes antigetiehiisdiongible using the
technologioleftileséntitide m antigen-binding molecules whose

ﬁ{h%% ﬂ%ﬂg@ﬁﬂy&ylﬂéﬁ dhz é‘n’n?g&%ﬁ&'&]ﬁi rgglgggf%tgf tm%}eg%a% invention

_ A still more_ preférred embodiment

whose o R R 80 RUGEREBR i HoheEise 50

kg(pH5. SWﬁ@gé?dﬁng@Wtﬁmm@pa@ﬁwydéppﬁeMI@mg tihed endytmaitefor the antigen
at pH 7.4thien ihabagiphieh. SorSpecifically in @dpiaferathemnipdinant, 1her greater,
and still ﬁ%%@f@% l%gtleﬂe Of'ﬁg' %}%e?%m O'Pt\ﬁ% fi}“@ﬁb@ kf(gH’] 4) ya}rue is not

n| en-bindi Vlt that is lower
pamcular\%h ltcdtﬁ m%yab )Y Van: for example, 50, 100, or 200, as iong as production is

possible using the technologies of those skilled in the art.
Conditions other than the pH at which the antigen-binding activity is measured can be
appropriately selected by those skilled in the art, and the conditions are not particularly limited;
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value of KD(pH5.8)/KD(pl 17.4), which is a ratio of KD for the

antigen at pH 5.8 and that at pH 7.4, is preferably 2 or greater,

more preferably 10 or greater, and still more preferably 40 or 25

greater. The upper limit of the KD{pH5.8)/KD(pH7.4) value is not

particularly limited, and may be any value, for example, 400,

1000, or 10000, as long as production is possible using the

technologies of those skilled in the art. In another preferred
howeveg i oehimenatnehis canthypanactindding inatewupdeofitte pradignes of MES buffer and
37°C, atréestion 1m@ﬁaﬂ;§'ugsen binginghaetivityaa gr-Sifliscaweiihann
antigen mﬁﬁﬁgaﬁiecﬁl zﬁusb% X&%%i%c?’gyklgé%l_@s %{k\gﬂH%A&)& é%q %1 m tﬁ‘e art, for

ratio o for the ant| ort he

R et T e b A
rioseysrufesabigt mpbmgﬂeagen bmddlsmn@né pvbf@mt@b}t@@mﬂs to an antigen
at acidipBatRELY B@s@@i@%ﬁ kit obtheike phthAlkedinbid<bl Yalue ésraaton, and that

after mtg%% ‘%H!f?i‘&% 1?&91&11 %y Fbﬁna Valgs%lg %leeaxa %t%b outsug%ff?he cells.

as productlon IS possible usi gthe technologies o

The antl@?&s‘@%%faqmﬂé totpasss 1 dhromibiie ofHae BllhviBoyEPLinG fsgrrded inside
the cellsthen &ititpamibinditigractivitysis meastinety cahebehappigmprizteipg molecule is,

for exm@ﬁl@@feﬂ;@%ﬁhﬂﬁ&ﬁgﬂmmzﬁhg BAeand ih@&ﬂ@@ﬁ@ﬂ&l@é%}ﬁ@hle that easily
dlSSOCla{%%r (? lﬁley ég ghg’ rtg'e V%mgﬂ%“&l mg @g‘%c?ag be %%Qir% 17¢

or exam e, un er COﬂ tions er an

a‘““gensdﬂ‘é}(":‘#?f:?etb“lﬁsthe/“ﬁ%% @Hﬂaﬁlfhg&%rao ﬁ@%ﬁﬂ@@ﬁ‘ Bmmbbmdmg activity
at pH 4.@&iviyodt ahoweitibentibindind irbleotilé Ganrbeudeterrmingehbyn in the plasma.

mﬂ@%&i@%ﬂd&ﬁ&@ﬁQh%lﬂﬂﬁgkﬂﬂbﬁh&@fmf%ctﬁ%smem&tﬁé&gbinding
activity E ﬁ‘ﬁ%r? ;E Jfgvgeg%gn ea?%}ggrﬂl ?nc C% “k %% %?nc% gx%lle%&g? in \?rhich at

ES S Itis presu at such an a ng maolecule

least On%%wfé Wtﬁﬁﬁ%g{:& QH“&H%@W%%&.H%E%&FG&&% RiRidinG ot
non-natfrgranthe agitigerinunbieh théashdosbmalimcidic vondition, santothat has been
inserted afteRd IR Z@H@f‘th@‘lﬁlsﬁ@%ﬁa o li?mﬁﬁai&:ﬁ GRMaRd IS easibA i 1|s mtroduced is

, . side of the cells, The anti in moc
o p R T R AT G 8 g R SR B o
weaker g ﬁ@ﬂé@&h”b‘h{&%&aﬁ? AP @itigenelusds gremtigsr When the
kqg(pHS5. %ﬁf&l@éﬁ? Binding imptecueisoipfod dxaniplesdnt dmiigen-badipigs include
variable RQUSKAIIZNG DIQ)eE et BNTIgRS cme@ae AmQlemHaiHahedsl¥ is an
anﬁbodydls %g %F%% fr%@artnqg aa%%c%%o 1%”5% sti ?eg r\;\fq&shqls’{' %%%Ild rlx%xg: %Qﬁ%‘r%?ammo acid

¢an bind and neutranze antigens multiple times. Asa result

and the nyapbesi AERTY INBIEEURRCWIRERE! sARiGe ﬁEBfﬂeﬁﬁ&'a&myna%w ﬂl@swkllled 0
the art. gbh&aBuigd ewé ntinabe thistaupH Wi lesphHnt O:erergupe rminn acid, or one

amino adiate¥RieR iﬁbéhedplﬁsww@ﬂ hé PrefRy el RMROGIMERLthel with hlstldme or
non- ndtug%é%‘ '&! %"EFHlSrWhOjS &”&&%ay%'é‘%s”&ﬁ aptvity. &t BEL 4 from
fower than that at tres

mcludes antigen-binding moleé

the substitutiang ip Q{SWSH&%%%H%“E’&%F}WW@*QHF@@WH&ﬁ@sﬂ%’l’éaﬁ@f
non-natviglsulpstitertied deithduistiditiero maemion-aatieradubstiinoacid] micnof other amino
acids maWRIGRkI 8RS ANRINIIIRE Qta TRBsHAIEA @Ejma@idr haSdRa@ural amino
acid or irixger? (r)tr? gf h[} Slte in \cly\ﬁhm@mta alblli%tcl)cgg 3 ar nﬁm natud’ da rpran O usin
ga

& mutatlon IS mtroél IS not partlcu ar |m|te§ %
method f’étﬁ?/ %‘uﬁé“&%"lﬁﬁ&‘%’é“ﬂa&%ﬂﬁh&éﬁ Pistiging *&éﬁeﬂy%myg fr%alzl@e scanning
which is weakerthasetslaliat iplhd agt (thénk Bip ki 6d8) gk ptikdivhadee is

KD(pH5@ERpay her h@&nﬁ%ﬁk&@k@pw i$InVAINRILOESRAIRN AR GRIBRAAG o can
be selecteg g‘orfr(lj E%tisg%gsglt E!‘f?gnmo AR %0'9&%11%9 Rlistidine or non-natural amino acid

mutation has been introduced at random.
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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 the art. One amino acid may be
substituted with histidine or non-natural amino acid, or one amino

2[5%[5 be |ns%rt d, or 2\%/8 or mgre amino acids may be

| BHERCE R W HAGH .ﬁ?&%ﬂd&e By 'Ry spatural amino
acid andfﬁéﬁ%ea%ﬂﬂéna@i@ﬁ% 8§}y ﬁrsxéﬂtééi iMeresvean dpart fiom4thelude, for
example ubsgittionsde histidine Wide paaaianamineiscither INSEHoRe mutation

to hlstldﬂ-femﬂlg%ﬁ 9&8&1'&9&8%{&% @(m Uzﬁeﬁﬂg ’t}‘i’eeﬁﬁgéh @ﬂgf 059 Qctmty at pH 7.4

insertion, and/or substitution and such of other amino 3

before the mpstaehi AR ARG RalPrl B agefbstﬂeamwmm@n "an
antigen-bintingorclsatlg afianhinddiaeid prinseridaohbistidimetgioofhas an

antigen-BRAHPEYGR R AMAGs agidvaay RaeRoTEtk ekl @ 8RENN HSINGI8 before
hlstldmcr%?mg%m ﬁﬁ&%&%%ﬁ&%ﬂn ';Elgan‘é"EH&P ‘Hﬁﬁtﬁésatnq g% I@glﬁ? dagtlwty of

e in alani annlng which is known to_those .
onantis RGP LIS BSC RISEbRBIS) A BRI st s 100%
the antigeg(piding) Aty szll)qgﬁhmé@yehnasmﬂmﬁa@@rtblbeﬁ@c@mumwmal amino
acid mua#itn 3xbe-selecied fom potigaydiodingmeleeulesateRigdY; or more,

and still %%w&e%ﬂ’fg@()@a&j Eﬁ!)émlq%@ﬁ!g éH%‘iﬁHH{é Q&ﬁ/&? & ﬁtfgda%?gi stidine or

at rangom Preferred antlgen blndlng molecules with mutatio

ron-ra S A G AR S e A ety i P 7.
before highdige mroiprtiniuse tuipeaciinBugtistowdhendhe thratean-biading activity of the
antigen-BheligenityogxaapieasstigenoinsdingunolecuiesivhaSestidine or non-natural

amino acﬁ&‘“&!? Qnﬁgéﬁ'ﬂ&cﬂﬁg\éﬂb{@%ﬂ bé %{Iesﬁ%?(? ‘E’)‘Hl?cl}né%lﬁ)la {g{ﬂ% %eletion

ural amino acid is eéquiv antl en-bind ing

addiion Gt A S S S S Ad B e bincin molcul
so that thmtrﬁmbglcmgm@lmd)emm gsravelantitvéutibeorahistidine substitution or
insertionantiie prbisgling mdacile iafteadistic a@t@e@@ﬁma@uf@k@mya%@é@l binding

activity M@é&%&!ﬁ%&ﬂvﬁgﬁ{%‘?% EH&Q‘Q%@?&N t@%}d&%ﬂu d@iﬁ% H)@rtinsertmn

of the antigen- blndlng molecule before |s’t| dine of non-natural

of one ot more ARG FRIGSATH MiFEAHS WS AR ATdRSHH g en-binding
Hexibiry wheathaatigen-bindingmlsieéule dsetotenhistidindingran antibody

constant RPAoRAHRb BB INeracikd sHBatieRIsSehamiLO%inkhth8olecule whose
antigen- b@ﬂ&kaggcﬁkﬁ{}‘ﬁgp%ﬁ"é' XBW%@“%‘?%@@Q'Q% fl%g lfllte%gtmn mncludes

Isti %e or hon-natural amino acid m tation Is east

methods {ohpRo 3%&3‘7%0?%%%%?@&@?&%&ga%earw@g gfppoles
Specific gxhmiske Dretibrdb o089t oramosalThnwifigentbirdidg thetivitstaat regions
describedohd tRedrafi@phistidine or non-natural amino acid mutation may be

wga%ﬁ{etménmeﬂg%@& nelipg,achy Vg&%&éﬂ%g}m@sﬁ% 015

r non-natural amino acid mutation.

weakened pommored (R B aURId T4 B DR A R AL G )by e
above degibsttogdvdrandertiont of dustidihe mitgerthatiiat KRG S0 Dipel7.4)

value is tﬁzﬂﬁﬁﬁ@-&ilﬁﬁﬂﬂg ﬁ@%f@ﬁﬂﬂ@v&@hﬂéﬁ@ﬂ Ryt HROeeiNehore preferably ten
times or &%Pesﬂ‘é&%ﬁmgﬁ'?'tﬂ& o?ﬂgl ' @gen %I’tg? n% rgaﬁ%u?ﬁrﬁ ?“1 t%’ thereto.

more aming acids into the anti |n I g mo ecu

RSB BB S el SathAer R T Ciher ARt gLher
property. g betitati treio pritisarbowithetvicsemntinve fiiph al56 ieeledbensbatut pH 6.7
to pH 10 8ntigenechindiRgmoalepeesinnosa hiRding29 sctybyifiRsDeeonistic
antigen- bfﬂ@ﬂ& r%gfélé{ﬁ%gnt ﬁ%f%rf&? hﬁhg&? HR%E&E%?&:&\? S’U?H’le pqg élnq ifivention

and/or Insertion
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of one or more amino acids after histidine substitution or insertion.
Further, when the antigen-binding molecule is a substance
including an antibody constant region, in another preferred
embodiment of the antigen-bindinty molecule whose
antigen-binding activity at pH 5.8 is lower than that at pH 7.4, the
present invention includes 25 methods for modifying antibody
_ constant regions contained in the antigen-binding molecules.
include SRRk B ROGISG RIS iRE NGt EstGefsns [afeeramb difieptepnistic
antigenibiotiide vz ade sihibitsegiopsr-deseriben indtin Exdpnpliag. dd/harbiting the
bindjng@@v@gggq%g@%Q&ggtgﬂgﬂg@@p%}gigen-binding substance at pH
8] weakene cor}rlppare to that at H.g.é.éw.her@ ) . I
Blz'.gﬁ'gl%r) (Bﬁsf )1\1/vein 101 proviges Byl ﬁ%”ﬁ %%Wém acid on at least

alue Is'increase
one site ipdietipbbrelawtiiculsaiird ik Masdpermsaon pererapisnhetlthelmino acid
positionkKB¢phitc 8K RéptHTn4)o/Hibet isutwiednneR drandte; moreoptefarakiyces of

Proteins MG HMGD BEPIR1ARH QYN more prefsrably ten times or more
compare e Qrigin , [ t particula
T e TRt O TR TR 6. e,
HO9, Hli?l%ﬁﬂéllilhqay further have any other property, as long as their
dngigehapindidg [ECtiViRg At 32 430 M@Hﬁ,&mjmrathammat at pH
Srhodp iR REbAsRed AR EXARPIS O RAHASLIRHINGMAES MR o dification
may be agonistic or antagonistic antigen-binding molecules.
Preferred antigen-binding molecules of the present invention 37
indiERIEefditiesan Hhe Tarftirgepiatic anfigeatbihdirs trioledurieahie
modificgeneiak ianaktagdnistvangntigendvitdingmodiGeatenginibise not particularly
limited d@E8PLor-mediated intracellular signaling by inhibiting the binding
tween a li gonist e receptor. Furt :
o o b e T AR M BB, ana
H10Z |east 5 one site indicated below is substituted with histidine or
négrhtinal 4Ry dckd, Kinineacish, positioss ateélindicated based
(Whgﬂ% iﬁ’(ﬁfﬁ‘é MQ?% (ﬁﬁ%ta'éﬁ ﬁs'_ﬁ‘ll&stl_lgn%%@( %ﬁfﬂfﬂfe‘ E(ff:'e'?z?,l?#eferred
combina S P DRSS b STl s SRR 2 (Rgana
combinafipporfdiamél 1652 B fghe&hidi: pokH9% qopdinagon p5R37 gl L.53; and
combinaliibo{ OIX, [92, and 594 Amddigdheaifowe] siiasikd3a;sk6dydsBBition sites of

heavy anld@%h?&ﬂﬂﬁﬂic?@&@q@%&ﬁYﬁ% Q?@ﬁiﬁcﬁﬁl;?,mﬁ}%ﬁd Y\hen tfhe o
Igen 1S tne IL-g receptof (e.g. an |L-o rece r,rg,era
e e B e o B iAo e e
followingjteHotyavRbtisarpdifisayon Stanme sotrerses 4dsdiniteh ipeian7,
H3ydB2y:HBS, H50 Hé58Ad §Y9H62, H63, H64, H65, H100b, and
HARR: kgt 6HaIN4L 24p Lad 1628, L32, L3, L56, L90, L92, and L94
IS fisadine orqp-gptural amino acid s gubplitted at multiple

 Sitss, ‘préferrey”
modification sites include H33. However, the modification sites are not particularly limited

sites.

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,
IL-2, IL-3, I1.-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL.-10, IL-11, IL-12, TL-15, IL-31, [L-23, IL-2
receptor, IL-6 receptor, OSM receptor, gp130, 1L-5 receptor, CID40, CD4, Fas, osteopontin,
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20 combinations of substitution sites include, for example, the
combination of H27, H31, and H35; combination of H27, I-131,
H32, H35, H58, H62, and H102; combination of L32 and L53; and
combination of L28, L32, and L53>4n addition, preferred
combinations of substitution sites of heavy and light chains
include the combination of H27, H31, L32, and L53. When the

antigen is IL-6 (e.g., human IL-6), preferable modification sites
CRTH el ARG o R PR MR At SR do T AHMGB-1, o4

integrinp EFAGMHAryAR3itED theretos, Heew\BEna HMIHSRRATOFHG CDaAchbDd.-3 1
receeptdddht chain: L53, L54, L90, and L94 When the antigen is the IL-31
rec r{e.q.-human.IL-31 receptor eferable modification
e B e o
pohicigAY Rindiae mstrtHkab e e st AubRR R eTREd b
tiveapresardipméndiorem al/the pogaiz éxaenyi amtibe miti Amtigedisg molecules
include @ﬁ@&ﬂ&ed &Mi@@&ﬁ@@ﬁé@_ﬁlg%ﬂﬁﬁeﬁa@i@ﬁﬂ{giﬁyﬁm%§ PeRKISalNme region
include,l?(%llélgs?n{[ hg“ Ia OV%E@%QQO li’le&l%%t {bB&OtSSIQdQ' éFQI}efn Brartl%-o%ouﬁgre is no
receptors or soluble receptors?, membrant  antigenssuch as ce

limitatioq afdpdshdikert iaRersbltite sisGéneStcleds: dytestimsss ey
eXzmpien HE-abtiBbd of the present invention is not particularly limited, and may be of
any oti glilﬂ.'z 3, H-‘rs4pUss§3iéz§6 dée]fdi—eﬁa&hg%} kirehhd hnklbﬂdi%é gﬂuﬂﬁﬂlafr%d&-ﬁ%ﬁwk
o gl - eptar, JL-6 re [ M receptpr IL-5 receptor _
sntivod g R ST R ol 3 i M Rmore, e
antibodiesipy b SRR RS GRRY SR st i toatibrities afitpstticular,
modified4ntibtaipdmiITAM: ACCRYEH S1bsiODA) RN, BbyBakited Dodies.
The anﬁE@_Fes(ﬁ,agQél:@g@eaﬁ A?o%dé%ﬁﬁa@@pgﬁﬁﬁ%wwi%ggig{my modification
nti include the -6 receptor. e antigen-bindin .
prode g s R o R El spioy
fragmengs. and-pafibeisodih amddiah eugresktsnvention, the
diigenidoindmgnrolectileslidn o lidevantibo die sakntiladdiegnhaving chimeric
antibod ARIASARIRAINO AL VY ARDaF eRIQINEINGLISIIRR, HRGIHES: 0% DNA encoding
a hmnanea)l('l%?(%l eCI%Glc?nn ttll%gg:l eSBeVi\rlzggrpcmgthﬁlgg d su%g%égtc%n Ig%troduced into a
antibody, t _gre is’no fimitation as to its type. (At possme)tf‘e 0 use
host to pradyee [GesdimyEgangbeslyand such. 10 The origin of antibody of the
prasentimyentiontissh etcpéudicftanty tnakecshamst mayabengbeaivg, and are
antibodi@Jiiﬂ_ibﬂﬁlg_tzﬂstm%l@_rﬁ@g%&ﬁyE&fﬁ@%@egﬁ%ﬁ%@@ﬁ?gpg%%ﬁuﬁﬁmﬁé}nmal, for
antinpodies, rat_anti es, it.antipodie at inodies, . n
e e L R RS T L o
CDRs ang npymd KRI0RE A 23606 QEBEN B Mo aritBLke s shiidYR), National
Institute pé Hicitla B etherdifieéddaritibobiies witiNatming 289 BERrdnceGeneral genetic
recombiSdRBIHEUARS g BY %ﬂi@ﬁi@wp@ﬁg %@H:@Jé@@glm k@@@ﬁﬁ%@é’dﬁ Patent
Appiica’rfgg éf &% ;@&1398"&6'/‘35§ Iféébequgﬂls&?z%lcfilc %f?:tlgz%d 5 bant}ggtgc\eld by known
modification ’ products to which various molecules have b&en _
methods); fyrsyampigBp idEsahe mianse AHBpb oy glsemdcdnand apddieacoding an
antibodyviitvinnbdifidd8ugdinghdinshGenerativirgieh{firid ahtibadiesitedy is
obtainedKN@W Rt 483010 SNHNAR: MO LINMEH Gystem 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
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



10

15

20

25

30

35

antibody, for example, a DNA encoding an antibody V region may

be linked to a DNA encoding 20 a human antibody C region; this

can be inserted into an expression vector and introduced into a

host to produce the chimeric antidddy. "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
human ghbgiyRapfarhursEmizntboghy Weihg de:f(faideRtityiny CmEDRs. (1993)
53:10.0808), knmfélm((ls;elba&s@mls ﬁ@l @g@@@aféaE’ rzsiétﬁleglﬁéd%mmqleﬁi% that d1rect1y

t n e.of Healt.

bind o SR L0 A 1é’§§% S R 55, porions
that inlygRes A 6 RHEFD Ritastarto b puisbse: Melaie). (1987) 196:

901-17)kprshneriiwe BEvebpéan \Baiéhinkpplioasi 0FPER426023; and WO
9@3%53@3111&5@561@5&2% pRilbadire RN he m&gﬂﬁeﬂt@é&gﬁ)wmlumanized

ant1b0d1g§eg%08§e f@%{fﬁt{‘ﬁo%%%r%% x5 se? arp\y%%g(}/mcl%; %P'annbodws For

ermlne n'whic

exam ISR it B IR %gwpmw% FiefPd isaprsised for
the L chalstainéeletramidmnizeded mibodies Camttiiens beap tedutedhesing@athe human

antibod Sy St AEAISESCOMYRALIAR @in@%@@%@f&r‘/ﬁ%@&@@ IORERDNAS rove
amlbod}p?tgbﬁﬁ %H) ﬁ'&ﬁﬁjt)by C}% n%}?ﬁoegm N }:esenﬁiJ nventfﬁntﬁreferably

olig OI’IUC t] é)repare ave gOI’tI overiap wi

md“dese%‘éffﬁé%ﬁ%? Bbth tREPedyRedyRd mg@@&h%tm&égeﬁ B&gmstant
region dii\gOTo8yY 1338@)1 ddtiidn aMibogpikERsHimkedzeibaQDRY 3&farably includes

CDRs oﬁﬁi&ﬁt%@@l;i@@&%ﬁ %@ﬁm}@rﬁﬂﬁﬁm@ pRtigeNdin E}Q §&@Ved froma

h aHtfﬁoq#'req amin s in_the FR n antibady variabl ion
e é su sﬁ?atsea Og‘% e GbRL a &'l dm& H5 eﬁd ng fictude an

FeRn- b%ﬁ%wean%?hﬁat@eﬂ%ré%%@ﬁ ﬁ?ﬁaﬁ’r& é@féS(@%@a leGes %aGS and
IgG4). GhecersReisetl@83ise8 3ot 0o hublerdminotdcidicesidbes dsethenFdREon may be

constantﬂ%@ﬁﬁ@ﬂf%tm&ﬁb@%@i dﬂﬁ'idg@ﬂéortm Renthat decy s Ringhia ANis preferany
used, tho%gﬂgﬁg \ﬂ?h%[&f %ﬁe%nt b[%n%ig%‘[-:n f\tfe%tfa ém%‘ria'%%%ﬁ a({h%Sggﬁ/%uch are used

, partions  that influence or have an e
for the hypepifs Tt B9 PRriABlBi g e s iroen ey e doridcfrom an
antibodygdrivrisoipolved in VH-VL interactions (EP 239400). When the

FntbeEiBE &id%@n@f@ﬁe@aﬂy%ﬁ%@&@ &l m&%@@& QQ%@& & of the present
mvent}c:nr{~I qsfatﬂ ﬁ? @erzi“l?yof?efe %bthgugs{%glonﬁnog ese otlrba F gnggrrd C“:LIC%\ so long

derived from human anti For ‘eXample
as the b“@i@ it é‘f&@éh%é‘%}&é‘oﬁj?@%?ﬂ#@ﬂ%}fé}ﬁ“%hne Cx and CX can
bmggbd ifomuednickiaim. tMdrevae boifyreduirestdachineracidd humanized
antibodidﬂﬁﬂﬁﬁ@ﬂ&ﬁﬁ%xbﬁ:&%@%@&%i@@éﬁkﬁxm@@ﬁkéﬂl%@ﬂ%}{lﬁﬁé@@@o

L 9%” n wer the binding to Fey receptor or FeRn or to
s f|t0m r% &%% u§c§) an tabi P@/l or productivity. A chimeric antibody of
ID yS

e rdashisinlRRsraTcRRaBRy THEI G eEcRayt B e YErIBRbF disr example,
antibodieamtitvecynt erivbaldnamai igripi &8 i anyiallandatachstantomparable to
that at pH @gi%hgﬁéiuﬁﬂiﬂﬁlw ﬁ&&ﬂ?@@ﬁh%@%ﬁ%ﬂ@%\ﬂmﬁoﬁ &B:QEB@EHZ&%@V@ or the
ike so wANROAXRIGIRIANRN Glides FHARSolan apine Skiom 2
human mamm ﬁspan regions Henvga rom
A”ﬁfﬂﬁ“%ﬂﬁfa%ﬁowsrﬁ@f{%ﬂ&aﬂt%@%w%éﬂ%% Ve thamthat at pil 7.4
may be selertibbbliiesrpraiiey abiyrihetwd entihofeRiibing figregiantiGughibrary or
hybridon@BHib@skiasBacibde; for example, 1gGs (IgGl, 19G2, 19G3, and
@%ﬁm O R R0 SRE A RS MR S A B may e
resent invention may
used for the chain or L chain amino amd sequence of the antibody before introduction of
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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 patficularly 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,
histiding{aations.an dromea deiisrquarndsefantibadisnh g@\&&/ méam%hygwhods known to
those skSieicifi dityaef dyealsri ginedcantibodiesniplexhibitethodr Singebthdiained from an

annbodymﬂﬂé&@oaecﬁ%'%d?%‘%&%ﬁ@@@ﬁ Q0ig IRRErEoSHMRRERAT from

ed antibo %Qg man erived sequences are

z
h o
ybﬂdo%aslf Hht e B gt na ena Fﬁ?nlstered to humans for therapeutic

ﬁ%ﬁ%@@g Bidgen .hmée&n%@ﬂ rodilosideh Bbpre e ifvRadt daTTayapé methods
for prodptapaneibhiy dibyrirethodlisk an@xampleforantioed ki lvdiasie art can
appropn%@i'ﬂ sHRINAIRG HH%EX;Q} Phigp &&8@9%5@4%9&%% e libraries, one

ablet03 %fl%t}fH74 é ly
canrefe¥ onlp ifl rat HIg Such & I(S)leleeSCrl lgj’véciogr&t “ esa.(r) etfll., J. Mol.

Biol. 199&9?{ nﬁ%bﬁzbméﬁﬁé%&w;ﬂé{]ﬁﬁlag%é&%sl%&1th%§fir§a1@5ifﬁths ef
al., EMIPBIT7 WA tsrriativiety; datibediesolioseraRtigeckhinding @etivity3ap-14; and
J apanes@ﬁéx@ I IRyenthan i RHAl Ao fauds %ﬁﬂ@ﬁﬁ%@& ﬁ;t%%@é%‘ HSional

mber of anti ies obtained from an antib ibrar

odi

phase ot SN el 55 PR e A harion.
possslbief@r%ﬁﬁﬂ@vab%%h@ﬁawﬁtﬁé@@ﬂ}%ﬁdwm%@&%f%@ﬁ%wé@r%%cﬂWO
95/153980 ritldeibbalminieplkychativdinirmfaakichsegueneeofithecastiifia thyman
antibodiREIQTEMIFRINEHAR. OhA DndtiSH r@kﬂﬁmté%%% ﬁ{o@m'”?acésémpie variable

q] uences. of ntlbo es new obtqlned ods knowp %
reglons ??ﬁasrélasrk t 0 can(iiile X I‘g %O %tdges %r o n%ﬁieas ﬁ,]%g e chain antlbodles
(scFvs) wm@m&%&@m%m ﬂ@ﬁﬁhﬁlﬂhﬁﬂéé@@ﬂwa@ﬁm@ﬂﬁm Genetic
analysis bétbbisined bjioningdgenesetediiny agtibadiesidoding the variable regions

of humanmmggﬁlﬁrQQH ‘E&'ﬂQ ﬁlson@&@tff?@ﬁﬁﬁ édﬁ@r&@gq}f‘ﬁlﬁ“ Vs that bind to

antipod io ries ﬁ“ anfibody libraries are alre now.
|

the anngn%lé t]ﬁo ta 5%3% ﬂS? é;?% eég,lé)% r%m ﬂ?ese sequences to
obtain hwm&%p%se Hanetsthede aaietaér&ﬁdsawﬁ}w@ﬂm@ném an refer to WO
92/0104 arkiiooely JiTea i 880 Batexanpe, aegarshintyantioelyy pH&ges5/01438, and WO
95/1538§ibraries one can refer to the literature such as Clackson et al.,

el 52: 624-8; Marks et al. 991, 222:

S 1SE TR P oy sl bR PO SATGER gown
technologipfraRy ke brsi el LENIEONbichgovp T3t Pae ot e yfiaans oafells expressing
the desirbiiatuieeBdateehrioloty 2896 14k 0Bt candfcdapianesaRateiccording to
oonventlﬁﬁh%lﬁﬁ@ﬁ%ﬂ%m&&lﬁsfﬁ% lﬂ@?e@%%%ﬁ}ﬁe@ﬁy Al Qﬁ@s@ﬂﬁé@m cells
b conve?lt ational f; 1 ER] %atl%negtgrre 0 aé) an J{&)l anesce

Y AtePRakT Fb’u fcation) TR ad8itich; ‘f p%%l {518 RE e St
(hybndomﬁémd@ngama@ m@ﬁwmmgs@mwmmés {ibratiesipwaDable
regions (Y9EH38 P framchiidosomehdisplayetigthaiisndsurtiheneres transcriptase, and
lnking sieS\IRIS0EE.creRIAD AURARI AR CiEs by RenAnG st

Fi,lman a?i iﬁ% |Il raries are alsct) known, Fo evxa é:(%Ie %fnago ene

Giors e AR SRBEAREEE, %8 Flé‘éé B BHE AFRERoGY gemes
encodingﬁhg@églﬁgs%kc@ﬁ@mllgﬁwggcomplete antigens with immunogenicity and
incomplete antigens including haptens and the like with no antigenicity; however they are not
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,
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(scFvs) using phage display methods, and phages that bind to
antigens can be selected. Genetic analysis of the selected
phages can determine the DNA seguences encoding the variable
regions of human antibodies that'bind to the antigens. Once the
DNA sequences of scFvs that bind to 20 the antigens is revealed,
suitable expression vectors can be produced based on these

._sequences to. obtain human antibqdies, These methods are ..
e kA A i bW OSID L e o e
present PSR FARDPSIO82 BN A9 3/ Xt src ey 9reppredey methods known
to those@5&UB8haumt IEx DSBS 8ackd fanretdascfhsdalitaitinggrnssO
98/4677N&RANEHANHRBAISS-HOM-IIAMAs FknoWR A4S B5ShORIOLIf% Milstein er

be cally.u which involve the f desjred antigens
o G K TR R 1S S e
ImmunageRiy YIS 16T REEYHTnimI AR BSreRAE e b o tdethe antigen
with a nimemuoizatio havieghoos;fusingi thesues e tiftgninin undiaals withif necessary,
anti gens@%_@&{%ﬁeﬁq{]ﬁ) @u@%ﬁ&mg@?} ﬁ%;iﬁg%ﬁ%’fh '@ﬁﬁlﬁg& molecules. When
trmsme%%ggneenﬁgae@?fpsocl%nal antlgo X ﬁlrtOdUC@% cells (gybrldo'miséé)xd g

e Conventional screenng methods. Syhthedizimg CONASP A isIHg 2
antigensy gorins C3hregisite! (VaragwinTs) o Sin msRARs 6 tisens seaihegsed as a
fragmenhybrdbnegsessingtreversetirarsarptase oantkili odingdhesmaithe used as
immuno¥NAS encoding the desired antibody constant regions (C regions).

obtain the.

or. ecifically, sensitizing antigens to : ,
RS S AR R R e il e
sensitiziph aptgspserst BstRbedmplé i wativdrs wiliedmpretisgerielty ande prepared
by in vitincompiétatianti§ bnginchickngphegpt erean dithieolike. withuius mammals can
be used ﬁ@ﬂgﬁﬁiﬁwﬁi@ﬁ‘@{@}{%ﬁmyﬂ%ﬁgtﬁéﬂﬁm 5‘&%&3 I'B@e?ﬁs%gﬂﬁm&ﬁras, and
rimatesFoge aarirll 'ers'E Iaupd%S Ip!ae egl)l esero go‘tle Eg}?tem? an%\t/.gartl | ters;
P peptided” oFproteins of ifterest iy dddition, 1t & Ridtm gharamsters:
lagomorghisSphB OB TPl mgpaIy ek LBankeYs Rudiercarideslipigaonkeys,
thesus mankkgsithteansbadnbiggnszdusihedantigenssgéthendntitodiesiaf human
antibodytQfeﬂ@%@ﬁ&%@%ﬁﬁ%ﬁ%&%ﬂiﬁﬁfﬁﬁﬂHﬁ}ii%ggain-ﬁ%eoggﬂ%%?ﬁ/ G@%g these
i (ENEAR, o 00, oo O L
such trang@?%‘ﬁﬂmﬂih dosgrampissiisienh Agteahapbpribesinerbindinarmgisity against
antigens byntheotetivdc o/ Mitsteimetizaabn(G Hkahtayapiot M gtRitesired antigens or
o S 8 N Yl o
G T e
HOL-598i3 (rtminedenyrosel Fraghaip Dnfint sRREspaivenplighad fasepngsition)).
Furthermantjdesisdiaynbe mahvdicechirtio calillé tantigens Ay linking themimals
carrying %ﬁlﬂ%ﬁ%&é}&%ﬁ% '@ﬁhéﬁ{tﬁi DnelfRAS %&@Eggﬁ%@%ﬁéﬁ%@&gﬁ%&%o
e RS el T R e O
APt HSUBRRH 458 Se bscarrpd gt dmtaisy GEir bk pegaihgd suspending a
sensitiziqganﬁgae mlpﬁmammtaﬁeles mﬁﬁ_h €PB&R) bﬁyﬁf@l@@ifﬁ%@iﬂ&,@%@&nd mixing
it with arl FOVARGS BRuRHRedy-RHLCIRg; c6l 'ﬁ&%ﬁ%&%ﬂ@ﬂ? Bysubcutaneously
injected iljl0 ARLAAIN D ?’ﬂémjf S .z%?;!;ér?i‘i’réat?n'ﬁe‘?pf‘sglﬁ“g a”=t'%’§”s ¢ adjuvant i
TEtEC IHESEHIBET above: ATETRATKER ARiB oY <Hrd i e PPl adjuvant is
preferably adpapisteradseNeinl ities veRUNYRIGH Ersymphstpdsntedietinm can be
confirmep byducsminiibbeligs: o ditousiayunaleresrin animal sera using conventional

methods.
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be used for immunization; such commonly used animals include

rodents, lagomorphas, and primates. Such animals include, for

example, rodents such as mice, rats, and hamsters; lagomorphas

such as rabbits; and primates mcﬂfdlng monkeys such as

cynomolgus monkeys, rhesus monkeys, baboons, and

chimpanzees. In addition, transgenic animals carrying human 20

antlbody gene repertoires are also known, and human antibodies

MBS RRS Byl REL SO RS Wyerigls dpgpnized with a
desired aibgrieciebalysibtiB enetog 97lis1S: cenGE6hy tnskenes ofingicgventional

fusing agtiGR (FRRSGAPIE, wi%ﬁﬁeiﬁ@rg@)@'é[)"Eﬂﬁdd@smm%mﬁﬂﬂ&ﬁ@eﬁnnmples
and Praé?i%}!'@%éﬁélﬂ Q@r@gsm{ggﬁagé Iﬂ% an@%@ﬂ §e gne%? tlglrllr%j CQHS can be cultured

vitrd sensitjization of human phoc tes antigens or
and grovgy A5 BLKIHg tRer dtired %ﬁﬁ@‘é‘?@&iﬁﬁdﬂ%&%ff%}ﬁbﬂfﬁéwbndomﬂs can be
measured anisig xadvipraphioeyteshadh swhwn25unystsinatetsratichmaginoassay
(RIA), ah@éﬁfﬁﬁﬂ:dﬂ@ﬁﬁﬁﬁ@@s@@éﬁt’%ﬂﬂ?Q@MKOk@K&éﬁ bligatianohies producing

antlbodlég of %)tefe'gt) %v %@ 786&?“)(?tmmﬁ’%it? PRY c\f%q ﬁ e%? %e? 611'}%‘1%: can be
S onr)j1 e

applcatlon pu | e OI’O osit rmore, desire

subclongg by methpdhiiees dpitBe SHkRted by | |mmun|2|ng transgenic
Alirhalencsanyidgatboriohitd repmdaissoftimanae] drtibbgyrigemes or
a.ntlbodwwdﬁﬁgeglﬁmiﬁgﬁ&@%w&y%/ L@«?&%h)"é@n%%ﬁ%@sh%awe@ Speciﬁcally

9 5
s GG SRS o
antibody GonsiERtiFR RS kerbiizliyPRtigra ﬁimﬁoféﬁﬁawsﬁm e RT-PCR.
Immunogirginphy siolsidichintaliive doffesentr iz fiding Dt \wihig®, and [gM.  These
classes MM@Q@&HM&\JH&E&%E&SS Egﬁﬁ/&m %ﬁ@%'ﬁ%@eﬂuﬁ@fz IgG-3,

and IgG- ‘EUP Altlagx?cp YZ %Ctl?% Int%la'l.'llmals dn%lé]%sgg % E)Z Nsent invention to
Iante a ?éjraﬁ)

antl en mlxe wit Freu dsmcorlr%) juvant IS

produce G HErHE AR RTE A LR OB Y DA EORB R elonging to
any of thoyodiastioncandies8s bomtivendd®ys preasdaihgniaéetitar of the
aethedyi Qf)é@@ﬂﬂ@% iﬂoﬂm@cﬁﬁiﬁﬁdﬂﬁmg%eﬂwﬁr@k%m&ing genes

using gerf’e%ic ézlﬂé’ q § Egc léglni% e“%%n Cfaﬁlﬁ fro&‘} Aps P%a{ suc as chimeric

animals immunize a desire igen can be fused w
antibodigs apd diymanigrd ttiherissatdifhoieese ﬂg%a@w@ﬁﬁsﬁ gﬂr figgpose of
decreasirggfetio forexamplegpolysthyibnehyycol) (Goding;aMonagglopaiately
produced¥ERQTIES P J&Bﬁ@%ﬁa@@@nﬁﬁ@@l&@%&%gﬂw P9$6antPBBies, hamster

an’ﬂbodm% 1}%3) Yg) per%%g gl%bp %erd&rysa CELgncan b%gucltured én? Lgodms

in specificity of the antio ody pro duce

mciudmgtgﬁ{e%ﬂﬁ do?ﬁ% YHIF B TTROS S hSREPRARWRAARISTY such as mouse
antlbodymedhbﬂlsl daohaad inhatnoprteipitation ofddioim amthods saPhiiRiA),
amlbodlealastﬂ%mmmkﬁﬁg‘ﬁnﬁgtummféﬁéﬁﬁfgs@ya&%%)ﬂhﬁrsa{é%e antibody to

a DNA mlly%% !’ggomggs anqqg%?&g% IbOdles %f I te‘lggg ! Whgﬁecstl) Yo I%%Yéssmn vector,

nity, or activit een etermlne can

and ntroggipRsls SR 480 ARG UGB 06 NERE e epEdGHBody, which is

also calledel ecteg ahtibadi estidadyb eaol ba exchfhevizddyir RIORasngrse veral

oligonuclebiRAGYoRHEEUSINECaNS (SonsitzRg P phacyies EM@WNQ RBquences

designed E’“i’%ﬁ?htché‘ (@”n?&?&r‘?f@c@%ngiﬁg {9 tr}%n%"@ﬁﬁ?{d es (for %agé/p bF4 nonhuman
oligonucleotides comp ementa ces encodin

mammal dyeotstartfegishise 188 %ﬁr&%&%%@%@mm

antibody fansiamiRagibrusingeRigaRC RN Aneanurogieatedimsareesiassifimd éntor, and the

vector cahi¥e RiHRReRH GHAS 885 st 6 prlPibhc @l al8fFe ANGe M- SBDESSand WO 96/025 76).

Human antibody FRs that are ligated via the CDR are selected when the CDR forms a favorable
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15 classes are further divided into several subclasses (isotypes)

(for example, 1gG-1, 1gG-2, IgG-3, and IgG-4; IgA-1 and IgA-2;

and such). H chains and L chains used in the present invention to

produce antibodies are not particdfarly limited and may originate

from antibodies belonging to any of these classes or subclasses;

however, 1gG is particularly preferred. Herein, it is possible to

modify H-chain-encoding genes and L-chain-encoding genes 20
antigen-ygidggyeiretid fanginseringiechtidiogids fGanetidathgimodlifiedntibody variable
region idtRodiBgirsdeRRE chiMRIDRBTIRMES20d INMBRARKEBHIy forms an
appropra@'élﬁ@&?bl‘ﬁ@n@sh@{’ﬁ ReenArficially, mod ifs%f?ﬁ the @“EB%%‘? of

EC asln heterologous immuno genicity and such against

o ﬁ*k?é"éfﬁb%ﬁﬁ%‘iéﬁ?CBPS%}&%Yﬁé?‘Mﬁéd?@% b pdifed to
improvqﬁ@@f%cé@glgdm@gemsafm@me réblo b dimigo dhe sphigmstdn the present
inventioal¥ikadieaifshaem: amibogiesyaneyGameldeRtBOsiese @E’ém&fi}‘ﬁutagenesis (see

for exan?;ﬁy bodigs &8 ka?odcl %%a%%”%&“g&r‘ L Q% Qﬁq dPEI?| mu&rﬁenesm and

variable regions of nonhuman mammal ant suc

cassetie HReRGs Sind S 19 Eh SHAThanE e s Bt ‘}@a?bﬂ@m%ﬁﬁ%ﬁ been
improvegdrslibedyni Ghinié sesjuantibodiod eantd@obtailast by TiatngigheNAore
preferabBNOBdipghaNaiakie vaginnolarmauserantbeidyda & Q&Nrﬁple 95 % or hlgher,
97%, 08811 CRdUAY, %%H%@Hée&%@ i, Qf & hyman f‘:éq{l?nc%f'ﬁ‘a%%@i' r}%laﬁ Szf

an expression vector, and introducing the vector into a host to

variable Sieiitice HEKntOa)S A PR 2BY ArstBBRF g el 80 Brstptio onin
acid resigugfeidiad resrapdochuntsmantibbay ocsimbbe Gyntivesixba ByuRCRSssified into

the sameUGiNG Seuer ah @ligentclealidesPradusrdsai thad thaydhavee original
antlbodyor\éﬁga&p H}Qﬂ%t@ ct n?ol(g anl:\llA assf?%g%%%% d%%ag g(%%él?ce

éecom plement arlt eter Ining regjons
ahgm%fﬁﬁ &9 BB AR m ) SE é‘%?%ﬁ%‘é“"rf}‘féiféélﬁil‘fﬁfrd‘w
classifiediNA gantédigdedthe chairsticooiitpia fidewbanamtifdidys:

(1) hydegnstantdegianishhadigatagidNAcashie, eerediHato an
e Glor can he introduced into a host
@ e SR R, LEME SRS AR e
3 Mc‘%‘—?u?ﬁ&ﬂ‘éﬁﬂ?% Fgﬁéajﬁﬁalaﬁl‘ﬂa ligated via the CDR are selected
(4) basigilsegittive. @Eﬂimrm@wﬁa\mrable 43 antigen-binding site. If
(5) redel%@Qﬁ@.@rﬂ'ec&mHK}@ﬁﬂﬂﬁaHbmﬁefEﬁéﬂe\@@ﬁfnﬁ@g@gbﬂﬁﬁ& aﬁgitr)lody
i e t uch that the CDR of the
(6) amr}@ﬂ:a%l? ﬁ% r%?apr?‘g%% .8 e#taefg e n-binding

resh apeg S an approprlate an &e
Uyaeperas adgtat of st FrREELariH de e sy treiops §6) e hypervariable

regions) peitibpnttierid daimamiZativindesiehbodzabovecantibatios malebe form an
antigen-Wnadifiedetorarmpnes th@irvﬁiiﬂ&@i@luﬁf@%ﬁtii%is@h@@m@l% dhebte of

recogn1?f?1£91]1@%ﬁ%ﬁbgetgaﬁl%§tl xﬂleveg%?S% atff?]m\(ae nt 1O %n‘{he ffinit g a;)f the whole

modifications_can S such as site-direct

binding §iffyta B el PSS SFAFESEARINE, MAURKEH LA o AL Reatressehtpvention

may enc@eifuSrBPcatB8)clPER thuthgenesid, adn eassetiemintagenesieng as the

polypeptidt @8ae¥kal biNKtAFiHa nétaRdigs Wﬁ@ﬁﬁ(ﬂi%@ﬁ@bm& Resties ﬁﬁi‘g@n
R?ﬁ&cﬁg%%ﬁ% /Sﬁﬁg\ﬁeg&g apm%CId S 4g qggé?ﬁ%]%?%fegﬁ %onﬁ(%uted ’ta/ three

similarity of /0% or hi r, more fpre era o OF
CDRs and jour BRFOEPetmhe ﬁs&&f%wn@s%aﬁlﬂm&mdws
to be * m@?ﬁ@d QMbQﬁM%QIaWha@l@@ndﬁmmmunhecaimmniia:&dcs@quapkeem a CDR

or FR. Iﬂf é&ﬁa@[i%@ifﬁﬁﬁw é{ﬁﬂala&dr@@i@urbs"}?ﬁ@ TIHEHMEY tédluce the

antigen- bm 08 nd"ﬂr %‘mﬁlﬁlaa?rgxalt% de{'nnoeagc Sretsh ttlo of. QNS eda’ b the present
resiaues that are nomo gousaTsame resi zfor similar

mvennong&:d)}:%fgr& lé’ss“éf’éé‘“gfﬁféﬁni Afpino acid residues in the FRs, but are not hmzted thereto.
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the same group based on the general properties of amino acid
side chains) to the original 15 antibody residues, after the
sequence homology value has been maximized by sequence
alignment and gap introduction, |f‘ﬁiecessary In general, natural
amino acid residues are classified into groups based on the
characteristics of their side chains as follows: (1) hydrophobic:

ine, soleuclne valine, methionine, and leucine; (2) neutral

Itis posm%e} m@

PR %Ct AT A aD 81CERR Aone A i B rRehas fgen confirmed not
to reducgetfip bindiog @)ihiidicA hespeiivie adir wing gillandigaheids (4 pishsibose skilled in

the art cANJIBIRR, igHgHNe: aqdehein@a( el esiciiesdhatraftachtRdy variable region of

an Orga&%rgm%m ghainglycine, and proline; and (6) aromatic:
%ﬁsﬂne tryptophan, and phenylalanine. In general, a total of six

AR eRss HﬁY?ﬂH&“r%“@*‘GH%S ERSRE P aphodins of the
present FasiBhiRy). prébeatnon arreding tzxinraitddies hithomriablémegionsmay be any
genes, akﬁﬁ@iﬁ&ﬁbWDNﬁ@,QU\OiBqutﬂbf@&mc?di}aﬂigﬂgﬁﬁﬂéiﬂﬂéng site of an

m%of% i éﬂ@é@nﬁ%&%hoﬁgo grgl’?&)eé( HOWL! %E% I%enes described

b nizin binding to an antigen, althoug | s a
sbove. TR A BPUREOHBIL AU 85 PR FRIBBR deidaand vasious
animal esHeodiy toet kebhairy dndsedcfainvefiple. pregendiniensictenniaproduce and

express @rcadiediag MRRtHRIGR IRGLGHAY tmeﬁrﬁféﬁﬂhr@fnbo@i&'ﬂﬂmon systems are
avaﬂabl@ﬂﬂ%r&pégg@%@&ﬁmﬁﬁ] l%&rﬁ? th§uc%0rp19}¥9 gR)Slre(? g&gxgs :Kc}ude for

ene retains the activity of binding to t ntigen

examplcy 8?%%88‘13%%\,@5 PR SRR U AaBRPERBA S general
dotanratisd Bl threendbRedasddsincERsclnia frefemade, animal cells, plant
cells, an@mipgslivetnt oAHnﬁepEeﬁenkin&@nﬁ@ﬁn@mm@eagi%f%ﬁmﬁé ¢%10qJ. Exp. Med.

(1995)1d!a’%’dflﬁdc<§§"iﬁ‘?<§§’?r§’f’§ [ O%leae]gf‘ﬁg Qbm E‘m'@é’r ), HeLa, and Vero:

residues, for example, in a DR or neral, é tions

amphibigy a?ﬂﬁ%%&}a%ﬁfg%%fégﬁmﬁg%ﬁmg%%f/ dDBEHG 581) 291 338.340); and
insect cellntigeinabiilirg2dbitity TRRUSCHEDFIpHAISHEMS laBi @S ituds, IHEK 293 cells,

and BHID@Imodifipderibiinespresert:davantiamair pseteiahlycaeleaiethn. Among
animal CQ@MEU@&@%}@ 3521% mrg?tg‘abﬁ bfj f egc etelﬁiﬁgs%go}lher (ngors can be

Itis p055|ble tos mIno acids In

imrodueig i bl Ha@b@@ﬁ@&n‘?ﬁﬁ?éﬁ%?%?@ﬁﬁ&?%%ﬂg% -4ty methods,
methodsAfiagnediively lipysosin QU Bathbases\omsbhoh) thibsegkitiethinnethods, and
lipofectiti@Rth&an obtain appropriate sequences that can be used as an

E gdﬂ%ﬁ%%é@”?o@'&%?%@%ﬁ LoD BB &erg'hc? cell Sy arplg Bilkweed

mouse Furthermore, the pfesent invention proviaes

(Lemma g Y B TS GRS B SEHt T CBHESTH Hoired from these
cells to pepritsdifhg thsbadisb oflibs ot ipreston.inRegtoingmBydaé @Hy, known protein
expressi@efieRnange-mayeheiiNAG: BINA Sonialajt-acil Alaas. S@l’ccthﬁrrl)u&?ces (such
as Sacchg}é%%m@wm% %8%‘395”&%%&9@,0%%5’%?@%&%633 Q%amentous fungi, for

nes described above. The hOSt cellsaren

carrying the ?{;
examp ep%fm&%? tdFranherindesd orecampldote <l RS 2 bost 0
produce th amiihvdlesaifshTpreshishestiemay be used, for example, as a

Bae@bﬁ@tiamw&tem@cpﬁomé%@m&wﬁ)éﬁmmp&@@gieﬁa@éﬁaﬁng bacterial
i n. I Vit VIVQ, product] e

e, SR DB SO BT o .
using £. fﬂjé&ﬁ?‘fﬁ ds gins H%@te%srcan be used in producmg the antibodies of the

present invention.

<Screening methods>
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example, production systems using eukaryotic cells or prokaryotic
cells. Eukaryotic cells that can be used as host cells include, for
example, animal cells, plant 15 c%ls, and fungal cells. Animal
cells include: mammalian cells, for'example, CHO (J. Exp. Med.
(1995) 108: 94.0), COS, HEK293, 3T3, myeloma, BHK (baby
hamster kidney), HeLa, and Vero; amphibian cells such

e e T T —
whose qpfigenpicding cHODXABICHET lears haERR08 eeiizl ehd Blkpresent
inventimlm@e\pdefenambdmséqbi&ﬁn @S&ﬂﬂ@z@hﬁhﬁﬁﬁ&ﬁoﬁgm& PrigsE Bin
individB\YERHAR ﬁmgﬂg %91,?&91'@ alge %?e_s% Qv%ﬁ%ﬁg@&rm%gﬂ%ﬂmds of
ereeni nprt%freg%llnltean[ lrnl%f%eﬁlso ealgie%%%ismn. Vec(;tors I%%Lanebe .mtrodijaggg The
5 int0 ROSE Cens, Tor EXARTPIE, by CafeidiP BHESPAEE %f%ﬁ’s? :
present [HEEAERR ke AFP Histhadodhetiesening iy earshistipastnaeolecule that
dissociaROTiAR @Bodtiring es-dtanetielm)-blestropdration mneaihees, imngtion also
providediRRIEGHON E@{%@?@ngﬁﬁ%{%é@g-m?&ﬁ llge {0l SXAMRIG N IGOHANR gen and
i ternal't%g%?t%rgégﬁ rlz}/nee:fjrtgggsse r(])dt e%%%gy; eo &15 gﬁzmn% mmoggge The
" ]}%novv_n as a protein production system. Cafused RHA5E ESRETED
present myFRtipRAen pellgdes probefeotireremitbiieanentisephisiivg molecule that has
increasethatghition eRegard mgw@alm@m.kmmmepmﬁﬁsimmion also
providesSYRIES A& DA USING ERMLGEHS ’nggfeaﬁ@m%h%ﬁlgﬁﬁi&ﬁ%usefw when

accharomyces (such as Saccharomyces cerevisiae and

used as pharmaceutical com osi%Bn R - .
accharomyces pom eﬁ, and cells of filamentous fungi, for

Spariiselly AU eparyIntioTsueridss napedy il ssisigary. rhedigen-binding
moleculegiehtardepisechasigphoit to 30 produce the antibodies of the
(a) deterRRRRLIWRRERR: BagIaralicelB canheHEedin the Riakaryelie 7 « pi
10.0- production §ystem§. egarcﬂ_ng bacterial (_:ells, pr_oductlon
* systems using Bacillus subtilis are known in addition to the
(b) deterprizingctie ansigsiehirding g By i hsestgpediabiogenciuels sy sie iR to pH 6.5;

and  can be usec_i in producing the antibodies of_ the present invention.
(c) seiec?h’égﬁ%%ggﬂ[@mmgﬁ:ﬁu@yﬂ-ﬁ Mﬁg&%ﬁ&fﬁ@&&ﬁﬂ%’kﬁ%? topH 10.01s
ter tgwemgglr?iog sl_%rigginmg g‘% agtllgi% |tn |%%/rénolecules whose
gred aarﬁ’tlgen-b%_crj‘mg ACHV (fy AP . ?éj‘ f than that at neutral
pHbTHacpresenetindentids s piaviaEemibetotscofsedampdgviorof the
antigen-landige mbliadiagimHleuiesiwhichican pudivitigliynbied 4o Ionglipleis an
antigen-BRHGE ASHEREPIGREOLIGTHIPR. AI5R RIPYides methods pf éxam%xg a

creening for antigen-binding mo ?%3 es which are superior in t

m ‘
Pt R D TR SPCEEI I ERAGH A AR E PR 20 ¥
8.0, and ppgepaariintpdomEecarioBnatsivitiing ol eviigentrindigsaeibidyes pH 7.4.
Further, thvéthin gecelhtiomaatvitxtoadel ki aphebindiek antigane &heiresept 6.5 is not

particulaW ﬁx'ﬁﬂ@@, Q:islgné)gzgw%%@Eﬁ%rﬁﬁ@ﬁ%@%@ﬂnﬁ%&w&en pH 4.0 and pH

antigen-binding molecule that is boungd to an antigen an o .
6.5, 1Ry SRS R R FRISERP S B b ey

at a pH bghitigaptfrée fomh. Srhandrprescpefpvehtiviceldindioyiddsitnétihods
antigen-hofi@apeeding OpHT nitigehsinding molecule that has increased
Rl 0 LRmINALE ARYG IS LRIBS M SHY PRI A S RIS hed by
nvention,also. .. . . .
methods known to those skilled in the art.  Conditions other than the pH can be appropriately
determined by those skilled in the art. The antigen-binding activity of an antigen-binding
molecule can be assessed as dissociation constant (KD), apparent dissociation constant {(apparent

KD), dissociation rate (kq), apparent dissociation rate (apparent kg), or such. These constants
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provides methods of screening for antigen-binding molecules
which are particularly useful when used as pharmaceutical
compositions. Specifically, the pr@ ent invention provides methods
of screening for 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; (b) determining

the anti n binding_ activit the antigen-binding molecule at pH.
can be G ARRTRY B NI S054) oot e A EaDias o (G
hcﬁmc%o%étﬁrﬁi@é%mdﬁﬁ&%ctlvny at pH 6.7 to pH 10.0 is greater

tﬁamitb etam'tg}e ofhineing: aativity at Fili4hOHo1pdl16 Dhdbe Hiigen-binding
acthty tIVIt g??%%% Q&%’ﬁ%&%ﬁﬁ&t%gtﬁ A ?Tg@?gsgfﬁgfﬂ&nmg as “the
e of RN A RS GO B TR ARSI A 0 B o PHL 63
is 10""6%%%@@@&-7 &PRAB-PH 10.0. However, for example, a 25

efeifeeadtiganebindnghagih/iin tingnaiviigen ddnuing getivity atiahat at pH
4010 pl@lf)" @E%@ﬁﬁﬂ?{!ﬂl;ﬂg %ﬂe‘&'ﬂs qugeaalm 5ﬁ Qﬁﬁfﬁggglwty at pH 6.7 to pH

antl d|n IVIt en-bindj ctivi
100 is L e S AT E gy a pH 6.7 0
pH 10. Onﬁ@ré&yrélaﬁ‘ﬁﬂe@wafﬂq @@qsawéﬁrabb’rfmgw RAritedicragndpiglagore
preferably i$0atiman tig gredpn dingrechivitye aban gink betivee ot pH MDuapE! pe.
@éﬂl&k%?é’%%%&&@%ﬁm& RI&f B?B%Qi@s’lﬂ%ﬂa@@ﬁé&geﬂagfgl’ﬂ IS

nti ctivit tween pH 5.5 to 6.5,
antgen- B RS ANl AU AT PRy Sty
(a) bindigp iy aptpprditg iae tvapeaion B guepHBle Teadiftyehpbifeing pH 10.0;

(b) placiagthdhofantantigemdndiahmbleatln danbeseetem)inattbycondition of pH
4.0 to pHEShRgS known to those skilled in the art. Conditions other than
the can be appropriatel mlned skilled. in the art.
() bt B A R BT o 2 AT e PAIBR IR Caho o 21
6.5. be assessed as dissociation constant (KD), apparent dissociation
consiaRhg(appareait iil)iicisseciatividentetkdl eppaeme for
antigen- ﬂlﬁﬁ&g@HB&E@&%@QQ%@%%Q&%&% These constants 46 can

be determined by met n to those skilled in the art, for
() sl A ORI L ST A G S ESE A AP 6 condition of
pH 4.0 te{ESY;Herein, "the step of selecting an antigen-binding molecule
(b) bindind s ardigtigembindingeant vély ok @) Totanpiﬂtig@rﬁﬂﬁi@‘@&iﬁﬂltion of pH
6.7 to pHn@r@) that at pH 4.0 to pH 6.5" has a same meanlng as "the 5 step
hose antigen-binding

of s lectin igen-pindin olec Ie
() obtauggﬁ Vag{%ﬁ %1 Hﬂ J Gl ?St éatngg ?faepcﬁndltlon of pH
6.7 to pHY®:. The dlfference between the antigen binding activity at pH
Burtierbtcl ¢h0 madihabab abdrko it HnleiBoaobparteulariyr

gggdngﬁ tivity at pH 6.7 to pH 10.0
antigen- d eatere'lccm%S ?ﬁg&@i&%{ﬁ%@@%&%&lgﬁm However, the

(@ binding i RTS8 T80 B TP PERCRIB il 100

(b) placing theantieenhsd e atelpsbly teh hivvekto thgreiesm ah@stifenerendition of pH
4.0 to pH 6.5;

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

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

(e) obtaining the eluted antigen-binding molecule.
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preferably 40 times or greater than the antigen-binding activity at
pH 4.0 to pH 6.5. Furthermore, the present invention also
provides methods of screening for antigen-binding molecules,
which comprise the steps of. (a) b‘mding an antigen-binding
molecule to an antigen under a condition of pH 6.7 to pH 10.0; 15
(b) placing the antigen-binding molecule that bound to the antigen
of (a) under a condition of pH 4.0 to pH 6.5; and (c) obtaining the
ahtigEreh FdM ot BIRebe drReHrRddBdrs IR TB EM e cOMMitBRRsFsent
inventiqsHpuGdes el nBBodn duddifion aboeefretentricivdimticsalsol provvdiesthe steps of
(a) to (dNGHeds @%&Q&ﬁ@@ingfrf@ rn@{,)?m_' %&kﬂi&@g@m@ﬁg@ '(%?td’\(lﬁ'j‘i?lnot
uiSOMplisethe steps of: (a) selecting an antigen:-binding molecule
particu thgt‘l %%%%’nt?t‘%%%%’t@%%%ﬁ%gﬁn gﬁ g%nogﬁr(j:%%h of pH 4.0 to pH
6 B PTG RFRSCRATYERIBIMIMG ToHse one Bee eferis (i f5%an
antigen-bitiennurdele. conditompfigthd:ZiogiH 10.0; and 25 (c)
(2) scleiainingliten-sntggn-Rivdingmmalesiis thiati o unehin:the ARligehdition of
H 4.0 %ng{eg ghe condition of pH 6.7 to pH 10.0. Furthermore, the
pH4.01 3. : : .
, pt%sent invention also provides methods of screening for N
(b) bindipg {Be ATERTHRE FHGRURSH iHRAE ShipHO R iep ager gagondition of pH
6.7 to pBib@iihg an antigen-binding molecule to an antigen under a
() obtaRRHEOMAERELRAIE RO Oh30 0 placiRa the.antaanRIBBGon of pHi
6.7 to pawgd%:_ule that bound to the antigen of (a) under a condition of pH
) ,to'Bg 6.5; (c) obtaining the antigen-binding molecule that
(d) amplifige e 8En REIMRG 1B6 AkiwsT P HIe4 oS Prihat Sistay athfAng
(e) collethimgybn elernd adingtHindinggesicoiiding molecule that dissociated;
ang s&'?pfs((si @maimmépfe%ﬂ&@e@mgﬁ@fbmmme@%% P11&2 px:EE@ﬁ
. . steps. to repeated. twice or more times. Thus, t ,
m"e‘*t‘“f;%’%‘éﬁ?ﬁ?ﬁ%ﬁ#ﬁ%ﬁ%@%ﬁ‘: e Ry R S R e st of
(a) to ()i piaRIge SRSt rePsdtmpenfostepeidne ty feraphial o
particulaimésiEhehnunvoe tifonvetbeating gheestaps ofi¢a). to (d) is not
Rt WIBRbE N mHtaE; AwEME ustie NMERRICIS D ﬂ@fﬂ@&@loﬁﬂegr@éﬁ ‘invention,
5 Furtﬁprmog}e, the present invention 158. rovufles methaods of
the step 8f am ﬁ/mgt e ﬁ{ze ncoding the antxl en—%m 1 m% ecule can a St%be a step of
7 screening for igen-binding motecules; which comprise the
amplifyigghlags- (a) selecting an antigen-binding molecule that does not
thirttictoethodntif de presett aneonditidindingbt thOdaipdd-bidifla)moiecule and the
antigen RI}HBG.HRRANNGRAPIAJIRGNRIBLHE, 20I8AI HiN{a)10 anARLGEMR, binding
of the an%ggnq[)% u‘%’é‘ %gﬁagu?ff z%'a' t}iléoagﬁéetig rgzli_)lr %&9 i:?xi'ried out by contacting an antigen with
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 screening for
antigen-binding molecules whose binding activity at a first pH is greater than that at a second pH,

which comprise the steps of:

(a) binding an antigen-binding molecule 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

(¢) obtaining the eluted antigen-binding molecule.
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(c) obtaining the antigen-binding molecule that bound to the

antigen wider the condition of pH 6.7 to pH 10.0; (d) amplifying

the gene encoding the antigen-binding molecule that dissociated;

and (e) collecting the eluted antlg%gn -binding molecule. 15 The

steps of (a) to (d) may be repeated twice or more times. Thus, the

present invention provides the methods described above further

including a step of repeating the steps of (a) to (d) twice or more

iSRRI thin B s 40 IR BRI Sther Stidss TBF ey e ayreiae for

antigenrantiow arbjelinkitedhdrowadery teeviyraibeing pligesestibténothess a second
pH, whitihemgrRbagedipsary or such is used in the screening methods of

(@) passmngxr 58 gl%'ﬂ"g”&'oz%mzo ihe step of am g"fy'”%éﬁ‘?lge%”c?}ﬁpn%oﬂé‘eq the

e antigen-bindin Jecule caf also BE 4 Step of
Condmcﬁ'rﬁgfe%r fA%he methods of the present invention, binding of the
(b) collestitigele bitigimebmdilecuie antt tha drtigenimaybbelicgrrid: outumn in step (a);

() bmdmgdge ansstaRdwihoutRarisulatdnmitalien. Consxamplenbingingon of a
second I?dantlgen binding molecule and the antigen may be carried
out by contacting an antigen with 25 an immobilized

@ Ob‘“—%ﬂ% BiReRGRrecarlealahat Satadin g archnug Ensintihg
niiotéeutewithameinmobilifed Antigeridédtemiatisely sdinding fof the

antigen BRIGENRIRHING MRJeckiRiAc e @SR PN SRENBEh A BY 4 second pH,
which Cg%n ggmg he a{:mgen and antigen-binding molecule in a solution.
SiC
ermore. ihe present invention also provides methods of
(a) blﬂ‘*’é{%@%ﬁi‘h‘@% infifg Bl BmnHY AR e e RRosEMeIPitineg etvmrader the
conditiog fifstfpH pdigreater than that at a second pH, 30 which comprise

(b) elutifpAIRIERSOL: Kﬂh#ﬂ@ﬁiﬂ&gc@(ﬁ aoHoeR-QINAING M eUEIRR of a second pH;
© amp ISR TOBIzCS Slumn, ynde e condiion ofa st ok

antigen ng mo suna t6the column

(d) Obta‘é‘ﬂﬁégﬁl%?‘ﬁﬁathﬁ@d&ﬂ&?ﬁW%er the condition of a second
PHe ataps 35 ((0 Yobiainin §thpeletbovantigemitdiag nitlecule p4Bent
inventiofr UFERRLER Qg@mmﬁo@i QSRMHEY, ﬁﬂﬂ@lrﬁﬁqlﬁ& chgﬂégx?g?tmc?¥gipg§rt€geat1ng the steps
enln or antigen olecules Inai I
of (a) to%gi che |§n gfné rthanﬂ%ha at%%é{:c no%N ;ﬁ—ﬁi Wst%ﬁ ? ?ég ﬁwnOt
particulag éﬁ%?d(mﬁ%rﬁbﬂéﬁ%ﬁr@w BRAGIAG S efdetHte th rough an
amtlgemenmnobdizied, cothrmntiun@ier the scccahditiameba firgpHHis(lhg as
they are ﬁ@“ﬁﬁﬁﬁglalth elﬁ-'a%@%%@g(éﬁg)ﬁ‘%&?Hi@h@ﬁ%@%@%%ﬁ@%ﬂ% bf&dégzgnple the
e colu e ; in ntigen-bin
s IR SN 00 0 G HASER S laen oty TRt .

more Pff‘éﬁae@d)oaﬁtaﬁtfmg HeiEHmGEN-RRRRAR I 8’|@c?@rénﬁ§t toamhéhtprnd pH is
between pblumnuid gitep {o)nd B Eutilhermopesfethedoreseinaitivve fitidivalsh is pH 7.4 and

the secolRf QUGeSHMetheds 9§ screening for

In another preferred combination of the first and second pHs, for example, the first pH is
between pH 4.0 and pH 6.5, and the second pH is between pH 6.7 and pH 10.0; in a more
preferred combination, the first pH is between pH 5.5 and pH 6.5, and the second pH is between
pH 7.0 and pH 8.0; and in a still more 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
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
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antigen-binding molecules whose binding activity at a first pH is

greater than that at a second pH, which comprise the steps of. (a)

binding an antigen-binding molecule library to an

antigen-immobilized column undet%he condition of a first pH; 15

(b) eluting the antigen-binding molecule from the column under the

condition of a second pH; (c) amplifying the gene encoding the

eluted antigen-binding molecule; and (d) obtaining the eluted
includingrigien-widdigensiecitlesibhengieps oPElftod eltisay bhediepewiehles that
are screMéﬁQr@hHﬁ?E@eHﬂhﬂ%nﬂf@U&clb&‘e?ﬁﬁﬁﬂﬁﬁlﬂ[yﬁﬂﬂ@h-@ﬁ@&ﬁiﬂteﬁl&@ules in which at
least ong1 ﬁtlmod c%glg%ftz?;zlggw(ﬁifﬁgthcﬁ remo?%{q ﬁ:s%ﬂlg g}? O'(Q:g The site of

0 (C) twice or more |mes e num
m‘fmdm‘rfé?jb%ﬁglmae %mmneeﬂg%flmmrawﬂmﬁ&& Hulveyche

introdudgrbahenmisde.is Tutfermsrat.thistolide ssbditthenprasentimmatibn jnwmdhced at one
site, or ﬁﬁj&h% firgband 5aeRBA PESMAY: DerRRYRHhoAS jﬁ&g@a m@é@fﬁldmg
moleculd hgf%?&yggjeeln% iR ferr%gn Orsrilfp R g&'%@lg eth fIrSt Y Z&E dbmd ng
or ex le, the > Hirst p is between p I?I .ILS 8 hd
moleculﬂﬁé%tsb?ﬁmfr ifiep atisly FRPIDSSHORH 6. 5 ina 25 more
phefayedicdmbindtorksthetfinst otdedshepibemeihd 3 0fahelppdde8t Oy vention
may be 2RGtBE: %@@qmeaﬁﬁagaewlﬁgmlécémehmdu@eﬁ;vanﬂhi@tiaaﬁg Wubstitutions

or msertiogs atFH% g%n Sl%ﬁrgglgﬁg%notﬁ 1‘;&';%1 nlal slg’ 1' ¢-4and the second

His pH orp er prel erre l%blnatlon of the first
M%&%mﬂﬁ% Feitandamiples I?Ff‘éﬁt‘iﬁ‘éf‘mqtigﬂ BREWEER PRI s step of
substituipig 6t Sraancherensecentip Hdsitawdendpig Bolcawld whh bisQdiie ar inserting at
least onmﬁlgﬁdﬁQ B{t%f%ﬁﬁhg%ﬂhiﬂ%ﬁ@ﬁoﬂé@d@rs'[ pH is between pH 5.5 and

tQSband.thesc H is bet een H70a 80a be used
B SR RS o SIS S8 B e
instead ‘?afHHS‘tﬁfé%ecHﬁéeB%‘F%hﬁ PPesept Apifgen B?HdiH@ lmal@@fﬁ@gq S eplgcing the
above-ngotaerd dikydihewitbthodsiofrthenpresendsinvention may be any
ANBRBNRINLIRGAMNBGHAR I OF XFRORIR, ilt Ve RS SHIEHAMS@MBrise the step
bove- deSCI‘IQ df3§ ti en r](dln molecules in the screening of
of modi Ao acids o 1b0@

m
resent inventon. For exampﬁe i possible to screen

a‘fﬂ@éﬁ -BiBngg R ReEe é@tﬁéﬁf&fﬁ@ﬂﬁé@@@éﬁﬁ@ﬁ&@%}oﬁs of the present
inventioamtiger-pinpling hyoleculebodd iRawdinplaminopasithkdquenpesxisting

antibodr&!itBré‘éQﬁmgiﬁlﬁﬁn@%@fl@d’é@ﬂ@ﬁlﬁ%@@ﬁ@f%)r@ﬁi%ﬁl%amﬁﬁb@di@es that are

dsg eﬂe% the(%%?e tlnventlonmcludeélorefx 1 J
mrepace S AS BB M R MR s o i

ammais ﬂﬁéé’\?/?ﬁ%fﬁﬁ%&iﬁ’%?saw@a@%ﬁ@ﬁ%‘tﬁﬁ histidieerien nifygal amino
acid, libsitesohtintedd etidnhofibistidnesubstitltiomo pirbartieniis nots, and the like)

prepareddSY) ‘ii{%ﬁ@ﬁj&ﬂ%ﬁi@’lﬂ\ﬁﬁéfﬁ@%ﬁ@ﬂt@%ﬁeﬂlﬁkﬁdﬂdﬁﬁﬁtmmm into the
above- descrﬁ)e%r %e hIStICHn% substltlglon or insertion may be introduced

atone site, or may ‘oe Thtroduced at two or more sites.
BB BRI AR s S G- e AGE S ELIS tiafsabich are thus
superior sgtbermehiivthe gPresentanventicimiddnde, forexagmpié;ods of the present

inventioRNIGREY; biﬁ@&gemgl&%ul@& ipeidingmadiiad Antbedy, canstadening
methods F 7 %Q%nﬁ\lgttaﬁﬁ ncr?—lgigld“ g ctlijlessthzqazlig‘ea ggpgglg)? & 81% Lbc%entton in plasma.
SO resen ven 10
F urthemlore antigen- bmdmg moiecules 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
invention can be used as screening methods for obtaining antigen-binding molecules that can

bind to the antigen two or more times.
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10 may be a number of 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 r?t%y 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
15 In the screening methods of the

n-binding.molecule.

@@ﬁm% g&ﬁ% ﬂﬁ%m}eﬁmﬁfﬁ@%{%ma%%f hindipa R tagrg antigens as
Comparéti Hidtielinenten eféleieantirephonding iive nthon chmizkoddgo animals such as
humany)ndesstoathiReyeplacinghihacabovie- gktipReststichienwifisent invention.
Thus, tﬁp&r@éﬁwgn%m&'ag &‘91%%@48@9\@&159%&%@%@9ergc%@ ?, %etﬁ'ods for

resent invention may further comp rise th este of modi
obtaini ?ﬂ

S b‘t%ﬁﬂt%‘&frsétl?f&‘&rftaf’é@i%ﬂg lﬁélnga?f%ﬁ Eﬁ&“’ as compared to
the ﬁunétﬁbgfah@éslmat@@ege@tned Gyrtresotacwing theetiidud ofstihaeutralizing
antibodpy egaRtcinUgNienmay B praparad Byiany.Meinad: &QERXaARMNRthods for

obtamuﬁ '&HQ&%‘Q&%‘P ‘%ﬁ&&ﬁ?e?fﬂ% ant%}{@?%'%dr a§t1 )étlsstlan tl)lrtr)tran%sto the

5 #h e |brar|es and the lik les an rles t

fum erp‘g) %g ﬂ&%%@@oﬂ%ﬁﬁ' %‘Hﬁsammals or
fr%n’thBr@@tI?, @mtmwnbm@@a nzridmdds ttamatmdwélaw@ dibrerising within a cell

from an(thoracieRith ighi centent:akhistiding: et 9 analsal AU 8udRins, mice, or

monkeyREd; t@t%tt%%mggsgewtg B&HQ&Q%&BQSI%@ tral amino-acid o

ats CIF{IC(%[}W and the likeJ prepared by introducing istidine
sereening (AREHS oA RILITACARAM & A 0% HTE EIRSHRE S fidhods for obtaining
antigen-fbuiies dedeeiberdhanttsodibdland dibrenisiicamithgoacall from an
extracelmtnti@ebbbﬁmﬂﬁ@molecules that bind to the antigen multiple times,

%ﬁﬁgr@ %tlé:’éﬁptg%{ﬁ @lga? %&%B!%%’Pa C%lrl] r{%:% and 1nternahzed

. EE?)q‘fy]tamed by the screenin resent
mio a

B fREETdR mﬁawam%%teﬁﬁa ﬁPeaé’étﬁf"Fn@‘é"nﬁBﬁ’ e igered o
animals gachackemrgsmeittocsnionistytaiairiy abtiged hinking rooieculeboidatf the
present RFRRUPETIAME 1R seleniio:iBuRlasitdhe ;Ekﬂgé}ﬁ'im@%on can be used as

memng@ttaﬁaa?tam%rg%ge% rgént@at can bittgut the.ar a“t' 10 O i antigen and

mare times stere t anima S Suc umans

internaliged insa Resoll. and BLeaistain gy Byie osdesrig ALY
pradenmirgertimon-Pindighe bordetinag aavetiods dithepresaen8h plasma
when adin#eftRA eambeSachas BerResinGaethadsder éalataémaﬂmed by the
screemnarﬁrlgfﬁgﬁp H?‘?Héo%&%i%{l@&lkhat Gﬁlrt]ls tbedsé ﬁéiralz% antl H W resent
Furt rﬁoTe qes t at

more times. 5 ermaore, anti

o SR B T e R 0 S U i
increaseg{aighathgieiy-toiniimgasitessiatme inadesimistered to animals such as
mum@ﬁﬁofﬂi@@alﬂinﬁgﬂﬁlﬁﬂﬁ&@&@@c%ﬁmw&lﬂqw %%Hﬂglly superior as

pharmacgﬁ%%?sdge@;ﬁgg 0 ‘38?&"'&1{9 \geéagg&g Tth al'(li%mms Sy in gmtgtg% c refduced

e used as screening me

resent invention can
and asa B%téf RS gAY %?Fgf?ﬂms%u@tﬁétlaﬁértaﬁ%%@mﬁﬂm@ peesent
nventioprrgrebantigbrrsmthodsmb acedniostiie mtigeriafitigeiolecules for use as

pharmacainit@eBohipshngsites. For example, when the antibody is a
ﬂ?k‘&&?ﬂf&fﬁ% éggg%’vg oncr%v?c"lnglm etpeg%as E{grﬁsﬁ idine content is

iInvention can be used as screeni IE OdS IniNn
increase i AR P S Bl P S ca IS aaﬁﬁ@%rﬁ%@g molecules
with mcr@@‘mpbm@dzm tleptent can be used in the screening methods described above and the

production methods described hereinafter.
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number of the antigen-binding sites of the antigen-binding

molecules. 10 Furthermore, antigen-binding molecules that are

capable of dissociating within a cell from an extracellularly-bound

antigen when administered to aniffals such as humans, mice, or

monkeys can be obtained by the screening methods of the

present invention. Thus, the screening methods of the present

invention can be used as screening methods for obtaining

arfE DT HN iy TeRsRddutE it apaiescenp dn [Brefaid Sockethrylsttsivreto those
skilled ieathdronwaicl meiitadel folaryiouad cntigeny s dhelpid i dons
(trinuclm%xmgﬂﬁ}ggzw&(é léltea?x%@ta@fc?s @Mﬂgoﬁbﬁg@ﬁ %qqﬂpfrequency when

nternal'ized into a’cell, an rele?&e{ to.the outside of the cell in

1 ! X
YIhes G RHEEIS IS IBRTFRATeH G MSIEFCHRHS ealitfiang Sog A Ado! Biol. 2008 Feb
29; 376(him APS 2 Mfie, Aot smesletps pasitise oivtatiiefdtshetibrasresningnade to contain
20 typesnétiaids afidber @rieseribBRtioONThEMuguéheysamaening Mebedsih mutated
for the 1BERYESENY iﬁb\‘%@&’ﬂfﬂ@r&%i#@ﬁ% %é&ﬁﬁ{ SEMNGMEINRHSAL trinucleotide

obtaining antigen-binding molecules that are bound to an antigen
a5 compafed 6 U FSTIOIT A AL MO PP L S SE St ihe cell

in an antigen-free form. Furthermore, antigen-binding molecules
<Methothdbcp dapig| yreiperinaie antigersir-plasma when administered to
aﬁi@}%%éﬁ' %Qﬁi&yﬂ?gﬂﬁeﬂi‘é%’ﬁg 8&(&@&1‘%’%@%&%&{%@ whose
u

" %he .screenmég methods of tre ,relsen invention. ,
anneen-GRLURING HEH SR BP B eSehit TS AR B e dlas The present
inventiog s AIAY ¢ereti el idprabesliriing amftkserbibifitkrgotnelbatlesanithiperior in
the reteriictidasedrihighjinildy-toislisinatel anpigenssdmetas@r producing
anti gen—E}HH&E%@&@&E@Q&J&%'Q@%@&Q@H&Q{W Wﬁ&%@éﬁ%&%tﬁﬁ&ﬁ%ﬁﬁéﬁ é)o(?npositions.

%sgpe.gaali s‘:éper_lor as pharmaceuticals, becaus dose and |
GRS A RBH T S BFR SER b P e e e nding
moleculpgauiieh ecrralisd deagiereafi be reduced. Thus, the screening
(a) determigingds: ahtigenpresieiy A0y ontie artatbisndsethas-meihogs 8f7 w pH
10.0. screening for antigen-binding molecules for use as

harmaceutical compositions. In addition, the present invention
(0 deter R AR ARHEABD UL R PRI SBrREHETE RIS 8PHa O to pH 6.5
(©) selechpgriperiiee- thedmdghebiobraese kibiesndindomtadtivvity at pH 6.7 to pH 10.0 is
greater tmige_mmmﬂmtmmﬂ;les with incre_ased histidine content can be
(d) obtaiHSGAH0 JA2 SRLEEN é“éﬁ&%@ﬂ%iﬂ&i%%ﬂﬁ&gcéf%%‘éf‘e%&f’im‘é); ilt%gl

rodyction. methods described herejnafter, 51. Lioraries'w
(e) prod ﬁl&%ﬁgé"a%%‘ﬁ RS OREBE PreparePrdtEls known to

tHsseeskilldavimihe ase weltledmettind e folidwing amtetobind®g molecules,
which cdiypeiseahdripled épdons (trinucleotides) encoding 20 types of amino

- 4 BE [ ¥ 1ithesizing

® :;f@%%%%%%%@%%ﬁé%ﬁﬂe @‘%‘ﬂﬁ?ﬁ%‘éﬁ%ﬁﬁ@%ﬁﬁﬁ%ﬁmm 3
(b) allovigie s GrisGes"! YN 1B E AL AP ienghinder the
conditionypkifbth trivritedor the library can be made to contain 20 types
(¢) collecingminandgisishatdaguabprobabilittisihefegneney:ebhistising Ji 4.0 to pH
6.5; the position mutated for the library can be increased by increasing

.the E)roportion of a histidine-encoding trinucleotide as compared
(@) obtaiggig s Beia ARy BiRG RE-BivURg Tl St pewd théSythesis.

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

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

molecules, which comprise the steps of:
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10 <Methods for producing antigen-binding molecules> The
present invention provides methods for producing antigen-binding
molecules whose antigen-binding activity at the endosomal pH is
lower than that at the plasma pH. ‘Fhe present invention also
provides methods for producing antigen-binding molecules that
are superior in the retention in plasma. The present invention also

provides methads. for prodycing 15 antigen-binding molecules that |
(0 selebe a0 ARET RRA WAIER? 4B SeopP b LG APLBFR BB A scondiion of
pH 4.0 ggetifieally, the present invention provides methods for producing
(b) bindantigendindingden olecohasioybickHeamprise the sterseizta)binding molecule
selectedBL )mining the antigen-binding activity of an antigen-binding

molecule at pH 6.7 to pH. 10.0; 20 (b) determining the .
(¢) colleging 415 BN IRty Skt St GeredindhigPHetactentpepadgion of pH
6.7 to pld W96.5; (c) selecting an antigen-binding molecule whose
(d) obtadiitig - pine g AGkYih ahfidntoihlionp hdecQlisopmatentantaat at

) B ini ing,t

(e) prod?t'c_ln% %é%%@@n&ﬂ@%ﬁﬁ@%lﬂ%ﬁ%&ﬁ@ eﬁQ%(?EA(‘g)Q% 1:%:(&1 cing the

antigen-binding molecule selected’in (C); an d o

aAREH Hin i R R RGP ey B b e dHe s o5 eppbinding
moleculgrewbithipveptiondstsprolides methods for producing
(2) bindafptigendiadingdinglecase whichcamprigs thecstaReRbI@H 6.7 to 10.0;

indi tigen-hindi nti t 6./

® sl @%}ﬁﬂﬁ%&%ﬁgﬂ_ﬁ%%%%8%%%?%?%%%%%&%?%@%&% Sl s e
condition o B4} @F°Rand under the condition of pH 4.0 to pH 6.5; 30
() collegtingglie etifigr thidatniyenl ginditgtdiciedatedtvaded ibs sotatiéidrupictat 4.0 to pH
6.5; the condition of pH 4.0 to pH 6.5; (d) obtaining the gene encoding

@ mp 16 ANITROANGDBIEGHIE SRS (kA L o cing

the antigen-binding molecule usin gene obtained in (d).
(e) colleetineBrrigred MBesRRBAR S provides methods for
() obtaipingitheiagramigdmpihdmg 285 Mdisguekcwhichlaged pniée); thel
(g) prodstensief ab2sdaberliasting a0 anigenbidingmalacyie that does

i i aondition of 4.0.to pH 6.5: (b)..
RS e AR HRAREIRE SRILREL PO SRR ion
provides;ihe methpsis gy ielakons. whightughir eayeriee) MotleR theppraring steps (2) to
(d) twicaptigersBinding Thoheouer ildireutabidailie @hitgepeatad ér thigparticularly
limited; GORIRNGS gx_&ﬂer_@@t@,nbhgio@@;e(fg) obtaining thedgene en(C:iodi_ng
t -Rindin in.(c); e) producin o
A0 T N R A B A B bining

mozecul%ﬁdﬂ’l}i‘i"ﬁh,Cﬂ‘i‘@”ﬁf‘ggé‘iﬁ?ﬁ?/Sﬁtion provides methods for producing
(a) selectingige Anbiedifinding molecule that does not bind to the antigen under the condition of

pH 4.0 to pH 6.5;

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

(c) collecting the antigen-binding molecule that bound to the antigen under the condition of pH
6.7 to pH 10.0;

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

(&) collecting the eluted antigen-binding molecule;

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

(g) producing the antigen-binding molecule using the gene obtained in (f).
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10 molecules, 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 undetthe 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 15 6.5; (d) amplifying the

gene encoding the dissociated antigen-binding molecule; (e) )

cOlfBR MG T BIBYRT Emtger iREIMgNTG IRk, (FRobihimpgapdnvention
providegtiwanetiodd itryditesdatigenwintifgtmoteoylsse dhle s ind@ptimg dteps (a) to
(d) twickrRieRueing. theriganinging melecyle USIRGdRREBEe Mot particularly
imitec JRFINEL 1D RARIBE AL [ may be repeated twice or more

times. Thus, prgse_nt invention provides the methods o

JeEEHBB AT e BY B SR RIMNE PEYHBTHEE g SRIPrHe e afigen-binding
moleculstepsoéa piodife) awiicty et adosepfimesiediaethantipe piof thoved st@pshich
compris@h&%t@ﬁ); igrrepeated is not particularly limited; however, it is

.generally. ten times or less, Furthermore, the .present, invention

(@ bind he I g roli2le o pef U mmnan e Sy isen Uhder the fi
PH congjfith comprise the steps of. (a) selecting an antigen-binding
(b) elutingdleculegrabiddieg motdoire tohitieiabtigertuthdepliencodditivnfot pH
conditioRHdhOte QIfADudR)r Rinding Heantigen, under the condition of pH

7 to,nH, 10.0 ta the antigen-hinding molecule selected in (a); 30
© Cone?é)nggﬂeeglﬁ%%dt 3 %eﬁltiblg(r}li- ﬁn?ﬁéur!ﬁ’olecule that bound to the

(d) obtaigme b srg Spendinbiidititest pidisemeisriatiedas Brpligihg

(e) prodtemng nesnrodingithendiksokiateq dntigen-dindingimdlecule; (e)
qq{%&féﬁlﬂ%j&@b&%%@ﬁﬂ@%@iﬂ_@im{@@%&eﬁo%@ﬁ&%{ﬂwﬁg&-binding

moiecm%e\g(g & gl%g;g%gc A tgen-hindin %{Qa?fl:? ule gollacted in (&) and

35 g(s produchg t eantlgen-Bln ifg moléculé using the ggné

comprisg, e, 339 ¥ (). 53 Steps (a) to (d) may be repeated twice or more

(a) binditigmesaifizgs; tindipgesaptilniémtioriqrovides thenntéihatisitdesaigbednder the

first pH 8hR¥genWhich further comprise the step of repeating steps (a)_to

(b) eiutiz(g}ﬁg"é% 1 %5%5%5%%%?@% ; Qr%%g_ec}g)gng{nu% S8 %e(:%%éoﬁgm()lgdiﬁon;
répeatedis not particularly Timited; however, it Is generaily ten

() amplifiieg By keas csceding inrdisdpndigrebintingvasieeicprovides

(d) colleptigthibd sHoedormidheoibdindintigeriebitding molecules whose binding

(e) obtaifGHMRY 2t Hrstahh i%@ﬁﬁ%_@ﬁaﬁ?ﬁ’d]ﬂ@m_ @%b@@&@e_ L@, (mlhlﬂai t
comprise the steps of: nding the antigen-binding molecule to

(0 prod R b 1 B oy B ondition

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 () to (¢) is repeated is not particularly
limited; however, it is generally ten times or less.

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

the step of amplifying the gene encoding the antigen-binding molecule may be the step of
amplifying phages.

Antigen-binding substances that are used in the production methods of the present
invention may be prepared by any method. For exampile, 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
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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; (c) coIIectingréi[he eluted antigen-binding
molecule; (d) obtaining the gene eticoding the antigen-binding
molecule collected in (c); and (e) producing the antigen-binding
molecule using the gene obtained in (d). 15 Furthermore, the

sent |n entjon pravides methods for producing antigen-binding
scid, e e i B S EEORY B H B9 16 S ALSRER IS HThad (e k)

preparcgtby BereghelpHisvRichmetiprise the-sibpsl ofmifw)doiddintytams into the
above-dRtiged-Riadiagmealebiaiifrany 490 column immobilized with

aﬂ%‘ﬂ@'&%@@%&é}% d@}&&l}t{}&{‘%&{%‘d@%% n%é%dp nsgeactlv Jy ﬁ the

nti bind |n molecule from the cofumn u

antigen O HEY A B g 1 eI BERH G ik 2 long s the
antigengynien dihding theleculd] bdircstiediing tad pHitdd antigesiinding
antigensb@lBesl R1i(6)y0DIRANIAG 15@30@1@»@@1@}@0@ RERE ANtigRNa R ferred
antigen- %‘iﬂlﬁ&é‘ ﬁt’f\g k?ﬁtﬁl%lgt qﬂ} 7a4ﬁd 11( d% ? (’)Fynglyé%tlaggﬁ? ngcp vqity of the

molgcule using the e obtaine
aﬂ“@@ﬂx?&l?éf&ela?é%w&s.8%?8'?%?@%&13?ﬂug.ﬂftﬁalﬁ#@f@ﬁ WS Sthe
antigen-hipdieiescthétmetha ds dds babvedrapddd) alipH fuithek peifapeide the
antigen $i@piof sepastngLsiaps (B)HawEeh WIeesab MOWsimas: ihe fumber

amlgen%ﬁggmg%a 9@;1@)&9&% s kepeaiedsis not partlcularly limited;

owever It 11ﬂenera ten tlm%s or less. When a phage library or

RS R e St ia B greofiede e drianined by
methﬂd%@ﬂ’f@@l’éb@@ sieistifyinbeting géredithmoding thapifigenbbingingriately
determinBoigcilesmayibeitheesstep of amplifying phages. Antigen-binding

sHisippersah A e R i e piRduslon matiods Oti RERIESEAY a pit

Invention may be pre or ex
6.7t P%&quksfegfsaﬁgéhﬁ?éhaﬁ?gﬁﬁg‘* érﬁ.ﬁ%&ésﬁs moammgw@r@ﬁégep of selecting

antigen-fhgetiblkarites whebthetise)badiitoies antpibiliegthatSdsd8Er than that
at pH 6.piepared.drom hybridomas obtained by immunizing animals or

fﬁ@dﬁf&% t% [ﬁ'{h‘%{{‘ c%dbn? H% gc wi;'tmtlp qulg% an CH Pd’%rzli?lg g 4pH 4.0 to pH

libraries wi |g CO tent o Stlj on natLPraI amino

6.5 is nol pritigppsydnittrbaersav s GRS HAR PP YAE 261 0.0 i
greater thusibetifiodite fapid tife 1k} qoreparaEddnginttodyeingHistidipg 10.0 is
preferabMUaEORS R RRNIA Wil APINQAGIHWHAHARS, MO #Memore preferably 40

times Orgpquq %escr%gg iam(? Ct%é;\gld libraries, and so on. In the

bove- ed pro on methods, the antigen-binding activity

O thePEdtisg mphathdesrhed oy H19 Bepbidioeandysalc may be bound
to the anpigeticukdad piinsiteditias. longlesthditiantigest-pirtdinigradiivityds that example,
the anngaﬁ@lﬁﬁﬂgeﬂlyl@@tﬂ&hhﬁ% abch®k 4 -Ehdprefessed antiaenRindingn the

1mmob1lﬁ%y\%¥é§nt%ﬁ{ﬁ é)u (I:WO% tR/I oniacloh ﬂqe aﬁigcﬂmb}ﬂ?d nr%mtfﬁecluie with the

preferréd anti ty is that
munoblltﬁeéi aﬁt&%ﬁgn m@t]é{elm,/l afnrﬂggn bmdmg molccule may be bound 10 ‘the antigen

by contacting the antlgen and antigen-binding molecule in a solution.

In the production methods described above, each of the first and second pHs may be any
pH, as long as they are not identical.  In a preferred combination of the first and second pHs, for
example, the first pH is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and
pH 6.5; in a more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the
second pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH
is pH 7.4 and the second pH is pH 5.8 oz pH 5.5,
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antigen-binding molecule at pH 4.0 to pH 6.5 is not particularly
limited, as long as the 10 antigen-binding activity is that at a pH
between pH 4.0 and pH 6.5. A preferred antigen-binding activity is
that at a pH between pH 5.5 to pH#8.5, and a more preferred
antigen-binding activity is that at pH 5.8 or pH 5.5. The
antigen-binding activity of an antigen-binding molecule can be
determined@g methods known to those skilled in the art.

Coranibrioestesst tempinatan vehedproprhietynd stifetersyirmpltyhe first pH
is betwtho el dKilted jrHthes,ard Heciep pfidelectinehantigen:ipeing.o; in a more
prefené@@!ﬁgg}?%adﬁ{haﬂg?ﬁ%gigﬁigg ﬁq'y '25}{@15}@5' 56aZc1t919 Eéclagno ![SI is between
it 0 S P B S RIS WL S
and the serpe ot B oMo pH 6.5 is Iower than that at pH 6.7 to pH 10.0.

28iThendifieiiep anlectie thatige phbididd actbviy@icabhGaétoqidescribed
above rﬂé}@@z{ﬁg Qﬁ 4)91&91@5101@&1@ no@r@@r’%&‘ﬁf gelxlm Wn@%&@&ﬁ§ include, for

t Inding activi 6.7 to pH 10.0 1s, greater.than
cxamp 1O e g RSB B0, Ly bisidie
or at leﬂéi—PllfOb@‘i@HB’rh@é PesyimwRsedor Sheatisrvhesteushafistisily aeriatinneis introduced
is not patigiediclinanrd sillmagne prefdmbladoviines ougreaterdhagidhatmutation

may be @Etfb'duﬂeg &Po%@sﬁéor%@ t%tgien‘r.&Q:QHgyon methods described

ove, the igen-bi lecule may be bound, to the antigen
o g OO Al b B R BTG GG (e sep of
substitupipg @)lﬁ?ﬁp“l@i ARaGridanchitiat hioibealaakeylbeitdustiline trdnserting at
least onahtigdindipocntietirdndiesantigenayith the immobilized

qatig@&&m&mg ml@&y&?ﬂ%rg;xsemmsﬁlﬁ&]th%m‘amm%'Q&ids may be

th th ob ed antigen. Alternatjvely
s v ORI e BT Al b eacin
the abo%ﬁ?&@ﬂﬁ@tﬁ@@ﬁﬁg@@aﬁﬁ artigeARbvdieigsmolecule in a solution.
| Fuhieeproguatiam e tioblsi deserihe driboyveitaghnefitbadirghegnd produced

by the pﬁﬁﬁ@ﬂ&%%ﬂ&@rﬁ;@g aﬂé)_!ﬂegilﬁc Q89 A9 é?ﬂp%eaﬂﬁ)ée!{g Bﬂltﬁ?r?é nlxglgwies
1nclud1n§1m dlfe% rQ éxatlon of tgle1 firstand s %:n% ﬁéﬂs for exa egrq i
R AP B o R P8 P an o P T8 A HlueisHE i ds of the
present ﬁémﬂ nthergmpise the fea %m@ﬁmfethedmmmat@ aAptiedy
constantftegiqid, is between pH 7.0 and pH 8.0, and the 35 second pH is

beEERR! *&?dﬁ@%@b&l@s@h&%@e ?@d&é@h'ﬂ?{ﬁegiﬁéﬁ%% imethods of the

combhination, the first d the'sec

present A A PSRRI B f WLt methos of e
present @é%ﬁ‘dl prIderared camplecdhiorfipseieitis butredingideh®landeplhat are
superior GuShantkthiesrgdmnehpH is between pH 6.7 and pH 10.0; in a more

@E@Fﬁéﬁ%@r& a%%ﬁgﬁlﬁrm& }5?'098 %ﬁ@@%ﬂ EHE%«% -

exectﬁ% ;Tg Is between pH 7.0 and In a sti
PECICOIbPE PrsTer e &“%l??aq?%ﬁmﬂﬁ‘énf e Bﬁﬂ%%%%w&e‘bﬁi@@%e&ﬁ]cfo animals
such as hpy@ags coitg: pHESIHEY Y. 4 Thntigenphideifepotbedd of tisatresmnt invention can
be used roduods by Hidrioguciign metheds destsings Lbayayray Biading o the

antigen t%yom%W@dlng molecules. Preferred antigen-binding

mo gcules include, for.
urthermore, antigen-binding molecules produced by the production methods of the

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

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



10

15

20

25

30

35

example, antigen-binding molecules in which at least one amino

acid is substituted with histidine or at least one histidine has been

inserted. The site where such histidine mutation is introduced 10 is

not particularly limited and may béfntroduced 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
Prod“‘?laﬁéf%ﬂﬁ%@lag%iﬁl@ﬁ%ﬁﬁ@%ﬁ%ﬁf@m@lﬁﬁ@wmgﬂmﬁﬁ@ﬂm@ jas compared
to the ninskrtiofylair leagtohadigtisine into antigen-binding molecules. 15

It AR GHARMEANRAS RS R BRANE A W HOP QR BRI R ds of the
present ?nr\rfl(le?lgoapall%sep ggte%%o l[I)S%g ”ﬁgeo (%18; Q{e%ttldlnv\%ﬂ;ll-hgg?j%e’ the

resentinvention can aisorbe understoo repidtiivg 'the 2
extrace iRk rieernideairEnintHersra el ahsings Aeagns, mice, or monkeys.
Thus, tHeyrihkitierecth@hothee prabodimeantiodhendntigen Himdibgls for producing
antigen MAIBRLIRSINAL AIPIRAUERT. BY & R5AAL GHARREINGHS, an
extracelHGSgH! gdnglggt\l/e mclude,_for example, an |g_en-b|nd|ng molecules
el Ing maoditied antibody constant regions. Accordingly, the

. prodbRmee nsatissed B preseat modisad mnibsMadericasradect the
present theestiep af mpeifying theaqating tibitlg bbantibodyntgastadtinternalized into a
cell as WEDIRNRinENE1 ARUSEHIBAINGDARCUIR S Rk AT Rreduesd Ryndhe

.. productian methods of the present invention are superior in the
s A& TR L e RIBR methobe I g sgor methods o
the prespirelgapiAVEAIBN Lo Bengdiedsdsmetists favipradinging molecules that are

capable afitigiep Handing smeltguies:dHat-ardi-sdpesiarckl the tetentidemdad to the outside
of the cd3S MEFILLINEENRLS, antigen-binding molecules produced by the
oduction methods.are expgected to be capable of binding, to the _
T B R o TS S Ca B R L Bapethods of
the presens inypRiiGh pEe copasiemhlechscapabls oftrenitydiistianintethideisof theplasma
when adprieseatinvention caields benusedas:pethads far pracidiegroduction

methodsatﬁt:{ggﬂfgm ingmRieees thal ar %Q@Q@%‘?%%grjﬁgn%ilr{%éﬁ—%indmg molecules

., . ant two or. more times. Furthermore, an
with ineisoS e el B R G s BORRBA RBthods of the present
iRvébrTBleTsr suelk peiéter b biaapbident bineilne thambrdertigesss in
patienis asdeoenppeeddootheespusnbigrsopsieinapiigendinding sirassheproduction
methodsAD E@éﬁﬂﬁ%ﬂ@&%’@a{ﬁ §é‘8§%@§sM@@&ﬂ?@d&ﬁnﬁ%ﬁﬂ@ﬁkﬁ%ﬁmg

E%%ductlon m%thods of the present invention can be

leculd oSy i0E
moleCHitis e BE MLBTL TSP EE" PYOROINY tintigen-binding molecules that

dsed a

sienenphipiedPpihdipigder ivoracimijendasresmiparedtico atsdypically carried
by (inseimtdniiey ghthpifaanitgenshindihgnsiesdkcaathesneseclls.  The vectors are not
particul HIEEAPINNNG MAIBCUISS PIOAMGRS:REABS RIQLGEAD MEIPOASBle when
Escheric ecgj}iigntll'pvel? té nsag:(eljg(;ésp ecfd teo be capable of dfl,r S%CIJ%HPegcri t vector

Wit & it oS &Y ACEIRIFARy B SR BNERR (Rifefe pBiueserip
(Stratageagminisearad o animam eyl navalFplanscinicean berserkey®/hen using
vectors td pusjutRatpradigetionniiethinsscafcthe proseminnvestion GaprbRion vectors are
paﬁzculaﬂ?etge@aﬁmm&@;&&gﬁ%kﬁﬁ%@%'%ﬁimmwgﬁ@@%&%%ﬁe vectors
express t%éeagt?&%pbl%ﬂg II?l%) e%llﬂgsn gz Y:\gl‘ggl,rllnabfgylftrglrgu?tﬂre 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.
ABO009864) is preferred for culture cells; and pME18S vector (Mol Cell Biol. 8:466-472 (1988))
is preferred for bodies of organisms. DNAs of the present invention can be inserted into the
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extracellularly-bound antigen. Furthermore, antigen-binding
molecules produced by the production methods of the 10 present
invention are expected to be capable of being bound to an antigen
and internalized into a cell as welfas being released to the
outside of the cell in an antigen-free form, when administered to
animals such as humans, mice, or monkeys. Thus, the production
methods of the present invention can be used as methods for
vectors iorfrerig anligeheinrdirrorieds daninmvang apitecafasarmg sites
(Currerbpuncbtds dmMolkigd Bheldppeedalizes nteraco|l 281 beinghrelaasedey &
Sons, Sgatm@@gs;qiql)‘w of the cell in an antigen-free form. Furthermore,
lgt%ebn blndlng H]OIecuI,Eesaltthatlarie rod c% Ihe roduction be used
}fo?ﬁeepsrélrseerh AR |(‘?)nhyarié"1 }é paLtel rt‘8”ﬁ§ %Séﬁ (g be use
dependwa@%nﬁmaﬁng Eﬁ@@eﬁg FFseitplasenaressinethedwiigiotbiading molecules
include &ntmalsd slislisashhihasns, 1Rieer@b e B@f&y]’d&dﬁctﬁ)&? pr&)’d lS@xTé@fa)myces
and BadM@tNQ@ga), tglﬁ(ﬁ?&@ﬂ@&l‘i@‘(&.n{g}gg %LSEE g?}’éﬁ?{%ﬂﬁea | nsect cells (such
r [ u |
o Do A T BA<S B PO @ﬁgrecsgﬁch Bciz,sm,
BHK, naﬁﬁn%m’gehﬁ@ﬂ@ee@se@élmmmihu mbeqtess osbsifroduced into a
host celpltiemisanathseseikpeciachlo bécespehistysupetiptamn methods,

ezectropa%ﬁﬂé&%ﬁ&%%@ﬂéh dﬁr&%@d&r ggw%mme SENRLRIESENL:. (1987)

ant| en-binding

inven sm roduc
puttish S LA CEh O L SE R o mthods.
obtafifstcsystera bml}étﬁémyﬁwwhﬁdé préssevipipRleriibm aping animal
cells as byipicaMiEvii@dELY RibisE rtedh]miohaplr oasiatenverianse and:th e dium.
They mé@%@%&?@dﬂ@ﬂ%&ﬁ)‘ﬁh@ngﬁ@siﬁ?ﬁ rlsB@rgr Il QQ{%%HE{I&&@E%M cells

long.as they stabl retalnjige in erte ucl ic acids, For
may e QS T RS o R 18] RS RPHB b Epe the coursof

Culturmgzreiéﬁté)@ttﬂwﬁﬁgr%bw@wm@tp@nm@bﬂpﬁowb@@r 1(Stratidens); Medium
is exchahpiexesiedanomsiaommercialyravailable vectors may be used.

W ﬂr‘ﬁ'@ge%f%t‘fﬁ%fgéaf?ﬁfp gy %5%@&%}8 Bo@%gﬁ'ﬁge@@ ﬁqug]gs? so that the
anticen- 8111 iscggglné/entmn ex SOSIOI’I vectors arg "g ﬁl‘ Lé-l&'l
gen-Bindinemal S RRLRSR e s DSt AT ARG IR Qi PRSP 961G
endoplagigHetigalrsrénte Xt essnrisantntiepse- bintimiasslesglbdarenitronipent.

These sifndlalindp beibiufeealls; e mbaadybaidiy 0oganissd horestample, be
hetemlog(%gggnggctor (Promega) is preferred for in vitro expression; pET

é@é/lgog&?g eferred for E. soli; FEMEI SS-FL vector
Y e Rl 55 R s a0 ona s ana ot s ey be
used as yyaitsnsaion FNEIBSPeBRRIidvioCat Bidl pelweslanizi¢ pd88ayiessis introduced
into an sptefevepldordnodiepal prganrisnpsodadidsm didhedresaahiv@nbiofant, and
then c:oll‘e?@’t'f—’:é3 e meﬂggsm&?tﬂé%x%&n\f%%ﬁ(ﬂy x&ﬂméesﬂﬁf? Qﬁllnqgﬁ Cﬁdﬁalg%r
t|on usin riction enzyme sites (Curre
s e
possible IHi¢ WaIBPES Sehss Swttiores Bigepimits, AHdationd ikt Gélisiare
SPECTRigvttietisslyginitptlcandsarionls hasterllamaaynke bsaghdenic animals,
9@9@5‘&1{ 9, e\ &%M&?&eeen% ﬁn?f e H)?nfcgﬁg éB'igc‘iﬁE c%\]{ﬁ'e é)resent

antige d|n molecules, nclude erlal cells(such as t
mentiof LR 6 SRR HLLEER 5 00TE SPEBAEaseeiealy produced

in milk, such as the goat B-casein. Next, goat embryos are injected wﬂh polynucleotide
fragments containing the fusion gene, and then transplanted to female goats. Desired
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
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and Bacillus subtilis), eukaryotic cells (such as those of yeast and

Aspergillus), insect cells (such as Drosophila S2 and Spodoptera

SF9), animal cells (such as CHO, COS, HelLa, C127, 3T3, BHK,

HEK293, and Bowes melanoma ¢dls), and plant cells. Vectors

can be introduced into a 10 host cell by known methods, for

example, calcium phosphate precipitation methods,

electroporation methods (Current protocols in Molecular Biology
adminisetitd Avsrberretalo (198%) PeblisimaloimiMileydi8p e, Btgtivhinding
molecuf3. gr&isaediﬂpftﬁ@&&@ﬁ\sgeﬁmgm Wﬂﬂﬂﬁ&ﬁ"ﬂﬁﬂﬁ@ﬂuﬁﬂ%}oﬁ%ﬂ@ 699-702).

Il ultur ethods, Fqr
e Y e oD P e S WRTes o v
present m&%%ﬂusé‘zﬁha% e ermte ?é%%&.&%f%lﬁ*ﬁé@mﬂ@@ Ael@URiAtide encoding
an antigseroiml sgppidmdntd stehsasaf BSigrdfatalfealfdlerorm{R@S )b hgigen-binding
moleculR&)SniRiam bﬁlwl&ufﬁﬁemfﬁ%uﬁwr&ﬁimm@s The preferred pH is
alpu&ht 6to8d dpr in t e cgugg& of c?turmﬁg Incub%tlﬁ iS S g{iﬁ%s of the

out typlcaﬁy at 3010 40C for abo ours IS
present inyeRtion dof SErRIcBrsegitarde dseecddienp Aﬁﬁr@p&ﬁ%& 2 polynucleotide
encodingeoratitgysigndilg malgduéeinCotposatethtotpod ippeptideseapietgoastector, for
exampl&QUakithen, 20antiogr-Rindingimlacdlen s sedin iebaslicierium
tumefac?%!l‘ ar%h eDcn%teg Apet %@%ﬂ%@g 10 mtfg:ct teg'(:icog lsalll% clig' ﬁ/e yctuc;rlila_lc%})r%%m and
the periplasmic space, or into the extracellular environment

the dﬁs”‘s%ﬁ ARHETH: &V@é‘%ﬁﬂlﬁ@'&ﬁ%?ﬁé‘ﬁ&?ﬂ?é‘%‘ﬁﬁ’g%?f‘bﬁ%ﬁ A rrvidGsee/otur J-
Immundhtg 99 8¢l B&).heldtatogoels,signabssidn tthafethdndiawed] (demna minor)
with sinﬁl@'ﬁiﬁé’t@ﬂ@roﬂlﬂ&ﬁ@Brﬁﬁgtﬁ[@addﬁi&&ﬁ@@ﬂaiﬁl@ﬁ@ﬁﬂl&ﬁl@syc%bg%bmmed

from the! xf‘ii»@é YRR cf s, 196 ProAycing, polypsptides, ip Wvo., Apzrnsm 1597)

nuc eOtI mterest IS introduce |nto an anlm

tﬁléeps%wp‘@ %‘%%’Ef&ib’é’élﬁlﬁﬂﬂ’é%‘&é%? it 9,55%%&1" outside
(such astihenmedllected. ditie Shbststct thelpresedtainventiotshe hide sddtvmogencus
anﬁgen-emm@sr@&&ﬂéant%wee@m ﬁs;tieaa%tam ﬁ&ﬁiﬂﬁﬁ@rﬁﬁ%@@xiﬂﬁ&iﬁg molecules
are not pm?% %yr]gmte CP'I s%lo 1!)?185 tsmllt :cat O%Sn%: c&ollgéa usec{?gbpoiypeptzde

ovines laser

P““ﬁca@rﬂéwWB.o‘%@‘éﬁﬁﬁb‘?&&iﬁs&ﬁtﬂi&%#%@ﬁé@@ﬂaﬁsﬂ@lﬁ%aﬁﬁ%ﬁ%ﬂsby
approprigielybeltrsinggehivahintalsfoForexknyhenatpatyriiciedtides, filiration,
ultraﬁltr@f‘&?qmﬂn@%ﬁnm%t@ﬁ@iﬁ&%@%GW&Péﬂ?&%ﬁﬁﬁﬂﬂﬂaﬁ%%mi0n is

immunog e Cpﬁdgﬂass?)é“ qu\r,w ﬁlth %2}8 Ql%%lslq g2 8,%[%6%51% dialysis, and

c yprod o e goat (3-casein
recrys{a]é‘é%ﬁ‘é‘mbryos are injected with polynucleotlde fragments
cdnmtainingrdpley fushodesy doesxanglthefiitignsptantedrtp fentalexgbatge
cmomaz@eaﬂsdﬁé@%&ﬁ@cmaﬁmggmﬂ@cgwéﬁﬁ;&a{ﬁbher&la;@érmﬁs@emomm@gmphy,
uc the t enic goat
and adsdD gon cgr éol%ra %Qér i §1eg?ﬁ %hy%%elr u aﬂﬁ aractgwa{'%n A

that receive om Spr Q% ormones m ﬁiﬁ
Laboratgss GauaEkSte i 481 dprifirhek ﬁ’i‘?ﬁc?é%géé K\Rarinad BroRifieboratory
Press). contachmoquihe@apliigembindicg roladwepmethgdegibypihe chromatography
such as M@U@gﬁ@ icpgeatsbibgtelal (3 E&ﬁﬁ%ﬁ@ﬁ%@&%hrﬂe@’m protein A

? 3% lnsects suctbals silkwarms may pe used o produce the
columns an é)i‘() £olum stHsm roteu){ 1nc h Wﬁamp e, Hyper D,

nding molecule esen inventio
OROSW‘&F@ uEedh mmlruses carrying a polynucleotide

dineedidgabaaticantijgetiap imding imole da leef intbadstradly, bedisgtides can be
partially MREISHKWRIMS: AN RRLYSALINAB  cation enzyme to act before or after
purification of the antigen-binding molecule. Such protein modification enzymes include, for

example, trypsin, chymotrypsin, lysyl endopeptidases, protein kinases, and glucosidases.
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molecule of interest can be obtained from their body fluids.

Furthermore, when plants are used to produce the antigen-binding

molecules of the present invention, for example, tobacco may be

used. When tobacco is used, a poﬁ?/nucleotlde encoding an

antigen-binding molecule of interest is inserted into a plant

expression vector, for 10 example, pMON 530, and then the

vector is introduced into bacteria, such as Agrobacterium

tumefaciens. The bacteria are then allowed to infect tobacco such
<Anti-lhsbMicetianathbdiestrm, and the desired antigen-binding molecules

caiviaeceleciegkam mekteayes (Madrs ali-FUb dechBMiAGhdies of (a) to
(m) bel %‘,994) 24: 131-138). Alternatively, it is possible to infect duckweed

Lemna minor) with similar bacteria. After cloning, the desired
(a) an agibedy ihliRsHYThBRsetle it BB ARy eI B hanineRe segucnce, in
which atéibst(@exKiVret pdsitvat? BidtechipotitROO6 .Dep;at position 32, Trp at position 35,
Tyr at pédithA) 51583 kofdaitidheotinig eﬁ%h’ﬁ@ﬁl @R@&Eﬁ %’!SWBQ m@lﬁﬁ@}?ﬁ at position
108 th?: be Isi%fatee%grrlggn % g% % v Cre aﬁrﬁi’}?a%ee sn])smuted

ﬁ(% hdst calfs ur| s subs antlaﬁy i
with Hl?1omogenous antigen- b|nd|ng moIecuIes The methods for
(b) an aigledingandlpdeifying antigenvhitdingepiolgtiigs havegat amino acid
sequendl@iti GBI Yaiteski@nbisolatianpandRuwificalion meihosis, usualie amino
acid se%@%%LqSWBeﬁgd? (ﬁ%pur%ﬂ tlon%c rlllbv% ge%dsu Stlt& en bll q#n
ecules may be'is ated an y appropriate y sele
(c) an anfibpdythasinfedan ’é%@aahﬁ}@neﬁ*f&‘ﬂaf@@&%%&%mﬁgwrmtﬁsﬂwnce in
which Tiyiteafilttsettoory, 7sadlsing peritisolyEntpregmpitianes 2 stivenpesitiaciifinisn at
posmonchﬁtlﬂétmossﬁmH@%@ﬂ@l&@ﬁ@ﬂa&ﬁﬁgr}fm@w aide Q8hence of SEQ ID
o: 1 FEIPRIRIESIS: 3aRselie chlng. b, anc

recrysta |za?ﬁ)n 8hromato rap y Inc aes for example, affinit
(d> an afefrﬁeﬁﬁé%fgpabi‘#ﬁs o ERCHRH BT b e FRERYADHY) MRy EHEBiRe acid
sequencehrowiatbJraphyegedfiRfatiop ateuetsephase ehpositatog?aphyst position 35,
Asn at PRGOSO m@@np%laﬁgmaﬁogﬁamy e(ﬁﬂseﬁ%gi Q@S“P&xﬁ’e@é&%@@f%ﬁﬁmﬂh His,

haracte |za
and in W%Iu%% er at éytoa trzm("tl 9‘99%)5%0% Sgprlng Ic-ila rléﬂ nHEr at p mon %ﬁms been
substituigy) téﬁﬂeﬁﬁdmf&f’o@?g}ﬂﬁ@%ﬂ%% eéﬁﬁ&ei@oﬂ@u tde ﬁjé’ﬁi&‘ﬁ’&&%mlﬂ
{¢) an apibade tbhroniadogsdphyy 30suchabltHPiiGh dndifeRbh @mE@olatidnequence, in

which AYs@eplanREIRIY IGRH RRIOA 3P IYCINGIHER Y @ﬁeMe{\aﬁﬁlﬂmsl %%d Tyr at
s S ST RO et e
Subsumtﬁ \ﬁﬁ}ﬁé}é’h -binding molecule can be modified arbitrarily, and

(f) an angbpdidtstdarivdes phrtiallyhdzetettiy rafiowitl. He) apprepristaino acid
sequencd) rﬁﬁ@f‘ﬁldﬁ@@ﬂ'ﬁ%ﬁﬁiﬁpﬁmﬁ%tﬁ pelitisferie @ af Eﬁfs@gh%g”mtipﬁbsmon 106,
and Tyr at npgogtz%gt %%%abmgngsn?ao efu{“é (? w%ﬁl ?P pro&?rl]r:) rerg Ig crsmon 99 has been

nclude, tor exa sin.’ sin,
Submﬁut@fﬂma@bé’éﬁ&aéé%w BrefsitoR a%éés @%&ﬁ%@é& Ibgnilmmmo@md
sequencgeCEpLRlamibodiEs3 Faniktbie mewise); the present invention provides

{g) an aﬁ%@}nﬁdﬁ&}%g @'i%h@%g?ﬁ)%?ﬁiﬁé (@éﬂﬁ lﬁ%g@?@%ﬂo@&l@&quﬁmoe in
which atéfeas?glge}/ ol;rh : mﬁlé’(l)csj; Sor?‘ ﬁengy a?ggé‘h};’r? Q?b&‘u at%osnf(r)]:g l%d 98 & position 56,

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

been substituted with His;
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which at least one of Tyr at position 27, Asp at position 31, Asp at

position 32, Trp at position 35, Tyr at position 51, Asn at position

59, Ser at position 63, Met at position 106, and Tyr at position 108

in the amino acid sequence of SE&) ID NO: 1 (H53 variable region)

has been substituted with His; 10 (b) an antibody that includes a

heavy chain variable region (H3pl) having an amino acid

sequence, in which Tyr at position 27, Asp at position 31, and Trp
(h) an aptipekition B8lidethe mhirdoinrid degenee O B EQiNR MOnin¢ktsBequence,
n whicl'{afé@m%égiﬁmgﬁ\{/?é@ﬁ@ﬁtﬁﬂ@tiﬂﬁ@@wg@?ﬁiﬁ%ﬁ& antibody gmd

chain.yari n having.a aci

s B o R AL
(@) an %@gﬁ%ﬁ%@cﬂﬁe% Bs%ﬁﬁsﬁ%gars&éﬁ AW polition s, ag@fna%o e sequence,
in whiclpdgitionéBjcand Tyt Ghpositioned08 in themmineidcidsegueiSEQID NO: |

(153 vaaER: k@glbi@hah(lﬁ&% y@g’@ﬁj@c{e\g{@mﬁave been substituted with
(i) an t1bs dgrdé? nc]t eggt t mdUde%?e pé:’\ I}I(Etﬁldg)ﬁ?nable r lO%I)‘]acld sequence,

ving an a |no acld seq ueﬁce Inwi
in thl?jfy%%ﬁ%t%é‘gﬁoﬁ% £t pespiicn Eﬁ;ﬁﬁbﬁ Bt g&ﬁmwgsomﬂ% 92 in the

amino agidpesgitore 59 SEEr BtNOsHdH B3yard ¥ yagatp dsitidrd0B stiuged with His;

(k) an 2RARSHRSTHUIRE Wit Hisy dQ@RdHaIhiG.D T @ RASHIEN IR Has variable
re kg@g)n substituted with Val and Thr at position 103 has been
gion o

stituted with lle in the amino acid sequence of SEQ ID NO: 1
(D) an anibady i dplidsy iBnhetsy divanimobly tapRl (eshihrbeht ehpipyariable

region oféidiadslé region having an amino acid sequence, in which Asp at

(m) an aROBHINMBLint el @@ﬁlﬂi@? é&tﬁ@?l@ﬁi@@@ﬁ&%@&) Meatat POSILRRL variable

region 0% , and Tyr at position 108 in the amino acid sequence of SEQ
O: 1 (1153 variable region) have been 25 substituted with His;

(FPaitisrriBBmPHeLt b CRite She Reaushinme vHhrEte tegioRqetisyiuence in
which athleashgpanfdipinoesitiors2¢usipce pesiidmcH Asp at jpoesitio A3 1y yrposition 35,
Tyr at p@diiﬁlﬁlsﬁtlolﬁﬁﬂﬁt %@dﬁf&rp@s'g&rhﬁ%sﬁq&; &, g@&'ﬁ@%bé@@n ARIahY T at position
tion ave pe e IS, and In IC

108 S S L P AR g
with HI%&%“B@eﬁ)%ﬁﬁ&ﬁlﬁéhﬂﬁﬁ%ﬁﬁé‘ﬁﬁﬂ%&éﬁﬁﬁwéﬁé@@%@aﬁence of

a heaSERID/NELIE (g8 harabiberegion)ri@iegneantibtRiy BN GBS p)

a head Hﬁﬁia@%ﬁ%i@é@@ﬁxﬁ@ﬁ@&@%&ﬁg ma&m&%ﬁsﬁmmm NH170)

a heavaosc%%ﬁ:[ Ie %r%e?oc)s' %?1%5’05{%8 g ée gngcélpggﬁgerDﬁO%d%(ﬁ}HS)

TG crsErsle ﬁg"e lighthen Wﬂ?@lezeamﬂ@%&%@%@m f4gence in

which atbesnhopalbs$titsied psibiddizs, 60 (h pasitmntido Muthiatowitindes Setightosition 56,

and Asn@hpMRINafiablg {I%Qalﬁfhg-a%?& J?:ay&age% S00Pls] @@d ERGRabR region) has
been sub%iﬁed Wigl ?ﬂ) 10n§ or ex g?t piESIfI Qﬁé{g g%%ghu atd?;ag I?Qg?ons

€ amino acl seiquence varla

a light ehainjeriabie fseion éﬁﬁ%&ﬁ&ﬁ@dﬁ%ﬁwﬁs@e@ﬁ%ﬁwﬁwm 6 (L?B)
a lightinshirdesiablighteeidinviariableniagiond(k82}dravingEan BrNito7aEiel)
a hgmmuﬁm&mér@mm;@&%taeﬁ%m%é’qm@ys@f@m N iy 5)

Lﬂle arr}lnnooagi Id S uenc {i_s?.l’tzgons in each ogq]%%%%g els%rgggcl anszodles

hav een su
Hipl, H170, CLHS, L73, L82 and CLLS are shown below in Table 1. The amino acid

positions are shown based on the Kabat numbering.

[Table 1]
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0) an antibody that includes a light chain variable region (CLLS)
having an amino acid sequence, in which 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 RD: 2 (PF1L variable region)
have been substituted with His; 10 (k) an antibody that includes
the heavy chain variable region of (b) and the light chain variable
region of (h); (I) an antibody that includes the heavy chain variable
positio g @ibl ot 4d thsNgsa dhdinaaddle] aebisn af|((poaidda]) an
H3d antib thatlihtlddesithelheavyichdin variablg region of.(f) and

H1 70y itk e Helisbvicbdblel 18 reliidd-of ih) | Spblifclekampleblaf the
CLHS, L. PHJ) I HE THI . H. S A N T

heavy-chain-vattabte-t Sgron-aving-af-amifio-acta-sequence in

pos%tia%‘”'ﬂ&’ Poitll=ro Sime piog 0 %wf% 7, Asp at position 31, Asp at
L73 POSION B4, | TER @ PASItion 3%, Nyr at position 51, Asn at position
gz 5P, Ser at pas;tqm 63,{Meft atjposition 106, and Tyr at position 108
cLL51n the aming acidised em ce gftSEQ ID NO: | (H53 variable region)

*In WTh 2 P—ie% bS tLL e a gl\gsté] HI%AnCIhJ th[ a)l(gr?qﬁ)asel’usngi ﬁat position 55.

fo owmg eavy ain variable regions eavy chain varia

region having the amino acid sequence of SEQ ID NO: 3 (H3pl) a

Héayyeshidimvartiab g segonheidigs henamiing adidsseguemncef die amino acid
substztut%@i@%@i A6170) 8 heavy shainy ?Jﬁ!%%ﬁﬁgé%e%ﬁmme Thus, the

it BRSNS LSS N S SRS 1P v

acid subgitSngidRasreba¥t 6 ﬂé@ftfe\é@ ‘aﬁ&éﬁ&ﬁﬁﬁnzecwwaﬁmwﬂ@h agber than those
describeGétiat po&)ion(B3, Smiirat abstibsiibfioranthAghaattipositenrdi2zdrabove in (a)

to (j) inci0§AIHRRARIL SEAUBNEE ARER | RINRn 23N didsYAb o] he amino acid
IoR has% en substituted with His include, for example, the
19

Sccluencff'ol?owmg chiain variable regions. a light chain variable region
Kathsgrne-dhsint seidresipnedts o anios Berte)aafikgrics of (1) to
(28) belmhrain variable region having the amino acid sequence of SEQ ID

{1)an anNQd? tﬂag@cﬁ&ﬁtﬂgmagg%ﬁhwmtﬁerﬁ%igﬂ m-ﬂ Q{HH@rég%) having
f ShI_E ID NO: C [_93 d
the aming ag%“?':ﬁﬁe&e %gﬁ Sltfot’ﬁ q &_ ﬁgéq@ %Té? (gn?‘% dles an

I0NsS In ea e apbove-
(2) an anﬂ‘l@ﬁb teet ipsludosthe doavaidatn Yasiais SsdRin \dfoleGh aiish elregwn) having
the amind hedsmipenacitiopesitions arne shows basedNoh MeWabaiGl);

(3) an aHﬁHQ&?%H@%&%&I%lgé}ﬁé‘hﬂbgk%&g’%@lég Js@%l%%‘rﬁga?ﬁtﬁé-r@%on) having
the aming 304 SRS o DoRe Flljpé‘ml_gg?_f% SRS

O T 1 SitiBh 6 5§56)00 92
(4) an angghody ghpf qcidss thgJngqviy ghain variable region (VH4-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 24 (VH4-1gG1);
(5) an antibody that includes the light chain variable region (VL1-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 25 (VL1-CK);
(6) an antibody that includes the light chain variable region (VL2-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 26 (VL2-CK);
(7) an antibody that includes the light chain variable region (VL.3-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ [D 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
variable region having the amino acid sequence of SEQ ID NO: 7 (1.82);
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CLLSHHHHH *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 descrfed above in (a) to (j), and

methods for producing the antibodies. Thus, the antibodies of the

present invention also include antibodies comprising not only any

of the amino acid substitutions described above in (a) to (j) but ‘
(10) an gppgoginify’ defald diséiraiephedtrap iaintiyid gueimed B pad éhe light
chain variafdy tegiph Krffino acid substitutions other than those described
(11) an APOYE, '@F@%@@tﬂ&@ﬁﬂgﬁdéﬁ’ﬁﬁﬂwl&% bstitwtion.48letaN and the light

chain va%%gi't'onic?no 7}:3.{ insertion in the amino acid 10 sequence of CDRs
an ?:ﬁ% Fart é’rmore, the present invention provides the anti-IL-6

(12) an spidepstol ARTIBEErES 5D trytoclaly BoRARY chyiamaiibtayiiag acid sequence
of SEQ IfcNdeXthe heavy chain variable region (VHI-IgGl variable region)

13) an Dk B AMIRY B CheRALENES FOmROSIlRNS AR IRie f
(SEQ)Q D %‘8% (E?/HI-IgG ); 15 (2) an antib{rggy that in%%saes the heavg/EQuLJBCe °

chain variable region (VH2-1gGl variable region) having the amino
(14) an apgippdBviBADY Rothap Bsiidersabsary SRS pig@npp acid sequence of

SEQ 1D MpiZ4gGl); (3) an antibody that includes the heavy chain variable

(15) an iﬁ%@&@bﬁi&@ﬁh@j%ﬁﬁ%&@lm}éé\% Jﬁﬁxﬂ%t”g) A, 1ight chain having
the amiSEQuence from §tlﬁp§}é§_t?7:&?h nSEQ ID NO: 23 (VH3-IgGl);

an 1B Feprbrphaviber oM of ia sy gipdaving the
amino afidraquesitioi S AL YD N SEQIHDWO: 24 (VH4-1gGl); (5) an
(17) an &BBQ%?@FU&M'HQ?&H}%A&H& ghaip &EEM%IESQ@QYME%& having the

. variable reqgi ing 1 cid sequence from positions

?;I;;no ajﬁgf%ﬁf\ﬁéﬁﬁ% %{igg%zg;g%%ég aél% agntib];)dy that inéludes .

an ey i Hlanebyiest bere driyAAEBRthe giony keidigtaece o
SEQ ID aifirte a¢iébadflience from positions | to 107 in SEQ ID NO: 26

(19) an &YibeaS O iBMT ALARERALY thal P elides, e IghLahainyesiablBce of
SEQ ID g:(g:lgg S;_—ﬁ}a\{anab_le region) having the amino acid sequence

rom positions | 5107 in SEQ ID NO: 27 (VL3-CK); (8) an antibody
(20) an agtipriyEYHAR e lidles ddna oy erramnizrias deagianm eihyarrce of
SEQ ID the: lightvERauT variable region of (6); (9) an antibody (Fv2-IgGl)
(21) an ANFRCAYERINS) RN AR, YRHAPIG£E ARR QTN kAR Acli®iguence of

sEo Ip S8 YRliARle region having the amino acid sequence of SEQ

Q I\%: 82);762 (10) an antibody (Fv3-lgGl) that includes the

(22) an apsbedy sRalnMdr diibinegiss be depanehtiiedight) epdirlighridisie having the

amino adiég@ﬂeﬁf:@}‘,SEQ)IQW&EQWXKYM}j_gGI) that_ inclu_des the heavy

(23) an aﬁt}@a@wfmmm?gimﬁ@s LG, Iaht, el VAHARIeHRAIRN R ing the
. g7); 5 223 an tlﬁg%(ggl ngG GK) that includes a heavy

amino acc%%ﬁiﬂ nce g %%Ié NO)

aving amino acid séquerice of SEQ ID NO: 33;
(24) an antibody (Fv3-M71) that includes the heavy chain of (20) and a light chain having the

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 sequence 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
(VLI-CK);

(27) an antibody that includes a light chain having the amino acid sequence of SEQ IID NO: 26
(VL2-CK); and
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(13) an antibody (VH3-M58) that includes a heavy chain having
the amino acid sequence of SEQ ID NO: 34; (14) an antibody
(VH3-M73) that includes a heavy chain having the amino acid
sequence of 10 SEQ ID NO: 35; §25) an antibody (Fv4-lgG2AGK)
that includes the heavy chain of (12) and a light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK); (16) an
antibody (Fv4-M58) that includes the heavy chain. of (13) and a
(28) an pgHbehathavinds tndichhvirdndeid egeemteo st S EQUDNR O S0 ID NO: 27
(VL3-(&N-3-CK); 15 (17) an antibody (Fv4-M73) that includes the heavy
Cp@;’fﬂ%@@t@ﬂr&é{g Vﬁx%ﬁlﬁt% BRI T!B@ é@{%‘vﬂl?ilﬁzégglﬁ)%ﬁlgff{a‘@)% elow:
(a) the he %&E@%&%@@%‘%ﬁ%ﬁé}% ‘eﬁg ]g £c0} Xérd sequence of SEQ
(b) the h@ﬁ‘f\‘f@h@,@@vﬁ%qﬂ?@& BNt hAYBdR)I(VH2-M73) that includes a
(c) the heayymahadDraWAgRQaRMMCIACKESgquUence of 20 SEQ ID NO:
(d) the k?e%& &ﬂ%&’t@z@@ﬁﬁ%@o%’ V4 leéggtlg‘?\'l‘g’e;sa heavy
chain havi in ce o
(e) the hegvpe F/? I%)O%%%ci@glc%/ @@ﬁ%ﬁ) that includes a heavy
() the l@h@mmsﬁ@%@%ﬁmé%b@ gedliyéRedlof SEQ ID NO: 39
() the KddmideMBRID(RR M aribady (Fvi2M71) that includes the heavy
(h) the ﬂ%@gkﬂilﬁjiﬁil%}%é ghiehasn hawingthe amino acid sequence of
26 -C ody (FvI-M73) that
(i) the }ﬁ??c\f%%l&g’tﬁ%%f%bc fﬁb %@Eh? fight chain having the
(1) the hggrirrhaiaibRseefUEHELONSEY (BIND: 26 (VL2-CK); (24) an
(k) the mﬁbe@;{F@MEEptﬂmNocﬁa{emne heavy chain of (20) and a
(1) the h@gﬂﬁﬂﬂl ﬁ%m@%%a@gwﬁ Sequencleo?f SEQ ID NO: 25
- tino that includes the heavy
(m) the Fﬁar‘ﬁ gf} %%ﬁg; % #Pﬁ% P?e mino acid sequence of
(n) the IgE@HN (ORI BIVERGKNQ26) GF-dntibody that includes a light
{0) the Ipihah4RGDE the SIHGND ackd Reguence of SEQ ID NO: 25
(p) the 1( C&@M)S@Qqﬁtt@@dystgﬁ nc;,ltlgi)es a light chain having the

sequence of SE : 26" (VL2-CK); and 63 (28)

(q) the I@rﬁ*&fﬁﬁ’ﬂo f MRS 1Rt CHdin having the amino acid
(r) the lightphencelI SHGHD N@@'ﬁ’/’(@ﬂl&@@); Furthermore, the present

(s) the 11@11&&&@!?1@@6@3@&@1&5&3&0&@&@ -of (a) to (v) below: (a) the
VHI, 2, 3, 4); 5 (b) the
() the hgﬂac‘r%ﬁ'i*%fog@ﬁ% Igv'iﬁ 949 ( ); 5 (b)

DR E TAT(VHL, 2
(u) the light CRain chal & SEQ o §er0 (VI ) 3)( viLs 2);

{v) the light chain FR4 of SEQ ID NO: 61 {(VL1, 2, 3).

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

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

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



10

15

20

25

30

35

(c) the heavy chain CDR2 of SEQ ID NO: 42 (VI-13); (d) the heavy

chain CDR2 of SEQ ID NO: 43 (VH4); (e) the heavy chain CDR3

of SEQ ID NO: 44 (VH1, 2); (1) the heavy chain CDR3 of SEQ ID

NO: 45 (VH3, 4); 10 (g) the heavypthain FRI of SEQ ID NO: 46

(VHI, 2); (h) the heavy chain FRI of SEQ ID NO: 47 (VH3, 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 (VHI); (k) the heavy chain

FiecHlBBQsIDhN OIS dy(4R)EntE Brd pbtrnhd dyyrekiiia SR GESEQ enzymes,
for exaipi® Qlipaih OY bkpsth) oy thashean: caaip tEB@&B&%Q:EQﬂH@d?ngmems
1nsert1n%\ﬁféh1%n§’e Qre&ﬂ%ﬁ'l%é{gﬂt &rﬂﬁ‘ﬁ‘& @Ls@ %éﬁzm in ﬁp?h yl‘h]ostzgeﬂs (see,

o

% e light chain CDR1 of SE %

for exarpple; (-8 %%EJQIWH@% 34 @L 1332498~ hidhrhignvits A. H.
MethodeiD Razphsiegy (DPBRD1 BB 4Y4-2)61 Plubek fheit %&ﬁ@@@&dﬁ@&c@sl ]
EnzymdWoy Blog¥Lil8248):5 (S) thadght chaimdiR 110F SE0 BN B8 (ML 652-663:

Roussezgl’x?’} ﬂQf”&@iJ{QQ&fs g&%&%@&%&gﬁ% [?2'}'(%6 évéu%,é{\% {{'-Qlt BTECH

% chaln FR30 ); ahd [ight
A9 % R4 of SEQ ID NO: 61 (VL1, 2, 3) The respective
s“élmleﬁ@@slofem@oatpmied@)rmeﬂévglsar%pgbrbmgmbtﬁg}@ﬁaepude of the present
lnvenmoﬁwmgymp@@péﬂw@@smi Byanias d@&@mﬁg%@@wg@m@w the present
mvemloﬁlci%gfng ﬁl%%n%% ctg'l% l%Rcs’t sgeg I%E%Il a%%g (%H(gc} rgl}xg a vector

The anti-IL-6 receptor anti resent Invention
into whi Hbﬁk?&%?ﬂ@ﬂ%%ﬁd%%%ﬁ?&ﬂ“&? e EHBARD s ntroduced.
indtoulines divyl bt therarminoimcidisubstitdtio nstederdpddiomee polypeptide of

the pres&w@ﬂaﬂﬁaodmlmam@ﬁ@ tnekiga,.dor example, Fab, F(ab )2 Fv,
{a) m&lﬂgkehﬁi&ac'&ﬂ%‘&& ?f: XQ 'Q \)%t\&}& F \(Ng llT t%é‘e%hgdn d;? eptide of the

her.via an appropriat er, single omaln H ch a|n ant
present gﬁ‘@l@ﬁ&ﬁ%ﬁ‘ﬂf‘%ﬁ?‘&or example, Nat. Biotechnol. 2005 Sep;
(b) obtaRB(@} 12B:3B)iddnitsodiyl (W Ge 2687059782 Al), and SMIP (WO
%@@m%?a?&d\@ Jihkeotigin wgadﬁﬂka@m&aﬁmaaamj@um&y 31% such scFv,

the H cham {?ge -1{)@18 11}1?8?'% Iidﬁ OLI{EH 1%?1 Vrlg.oa er rc erabfgl eBude linker
Cﬁ e antl [SS)0) resent mvent n g| 8

usonghingi ﬁamaw%m@m%%z@asme&dée@o@x&aih B H chain and L
chain V 8ygeuifigaily sduchantibbudy éddgments dribobtaindddrietrehtihghove. The

peptide Bitipading withyepzymas. k& xanepiepRARMN AN RARIIbHe N ptides of 12 to
19 ammS%Qfﬁ%‘é%Hne% genes that encode such antibody fragments,

Inserting them into expressmn vectors, and then expressing them

i B BPid oSt s apeibadyier s AfRise, IeXsnipisingluges 3 constant region,
the constantmegioh. (29 94 p1 58, 29682 976 Batie® | Me&Xloripit, a-he used.  The
constant region is preferably a human antibody constant region.  Alternatively, the constant
region may be a modified form inchuding substitution, deletion, addition, and/or insertion in the
amino acid sequence of human IgG1, human IgG2, or human IgG4 constant regions.

Preferred I1.~6 receptor to which an anti-IL-6 receptor antibody of the present invention
binds is human I1L-6 receptor.

The anti-IL-6 receptor antibodies of the present invention are superior in the retention in
plasma, and they exist for a prolonged period in the plasma in a form capable of binding to the
antigen, i.e., soluble or membrane-associated IL-6 receptors. Thus, the anti~[L-6 receptor
antibodies bind in vivo to soluble or membrane-associated I1.-6 receptors for a prolonged period.
Furthermore, the anti-IL-6 receptor antibodies are capable of binding to 11-6 receptors twice or

more times, and thus assumed to be able to neutralize three or more IL-6 receptors.
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5 Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. &
Skerra, A. Methods in Enzymology (1989) 178, 497-515; Lamoyi,
E., Methods in Enzymology (1989) 121, 652-663; Rousseaux, J.
et al., Methods in Enzymology (1989) 121, 663-66; Bird, R. E. et
al.,, TIBTECH (1991) 9,132-137). The present invention provides
methods of producing (i) a polypeptide of the present 10
invention, or (ii) a polypeptide encoded by a gene encoding the
polypeptide of the present invention, wherein the methods
com he sItng o>f culturing a host cell comprising a vector into
e

<Phwmacﬁu nucleotide encoding the polyp ﬂertlde of the present

a po nuc
i miERTS MBS, RS SRbemaH ! treCpRRSSHIAP BAtIGAuAe
antigenbindicesshetitodd tEprogiutingeativo) ypeptidbinfinha@restknisolated by the
screenlﬂgm%'owm@pr&@m %ﬁ%ﬂbﬁ &%ﬂﬁg@ﬁ fiada) cuteEing: rbas-gaN the
i SRR HEEELS ) 08 LRSI NPT o

inventi aptie-BrdBudadlisifte @r@%ﬁeéémn% %ﬁ&ﬁ@& B‘;?ti‘?ﬁﬂﬁfﬁ thfigpresent
inventiow segiomsiof iamtibethnitandglaohains! fusuchoeRvp thbdd dhahministration

frequen£§gme4§ﬂtr§éﬁcbmﬂa@xﬁofé&alas\éﬁ@gf@ RMiggdi ak@m w@m&@m
n J. S. etal..Proc, N

compos% tldeﬂgé%%rfzg §0§§)§§r)tielnhof ’ﬂe rgsler:]nan en%%am vnolude

tha‘i“éﬁiﬁfﬂ%’ﬁ‘??fﬁ%@?\?%&?be derived from any of the antibodies
desbeibeseabioventibhepipeptictetivik eptpdmticireokiregionsien thuagents for

treatmgtgr;ﬁe@mmg c@&@é&(ﬁ@éﬁd@é@&ﬁﬁ@d@@%lﬁ% of 12 to 19 amino acid

li‘n ace ioa Qo%ntcl)-s.l Ems ISk ggtor ag{ bOd f?)lcratpa% Br%(s)xergltﬂated by
mveﬁ’ lon includes a constant region, B constant region
methodskggwe Grtbesy ﬂiﬁl@d@rt&%p@oq@wpl&é@m‘m&%%@lt%@& in the
form of Thetionnsfantiie giduiispoe fasablyionh invlad mntbodyroonstpintmaccutically

acceptaﬁﬁgiaﬁdAlt%P@iB{ﬁﬁﬂe tﬂ%l?%ffé@irtuf@é}l% Wrﬁﬁﬁtéﬁ%'ﬂﬁﬁﬁgmﬂw form of

ncluding.s bstltutlo deletio ition, and/or msertlo
o oG N SR R AR R S Spprprics
combmlesﬁgfh@b@g@%ﬁ@?@%a&e@%&%m@wﬁﬁ%mﬂl gierile water,
physiolegcaptdmantidgedyl obthenpisent insention. 3 viads isbhilirmanilibobing agent,
excipie€CERIY; pHheaRt L shhisceptetRNIBadigs ot iR Rias aRtinyemtiactive
S SHpenorn he retenton n plasme, and heyexistiona.
ingre mn ng 5perlo at%epra ma’in‘a form %’fg orbi éln to the
a“ﬁfrgféﬁowosgm&bf%w?ﬁ%%m Lovglaiobisipse fRickp i as distilled
water fof hijis;titie @nbirding trecaptod fantibbtiesbictibén vivo to soluble or
rﬁ%ﬁ%@ﬁ@@ﬁtﬁ%ﬁ@%ﬁ%ﬁdﬁoﬁ FREGRIGE? éQ&ﬁle{ %QW@GM'@Q;@@M isotonic
urthermorg, the anti- L6 ecept antlbo ies,qre %‘%QPB
so]utmn co ia}m { Tose or M uva s{i;gl)r examn1 é mannose
Bifdim < fwiceor more eé and thus assumed

rece
D- mannt@%engﬁréi%m%fﬁe thriseler Pﬁé?élm@ﬁéeéﬁ?&@n@soﬂ appropriate
solubilizeRhfvmecepiticdt dersgabitiohstd Fheh p reseritahvie itionyddse ghkates

polyethff?:m@a@%ﬁﬂtéﬁéﬁ)cﬁgﬁggﬁyQﬁl@amﬁﬁé B&%%r@dfélg@nﬁmmg 50, and such).
lecules of the peesent nlyentlop aﬁt'xgz I’llbblndl m Ie% S1 alcohol
ISOqI ug ¢ §psame oil and soybean oils: enzoate and/or benzyl alcohol can
be used in combmatlon as solubilizers. It is also possible to combine bufters (for example,
phosphate buffer and sodium acetate buffer), soothing agents (for example, procaine
hydrochloride), stabilizers (for example, benzyl alcobol and phenol), and/or antioxidants,
Appropriate ampules are filled with the prepared injections.
The pharmaceutical compositions of the present invention are preferably administered

parenterally. For example, the compositions may be in the dosage form for injections,
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5 screening methods of the present invention, or antigen-binding
molecules produced by the production methods of the present
invention. The antigen-binding molecules of the present invention
and antigen-binding molecules pmiduced 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

transnasdSefuldssphaimaseiiicahdl compesifionsorithabanmaceuticadtion. For
example; WQ&F&%&&%&&EE%?QE&HX&W'&QJ&"i‘ CIHAR enous injection,

aceutically acceptahle cartriers. In the present inventian,
lmmui%gwﬁ%%‘ﬁﬂc‘aﬂu@%%%ﬁ IS BIUIRR ARV G 75 Pl ating
drdsraverting nerthedtiery pdrpiagnusingetiiceddesorpisisration of the patient’s
age and phaproaceuticakicanapapiiiensdehiiel presopitinyemionieaametigen-binding
mo;eculz%qw@t% Q;Yaﬂa%lg] RIRdSKPOWA dthong, FagHRA06 At ar

e, they can be used p arenteral%/]dln the form of injections

e OGS o S BBNSHETHOHIRG U0 G B Hoviever
the presqsihérvaaicen i callyindixdeptaiaUigeid Rl esespied ok,  The doscs and

adminis€QAMPasihons bRy vlatedpaycmixing thi hgfasmmbniDind such,
Those slgﬁét?lﬁ%ﬂéj!ﬁ? gal(‘s@?pg%?@yﬁo%gpgﬂx %ﬁﬂﬁgiﬁ%ﬁ m&ggé@%%[;ﬂgderauon of

ctice ppropriately combining with pharmaceutically
the factOé%%%s&glg% gﬁ?ﬁers or media, specifically with sterile water, 20
phykioksifle abwialived v dgcanivie oild epnuisifieoishe praseid vention may be
post-traiglifiasianimstafitizen; dlaxenpg apenodgxaipiant aelidtninal glutamine (Gln)

residue ﬁ&?%@?@éﬁ‘é&r&!{‘%@& P5RY ?%1%{}% DO RARYRAS 106, AMANAkAD those

activ edient is adjuste aih an appropriate amount ina
skilled ipyfhe agter%ﬁﬁléﬂEYaﬂtf Péf&ﬁ?@%%ﬁﬁq%%?ﬁﬂgff%f} ARG AFF g tuded in the
amino afisrpagiiarech isihgvetsigleysiishas distilled water for injection,
agcprding: t &lardardianilatinr nRGIE arc 2R dgueuBIsaliiBNS ference.
for injection include, for example, physiological saline and isotonic
solutions containing dextrose or other adjuvants (for example,
Examplesy s rhitol, D-mannose, D-mannitol, and sodium chloride). It is
élgz@lpcbskmlélmm@;@nhrmrbm adb rbfamm‘imanedmmmzeﬁsrﬁf@rcnce to
Exampl@Xample nalcobolofethanal sad.sush)d paladcohols (propylene
egcoI polyethylene glycol, and such), non-ionic surfactants
sorbate 80 TM) HCO-50, and such). 30 Oils include sesame

Examplg, Bdé’ﬁﬁiﬁ‘éﬁ ‘%H?ﬂaé‘é%‘?%)%éﬁm’é’ldﬁenzyl alcohol can

7a R (aksHpossible to
mmm&m{fﬁﬁﬁxéfoﬁ%w@@r cﬁh@@ﬁmaﬁa hutesapdsomidierved an
antigen, %ﬁ? }}%%a%g f%%c?c?%@li Ll en}? é@b %éﬁ“iﬂ@ %’mr? c%ﬁ@ﬂﬁl?ly expresses a soluble

hydroc e), stabilizers for exampe benzyl alcohol

human Hpﬁéﬁ%ﬁl&%%ﬁﬁ?ﬂ%ﬁﬁbsa@&ﬁ ° Kppopt é%éaa}ﬁ*ameﬁ’é %resﬁrf‘éﬁwﬁﬁg 241
825-828 ﬂ@@@@@?@dﬁ%ﬁéﬂmslsm‘gbﬁ@phmrma@wimbc@ﬁﬁmsih@rhs afiino acid to

the 344tithePesSNbinue Miemar) Rieferabhadministesesknparesterally s (1990),
was prodﬁQJ example, the compositions may be in the dosage form for
injections, 66 _transnasal administration, transpu

Imonar
ARt S PEETFAPLAIEN O LR Rafd-sagssing CHO
cells usimmmmmn@remosmbmmﬁw Senbealy by linrhwvandugmatography,

affinity cﬂﬁiﬁﬁ%@raﬂﬁﬁ@&ﬁ%@@;ﬂﬂﬁﬂﬁj ecHaRhiMraRRUENeaties B34S is immobilized,
and gel t‘?%’r@c%‘ AR be?ﬁ%lQ&a&'if ucﬁie fraction that eluted as the main peak was used

as the final purified product.
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Administration methods can be appropriately selected in
consideration of the patient's 5 age and symptoms. The dose of a
pharmaceutical composition containing an antigen-binding
molecule may be, for example, frath 0.0001 to 1000 mg/kg for
each administration. Alternatively, the dose maybe, for example,
from 0.001 to 100,000 mg per patient. However, the present
invention is not limited by the numeric values described above.
Preparafibve dGsesnarichra dministiationl onkéh Gdsi vl deRenging (ol t6ig)

p@ﬂg@tﬁ\rﬁi‘fﬂﬂl}{e@ﬁﬁe@ﬁ‘ péemIDAed: %yan&mbﬁ%@(gk@@q@ iRdNe7) were

rt ca iate es and ad io etho Si
mrode S ArE BRI A TOrD B e (Bimey o

al, Ensgightandos. Nqﬁet‘aﬁ% R %@éué%é&éﬂ%ﬂbré‘*seﬁr%\%ﬁ%ﬁ) Using
¢DNA mayrbe fipoststianslationalycm o fieth e, eXaNpkeadhent encoding the entire
length df'é%%!l[ﬁatga@ ﬁéﬁgéﬁréﬁl{ ming)| (glgé%@wae Bed %?'ﬁeﬁ A Pprimers RheGRf1
utamic acl u gue pyr all
and R e A R R 1L B o fagmen
(SEQ TI3 3¥p:PAnhenstidinamprasaifisvaishfaisis adde isdisde dermnipd of the soluble
region (amin@me@mqmmga Higihé rpgasesttanmuentigns Alndeilad receptor gene, was
mphfapéaumfr@a%l agd mlglawsﬁr%@rmﬁrﬁmw%@&ﬁ@hberm 18) and
CvnolL e{e;e}g @@2}8 re belo s E{E%e”t inventio wry h
ynollg ca*‘ny cribed w Sﬁgﬁ%é\ xampies, ‘ﬁ?‘“’ SSeE
EcoRI ol %\@*é@aém@@eémmaﬁm@e&ﬁe#e@ffmm@&]apéderﬁc'rreﬁheﬂ used to
produceaf Svibrlifiepkdkitnartizetne kinAnilboRypritepagation oflls).

Recombinant.aelvbledimaR. Hw@uﬁﬁg@ﬁi@%’ﬁ%ﬁ@@%éa with a HisTrap

COIWH&?F?P ﬁegier?/ré% Hq;%%’i‘:L E3(\9(/’\(/1:1;35r¥|50rr£‘etgatr%%l’gcars iEle{c,"]’f:lr 5”&1 10k
Millipanspy@né dirrtiise niaf %wﬁaﬁﬁy@%ﬁreé%ggal §61BRE ﬁﬁmﬂemcn_lvem (GE
HealthciecBplei(hespinafiai dfefied pordkGR3A4) (Y sshdbadynehalgus monkey IL-6

rﬁcepw]%géegﬁ%;)&@er%ﬂjm a%%ﬁS@;@ (GenBank #X12830)) consisting of

he amino acid sequence from the 1st amino acid to the 344th
amino acrd on the N- termrnal srde as reported in J. Biochem., 108,
6 ; it SHE sgy SRBEAlHS purified from

wﬁwm&gmma&pﬁ%tmquépm&ﬁﬁ%ﬂ axpressitig &€lenhce encoding
the 212 91% Iﬁo% ﬂg;g%%%o&%gﬂw §%§Mﬁ%ﬁ%&?&§§0@w ﬁﬁ}?rl?@'f%eﬁ%rﬁﬁed cloned
o R PRIy I S NGNS, g bl
expressmn%ﬂme@mmﬁ%ﬁrmmgz%Q cphe- fra%ﬁemﬁéneérmed’fas the
cyno. JLIbgiRfealy WHS ldﬁﬁjw%p&ﬁﬁhé ﬂﬂﬁb@ﬂﬂf@dﬂ:}pﬁeﬁbﬁEF &lumn (GE Healthcare
BioscrerE;Eg)o%Qy%QEa% a0 G OIS L%Alm@n further

purxﬁed MR epégézg}l%?gé gj:l}lf#) errltgge[:%iRheZ&éagls% 3’ron c1c ces). This

was COnpRiiIEty-uiag Amiec PR d Sirs-hidrlsyelt 26 Méép%r)geﬁet@éqfer%émﬁed
product Bineymelgal mhneembie(RE66a i ctéieAdisdsskRES6)2006, Jan. 1;
34 (Database issue): D556-61). Using 5 cDNA prepared from

Estabhst: no:‘_ﬁ}tﬂgggag%gggfxgé 2,template, a DNA fragment encoding

A BaF3 cell line expressing human gpl30 was established as indicated below in order to

obtain a cell line exhibiting I1.-6-dependent growth.

Full-length human gp130 cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBank
#NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo, which
was prepared by removing the DHFR gene expression site from pCHOI (Hirata, et al., FEBS
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length of cynomolgus monkey IL-6 receptor gene was prepared by

PCR using primers Rhe6Rfl and Rhe6Rr2. Using the resulting

DNA fragment as a template, a 1131 bp DNA fragment (SEQ ID

NO: 20) encoding a protein in whigh 6xHis is added to the C

terminal of the soluble region (Metl-Pro363) containing a signal

region of cynomolgus monkey IL-6 receptor gene, was 10

amplified by PCR using the oligo DNA primers CynolL6RN-EcoRI
Letter 188¢ 35 M 248)2a irseriing AR TN KoM (SERFAD NGB}, Prrenstruct
pCOS2¥esighirig.D A Hagnhdnivwas digesiedawits mgoRtabd INGtlaaddioned into

pcDNAW%t%4MQM@%@@ iﬁﬁl %%Bgﬁﬁ%@q aé?_ftofé) ﬁ@%gg@dﬁieo/ gp130 was

he odyge a stable e
et Gl SO Bate) B B Oene Pulcr
(Bio-Ragy aasiplisge-pfSdddiN i@ wsénswas Parifdd witala HidThapng Sndergone
gene intealuerion G Healfbeake: Biasaienoes) cabtednitatetbusiag AMeeH in

rREMI1 bRk R f@&i% dMillipare) Handfurshar pur H@?&lMﬁh% (Peprotech) and

10% feté %%%rfge%:gg}l t@?&%ﬁﬁ{iﬁ@%ﬁ% %ﬁ];: %:%r;r qlumn G E Hea th gscrcened by adding
RPMI eAlspdblaLcoiomkey QQ@/@e@&b@m@@e@ﬂaﬂ@m@ﬁe&ﬁ@ms) 100 ng/mL
of humaal Int6fRIuI20- Preiparation el RetDmbinand N molBsstiapikeyhl b iman
g S e e e T

BaE e NG ORI PACSC SN PGS BT LR, i
can be ueehie srrmain Sirsgroeh elphdesieativéstorrasis. o thsepdintrGHdne

activity)adlistiol prochsept@ stablayexpression cell line (cyno.IL-6-producing
CHO cells). A culture medium of 25 cyno.IL-6-producing CHO
Productlel % , rose/FF column (GE
: ated-using Amicon Ultra-15

mﬁlat@l%%(nfﬁm@agynéﬁwmaﬁadﬂiwmﬁhe@mmhea@npenﬂé@ype” is
abbreviatdl pg R/ GR: gahfiltralionpeaiing (GEabiealibedre BIOBTIRREES) acid sequence
s R0 SREONRI G (ML YIRS oy
*eq“em?[@g@?éi“ﬁ’aﬁ@r R Ao e RNy S i o
sequencgyIROURGRassity Bamsell mﬂ@SAPB/HF?@@@IiMmf@seRMés@ﬁgmr Res. 1993,
Feb. 15; 58gnRRRYP4,30 mamesialdished asidnsicsieahhetowiinareestosEQ ID NO: 1)
and PFIQ%‘%%@ &:%l g&ﬁeﬁé@ QE 99 !NEx dﬁﬁ’e‘ﬂg%&ﬂf thCIEH{L Leﬂ%g(tg}mno acid

DNA (Hibi et al., Cell 1990; 63: 1149-1157
sequence SRt | %%gl%mg SRR 5 BT LioR
specificaihfothhenaigpie ssiormipdetof pOQIRZQuk(iinke Sirsibregedddumgenesis Kit
(Stratagei@n@e¢tigitieoRDidmR tBan e xesm dn ﬂtﬁﬁﬂﬁ%sﬁﬁi‘d@éc@iﬁ&"tﬁe edsulting

plasmid ﬂggxﬁ%@% 1h§:txt|%5 ;rgg ﬁ n”éi%gn%% geﬂ'ﬁé)@%qg Qﬁ%@:@& ﬁ) ? %&: the desired

resistance %ene e %I’GSSIOH site, to construct_p
&R

Hchain ExpepSIRHeRI BRLBREWAL Ssipied ‘b"ix"ﬁﬁ%‘?ﬁ’%ﬂ?&‘?ﬂ%‘?@&s of the
obtained ipprepDNAG I He(irdstrogieny wisensmsstintiel BRIpeDNABS Krgwn to
persons skilil@iaftpCAS2Zeo/gpl30 was mixed into BaF3 cells (0.8 x 107

ceIIs) suspended in PBS, and pulsed using a Gene Pulser 5

d at a voltage of 0.33 kV and capacitance of 950 ItFD.
i 1304 Durif At | 0 ;:__,q‘.‘; ved Anti-11 -6 Rec%ior Antibod

The antlbodles were expressed by the method described below. Human embryonic
kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen)
supplemented with 10% Fetal Bovine Serum (Invitrogen). The 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°
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gene introduction by electroporation treatment were cultured one

whole day and night in RPMI1640 medium (Invitrogen) containing

0.2 ng/mL of mouse interleukin-3 (Peprotech) and 10% fetal

bovine serum (hereinafter referre@%o 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
cells/migachpispred Hubidre GprBoapresshig Bem foranqinbyndryinagdraieht.  Then,
the mediefie wedrtmas:Baf-gpl86) adnce itiiisf BABIHIBC preifierai@svitrogen) was
added. th%@ﬁ?&ﬁ%%ﬁﬂ&ﬁ%@ intedeudnG (RERISYFIeMNDAG R34l The
resultin c{l}t % used% eva\!v%?'ete %rOV\étn T hglg) t? e}}/ aCt{r\:lllg e E@S'Qéﬁ% room

f&ceptor- r‘i)emt aliZing ac IVI of and-1e cp or antibody. ’

temperapvéht@cmmﬁ qﬂkﬁn@di@ﬂ%ﬁ%hﬁé@@@éﬁt@%&&%w RlHMILLEX®-GV
Millipceontexbiointtie mgtamttexam pleidnd «lsewhereihé fein tkeotesimed culture

supernat 06 R elfo ARRIGH RS &0 @S MUt g theHesm ué’i‘ﬂ@rﬂ@t‘%ﬁ'&@ aiSse™ Fast
- abbr Vi das é‘ T)Tgim no acid seguence . of ]
ow (Ame S oscx,en g Soncenita mn 1ed tbody,
fE'term ypée aln i€ dbGréviate

absorbal&"& wmw&ﬁe@@w MO Saw;rclwﬂﬁ%meﬁnﬁmf&menﬁaﬂom were
calculatsderenintre deteadinntovthe framgwosks sbgueroefsienClakRulated by the PACE

method PEGHENSE QLBYRaNiZed moyse PMI antibody described in Cancer
Res. 1993, Feb. 15; 53(4): 851-6, to produce modified H chains

1153 (amino acid sequence: SEQ ID NO: 1) and PFIH (amino
[Examplecili Riedrsivae! SEOrNer Yy Bingdie hoidhady H3eHAiRs L28
Method fantineuéeid\iséade aapatliiie) Mouli€lizh2 )Aamg R Blidsimifioacid

%ﬁ@%&&@lé@&@&%ﬂ%"@f éﬁ sRegificalye the WSS Weklwo
wecﬁed Mut ene is Kit

. du ed sm the han
e B AN W R B LS E0 1re Ve e o
more anpgeyielcHat th@?@mﬁﬁ@ mstdeHid bR AgeHe g eifedrder sy thatring
antibodyeomeameaadiampaeii ek iy assioaryectainimipraducenthatddsireahtHody equal to or

greater tﬁkl@iﬂe%ﬂf&ﬁ%@%ﬁg&‘i%%&Q%HEH@Q}%W'O'TH{%CH?&% II Qlelta‘uon on

equen IﬂEd ex éeSS VECtOI’S W re

the e’“e‘&é?e‘ﬁﬁ%‘ig‘ %ed%ﬂ%r Ve I‘?[P RiES %%ﬁ%&% 1ES kMoWir'td 3%
pharmacgisingiies @l@ﬁ%@%qﬁ@@ﬁd&xp@@sﬁ&ﬁ@aﬁm PgFHiReaBIE P neutrahze two or
more anfiflgmanizedeAnid l-Grigedegtaohotibptly skhe dodihadidsnyesec the duration of

neutrali LeRee gr%@ﬁﬁiméghﬂg fgsof Q%Q@}lq ﬁ%@gcﬁmrm&ne duration
could be méw ycancer- -derived HEK293H cell line (Invitrogen) was

ended in DMEM (Invitrogen) 35 supplemented with 10%

ﬁété!@é%)fﬁ’é‘%‘lh?ﬁ(¢ﬁ»\ﬁhﬁé@@ﬁ)‘wﬁiépééﬂ§ Were J9ligens o b lgtype antigens,
which aip@tadish imptisies:far adhetenttcels (h0zem, intdidmetexpressed on the surface
CORNING) at a cell density of 5to 6 x 105 69 cells/ml and

%%” mtaCOZ incubator 37Cd 5°t/0 C02 f ronew %Oéa{i'l ds fo th

nig {l anlg?ﬁésr%%lurﬁa\l}\?éso}lélm%r\’/e%“by asplra Fo%rean 11

membragsf @HLISISIMVIHRS AWIFEE F0R IS ERY NES Iaiasd uTHly Bresparadnto

endosonfetasittith iasditso dheed!ipttoih e geller byitthadipefeation amgifrobound to the

antibody, h?héﬁsﬂﬁ'é'&%bﬁ#‘mﬂ@?k@ﬁé@%ﬁa’%%ﬁe%ﬂ @909%@19&@01116 where it
demr R e O e B e

is egr& sygﬁ(dg%lfg ebyf ering ’f%rough ik %)@Q}

plasma medmted by internalization by membrane antigen is referred to as antigen-dependent

of cells.

elimination, and this has been reported for numerous antibody molecules (Drug Discov. Today,
2006 Jan; 11(1-2): 81-8). Since a single IgG antibody molecule binds fo two antigen molecules
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(Millipore) to obtain the supernatants. Antibodies were purified

from the obtained culture supernatants by a method known to

those skilled in the art using rPro%ein A SepharoseTM Fast Flow

(Amersham Biosciences). To detBfmine the concentration of the

purified antibody, absorbance was measured at 280 nm using a

spectrophotometer. Antibody concentrations were 10 calculated
Ssorbance co

. from the determined values, using. an a fficien
when it (SR BT (AR RIS (B R T B posErated by ysosorne,
a single groigany D B)tiPEscaeaplet PPMEIAHEcHOIP ORI DEpErRelsay Biddnhg):
AntibegynH3phéiliad MetheddarCapatiagoantibndy hagaiieiofplasma is that
FcRn, &%@'%‘W&i@ﬁﬂe%ﬁ%ﬁ%&%ﬁ %é&%‘?}h@?ﬁ@@'ﬁﬁiﬁ%@@m Sep;

divalent, a'single IgG molecule can neutralize up to two antigen. . .
]ﬁ? % s bind to

7O T il i TSR T 82 R AEBiRTd ThE TSP Row TRYEOs!
FeRn expepiprstinetdratizeshnder sitrspslesantigeifinemadiiiess. THerefsHscwss bound to
FeRn ménatotanciiiesneuwt aliangheifackafiadkuiialinngnantieadyl evadidons in

plasma a%g"}@ﬁ%ﬂ%"b@g,ﬂ&] %&?&%@Q{Me@i@g 'ﬂ}%&t% BRANOLIRL Bﬁé&%d into

antibody equal to or, greater than the amount of antigen produced
lysosomes WA HERSGEFH ,Ffﬁ'eé?e is a limitation on 20 the extent to
velbichollhenlescheived td esecobzantisotigeaarchekpadncal® ByraeRbrdgisgdosomes

by interdfl&aphamaeakin 8iicsopiaffifityrohantiond ynifwretorandeiowéegradation.
When arPQEPIRISIANEVHAIESHNR B ARG ANUGERMRIECHSRMNED ARBAIS and

d Ig lé?rr‘_jfc'%i?ecule, the sarg%e dose.could gpgg( v%th%dtgat\l%g{ake i into
URACTEORd TG SRS VMR HRIGER the! d5s& CARMRISTY Py RrEdY
intracell dahiadesereshirie durbeidnnconldisedetfted hoamirenaudeizimgndosomal
acidic condiilonelies, dhesa a6 dniddypesobiatgetasitigenBeBokipestyden the
endoson@gt!g?ﬂ]eslgw Hi&féc%!@ REERERL %91'1?%@%1 MEBRIANG POUNE: transferred to

antigens, which are expres on the surface of cells, When the
e cell A U AR BOAER T N ATHIAEhaR SRy by
return to s rgamentbedac metRgels rithes eahed sufraekesmadstpde to bind to
a new ménbieeyrsostiagsquenhly tpketodp it 3hendatomesivihilztheolecule to

repeatedﬁ%ir@tmmggm&gg%H&Féﬁ_ﬁ’%ﬁﬁ% g’ﬂ@mfﬂ%ﬁgﬁg%hpwgﬁgens

. .fo.the _antibody. Thep, the antibody which is kept bound to the
with a S“éﬁ’%fi %’ﬁ?i%fé’ixt@}gly)sosome where it is degraded by lysosome
to Jurkesewith slabimnseen. Phasihedi adenretteedibody e ghdeen in the
plasma, ﬂﬁ%ﬂﬁim&diﬁéﬁd@dﬁt&h@&ﬁﬁﬂﬂﬁﬁn@ﬁﬁgﬁmﬁﬂﬁgﬂﬂﬂs Normally,
while the RIRHESh (0 87:BRHORHESRERdR 1SIMIRAHAR ANGENISBASRES e to the
finction r%’lz"oggdsgg ' nquﬁ;%u& arﬁtlbé) d tir(pnocl)?%}ljtlie %n(?rul%les%O\inEOdI%%i ation rate
. chon gEvS (?. ane 229: %i%)r S a single 1 SHEbSAY Rt
is fast). plfes eethrsiahtielrpreras shey Tocilan PHIvAINRPBIRRlS o that of
antibody aﬂt'tgﬁiaﬁaﬁmﬂei_& Wwﬁsinyernaﬁﬂ&gbamddﬁedﬂyedagf@ﬁmpyt a constant rate
and, in tHYSRSQNGr M8HGIE HInAY JRG3RIR et CARRRL ABWIRIZR WA A
ducti mort% anf#%%n molgc?kjles&lzol(ﬂ}altg. Ihe I ?gor}}‘ rithe I?%retentlocn of
productiqufats Wit e RBRTLT I HASEG S LS s EORFPRASIR©
antibody gBogholfly sroleser s hvag & redbptbes-finrelioady et meslow elimination of
antigens. Imun@h,eaﬁ@gqﬁapm&&éﬁ)mm@%ﬁg ﬁgﬁeme;tesptﬁﬁpﬂaadl ha¥ehat in the
absence &%ﬁﬂ&@&?ﬁ%&?%@fﬁﬁ?@&?G@Q)’o@fﬁ%ﬁ%%%ﬁ PINEL0nERRE 2002, 94(19),
1484-14%((2.%?(%2%‘,&'” g %%%?%T@?nﬁgo SL N NAgeAM LA IE Condiions. 1. 1993,
23; 2026-2029). Hven if the affinity of antibody for antigen is infinite, antigen concentration
elevates as antibody is slowly eliminated from the plasma, and the neutralizing effect of antibody

terminates afier the concentrations of antibody and antigen become equal.  Although antibodies



e

16

15

20

25

30

35

FcRn move to the cell surface where they dissociate from FcRn

under neutral conditions in plasma and return to plasma, while

IgG molecules unable to bind to F(_%[ n proceed into lysosomes

where they are degraded (Fig. 2) b IgG molecules bound to a

membrane antigen are taken up into intracellular endosomes by

internalization, move into lysosomes while bound to the antigen,
with a atr(gn uerll%?srs%o gce(%r?dx% Ion en ggu‘!r%?zant 8gyadlvgr|1%ntlg %\?fgrs antibody

gens, it neutralizes two’antigen motecutes ande unidergoe

concen&é@?aﬁi@ﬁ%aétﬁépmﬁ%ﬁtm@%m% enlssyfthge %@ﬁ%ﬁﬂ@wﬁéﬁlgeﬂ present
are undislkenngptinliae ntigeeal itdgrdadastme sHopgnter atliizaticuncdndy is (Biochem.
BiophydI§8QCal& FOM 156 %B@e@ymemm@@ﬁd%&m@%@s@%&?zg molecules not

conditions, the dissaoci ntlbod ble to bind to,FcRn
bound fg amegsensdlgn the & osomeé‘“ﬂ% l%"lg%ﬁf@a(ﬁ SR Pt

endosom@? aﬁﬁg@«?ﬁ%b@lﬁlﬁa%tfféﬁﬁl@ﬁ@ﬁ%rﬁé’@ci@%@ﬁése@ﬂl@urﬁamdosomai
acidic anditihan ditsotiftedeoreHeRnadundeRneutrad comditidnsithtbevhile the

antibo ?sslfgﬁt sherehy m@iﬁ'ﬁ@épaﬁhﬁt@%{&%&aﬁ@@o&% IR MRIEE WS tral conditions

at has_returne sma is ab |n
in the plasts ra%lgcgr%g agg?rg ?F he Tepatit |o SPIIS %Irlgcbé)éﬂs}% folfis agtigen, they

cannot Bjpd e 18 sbiseti by 2 vepeate 8 bisel tBIaﬁ‘em@}pawésaﬁﬂgieﬁgmate from
the antiffverethiecinabding euilr atifationdfienm it glesaritige ast yeihadisinghe able to

bind to IM@%&% hgay?l)c ‘:ﬂ:él%% ﬁfogoﬁgybl@gm@:ﬁﬂemiim

motecefITANIEICAL DIR[0 N antigen,ip the, plasmayand remAnS I e,
© ﬁ a?asma n orm or-an a gen %ln(il Y Comp ex %?

have rCWFnréi tRdberbsmsrharaieadudisrrprehdsom ergnliss ’(’éﬁﬁﬁ]f?ﬁ&ﬁtﬂﬁ they are

able to bditd is vecy sloin}aeitoithbe2BafunctidrhofdpeRivasidieisgritess allows a single
IgG mc@&:@ﬂ’&’o %&ﬁ@@'&ﬁ%@@fiﬂamg@m@Hﬁ %BQJ&QGJ'HHQ@U?G FAlfecule to

neutr ahze us, anu&ody bound antigens show retention in plasma
mu 1|pa%f5ﬂt1§etiﬁs e?ntlbody (elimination rate is very slow).

Aﬁ@e%ﬁﬁéﬁﬁ@%ﬁb@@%@ﬁé@@a@/1&9@@%@4&%@%@@1 aneplpplghentigen, if the

dissocialbaerddelohaititdo dynprasentdm pasnbtadco neerirdd@mal acidic conditions,

a singleYRUER SNE A0TGEN 15!96#@‘%&'%6&%%}%%‘9&@@5&?1%&%"”‘IH%P&HP A6

are under e |br|um In the gresenc of 30 an most of

antlbodies to dissociate from nder miraen 1c c 1t ons, 1t is necessar that
ens are oun&riog I]E) 1es resu ng |n e very S ow’ Y

aﬂflgen ﬁéréﬁl%ﬂgahﬁ@@ﬁ@erﬁh&sw%ﬁ%ﬁmr&éﬁ%ﬁeevﬁmw@rfhﬁnpla@%aeutral
conditidns:reaseg asicbmpanaihwitiothiat iolthe fabsente ok antitvaithd, antibodies

have to HBHS%O%{){ :&?ﬂ“:] a@ﬁ% ZQl?’suilg Q@#ﬁ%ﬁﬂﬁﬁﬁ'ﬂsu%ﬂ%%gz

rgy an
g 14 Al S e, o
2004 Folpie> ffirl 2y -3 mAnBBRP fii B tseklYshindnieaminiigen ok istafidhis
conside38 eldvatemasiantithodytigeslondyt limindtechirbmithecplatioas.andiore
specificiii§, @%ﬂé@'?ﬁ%ﬁ&%ﬁ%ﬂ%@& LAY k@%&?&ﬂﬁ@&}ﬁ&he cell surface pH of 7.4

and Wea%?ﬁ Emgtr? t% Jf g‘xq E{ %d){n? glstcly Pp[e(i%rge e(gbl T(ﬁrp)\!) %ig to neutralize

tron er |ssoc:|at on cons ant (

a multiple-grfigrse %’Slﬁﬁfébé(ﬁf@é‘i’l‘ée SephsivercakifiBéely concentration,
dntipochidspadtaiconaeintiationthalf @nits o fhadréhBoboneentrabanctictrostatic

interactiBRUge ﬂﬁ@é@r@goﬁﬁﬁlg %@@é@nﬂ@ﬂ@@ %ﬁgﬁpﬂg?ﬂt%aﬁﬁgéi{%&i%ts a binding

constantgo}%n %gi]o the aff r’tlnllt d?f antlbtgd 1%8 I; Che enBer}’ﬁnn 111 hose
fé’@%r%‘e 334! E'O(GX 5) RS Cae Wit Ry

binding gsshy I'é%lﬁ‘o‘?%"b‘ﬁa AANEhERGEHESIGE ﬁf@lé&@l resisomditins (pH 5.5 10 6.0),

is prescrafitigemnsily theplagsneocatie-atseitakenauoinfo For example, the

above-mentioned binding between IgG molecules and FeRn known as a salvage receptor for IgG
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endosomes by pinocytosis, and bind to FCRn expressed in

endosomes under intraendosomal acidic conditions. The 1gG

molecules bound to FcRn moves to the cell surface while the

antibody is kept bound to the antig7e2n and then dissociate from the

FeRn under neutral conditions in the plasma. Since the IgG

molecules return to the plasma while bound to the antigen, they 10

cannot bind to new antigens in the g)lasma In this case, if IgG
molectles s SHRAE UAACHRSAYEIARHERT GHE -antR R UMEE AEARN &b iager neutral
conditigoidi conditidhsst i uis stcilsnsddsntip ehrndina ordeimbieltn iplmdcetions are

associd@deiRnhamdithetelydnayshedag rarest iktisesemes. iR thevicinity of pH 6.0
t0 6.5, %@S&%ﬁﬂs&&?&%ﬁ S{HQ'&%H!B&E@M%%&E%Q %M%W&%%'QOQMUOBS (pH

bind ng to FcRn. Since the molecules that have returned
74) %’é“ﬁiﬁé‘ﬁ‘&lﬁﬁ%(aﬂéasd? é.gioéaﬁéa” i (e A gevdis are 07 charged and
functiopad by divess, HesyearepiBsabietodim tonditiens arifigen. addmthathecome
positiviasiaRked BRIMRPEHNO As O Hibs Y oeasSabeyim SR J@ditions (pH 5.5 to 6.0).

It has b@%l Reg)tﬁg‘%él%e lé’e AH&B?QQ&PA%PT:HE%E% I&'&lgg}? éSE‘fé‘Rn interaction

sing G molecule to neutralize multiple anti en%h
is also ?é%j’él%ff’g’s%’@fM@fﬁ%ﬁ%‘éussrﬁfﬁﬁfﬁlﬁé“&é’rﬁémh% Pdgefhp&ﬂ(@ B67-77).
sdlusrsoantigedentidencdissobiativa st gG attibody dromidtetions by
substit@HigenisiREssbiesdd anintracndoesenaraeiditeenaitionsh2datidine

residue; '(H’%? dﬁ%aﬁl‘i’%%”ﬂ%ﬁﬁﬁ%é‘ %Beaﬁ‘mﬁnt&{ &R gg&edlgugg %311161% have also been

antigens. In order for.IgG antibo |e%?%dlssomate from antigens

made ip, g ?WF&‘&HH&%?HH?%F&?& ltekeesisnie Slta%dr?@%%‘ésa?&‘iﬁé{wmm antibody
with angigeierbindingibbidiyisieuthasr bandenstabeabhyiiesikess badesugeidigully acquired by

introduGRRAIGNRSHRR tRdERefialcconeilionse Since el atibody (FEBS
Letter (ﬁﬁf'%ﬁ‘%\f%” Ithi% %%” ?é!ﬂ%ce ﬂled%gi&lp %ﬂ‘ﬁﬂ%@ %&t?ﬂgﬁggjgisby infroducing

ave tO stron blnd to antigens at the cell SUI’ ace namel
histiding iptosfs & ée%eﬂ?ﬁaﬁ%aﬁgg"}ﬁﬂ}w&%@ %éﬁt}%ﬂﬁﬁ&gﬁ g o cancer
tissues fypivadislpbirg Bind @ ErNatcRéiiondiaCheiin Bivbrt@DOM Gl 351 95757).
12132 haneaitdbashithatweali bipdsitagnantgeseabpibsib dictions have
been regogtéﬁ a8 %”?dﬁﬁé& gbt(%glgg(?&?lt&) EE’EEUE&% %@ﬁ'@ﬁ&éﬂgﬁ’ﬁple anu[;ens by strongly

intraendosomal acidic conditions. More _specifically, a single
binding {p gnHE RS ALPERERG RPIRG {o {ArPBnY é?%ﬁ‘& g‘/%:?F‘EﬁFfé%caé Fi
intraendsfsral phiifudd Rly Biddshes teb baetigrnersadhelimtbandodeiialpheve been no
reports @f1 ibglen GnQditiyt asabie signeisirali zedae: ahabiliplg amtigansiandnditions

while H{%ESRX’! B F%%R&E?E{E&Eﬁ %&%'&g’né ngff Qﬁ'%all’s %5%?5?&:8 {gtﬁl'ﬁm’nodlﬁed

interact| ns consist of hydrophobic interaction, electrostatic
antibodiy, @ pod| BRI ARENSRI P BEH DR, f&ﬂ&&%&%ﬁdw‘af@ﬂ@%ﬁf@y shows
improvegsibaiineesipnedene asihasimdimy cednmaen ¢atininyyioliappaiét at the same
dose. binding constant (avidity). pH-dependent binding, whose binding

SRy Y@Jég_lt%ub’é%@s%ﬂt N BLEOIHHORS (P8 of tﬁ‘ér WAACHIS receptor or

conditions 01?1' 35 js present in natural I()E?ccur

membrang fﬁfs%% ek abn é%%Pfé%%%%o?ﬁé‘l%"bé )mééﬁ’f?o%edm 1L-6
receptobintihegibeind én gl thacldubieB-dhig ReRhakA svem bre g Sal¢agpeptor, and
neutraliFe CRREGE JRIgHGafZoMoleBUwasissiiahg, WREehiadithaCoRAHaNSane 1L-6

receptm(pc}ﬁ't]sfg &&Q)ﬁ&%{%&%&@'m\éﬁ% H‘Rg ﬁ{tﬁ%ﬁ[ﬂr Qﬁ&qgh‘?&%@ H

fsu h pH- dep%ndently changing, protein-protein

Q
mtemaﬁﬁ?@?&é?‘%‘rf?s é%é‘%?c‘?é"t‘é‘ e iR OFe FUBS VSR SR While the
antibodigf hrsﬂr@méq*@sid@@@mmhwthWpW&@d @BotReIsAstom by lysosomes

togetheiGg0CIatRMbBiate - isteine. residues Man@sdnebyeea BRUN almanized
anti-1L-§ 9&@}5’:8?&1(%'6'@ exhibits non-linear clearance, and its antigen-dependent elimination
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5 7.4) and acidic conditions (pH 5.5 to 6.0). Specifically, histidine
residues are not charged and function as hydrogen atom
acceptors under neutral conditions (pH 7.4), while they become
positively charged and function as ﬁydrogen atom donors under
acidic conditions (pH 5.5 10 6.0). It has been reported that the
pH-dependent blndlng of the above-described IgG-FcRn

interaction i associated with histidine residues present in
greatly lcd)ét akh%e[s B ? %@Tﬁ‘é’(‘ c7f( %161721171-?5 i‘B‘*rHe perﬁﬁeé)ter antibody (The Journal

of Rhewd@smﬁc@calﬂ%@ Aisartebhto. prothimprotedniititdractiong dyyntibody
binds tcsu@zsaiu&m@amammm&égwﬁq&mu%mMpa@&gwww is then

mternai'ﬁgﬁ@rﬁi'&’é&a\%&rﬁ%ﬂ%@ r%g'lé%ré) go%gl % N9 prOIE{ISt(IidI:{’I%%lﬁed

into_an interaction Site. Such attemp ts have een ma

antbodi G AT A BBl ’&hﬁ%ﬁ?&u@‘édéﬁaoaﬁﬁgéﬁé%{ﬁ‘&m the same
bindingzpbiiizaittbintibd dypaditimamiterbamthiHdmgabitityeddoréasetbumden! conditions
(pH-dejpeighiat cONEIEoNS Mos beepsusessiylnacguiedday dadnd weiR@tratized

with a Jﬁ&%}édﬁgﬁléﬂfge&%tgﬁ% ?&%Hl%pﬁgtﬁgtﬁp aﬁlﬂu‘gg@l Whl%e I%gg%yrtp wﬂd type

antibo Letter V IIOﬂ

humanizgq 3%%&/%%%% Brepsaiet By g r%“‘iﬁh%ﬁzﬁﬁé nqcseﬁgp@bﬁﬂbodws
may imgesyaéircdsmtidnspiabificeiiyabinisclbeetriraritig etntlzt theeldosagel of
cancer tissues but weakly binds under neutral conditions has

Productﬁ)%ecﬂf B?f)ﬂgﬁqc{éﬁ/tg %&%&%@aﬁ é%'EQ%}‘%P éﬁ?&&%?o% x&)ntlbodg H3pl/L73:

rod ucing p nQency INto antigen antlbody reactio )
B U PR Er ety ISR bR A0 00 AP BRI imroducing
pH-depersignidtipdisgrio ripizeantitjbedy yastor@hyBbihditg (v laptiyéhs htihés, 1992)).
In orderaodhydluich HOd fddout weakly tineingriacanigensaiiRecgion of the

HSS/PFW@@@&%ﬁ?M%IQfI %Hd%gs&%lg %J‘&%m‘iéﬁc‘%&%w&r{ﬁgaﬁﬁ en, a Fv region

words, there have been no re(%orts relating to modification's

SRR ef il b b R e A Bt ol O A Wi ol B
Computinafrtaiify the dikdiagliordsrmd uraktonghionedsuchahatisas the sequence

informaieMFaIetiB1aAN e medifiedi2b aptibody 1s modified mttbpsiy(HMS
number] aﬁ%@@@%%@'%é@%ﬂhéﬂx& %F%E@&E@Wﬁ%ﬁwﬁ)ﬁmggﬂ est, NIH) as

armacoklnetlcs as well as |mpr0ved uratio eutra zm

mu*ﬂméﬁé&%%%w&ys}a}wgua%@é deREnTens dﬁétggﬁtew@r@regwmwmwn The
product jii wacfolln residittrent SBILUIB 1126l fdEe oS d mimbwedrarfixdiuge 1 were

substitukee Pt {iNate Glins REaclaRheumaioh-300 G dd) FIRBMNO: 3), and
the prodfit %M&&?Ma@@%%m%§qmﬁhﬂ 0%8&49'% WeBaple 1 were

membrane IL-6 receptor, and neldtralize their
Subsmmsﬂom&%éﬁa@&%ﬁw %%%?%?&éw QBRSPS ATHREPES: (e I NO: 6).

membrane IL-6 receptor, anti-IL-6 receptor antibodies are taken
Productigp, Rtprinifaceld Rk enrdesonies byl MBkpalizalionabile bound to
tﬂﬁﬁ@é&'&fﬁ@&ﬁbﬁ&@aa%&@a%m%a&&g é}éﬁ%&’@l‘?t?o‘é‘%éﬁ éhﬁae selected

antlbodles are kept bound to the membrane IL-6 rece OI’ an

stes. \IREPD W AR SRS HEE IS SGAF AL O 1 and PFIL
(nucleotidiesrabientes FEQ FBORProrInvtelutl ncisiyuly icportationHBal (amino acid

sequencd) PQNZeW . ) il 167 3eeepionantibadyexbijsmamligeanore specifically,
the ka@ﬁzﬂ{fer@?e ﬁﬂgcﬂ?%i M{Q&{ﬁqu%@ ﬁﬁﬂ'taeg'é%i‘@zﬁ? Dsgg’ a& (?gﬁlr\é to the method

ibutes to the elimination of the h umanlze antll 6 receptor

describe H’u%ﬁ RS TORINAT O BRAASFEIBS P 2688, @ém?&t&ﬁ%efi&%%?ed into a
mmmalmh@gllémﬁamamﬁ@dtammﬁ_u@ teedgpstrnddhtibadyxpiesdioto ome erd L chain

expressidWoeB@MbranelbiRceniersdmonevaianthys oksisienthdoandds
determinm}ing a method known to persons skilled in the art.  H3pl/L73 which uses H3pI for
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internalized and degraded in lysosomes. Therefore, if it is possible
to produce modified 5 antibodies that exhibit greatly reduced
binding ability under acidic conditions but retain the same binding
ability as the wild type humanized "4nti-1L-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, in comparison with
the H IRl bR SR A1 RSP SIS S iRabpAsHbed i
Examplpihding anti-IL-6 receptor antibodies 10 may improve the duration
of the neutralizing effect in vivo at the same dosage. Production of
reA d
anmp?&%@é]g %%Egld%c oa%;?hlstl r% é%? ﬁﬁl)gg %blil)% h%@é%"ﬁ"&%‘t%%"fwf{
Using nggg Ri@iﬁéer?ﬁ H]t?gﬂucmg pH dependent binding to
Productamtipfesnta ! : Mletteirbubl. 309, No. 1, 85-88,
1%&)9:@51 iecmiﬁret&lﬁe@&amm AGIthRsIGksBXNDSEY aeﬂ&lswf (Cancer Res.

1993 Pe%“l@a%? Eﬁf E*%“f r\%l%"é‘on%%P(’ja Qfingrt1SFRRH, R C?egons wegs amplified

Examp e and possible residues interacting with the antigen
by PCR apirmrias] B SH/meil hpsdethatslnyrpmeddy ﬁ&SGGGGS
(SEQ Iyding Mos weivvdtefCHEémicapr@omputing Group Inc.). A

three-dimensional model constructed on the basis of the sequence

Selectiomg?@qayﬁ& (ﬂflﬂ) gézblé’l'i"o\é\{? Y q"]f 9[1 fﬁlg EE;!},'%7 Hi?’l |9_|35 L28,
he b gg)NA as a template to

§€&8ﬁ%€§f8ﬁ%f€fﬁ§ Ge Wﬂﬁﬁglh‘g‘f@&fﬁﬁ‘ié’%& Hngsy
producermbistiibree dibearthavdial) introtucttipH-B&penide atidatigrenlisietivith histidine.

The librRy bisticiRe i esgisaliond Dhe (N asstimWhich he-FeBiduas 81 an amino
acid deshlc% 'ﬂg’ g‘n@t@%cﬁtﬁ?tﬂé Hﬁiﬁj? Wagl*f%&gc% Eﬁ%ﬁ’@% % %ﬁo% corres%ndmg to

su stltuted with histidines was designated as Hv\ﬁ amino ac
hls{‘dm*‘séa% EPYEES BERFSOB UGl tREBPRIES N wWET #esticusigesgthen linked
by asseraiple PER. 3 anehnsBacindPibrary wrodigesteivBx8idples¢rivdrioif phagemide

vector pBUBSHtEdEghwikAhistdineswas Hasignatadasited3d ¥iS0racid. 1 -Blue
(Strategeci%gueiqﬁgr %%é@o%%e@ 1P {%Q&F&'Q&lﬁ%@i&%@ég%ﬁﬁﬁi}g by phage ELISA

Purification of ression Vector Am

and analiz6 Abe SEAVINGH 28 %&ﬁ?@d oLf%%gfbF%}dﬁéewéﬁﬁﬁ%’&f&%&?ﬁédﬂéﬁﬁ%md with
SR344 atélpeted isitesrMutativitis Weid. iBtrbd{ead2itno M538hudléatidehat were

found toﬂﬁﬁwm}éﬁﬁ@ré@uM@;telﬁb apgLBkiland{pusieotisleiseqguanse:
g Qaslcé %@9&&1‘%}%&1@%%'&'3}%%& YsBe g’_\P ééﬁrﬂea?thcare) and

sequence 0Q: 3) and (amin aC|d sequenc
ant;- Ml%%b RNBE ése%r’é%pelémgﬁve tHE BuikeHEnGe S linsetere
Substllutmmefg@we% Kit{strathdens)waslmotdactordingliortthe biratingdbility as
comparcdesatibesiipdtheliNETucHoBDMidRe aind kT Rest kNG RIRSIB44,  The

selected ?@ﬁ%ﬁ?ﬁe‘éﬁ%&ﬂ%%ﬁg fqtol\ﬂnﬁggl%@@fl @a@hcﬁﬂlgﬁ(g 5%%%19&3’ %‘859106 with the

duce the desired H chain expression vector and
Kabat n%&‘bﬁré‘%%%?%&b?’ The nGERIERERS g&’aﬁ&ﬁ@e@ m*énPé%mhalmt NIH).

expression vectors were determined using a method known to
[Table 2 PersRnmskifaddndine st siaichcases Aaptiter BdatheAdility
H31, }156"1%5&%%'-11?’7“%%‘%9‘3'?—%6‘ e ?f@@r‘?ﬁ%eglé‘z(“i’{%”ﬁ%g’%%b HI102

described in Con ferrin

L2, L26p ﬁzﬂye‘;}’é‘nbé%%nbé% %?ﬁdhfé &%‘fnﬁﬁ/ W@r Moifidtioti of CDR

5 Using Phage Display Technology
Construction of Histidine-Modified CDR Library
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Production of scFv Molecule of Humanized PMI Antibody The
humanized PM1 antibody, which is a humanized anti-IL-6R
antibody (Cancer Res. 1993 Feb 15; 53(4): 851-6), was converted
into scFv. The VH and VL regions'ivere amplified by PCR, and
humanized PM1 HL scFv having the linker sequence
GGGGSGGGGSGGGGS 10 (SEQ ID NO. 15) between VH and
VL was produced. Selection of Histidine-Introducible Positions by
HisifimE Sedsnigs e ks nhedds sth e piiduricbe did not
significininaintz éck BibtlihlalsitiRyDdAsasdntenpldiatoidproskud®an in Table 2

(hiStIdﬂﬁL%lﬁjﬂﬁﬁckm@NS!ﬂowglgg MY QH%IQJI @@%&@%%gggﬁé&e) or histidine.
replaced W{rgcpelg%gg;g ont ﬁ-l;gig‘f g(r:gfg o(ﬁg cfslamefglglﬁ) r%CTf‘ cham PFIL

The hbrgrf&ésl:?%nssm Primers in w S Eodon ot & amino acid desife

pmducefb%éweé%éoﬁw the thsranyairdPeaibrisdaniit oA bavedhe ariginal

sequence® trespbfinkn (:behistidifigndne;other paitiddiass)ere constructed
le@‘H (gt%ng-%ﬁzec&%r p@?&i‘@@ 'ﬁ:@ﬁﬂﬂ@ﬁ@ﬂem&%%% la@qpned such

that a pos%ﬂn esn‘e C%n%trUCte gé éy?glc 2 dl ttf? d W%lr(}:fx?f“ IQOS g(g rcli @PP or histidine

em| e vector was als ed Wi
codon, &%ﬁq&ge@w@fﬁdﬁ%ﬁ?ﬂkﬁ noBigd 88 SthatBGEneyng rethetic primers as
in the libesulpingwsloribssapraiusedde tvalidtel antigembiaditig Oy Mhageol. 1996,
256: 77/88JSA and analyze the sequence of HL scFv. Phage ELISA was

rmie out usin late oaed ith SR% /mL
accorg’ e \%ﬁtlhe ol Bio gsaﬂa?d iyg naccomaéx}ce with J.

EI0hEs
Immunojggieal M&H@% 199 s hls%h?éver@ Sulsete OBk dsdiseishia coli cell-free in
vitro trasialys|suSiDg speecifie p'rhmrse Bhdge titer wé g determinedelyadded to the 5
side, ancEi— With-ansanlieiag by fk Hlealiealiedpdy 43s ligated to the 3
side usir r% l}/l13 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
AcquisifiorhwfipHHAikechPiii BhdsefaFodsed ohrthe tre Baltd Bifnphege ELISA

for o?@?’%oh%a%ﬁ:' %ﬁi?@o@@%&'@ﬂé @E%Eﬁh@)’\{ﬂ #hd DR Z44, panning was

mberln ach residue was in accordance WJ%F
carried outu twﬁ)erl e allsplllféé(}leﬁ-ge 1rL1J accordaricd Vi @gﬂ%ﬁm%chnology 2000

Dec; 18: |mh%%guc1§h ﬁfé?é@fi RRgr4 %q?%wfe}qﬂﬁéiﬂeﬁ%rwgﬁdﬁﬁ@m (Pierce)
to obtairSubstiiwon MehiSigwificanityd Affeciingt B wddin)tkdoblidyin$ 48T, ahkbn.
H%O%Qcédﬁz m 7 aﬁﬁ@ ﬁf:l; %ﬁ%c%&%@f@i@@y I%CR using
a .
specific PRPS: 4 ‘{%é%lg@%lnﬁg‘ﬁf&t%é‘ 4%3%598%%??‘5 rﬁ“gﬁ’o‘ﬁaéfme%e& it 2 phagemide
vector PERBGi A MR afiedl© Bﬁeﬁﬁ?ﬁﬁf*y‘iﬁﬁﬁﬁ?ﬂ%%w e ladstpeanf L1 -Blue

(Stratagantjich the amino acids of CDR residues that did not significantly

aler g R W&%Iﬁ@é'&&iﬂg% a&%%ﬁtyﬁ&qlw%w%@gm@@ SROWEAND /ml. in

2YT meiﬁn'%o%ta Q'ﬁ“%be introducible, B Yoty their, S nal, ee (M13K07,
nce Wild ty se uence SFhel \}\)/a§
45x107 c %@@@@n%h@é@h@éhﬁ@%@f %Hﬂ&l&ﬁ%ﬁﬁ -“15’ iiC1 Fdghep cultured

with shakie Iﬁocﬁammﬁ’iﬁas kt 3 Produtieccintirxannpierksuet that thelntatatedube,
centnfug@@%&ﬁ@@%rfﬁhﬁé‘seaﬂ'%%Xﬂ?ﬁ“&%sﬁ@ﬁeﬁﬂ&i%ﬁ‘?ﬁ%ﬂﬁﬁ%&ﬁ%@k@@%g/nﬁ
ampicii{S 35T QUARSL SegueHCe. a1 IlEnes, TE IR POTORE. s0nc.

W re (%)nstr (Y N, using prlmerst atwere
The culture mcubated overmght was precipitated with 2.5 M NaCl and 10% PEG, and

then diluted with PBS to obtain a phage library solution.  10% M-PBS (PBS containing 10%
skim milk) and I M Tris-HC] were added to the phage library solution to the final concentration
of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an
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that a position desired to be mutated for the library has the original

amino acid codon or histidine codon, and other portions were

produced by normal PCR, or by PCR using synthetic primers as

10 in the library portions. These portions were then linked by

assemble PCR (J. Mol. Biol. 1996; 256: 77-88). This library was

used to construct a ribosome display Iibrary in accordance with J.
anti en s 8 |cal '\a{let 2 eagldg z/ I%S%un]é @qg rto %ag%@ui) 2-9; 1.

BN S therichia Col Geli-free m Vitro transla on an

Immunqlihdebpds KRG bu?é)@n%)ﬁf’b?&%&é}l%%?@é’da%d?@&%%%*% 18(2):
212-20)sidbjancbecenid parialisddguanchisdeinlldd evdiniddedan the prepared phage

library Mﬁ@%&'ﬁk@)&dﬂé&@@ atrel iR gngg’én RifBURIRGRIM- Freguisition

Bin Fv f o] ann o
Stwptawd er %teconcen?rb avmg ﬁggﬁ@? dectOon @%ﬁaﬁf 7 skim

milk) Wﬁ%ﬁiﬁ@ W&s@@“@éﬁ%ﬂ“@@’hﬂd@‘ BY'¢he ABdso ﬂ@%@ﬁﬁawﬁﬁ%med five
times with otoidamt e it Naitise Biotetiaribl 66y 28002 (Deld; 7148; and PBS (pH 7.4).
The bead@@bsd AR4. sléiﬁrﬁéﬁgé'ﬁgﬁas%w@ﬁgpyba@Qﬂ@HQphage was recovered
zmmedifﬁel "FI}OAE: I%Iotln Plerce(g o Obtamq%n d%o %en P?p ar Wal'cs rowth-phase
I¥Ied OU{USIHQ ﬂ r?l%f e]E)IO?Sn ffl antl en. é }Hlll & p

XL1- B%é@ﬁﬁ@%ﬂ%‘*ﬁe@}%@l&i tainprate ftiﬂl_l%@ri\} W%é‘ré&"@f@@#emn The
infectedUSing/i specifictiqlmiers 2 AftancigdSting widhe Stiijdhmgi)ESteldiHle/mL
mpicilﬁ&ﬁﬂd‘&@@éﬂ%@i&edm@@e@pmg@f@@meg&\fﬁg@%@ﬁkﬁg faskthatture in the

same m. erglss .0l Wlth §f|l and then | useg to transform XLI -Blue
tratageneg heric go? cell’ carrglngnne desired plasmid

were grown to 0 4 to 0. 6 O.D./mL in 2YT medium containing 100
'ap Brand 2% glucose. A helper phage (M13KO7, 4.5 x

%e@ﬁﬁaﬂ&mwm%%@fg@@&WWﬁdeI&aﬁ @W l@-‘émpmllhn
2% gILICOSEf a.‘ngqg 91 r)n?H lte Fgcd c?fl%e eg@ q%‘ for 3%@ t rtﬁ’sl ifu élé‘ f%fr ﬂild culture

ture was transferre e, ce

was inogigfedaatas bl %%YTeéQ%ﬁé/ﬂHeﬁni‘ﬁWfP ﬁ‘fé&d’rﬁ“é%??aﬁ’ﬁﬁ&‘i’@@ﬂwmd for
4 hours g/ Campibiliny FHg/ M REGTINyeinddatito BemdR TS and’ thignallowed to
stand foiBeUBRIGE:QY S TPIOR AL 30GhalldiarsU s ineybated-quernighiowas

Subseq%-@glﬁgagxgi:lvlth 2351"3% zﬁc)afg Wi n? OOI{ oﬁ%%ﬁ?gﬁﬁ?n d”uEJelgﬂYVg BS pg/ml

SO UtIOI’]

a

kmmynamaﬂﬁrégnwp Snﬁm aanwwwsa%meé?ec%a@a%wemmm
was recdimgdhadélipraryssot ¢ fo(phe7fial conidemtratibplof 216% - MeRB &I
supemat@ﬂ%ﬁﬁ‘k%ﬂ:c?@ﬂﬂﬂlg%as %@f[}@%ﬂu&by@v@&’? ieal-padRR mgmﬁﬂaﬁg was

usin opllized O netl e m
conted o R L P R A e e A
removing tbe ffl%aeﬁ(hyzyamgze@ 8&&11%#*1@%9@ ousiss AP ARyt 2%
BSA-PB31RrA0ol orenspecifital ysOvpradicol hiBiA-lBB s do: SRBt4dwalsure
supemaﬁ@ld@g tRdbe-RrepRIRS ﬂhﬁg&i fiprapsand WQ}'H@F@%%% S%ﬁﬁgte%ﬁer

. t 5 Stre taV|d
st L N B B B i o
30 mmu@mﬁ%m() WIEHE WDl RIS TR RO S ﬁ‘i‘lﬁlﬁ‘ésc%éﬁa@d
anti- Mnrmmwdsammmmammm@mmmmmwmw PBS#d TMB single

solution (EBRERMaINIRY 1 10 IWEEN 02 QuIbific/ :4 )R hRBR: (Rt Tod) and the
measurement of absorbance at 450 nm.
However, no clones exhibiting potent pH-dependent binding ability were obtained by

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
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The beads were then suspended in 1 mL of PBS (pH 5.5) at 37C,

and the phage was recovered immediately. The recovered phage

solution was added to 10 mL of logarithmic-growth-phase 10

XLI-Blue (OD600 of 0.4 to 0.5) and’allowed to stand for 30

minutes at 37C for infection. The infected E. coli were plated onto

a 225 mm x 225 mm plate containing 2 YT, 100 g/mL ampicillin

and 2% glucose. These E. coli were used to begin additional
P“mersphé@% RAsfRe i thise skomfs whesnbisidingeteripesralsb odighdse gesathown in
Table 3the panning 8 times. 15 Evaluation by Phage ELISA The above

single colonies were inoculated in 100 L of 2YT, 100 g/mL

rae A 3 S AR R e T B

Panning)yT 100 g/mL ampicillin and 2% glucose, and then cultured for 4
H50, HitHuite1ati87, G108, hipailqgihdidéAM13KO7) was added to the culture

124, 1.28t 2% 508 nfes alkyveshte 920rstand for 30 minutes at 37C and
then shaken for 30 minutes at 37C for infection. Subsequently, the

medium was relaced Wlth 300 L of 2 YT 100 t/mL amp|C|II|n 25
Acquisigion of pHlepe 3 o brors Labra 9 BUARAIA
mldnesdammgugengsﬂbdepatamt W@@E@W&&I@&ﬁ@ﬂﬁ@bﬁ@pmd panning
using thm%@@& @%Zﬁéﬂb@%@eﬂgﬁ%éﬁ 40 B}%ﬂ?’%@@ﬂérﬂwg%llomng reasons. In

upernatant nd su EL SA taW
el s AT on dathelt R B R s isocined

from themEs R @re%‘ HofAS E%%l%ﬁﬂ?‘%é@& e ARBR, phage clones
having weshqlintythelartigervhyad agivithgrwitiede BS Tikblibokihpavelsearkiadhg strong

pH depéﬁa&:w&m@%%&ﬁ%{@h&%n? %é%tﬂada@uroﬁésmore After removing
lilﬁ e BSA F;rl?sﬂsgheapge %1?9 ey LE}\ e mata L Wasaggdedined asa
b e 18 SR e

OUI’

more strpge A AMANPRE lepﬁv 7.4yeed0 i BSP(SHOS‘%‘)@R%? adiscpeauisiion
of cloneahaving phladepkinestanding dbiliBOL3Mishinpdesiad SN artiteigen-immobilized

column. W@ﬁ%%ﬁ%%%&ﬁ@éﬂﬁ%@%ﬂ% oA PrEeRiMaRI8 Ghat have been

anti- M13 ntlgio armamagotech d|Iu ed.with 2%
bound o A SO I RIS A ST Bt o

dependegpprpinbrdhrariisarivity stoptenaadiern %ﬁ&%@sg eed, allowing
stronglypidalspeeresntoicalisodbanebiat 450intmhe Hdweverbascklanedy eluted from the

column, exliﬂi Q@fmﬁbﬂq{ﬁlﬂu@ﬂ Q@Hﬁﬁg@ﬂhm@ﬁ%@l@@ﬂi&éﬂ%ﬁ%&@@m@%ﬁyﬁmm are
recovereb mr}\ %annm% unsmvlgeere aé;lltg ?[2 gowb%{éﬁ%gﬂltme grneg’;&%te the
panning Bmﬁg@ww%@%ﬁ&%dhﬁoﬂgaaﬂbﬁ@élmgﬁ%%@@ﬁé& fbages
having st@ngppihdepeitiaat positigrasilithe séolomeswhidietnigtidin8watbrough the
column ﬂf%ﬂft@@uh&mﬁat@@%ﬁ@w Ny 'E%?Jﬁa?e fhakigs8] Positions of

E stidine Sub§tlt tl queé:% IQgg%Qa gbﬁr agﬁ'\/'a I—rl%%lgd 200 p of

ad g annln
Strepﬁﬂ@?&ﬁi@?ﬂ?@ aL%@f@LSfeﬂsmht@Mé@A%ﬁB%ﬁwﬁwded in 500 pL. of

PBS, anpédirependéntiOBindingiscfv Foried i3ty foy Culunanr&am pimgerature.

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 fo 1725 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 (pIi 7.4), 50 mM
MES-NaCl (pHS5.5) was allowed to flow through the column to elute antibodies that dissociate

under low pH. The appropriate eluted fractions were collected, and the recovered phage
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10 No clones having strong pH-dependent binding ability were
obtained by typical panning using the magnetic bead-immobilized
antigen. This may be due to the fallowing reasons. In the panning
using an antigen immobilized on rn%lgnetlc beads or a plate, all
phages dissociated from the magnetic beads or plate under acidic
conditions are collected. Thus, phage clones having weak pH

oo SR S0 SF SEL S AEE R E 00

alloweddgritandtfondt wiones afl'hkfefore panning using a column
iIMhaohitized Avibarcantigren WasLXEMined Bs anmse stitgsns 2YT, 100
voml. BABUINGBEI004610.0). THRLEBYE DACILIR BIEUAURIERAIS AL cuture
the acquisitio nes havin GSe endent binding ability
i the S AP AR AR DO BB ILARREn the
panning using an antigen-immobilized column, when phages that

Evaluathave peer 204seund under neutral conditions are eluted under
aﬁ'lg'i:eﬁﬁ i tmgemgm\ﬁ@@ %ggg%L@@Ren@%%X t@ﬁl?wgré%und to have

e antigen within the column an aret ereb less elyted, allowin
strong Rg {%’5 a result

R PISY a8 R YR SRR TS0 TS r\%/ﬁ?ﬁﬁl BN
several penss deivelsemeotrénciencoiiing scanaiiehicaoves oafpined.  As
shown ipiFage&s dhat hava dissoei ated Yndenacidid spritiensaieo acid sequence of

SEQ ID'RENVES @&W EﬁﬁxBaanH @&H&B@JP@@?@%”@M'M Wexhibit particularly

eti or a late, the S|n
swons oL BB TR o SR ot e B SR B saagie
exhlblt%m&w%ﬁgrwm%b@%@n%#ﬁn@%wﬁﬁl@dy bl eWmecdhyagieikel panning
using thBuffiefdoiflovsihradghithegaititirdds hagibctbieehati @) pashing using a column

bSO SANAPPIRAER %’?ﬁl A FiSh 6 ngmmgmom was
found o Ao F AP L A TR AP e A e s from o

library. pBiS> apspandedareso ¢f 8 SoPBSoHY: ebhtaptadowitindog were analyzed,
and the positioal bigitaHakieledvaRpddefond Hayl ploteditiiiempe atentrated clones are
shown iRsgquently, 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
[Table 4eRodiioreatbisfigsofubgisteBERIP B (5 1.8 2ydSseuhinnging)
H31, H58,0445, mie, filtey, lass] thentadded to the column. After washing with
124,1.2004 673 SKRES (0K} 14),50 MM 35 MES-NaCl (pH5.5) was

allowed to flow through'the column to elute antibodies that

dissociate under low pH. The appropriate eluted fractions were
[Exampleclidétens s retivptrad pHagdirsMssilin hiwagniad du-fokeeeptor
AntibodinL of logarithmic-growth-phase XL1-Blue (OD600 of 0.4 to 0.5)
Producti@ﬂ,qi@ Qé’é’i%g &mﬂﬂéﬁfoﬁgm%%@§@{ Bd&or bR ﬁfﬁfﬁﬁ@@%lﬁ@&' Humanized
1.6 Re were plated.onto a 225 mm x 225 mm plate containing 2YT, 100

illin, and 2% glucose. These E. coli were used to

BegifcadaBrRl ﬁn&wwﬁ@@t@mﬁ mhbdspehdensanmabags FLISA to IgG, VH
and VL desaibedinbbvenplidsepenCihelipanaingh KmadiikyahdatiaRhynd inserted

to a mank a8 EHISHINRLIGIHING Pﬁ@&?c?e%@s@é{x?é%%ﬁe@%ﬁﬂ@ﬁ%agmem was
determn‘ﬁse' 2!% 11}%88{? %thwazg \{gergfst)onlégg H%(P in tﬁe g}{ © nglﬁ E?E “gl'ﬂ% gLHS was

je 0 BeybEnce Ahalysis UsiG specint prmers
used for ghgfitchain and 173 obtained in Example 2 was used for the L chain, was expressed and

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

Example |,
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10 several clones showing strong 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 S&quence 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

strong pH-dependent binding, while being unable to be obtained
b‘ﬁr%‘?ﬁé&lhﬁéﬁﬁﬁ‘@fl@ﬂﬁhﬁfﬁépaﬁ‘i@éﬁ Tandseinsedis iR haleerstation
sites. Beadsncha bentbiaiviedddyipamniogeasingd iaahepimgaiibabilizedl] as the

structurdY BFHE.ABH RN HE h&@ef@;r@ ﬂ@fw RIBY HRIMG 65 RRHYE AHPMERIZR hed as an
H chain 1&#&'&&1118 ? u]:orlél:n tu?e e fe(():’rt:]va Higitho(g Eff% %%&%Iﬁlrtger aubstltuted

ng an € amino acl

with Va%wéﬁa@%ﬁm ée%%@% MW&%FI %@M&&%ﬁﬁ@ﬁ@ wéhs variant
productianadyz ealriaha the positiontwhere dhst direavad presanidligohidgls2 (SEQ

ID NO: 95@%%5&&&&% Q%Eﬁﬁﬂfﬁ@tﬁg SRR RERe SPISROWRIR J@s%ﬁ)éuced asan L
[ig O%EI f Histl Substltutlo found by Pha
chain in 6 1C am%{ 185 Vﬁ%éa out using the

O umn annin
method Flﬁfgwlt?dmﬁzaﬂ@he L27 L§235n E@@hﬁéé’f&%ﬁ 4569 fgrghe Pephain and L82

was use{HxatnplecAhibxpae ssiorsad difdynification pfHisidithe-Molttifledscribed in
Examplétimanized IL-6 Receptor Antibody Production, Expression and
Purification of Expression Vector of Histidine-Modified Humanized
IL-6 Receptor Antibody 30 In order to convert clones showing
[Exampley /g iy Praiépasdit fHtptiie ety of RIGPwhandsHy Rdeé rantibody
EvaluaticespdttivelyIhr Rlitect dyNe@fRlidigestediyitt XootANhelvanel to TG

Beehl. @F&éﬂ%@ﬂ&ﬁmﬁ‘?zﬁ@&@ﬂ%ﬁﬂ%@ &8lLexXRres AN MesHics Mmanized
et sfSIEPUAE sepenoe of epad DA fagmeituas delemned (Y3 g

ersbns S he art. In W

&%Q@ﬁé%&éd%%@ﬁ%ﬂ%lm o H’eﬁaﬁFE@ﬁ?ﬁlés@g
BaF3/gp3senbadtiar he/lLchaicepvasaexpriessgdethd 3Bapiifiedlagabg@Gshed three

times WIWQ'@@%%BH{ HicRlionyvers Pﬁg'%ﬁ%ﬁ}frﬁ@ Qﬂgﬂﬂ@g" cells/mL in
RPMH(% sctibed in, ax’ﬂ?m%léanlfrgﬁ of &{QO%!%%V e@’ §Jn a@ ?%B

o}mrllcy Was produc combinin 5 a%eé‘
recomblw ﬁ?@é{isﬁglwﬁé HRSRES é@ﬁé@hﬁ%ﬁ a%hFﬂ%% pﬁ&g@mﬁﬁaﬁﬁa@mm was
dispenseéllcasithef gtruetiisalfinforwelliphantdhénike, MS2, tht58;rHi62 amitody was
diluted AP ITIZRI WRIGH:¥ 9@@@%@% of %@@ﬁi&éﬁﬁ%ﬂ%!@@mto each
well. A ere bStIt teg Ith leugjne d 95\’9@9 Zy?{%{;\fl ' GH& nting Kit-8,

sueostl ulie%ig Ilne ana isole ucm%é respec }/ uce
Dojindo yabrapteiee) filussrtuny Tl e hRAS roddedoh hab esth éﬁCUtl}?H immediately
measurediSin ghthebmethod describéadanrExaneisiezth: bEadditionind 82 $8E Qe Classic

(Tecan). |IDANEY c()i¥¥a3 RIPEIUMGEd, byssthatitulingdhs, %&mgi%ﬁ%@.ﬁuéfmme
vm a pr ugf%asanl__c ai |nEx mple 2 WI asp
w&velen% C%E? CCCPLOT-NCULra 1zm IV wag e ma %&sad on the

jariant UC on was carrl SII‘I%u
change Haé%iﬁrb%qﬁf@ia @1 marwézaﬁﬁhﬁmﬁlﬁ@ waglf&s?éd%ﬁﬂﬂ and

H170/L8thevdre chaimamblak 82quivalent biological neutralization activity in comparison with
the humanized PM1 antibody (W'T).

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

Kinetic analyses of antigen-antibody reactions at pH 5.8 and pH 7.4 were carried out
using Biacore T100 (GE Healthcare) on the four antibodies: humanized PM1 antibody (WT) and
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10 was used for the L chain, was expressed and purified as 1gG

using the method described in Example 1. [Example 5] Evaluation

of IL-6R-Neutralizing Activity of pH-Dependent Binding Antibody

Evaluation of Human IL-6 Recept%q Neutralizing Activity of Clones

Converted to IgG 15 The IL-6 receptor-neutralizing activity was

evaluated for four antibodies: humanized PM1 antibody (WT) and

3pl/L73, CLH5/L73 and H170/L82 produced in Examples 2 and

H3PUL7@ lsFe it il Ofh82) Wv&%mgﬁﬁaﬁaﬁaﬁﬂﬁ@%ﬁﬁtp WABM MES (pi
7.4 or pBValDatEe i8R EBIGHIS® Bxkibifity [[V6/dubantibodies were bound onto a

sensor RS BRIMHEERERBNLIRW IR BAFR/Q Qﬁ@c&%%ﬁﬁ%dﬁﬁﬁg tigRe34 adjusted

0 m conta FBS the usp
to coneeRE MR AMAG RS ERAANY A0k ECu AL PEEAEE i and
dissociop oA EBHASRGRABT PEISIDS, ORIk Beb MBI B erabine (Fies. § end
9).  Alhbenaesilrérreceptoe (SR3A4)tansdl710% EBScibloh afdhenstants k, (1/Ms) and

dissocia§H§Pﬁ@%&&ﬂ%ﬂc@ﬁ@ﬁ@é@@dﬁ@%ﬁ@@ﬁaw@|$1®b@9:§u\ét§ih Software (GE

, min Next if] ant bo
Healthc% %? OC(:}(?I‘I[%%.]IJH%I(’}I%S /?%'Jﬁ 6506 fX]%/ e ant| et%ﬂs 0}} those values
(Table Shixdpiprycedbnraie |1>f£tﬁaf%tmatﬁtg°téf -8 epel/Rtht - §7’eraﬁd<5%md for cach
clone to €2y SH-8epeadran bk C otihtilmgnieds8re2T Bojurdocarried out at 37°C.

Lehorataries.dilmad we-aidivvithib Bwas pddeduat 12@ '}—lWﬁx”each clone,

nd thep,im u (o)
e - e AR PR G A0 skt s
41-fold, GPactol andeg- &tftdﬁﬁﬁftt&?@?htﬁﬁsﬂ%%%ane@ énzraéeﬂtﬁwagg more than
15 timefm@suﬂm dgkin (reference wavelength: 620 nm). The IL-6
rﬁﬁﬁ’«QLOB F&%i@ﬂiéiﬁgﬁékwiﬁxt\ét@eﬁt@%uﬁt&dtﬁ@éﬁ%@{h{% SBARYBI of 7.4

but we %pﬁsﬁP;g R0CS aft the en O%a%lﬁ HII 85> ? Y Hav% OZbeen reported yet.

5'werd shown 10
In this Sf@an.éat@ﬁéls%ow&ttﬁétﬁﬁ&ﬁk%ﬂ %ﬁwﬂy%@aﬁﬁalféawmﬁl%equmim
to the WHilmmaaized PMi mntibochn (W) didxargifen 8} Biatbld Anbdydibiofhe affinity at
pH 5.8 tRdihReRendsaiiyBiRdineAntikeehhAnalysisef Binding of

pH-Dependently Binding Clones to Soluble IL-6 Receptor 35

Kinetic analyses of antigen-antibody reactions at pH 5.8 and p

[Table 5y A graparissrtiefdorting<ihe! Bressrdorin d s Hearrrer 6r tfgémst SR344
to Solubfelir-aR#edies: humanized PM1 antibody (WT) and 80 H3pl/L73,

CLHS/L73, ape#il70/L82 produced gpdzamples 2 and 4 (buffer:

10 MM MES Rk 7-48HH BBhid55M NaGhvaneb R Bsauees
w207 Y EeETS AN W Te; DEES T DIEGAT SEESRT TP 5
HapuirMahitized withorecorglxrataind\/G (Rierceybysamine gogipling.
H170/SR 344 magjustetE-oto caBeentiZtiers of@-&to d&)BOnM Wasampcted
CLHSAI N . LHES 23 HnPAN Al 200N AR5 0RLi0ROERA 5 IHESE

pH- dependent binding clones to SR344 was observed in real time

(Figs. 8 and 9). AII the measurements were carned out at 37C.

Analvsis oL Bir pl ndenth fifdones 1o 3 R
emnstamgllbdct}lrsaoametcahcmm H&@gﬂ%@oaepTW@ @ﬁaiﬂa?tté) mere
observed I BB G oﬂ&%ﬂ@@ﬁ@b@ﬁ&i&djﬁﬁﬁﬁxg&ﬂ&ﬁb&%ﬁi@ﬂ@%@ ™Mb (GE

Healthcarﬁ?ere ﬁial% tn%l tﬁméﬁ%gﬁé 'ISL%f rec%?? Y %Iuee a f Muatiét% RL 'binding

ratio Q Inities at pH

Were C
to the IL014eReR G CIBALRH B LR @ Wﬂéﬁ&de‘%ﬁ%ﬁndﬁﬁb ixpaed according to a
method kmeastreenontsskibed inahded.out g3 @inylated SR344 was immobilized on the

sensor chip via streptavidin by utilizing the affinity between streptavidin and biotin. Al the

measurements were carried out at 37°C, and the mobile phase buffer contained 10 mM MES (pH
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As a result of calculating the affinity ratio between pH 5.8 and pH
7.4 for each clone, the pH-dependent binding (affinity) of
H3pl/L73, H170/L82 and CLH5/L73 to SR344 was 41-fold,
394-fold and 66-fold, respectively; 8Lach showing the
pH-dependent binding more than 15 times higher than WT. 15
Anti-IL-6 receptor antibodies that strongly bind to the antigen at

e.pl of 7.4 but weakly bind to the antigen at the
>8), 15%?1 J %@M&r%"&"?@l@a &6 foramden Pffgﬁ’a%ﬂ%f wiffe injected
therein wiesthrigonsittiioefiebl iiérend bilginedieHundd iR Hé Gidtogioakmple buffer: 10
mM MERGHIBAZAtIG aniiCeqUIsBENE o toe, WWE hupraadirdddrQlissociation of
each CIJ&CQ%%%%H'Q%XSQBQIQ}% %f(l@%@&wéh?#} b exhibit the affinity

at p 5.8.that has heen specifically lowered more than 10 times.

2B sl e&mﬁgwé%{%@rt@Hé.ﬁ&%ﬂrﬁ%@ﬁﬁéﬁf&aﬁ@a@%mo Bvaluation
SoftwarC(GledsBitsetetbafHins oSR 3uAlissoSefublpiscrRéb & Storhpk 04 ng/mL of
the samPil o8 kaddNis) ke SYRE ) 7ka( 18V s)Nd(s), KEX(DI) 5% Tween 20, and
dxssoma@c-i){f? H(?H%%g E!ahzlj) %?Nl-%étﬁ'hgﬁgé lanFOI@AZTJWEeIQQJ %m%gréy the

4 1.4E-09 1
d*SSOClaﬁ%%fﬁ %‘éEBs“zPPi ‘h‘ff%ﬁ‘é%e E%% Pf:T‘Eedé §0dprafygtion Software (GE
Healthcarg by Gitfingamlp 2he dimagn39BEhaSL4HBIL 7.3, FvhorDS5 T OE- 04 thelsample was
bound iiEt0hMBERORA. BEYOET AR-QB(Hdd 200 Anal ysisnoBindimigsediated in 10 mM

MES ( ﬁh} eﬁ%ﬂﬂ@f‘%& '%9&@&@&%&9 Memﬁ{éﬂﬁ HE %rﬁgﬁed%%maiwn rate
t|g ntibody reac membrane IL-6 receptor at pH
constanty %“ﬁa@ﬁe O%Ibg’eﬁ?g% é())r the above produced pH- dependent
blndlng clones, using Biacore T100 (GE Healthcare). The binding
[Table 60 rOembiane df iGreCoptanivaDeyalumetbbyievalpating: B ding Clones

dlrectcdg%%%ﬁgéfﬁ'%eh @/{E%‘P&Qﬁ@ﬁi”@‘?{%@é&%&d onto a sensor chip.

344 was biotinylated according t0 a 30 method known to
PETSONS SKilgd ARy the art; aggdatee biotinylated SR344 was
immoDilizgdson thas SENSREGRILYIR streptavidin by utilizing the
T Wit REPYEETY SHERIAVIdin g&id biotin. All the measurements
HapVefe cRiie.oul Al3ds, angd the mobile phase buffer contained 10
H170 MESfoda 8laf=)3 150 miyl NaCl and 0.05%Tween 20. The

cLHsAlsepqndant Bipgingscloneg yvere injected therein under the
condition of pH 7.4 and alflowed 10 bind to SR344 (injection sample

buffer: 10 mM MES (pH 7.4), 150 mM NacCl, 0.05% Tween 20),
and iheRHhHeR Sﬁé}%ﬁé s%%e&e&g%@l&roﬁe% 9&9@&9&9@3 meRler 73

rved (Fi dissociation rate
foﬂoweffk&(f@}%%ﬁwyﬁﬂ B, Fé&“ggi%af%?& CHUERS ATTHSHaied higher
pH-depegisiviseofGEOMEamba ey B e Ab-origciier digso¥ibtioHptrss te rank of

pH-depepiidih SsovheikaQissgfmionfvibaisampleewashnu el ibid 0 avedES and
membradPlL. 76%0 m M MAGL anch & 9ok AweenaQ cﬁ%zﬂ@ﬁ%&q{%ﬂéﬁ

H 5.8), 150 NacCl, % Twee
pH-depeggi W T Bt B e P rts Biagdoves
pH-depepdgpipBitineia thyvnarvialeihisdisomigragaigane 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 H170/1.82.

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



i0

15

20

25

30

35

10 Healthcare) by fitting only the dissociation phase at pH 7.4,

where 0.5 g/ml, of the sample was bound in 10 mM MES (pH

7.4), 150 mM NaCl, and 0.05% T 2een 20, and dissociated in 10

mM MES (pH 7.4), 150 mM NacCt,"and 0.05% Tween 20. The

pH-dependent dissociation rate constant of each clone is shown

in Table 6 15 [Table 6] Comparison of Rate Constant of

DIS oCli H De e t B|nd| Jones dlrected ainst .

I S RASHEIDG GRS toT RUCE & PG i B o bind 0

antigenﬁdﬂétwlslumsslpﬁprmﬁwiwalﬁeim@% BLOHNE, @H@ﬁwmhas bound to an
antigen 3. 44iEsPiBicABE 1034 hlintd EnddddmB82 Hu Bssfdaled 4on0thd sOiuble antigen

under m@kﬁééhlo%&ngf‘&&% ofdiaS O ﬁq@%@&%@%ﬁ&éﬁ'o%%%ﬁ@ﬁé&é%fy returns to

the djssocjation observe 3pl/L73.20 f Ilow
the Pl S B G0 R HACIeS e (B AR QSRR fpAteen, i i ale
to bind @ernpfi strager asigher Thk F@i@ﬁéﬁﬁ@?ﬁlmﬁmwm&}@m}{r@mmem binding

antibodigaesrtindne dhtifere captiidhiar AV THiNawey a5y IBE satikoofes that do not have
pH- depefﬁh%ﬂ%?ﬁcﬁ %zﬂﬁﬁggkaﬁpﬁfgé%ﬁQg@HQQo‘&%cgﬁ@ﬁetﬁé Q%Mb%?éé H8er the

mtraendosomaxa rec(fgtor an’?h e 6 reCehptorblt S med to the pl
PEURAIST 7682 WK xahtb fagpen returned to the plasma

by FeRngengésplnad e Bitidig ﬁ?fitﬁ@f@?ﬁ?&f@@%}bﬂ%ﬁ%g% aighie |1 Cgnsequently, in
nearly allecegiancihtwrcthibieddwesicZbaplhbdikpdandeiptibindingia théy two antigens
(in the c%%ﬁi@a%'?ﬁ?ﬂ&%}o the membrane IL-6 receptor In general, it is

kﬁ& that Wh”e%ﬁthrcri]OI nov r%ld ﬂtoba olubleb di
AN it Ry TR S g tbodic

(H3pI/L(évféﬁ{%}§/I|{7ﬁs @%@éé@&ﬁ@d &f’ﬁﬁi@ﬁﬁﬁ’é@ﬁ%ﬂﬂl%e aﬁﬁﬁmﬁrﬁ@déo bind to the
antigen kittweenldpleblecantigensaantictenhibraneahilyEnaiititdeiedd the, WT).
%&‘ﬁ@&ﬁ@g&%@ﬂ%ﬂ&? %a%%@t@’év%@ﬁ@%@ﬁ%ﬁéé%@&%%ﬂ%%{% 7.4 and
u Inding, to en e inai ntu
disociaog 9 plh £ Wpre e RO R SRREIE e e SR e
evaluateg 1535 haugg @ ﬁa%?f@h@@ﬁmgé%@ Eﬁtﬂlﬁﬁ éfﬂme@hesﬁe?@nﬁ@amw the amine
couplingphkitiefendentdiiidisigentipony 4vais hisvaeinditovaneaniigesRBI4 solution

ad;usted@@ ESPAGIC AN IAKSRH RIIRERIRSAMES (P ISRAGAS L IQMHNE 4t pH
gihe mIraelndots %l.acfldlc cqndltlon The

fi en un
74 (Stepsz(rit l:l))}%1S nand: fﬁeréaby returmns 105" asf?lsm gseaélmﬂy’
buffer acth'étmbéw ¥%@%@ﬁw%ﬁ%?ﬁé4ﬁpd§?ﬁéq§eﬁ@§ B@aﬁayﬁs to expose the
antigen tantigenthié isdaléy to bidit iadnews d@ntigdn againdishdagpetitiéhsof mimics

the bind MY SRKOCESHS ﬁﬁ&b‘c@ﬁﬁ%&gﬁﬁtéﬁmﬂﬁ}ﬁe@mﬁ%ﬂé §e¥ﬁ’1 'E&Qp@ was

repeatedd HENS,MAURIC Ymes, How ‘é”ﬂ{ Antibodies NAt A0, Ferato a
P have Iﬁ de endeenli1 ng abil aﬁl antigens are p v

new anfl%soé%@@‘f?@ﬁ? tﬁepa%ﬁ%eﬁe%af@ deripRsCitf e tbedbrmtEsriqiplex to
acidic copahiditionRepbateStiadp antibedigsthaifauebean Tetumnédddhbdebove can

mimic th@lﬁﬁm@ étht@M E\%BH mm@%@%@&@&?%&n@ifﬁm 'fﬁécﬂ'ﬁsma into
endosomes ygfn%'c%og%gg e u%'%g?g th%% asm qléf{nrh\?at Rev. Immumol. 2007 Sep;
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
bound onto a recomb-protein A/G (Pierce)}-immobilized sensor chip by amine-coupling, where
the mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20 (step 1).
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nearly all cases, each single molecule of IgG antibodies is able to
neutralize only two antigens (in the case of divalent binding).
Therefore, it was evaluated whether the three pH-dependently
binding antibodies (H3pl/L73, CLRIQIS/L73, and H170/L82)
constructed in Examples 2 and 4 were able to bind to the 15
antigen SR344 multiple times as compared to the humanized PM1

tibodly (wild type, WT), Biacore (GE Healthcare) was used to
R34 G AR Br A AP A AURO8bErIfR g inutes at pHl

7.4 and gilpyglvpdradishe tatbindtoniaelethiigetd mudthSleidES THid 7.4). 150 mM NaCl,
and 0.050tiDOEkA T Etep Vol uatebkagas o URE ithea: e ConB-PrPtaln iV&ntinued and a

mobile {Eé@é%%mqpé%ﬁg&%%wH%&%&HP?@@&%S%‘E’}@ e”t‘f?g%’é%ody/smm
and a mo hase of %Ia 7.4 was allowed to flow % é%ﬁlf—y exhosure

complex Ko A° a%ana%fe@ast@ 4 WEASTRE HioWRdTe
(step 3) areasre werbnd BRB4Y toptécd ibodyvatipHeBar{stepkaFhige, which is
shown iRIREING at P dhdvradmissdibe aniigesr Baing ARl @smaidic exposure in step 3,

and con@%ggﬁ Qg)[opprlﬁfgﬁ r()@%’lﬂg %? pg'a_ie e b%ﬁﬂi% (Q%E&%%?%Qﬂg & the

was ad as an apalyte to expose the ant ound

subsequgiL S i 0 Sty EBncHTEHE (oo TIOAISSb U SR bndie
clones, grgigninsie $1HHELS? didd $tltel IB adrigemntattibodyrooniiesdgiom during the
acidic egndogsomasy Subseauestiye step?INas1Abkaneateded Rifk MURIGSe nearly all

anttbod&%e?p ﬂ%‘i’é'@& &B@{bt@e%? %‘%'ﬁp %&@SBJ&%&%%B% pl %ﬁ%%dbé/ -set repetition

FcRn o a 51ew antigen. S quently, step

ot the D ARGV G bl t6° SIS GRS (L5773

antibodipgeperatibly *@ﬁ@deQQ%Fé@fgemuﬂlfﬂéltwes at 37C as described
aneveeard Rindedtht inviiasiate dawhiehianiRadies ket of SR344 in each

set for eﬁ@??ﬁ-ﬁ% %E%%Brg?%é%ﬂmgﬁ%a?y@ %@&1&}%} The integrated

Nat.

| osis and returned to the plasma
values RO RS S 7 85I LAE38) P prolidblEsed RU values
obtainedy thie Petheirit bhading eiondkedest Abehhbbvdigrardarmal yiradg the ten cycles.

The pH-dspegdddiacatad WEe{Ghriterkiiaared At hedrGtHBY B kiRt thelargest
total amé’xﬂqtl%ﬁb&ﬁﬁ%ﬂt@fﬁ'& imesi &R aPwratiR é‘en'}él%ﬁated 0 be able to
repeated eC|CIIJ f%/%#? \%nal SIS Wgs carried oult ‘as follows. A Accordinely. it
peatedfy UK 3 (GBS APBITAE S @ﬁélb%dsbarh‘ﬁe ccordingly, i
was revegigibeliby dedoribe dBisependratdBaitrntto dVd reedrbtiprdieigan

repeated B/ Gr(Pie reaydnIrebilize sy sensaiehip by ming-eoupling, where
the mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NacCl,

L I T T .

Transgeisiligess at pH 7.4 and allowed to bind (the buffer for injected
BRE44amass 1k pidMESKpbbdyd), B sMINACS ranpé. @3B0 and

membranEVYﬁ?é‘lg%)rééE%Ranorﬁ%‘?Q‘s&ﬁ{‘ti%aé{‘%@ﬁﬁ&k‘BP ﬂfo%@%%“zﬂ@? 619-26).

|scont|nue H 5.8 was allowed to flow
A LSS 18 B D e SRSE ) RIS EGHBIRS reeptors
and neuiygfige haeibiel owird itsiv(sté ps Brlivend Seisrntiid bihdierpistapibody binds to
a membra)taGisil expostee, (HERQLAIOCesS el e eonTitldushE reREateck!] by

mternahé&’ugp%{ﬂ’cetﬁ@ ‘?ﬂﬁ}%@ﬁ? [%? HBJS@H%WE\B?&%S@QQW@ f@cg g:ir 1£nd then
showedl e% SOCé ion of RB%%dunng the acidic exposure

moves 4 LIRS Rty dve 5rBisBrIgR of Bntls6 s eipaBle e i
degradedmﬁéﬂﬁfgswﬁé\&em@é%hﬁ Hegabsbgadhtosteqsmonad Bt haély
CLH5/L1eyenthiconotrast, ihwasdoma ¢ rhadihel gidtdependentbigsdingntibodics

evaluated in Example 6, are able to return to plasma via FcRn as a result of dissociation under
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10 clones, particularly H170/L82 and CLHS/L73, demonstrated so

strong dissociation during the acidic exposure in step 3 that most

of the bound SR344 was dissociated, and therefore nearly all

antibodies were able to bind to nefy antigens in the subsequent

step 2. In the 10-set repetition of the binding (step 2) and acidic

exposure (step 3), almost all H170/L82 and CLHS/L73 antibodies

e able to bind to new ntlgens jn each set. 15 The optained

scidic cgg &9@%{ GO0 13F AL T BNGIAE G op &40 bind to
antigenjrgaieh SbisfoablgehoskmigrivsiigrBlipisrarwenEruditiéricceptors with a
single afpibaARo{C d1ealthende): Ahatniegratadhypldgs R @A a result of

dissocidt3d r&?dgf &Hﬁé@oﬁé‘%’?‘oﬁg%él&‘%ﬁ dgsgﬁgss :l'gacgma%éﬁ ts%ﬂﬁ%h%%ﬁgmcted

aJues obtained. af the 10th set are equivalent to the total amount

PR RO LRGP T S L SPPE dapond whethes
the phayypaeipetioneksthpsraeibadipsire Tonrsedadconpisil rathshaveé dvihe
langa stk ratabaskipunts @fHheund abtigansdnearmpatsane i -6R tg mice,

Proc. NXMTA@E[P WE r@s@@f‘@@f‘ﬁ&&?@? B%(??)aﬁ%%i%) @&ee%ﬁ%}’e@ '1%9 42 four types of

Q tlgens bound

r times the am
anibod s el e BEICEN AL ) SO SRR dE S .75,
HI70/L BredingredsistyntBxampleue ndritibodib S GaH L repe adealiy Bird k8 70/1.82 was
adminisatyensiane dhereiynauial e midiple RNigens:@aie xapipte @), and

blood sa% E’Rv'&%%ﬁé&t& RependantlyRinging ARIbady. Usngduman.d was

eceﬁtor Transgenic Mice |L-6 receptors are present in the

mmedlﬁslaﬁﬂts Fredtibre i 8 Fetelrar oR At hénfHameR g L grparated
plasma yegspuse formigRist, e, -PYHcorideamatbmegoa N B¢t farricd out.
BIIR-Re)sufuiibdl of dereptatantibedies finchicssokiptiRdlo by ELISA,

Sampled ?&E‘o%ﬁﬁ{é%dcﬁ?@é%@??e%% R GEERIS AN PR H2€ 5 08 0.4,

;ﬁzologlcal actlon It is believed that an anti-IL-6 receptor
o2 and ek e Do RIS R PR RO %@@aﬁsﬁﬁml%
were dlwwt‘rrﬁblﬁﬁlme hamgitwmanedliass MwefmanLdetas Wile
Intematimﬁlmmﬁwnselﬂeﬁﬁb@upmam%m@mmlar@&yﬂe) hk e ceRtnt), and allowed

to stand %H&H!ﬁ%drﬁg\ﬁ%% i3 él’?&)?fg %&E% §r§t|” égzﬁtagg %%59 E 8 BIOT (Southcm

b -t IL-6 it ded b
SR I IR e L

were sequentigiy 2Ho Wl tHERCH (289 awhiien caaiheasHod evse saieist i dingsing
BluePhol MidieceitohaptifiadiSabavaby atadein Eiampled&draqhlebi@atories) as
substratd! etl}ﬂ[ﬂs@bﬁﬁ@ %%%%Q&Q RAeies Wﬁtﬁ%%&%ﬂ%@@aﬁmerﬁé concentrations
ac idic condltlo S WI%}%‘I }?1 ﬁli? Z’S the Etlbodge%that have N
in m"“s?é’ G 8t tH 6}85 bitrd¥e 3&?%@3 S AYRIAOPHiN Eh A TRedhe
analytica) spffraiizatigh lotan BRiPI EMalsaibraRevigpe ILTomeeeptersvitiraa
concentﬁt[’d@k&oalwm@dwﬁ@k&ﬂ&jﬂ/l%ﬂbﬁﬁmﬁm%mﬁT@@EIL’EMQE&BB(M@SKEHG 13.
ﬁ@ﬂlgé%%x{i&h‘é&!@g ;%ﬁ%@;ér&]%? 'aé};{)‘ﬁ%;ﬁ/i%c €PRAIHRS WHNMY0/1.82 as
°°mpdfe§ e EBTHG A ARBO A BB G117 ver
lmprove@é?éﬁrﬁﬁﬁ&%y aviidariprpnhdHe reeprip ravhndodine theswst these
membra@ntipedies arejmpkavesh ap tompanetbvite thatioh\A bThus:;rﬁlﬁatmn

moves to%@%&%ﬁ%k«!ﬁ%% BB ke FRGER IR HLARBEENIG ARG (W LBy
atl Aca SA19 5 May 23;92(11): 48 2-6)

ice, Proc.
*heref"revaérg BVt er“ﬁ%e%%ﬁ?‘ﬁé) B %nt B88Pésasihsé?‘i% #ﬁﬁﬁ%fﬁ}%‘é"d‘mms of
the pH-deponderrtitiedipe oild iy pacsrrtyrantinadipl/ves, @B/ PENsidabLy, the

pH-dependent-binding anti-1L-6 receptor antibodies were thought to return to the plasma again
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10 11170/L.82 constructed in Examples 2 and 4. WT, H3pl/L73,
CLH5/L73, or H170/L82 was administered by single-dose
intravenous administration to hiL-6R tg mice at 25 mg/kg, and
blood samples were collected, befdre administration and over
time. Collected blood was immediately centrifuged for 15 minutes
at 15,000 rpm and 4C to obtain plasma. Separated plasma was
stored in a f reezer set EQHPOC or lower untjl measurements were

Vi PR g g 1T AR AR Y Y GRRER B i Gep o onderacidic
conditiopfasidangadpeamsed out by ELISA. Samples for calibration curve
weten P pas pEaahplasha consentraienIef8.6f B4 B, @BHOM73, and

Hi 70/L92?a§‘&9n ke @ Wtﬁ@l!ﬁé@%‘%%i%gﬁ@mé&% RO QUSEme of H170/1.82

asma me?é% rement sam Ispensed into an

was We%h‘?ﬁ%h%?}r”é W@HUW%??&%%@ Mé%?g%%ﬁ(ﬁ*giggu}%wa thought to
normallyritechdiieleally inmvobitiaiecbeitd anticerum iriig@Hy e aini petificyptor
antibodib(aR) diRigmaandatawead n2ohte-standdmdisteihec fan@nrn are
mte:rnahQQ&” ‘%J ﬂ%@a&@&g%{%ﬁe 85' ?l?et &Q}yﬁyﬁ%ﬁ ]Eg%&é@-l;e@%? @i‘l T0/1.82

(? otech né E% uatesi and streptavidin-alkaline phosph
rapidly @sjociaiste fﬁ% 35 PR %%t)p%ér%‘%%mﬂ% 3&9%{7\}%% %afapmr (FIG.
9), but thadi sseckrigrm ote Hiervehbtioriwab-Caeekadooat iy biSingmBIbiePhedo
membraMicypwEll Rbasphatasexbuhstiaies 3ystern)(Kirkegariok& ey reason for

the weall‘g@%%f) &%ﬁ)ﬁ%ﬁﬁégﬁgﬁt@tlﬁ‘p %ﬁ%ﬂﬁ%ﬁﬁ@%&ﬂg@ M’@Bﬁgﬁﬁﬁ lﬁrel‘ﬂat the

with a roplate reader. The concentrations 25 in mouse plasma
oy A B A LA 04 ’éG&Faﬁgf%%%|ﬂ§?%ft5§ﬁiea#eﬁeeww&ahm

due to itgrbontdipyaeiaticn fival e SeRTHadipROgMEEsstamD Bvitea)erfime Namely,
as for theewﬁs&ﬂaﬁﬁ@tasmalbﬁ@mmgaiypami WWetrasnaethas -3 iE8a single IeG

moleculgtlo M%&Zﬁhe%ﬂﬁhﬁg%rﬁ%aﬁé i iRk Ek@de}a@nd&tﬂg‘r of dlssﬁ(%l%mn from

dlvalentE rmaég}l.g tﬁ:ﬂé\%ﬁ ImproveW Iplnf;;ll %&%‘&%ﬁg‘;’s ﬂJ[%Ill_onovaIenf binding
(affinitybharmacokinetics of H3pl/L73 and CLH5/L73 were 30 improved

con3|derably A wild type anti-IL-6 receptor antibody (WT) bound

[Exampit?% %@& (t)f Bﬁ Ié ?e"rﬁféﬁﬁ&%i‘ﬁdﬁ&%ﬁ%@t@% %%Ms Monkeys
\§y |n ac Il by i erna tlon%#;noves to sosome while the

%ﬁ% gﬁﬁﬁst ﬁlag??dg’ﬁi i lé)ﬁ%%@?&(}&oﬁ receptor antibodies
were lmztﬁéf@tseésmqﬁ%@}@zfsﬁémég|&éh%eﬂmqmm@3p}agm antcBnfasteptor
antibodisinagetiapharnenokingliesalvihpkl Jepentasiidhingdiagoartbih e antigen,

membraﬁ@%e&t?i 3nuhodies, Weremeroyad GansideraRlG 885 1 antibodies that
ent- b|nd| ntl IL- %receptoﬁ}:ntlbodles were thought

have fe“i‘i?“réj%u rﬁgfic? ?ﬁ%?&% taé‘i’ﬁ A YRS AL R PAY gy, neutralization of an
antigen, HSEIRDE-THOM he raeriteh brmdinseondenyebinddgeedintor? tredpior
antibodiGidigogONd ensihiorenaasabe sh \linougl HAE-11.-6 receptor antibody, at
the smne%%fa%mﬂ%%mmw&aé il %'lé%%b!&%'m%@ p%%é}@éln g 1L-6

170/L8 ared with WT, the effect prolonging
r‘""’epmp%% ‘5%8?&5%&%8 N "%if"s‘ie SRS W %&H}ﬁgﬂsi’ﬁﬁf”&ﬁl respect

to the solpiglp i PIespRi€rHSL73. Since IgG molecules are thought to
i staliyn Risid dival endiyhtonsi gm brane sk eundaniigentdt 18 Thad giepl/L73.

WT or HEMM 38t -SESERRIRR @@5&9&%@@%@% vaall@fg'xo@% AR s
dmmlstrr]{(émbr neﬁ}gg{gﬁh Efe%dc %‘a{% andetch0 ernajize q

4 RSt d ! fAEn a'T‘§/e§|s ¥ 8’?%%%&33@%?” over

time.  Cpiieronl 8lpodayig IW§§@@&@W?€H§%@TD-%W@W@? Y4 H@ and 4°C to

obtain plavhan bihedirgdaisopliigd whseeeptara(frberer set to -20°C or lower until

measurements were carried out.
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10 9), but the dissociation rate thereof from the IL-6 receptor at pH
5.8 when binding to membrane-type IL-6 receptor was extremely
slow (FIG. 10). From this result, the reason for the weak effect of
prolonging residence time in plasma of H 170/L82 is thought to be
that the antibody was unable to adequately dissociate within
endosomes after having been internalized due to its slow

dﬁ%oxﬁe%g&@rﬁ‘érﬁ Hf?%% 11;‘“% ! ﬁ: qg'&%&%@%m {%ﬂrgeé%gn% was carried out by

receptor. Nam e case re

ELISA. an‘fﬂg%n@tﬁfw@@a’@fé fnFhel ﬁﬁﬁ?l#fb?&@éﬂ&?o%g%a@f ryEbedbSigme) was
dispensed mewitr Blime-huttipte laie Mbxifiveraidendthénpishaépehdedeylofed to stand
undlsmm&@@&ﬁﬂgm trope eivaleat-gingina{aviditydd svinoigiimperaniihanalibration

curve saé ;f_l)%lj}g R? é)sattenc %f gplggtovale? 5% nl(ééng 8(%fﬂnbt )- Oéoaﬂ%l)@ggp g/mlL and

ependent hg Antibods
Cymm"év’;‘fﬁé?ﬂ U8 Rﬁﬁlﬁk’é%u@m% fﬁ’é‘ Fféﬂ’ﬁ’é%k‘?ﬂefﬁ&oéﬂﬂg’ were prepared; 200
ul. of 26 klzthelp epchemilyHs mditkg yatioR. Basecidpdap atilpbdiéthewelibration curve
samplesi BHArPMES CoBsiderablysimBXampiaBnt e pHedenpRdant \iadingsturbed for
one hou?ng ré»%rr? ie%l?p%P i angg)g %@exﬁ?r%gh%}{gmst%g}%t 1) etgsgc!lasm ?hglanti human
FCRN as a result of dissociation from antigen, membrane-ty

1eG-immollzeckpifls aph e R B dRUFERAtHiT abribedipRoy al room
temperagmtiboBietintlated 3 hiabwetu theRtd theodiadhid e ansuitidwed to react for one
hour at IS@MRIARLYRE M ELERCRRINKS  aGMR L IaUtRl Zationspl i PRLgES:
Technoig‘g?e WX@W@MR%&&?&%&?&OU Lfﬁgmg%ggxgg%%tpog%ggcﬁmed out by

L-6 receptor antibodies is t t to persist Iog%?er tha

using TR fﬂ%ﬂﬁ?&*&?ﬁ@%ﬁ&ﬁ%Cf&&’éﬂr%\lbaﬁﬁﬁéﬁgﬁf&f ferEried B3 sigstrate. then,
the reactiprdditidrppsiheettie sollivle a¢id( Phowptohdnrabaprcbe nbamones at 450 nm

was medhr@dRERARISIfEErEaON ahpevkmlization s Byablﬁbtg@; hﬁmkey plasma
were calQIRIEK EPJ&'H%%%@&%Q@%elﬂ?h‘é’%}('é%&’&céu%% t%ﬁ% SolL nﬁ software

receptor as well harmacokinetics in ¢ Pgus

SOFTm Q}ﬁf&?éal%PWﬁeéhd LPSOEDS SOURPP Pri‘éBﬁE‘?%@Wé@“m ofWT and
H3pl/L73dvitin idteidth tonoym adnviguisiivo ake sy sindle-tbsedntrasattots
pharmacdRAistAiop AL B Melkapanddiopdsamiplescwepertelesi®dy T in

0] | I (S
Cy nomef%ﬁ%qré%g%%%yﬂéi%ﬁli%% %éﬁ%%}g% h%m%%%ﬂf = Trgg (#[IQ Otmgé ic rmce Since the

pharmacglinics gl &S kisP %Pﬂrélsﬁ&%a@%?ga% E%Péféz?érwas

1mproveé@pmid2@@lsoﬁéw&r7& ntils thesshiferrentsiovbee banied0ltR86s Thgsult of

dissociatioga@mhanientghcansaitialigndnicynemalgus me kel RRsifdns within

s carried out by ELISA. First, anti-human IgG (y-chain specific)
61)2 fragment of antibody (Sigma) was dispensed into a

UAGBRIE MRS By (A E RRA e IR g -type 1L-6
receptor &|oevtrd! i Stande urdistuvbeeioventigitmat A€ Tiendrdpalvé. Platiesettects of
sample AARERIzaMEm aANf-EMRJIGH.(CRIPIAIQR D g Uk SR @Ronkey 11.-6
were smEi%X'“gsRl@eS%‘iQE‘é‘c‘?&Q@%@é 1. é”tﬁn&s % %e‘?n@ra%eql;é 9L16aing€ptors CRP

omolgus monkey plasma measurement

m an
serves as 58t ﬁféﬂu%ﬁbzﬁé‘l‘bn&f LT Brd bR plChrapoleus monkey
[L-6 (cymglmb pynonioly bsampleke pintgRngd Scdnesinaol00dmefghemonkey plasma

was admGaHRradi b uthveo SAMIIE HABHHAAS VAP BRHMC MERTSIMPIRS from day 3 to

day 10 aﬁélﬂ[ﬁ?%lﬁ%%a%{%ﬁ'ﬂﬁ%?%%ﬁ%d %@@&@5&%% dfa%%ﬁg%w Hom the

) room temperature. Sub%equentfy the s?mp esn\lévere is ense
sap enoqﬁtvé:%m%hﬁﬁm gﬁforet e startof'c gus monkey 1L-6 admunstratlon (day 3)

and after the administration at 24-hour intervals (day 4 to day 11}, then were separated into
plasma. The CRP concentrations of individual animals were measured with Cias R CRP

endosom\@

YIomo
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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 aIIoweé;i?to react for one hour at room

temperature, and then Streptavidin-PolyHRP80 (Stereospecific

Detection Technologies) was allowed to react for one hour. A

chromogenic reaction was carried out by using TMP One

ent HRP |\/|ICI’0W Il ubst ( Q a S

cranto e e L O AT Sl Sepme) The
time Co‘e@%%%‘hé?ﬁf@ary%ﬁa lfﬁ%nab@efﬂwhwéha&msmwwaé Hihispeef to WT
and H3nUit hamichoptate fEader. Thencende ritcaticainoCyiRisobgassion was

prolonghAQBKEYPIBE M pzsgtm@iﬁ tseﬂwaewhsor@%&eo%m this finding, a

ation curve us tica SOFTm x PR
o P R s TR o
plasma pippfuapte W@ﬂtfﬂ%sa%é%f%ffﬁf?aw@aa@amﬁw b ecepor, under
acidic colibteminwvih@. chdoAmesyestiiteiireli20 thharmaeoldngiicB.af receptor by

re-bindifi3BMe 63 éﬂé%%%r@%%&ﬁl@Qdemﬁgmw 5@1‘1\3(11_0!?'}11116 than WT.
In other vyorgmlﬂ:) ;sL%onke % In ebe gbmﬁqtm 4 mln ea{ln thF membrane-type

ecep’[or ransgenic mlce |nce armaco ICS O

1L-6 rechpippEREndah RBifihg %ﬂﬁi%@h@@@ﬁ%ﬁﬁﬁh.b&dw@pdmwrv@wpmessmn
of CRP imyprevied igoHSddrably ptdBplbd BrwaspthGught tharéuiatibduration of time

where aPRSIEA ViR FeRmasayesultofdissociationmam s, aRliges indicated to be

prol onged? t Pff'fﬁ%% ILVQIreceptor under acidic conditions within 25
hdosomes. In order to evaluate the degree to which cynomolgus

ﬁ?dﬁﬁ%‘&}‘?ﬁé(ﬁ%%ﬁ]ée@&ﬁéeﬂ}"awi’é‘ébﬁt’éﬁ%lﬁéﬂﬁﬁn%éﬂ% bigel1.-6 receptor is

neutral i7erdrigwgrousasckministrabidunrafdA/dT 8t a3 Pl 87 theheffectsiohtion of

unbouncﬁ@mﬁﬂ%ﬁﬁ'ﬁ%l@% HPRIMS Qcét%ﬁdﬁtﬁé%yg@ﬁ%'l%: &QﬁPRP nkepcgugﬁg BYs

yn mon were studied, Sinc iS secre
mea@ure& %ﬁﬁg%@ﬁ d gntééggn/%iéer% Ciya om?y%us ﬁiogkr{? %é{,&% 1- l‘é}cg., gerecegtor
anﬂbodyaéﬂ&ﬁ ek POt e tPay G T SRR I . ?iﬁéfE%‘?&@rﬁ’@%eY soluble
IL-6 recpympmolgusonienkeyndlwe{eynaibdGodtepared by kikdmpple ) of cynomolgus
monkey RREANING L NRGHY W@@@QH%@%MSQ%%W @§E H ealthcare)
resin dri& C{Jmm(%gred FHb;Cé{}anﬁ% nto Qwer t;%cks 0f the ﬁrluma‘%g_lsdag e¥1

rom 8 g(t ert aénrﬁln&na\t”on 0

Cﬂﬂtrlfuaqéb?/ﬁoz*gﬂ%aa*&fa &a&Fﬁﬁ F@?Hﬁér@%@lfé’é@d??ﬁﬁ%‘%ﬁé%‘&ﬁﬁ“eﬁ%%@e) f{vas
recovereiinniédéatblyrbeforditie dtastof oyriomblgusiplorldydtidGman IL-6 receptor
antibodyQ@MRIFRIISN: (Haks) %@M@ﬁ%é&ﬁ&d}ﬂim&fﬁm & ;%1919% the

COIICGHtrInIE%{;V§|S gdHXdéls(g?uglaX 1 é‘ﬁE‘Qen Wer egggte(Pblnto aglasm%ﬁ Concentratzon
concentrations of individua anlma were easure

of cynome{guspnesy setupledhtd EHIRICAINGSRY sivbittormiderrdpeafefi-human
IL-6R A¢HREVIRGHR (Heoshibatvtadical Byistewig) Sthie- g 1dd lisesMkso Scale
Dlscove@aﬁd@lﬂﬁﬁﬂm@ﬂ hipemindugio ﬂ%@cﬁymlgﬂéﬁi Wt Qe Wik cynomoigus

monkey fﬁ%grec {())rc a&d H:%Evé:l‘sém S gclil Y E{I)g;celt?atlons 0%%@ 2000 1000,
e ur IOﬂO ‘gpres OnW S pro?onge consider

200, 25031 AnA I sriplafisb iRt el anisepiadia idh ﬁf@%&ﬁ@d%@bw
above.  phtdependerizbilidinel antieibt oreoe ptor antdoodigidSptlird 3, Subscquently,
the mixtiROWER Il tadhe Sﬁﬁ%ﬂ@d’%ﬁ%h@ﬁ@@@%%i plate (Meso Scale
Discove djss %%}Ia£o{{f9nmtgsr% I & %eegnotr)a% ng ILsglrrieCﬁgggliB% eIr 4
rg idic conditions within en osomes; anarneutra %h utter T (x4)

(Meso Sﬁ% Risraray pes |@S@%ﬁé@pt6@8}?@@%&8%@#%%5%&%%3%}th Sector
Imager 26¥ipPviess Jurdd Ditionaf CRPcladectong efiperiodeofrsitestibry Mol gus

monkey IL-6 receptor were calculated from the response of the calibration curve by using the
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In other words, H3pl/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. Sincegthe 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

anaiytchf 9&%?9 %ﬁﬁﬂy le{%tm&éAa—ar Iﬁéyig&g to ?N@{Hﬁg%ot&%eg %ggggccntratmm

hich ¢ nomog S monkeﬁsso uble IL-6 receptor is

of unbod g5 TRt R BRIG L B RRAT gfr%o%ﬁﬂﬁ%ﬁ’&ﬁf&nﬁhﬁm in FIG.
16.  Ashacsplicdptanen ol unbolindieynbevoiges snomkeles ol IL-6 receptor by
H3pl/L TR eeRiamindeydhonelgisd ankey pkanaiweby WaasweeheMsis of this finding,
the pH- cﬁg&ntcy&l? ﬂﬁ&ﬁ%%ﬁ? 1@%@9@9&%6@8&9‘%&@@7%&' MQ’H J{L‘a%soolate from

e tibody, and a complex of anti-human-IL-6 receptor
its an“gsli‘ft?éiﬂ%yej’r? EWBF%I AR RGR E“é“r“é’é}?ef‘ﬁt&f:)dﬁf’ég@ﬁ? the plasma
via FeR iy ahé praldmend/esetabisofised b P lbtéireseiryraddimg SOheedfie duration of
suppresEynoMalgs 0, Raikey; Bliaskea dshaleapy oRidpie: BRMOSIIIION is prolonged in
compariglgﬁ%eﬁpdfob)sﬁplhﬁgﬁﬁrgtﬁﬁlt c!:fl@ﬂe(@}'r:elj_l%"i‘l&m E)thlées%lﬂlggﬁfj ér}e ptor, is
m filtér cup M|II f}éer spinnin Wn ‘with_a high speeg

boud gt & S oiERTS %a%a H% (herdiiitel referred to

dsomabessEnstioes; )tlvvasme@@i/ét@@ﬁmbfeitmm@f@@km@ nlgioesas well as
the timevieg@siRINdhaCOBMBexotastiths kaplbrareteptobyantaeghoane: the body
were foﬁﬁ%@&&H§dB%BWo%%Eﬂ£H%&H}§ ﬁ%%@{»%é(é!l?ﬂ%‘nkﬁ éfﬁdﬁ% receplor

ein A, the 25 (%an ration qQf unbound soluble IL-6 receptqr

antibodi Rl e ) S R SRR Bt “CP Sy FmaAgla (e
plasma, fybRitshessliple thearéamantindthevbidsisdiantnyilionodenales, as
comparef i thel gt e 6 Anthecdp (R &idbHial Wabiwihierilipuriabeleslreduce the
dosage aWJlﬂPre%[HgIQCJ @igawﬁsﬁ%%ﬁ QM %r%&%lj?d B '§&%¥8ﬁ¥3€%nﬁe totai admmlstratlon
dosace. tln ate A %rggm IL-6R Anti Oa?ﬁbéR&D) were_mixed wi hh ob
. o T BBy e POIAPAGF ARG T B A iy o be

particulaslyjadveetagrewhechpationes i wb 60, 1woana o0 280H00t 250, 125,

and 62.5 pg/mL and the plasma samples treated with Protein A as

ggxamng%ﬁmsgvaqgmeofﬁlﬁﬁ@géﬂa{&% Mﬁ&%%‘@%%%@%%@ﬁo@ﬁ&% or by

equently, the mixtures wére dispense

at roo atyre. S
Optimlmﬁf)& 3&%A%8&[%%%O§tandard MA2400 96-well plate (Meso Scale
ol 3D (dei¥biizer one hour and

Wﬁﬁbﬁﬁ@sﬁﬁ@ﬂg@bﬁ@ﬁx{w KMﬁﬁ@ SHoaiestiseoaiy) WaSmonstrate superior
effects1 9 IP@H&F&%%EM ﬁlﬂ%&q UEQHQEES&&%%Q{ Wﬁt&ln ed%mﬁes
tat1on35 ém H%?r 4(;9 g%\/lgﬁ @ggvg Blsco&ry as conduycted IeBt ruct
mutationg kR AFSHBFE 8t URRBRREY %ﬂﬁga@ﬁ?&'%wp 0 construe
VHI-Ig(h(@iatdd ¥ thendeshanee bfYhe dalifrafidh clinvdditjonsingjatiens were
mtroduce?aﬁn&ft&b/ﬂ@ﬁ:lesﬁfrw\tﬁﬁﬁtﬁﬁ)@&MMWWWtD&ﬂ%&% thbeodified H
chains Vf-'ﬁ‘? W%’?%'Q@ﬁ %Ezl ﬂ)%@oﬂ lg%mﬁmere
are shown
A %f%‘ﬁOB

tor for
e A B L ors VLI €K
(SEQ ID 3 B1D- IUI@I‘@W b NMBEI0). 7R dvas cbhsiBEraBh Srolingedlets
specificalioniparechie: that RyndTc e hRs Buaf this: finsling)bethal Mutagenesis Kit

(Stratage%j &%&%ﬂ{é@a% %%@@é&%@drﬁ%gtﬁfp@ﬁﬁ&qgmﬂg 7&?1&/\( Jesultmg

ht to dissociate from its an

i dtI ! é ?—ﬁ luble IL-6 receptor, un
plasic g RS TF G AR Bt P PR D i et e
desired HedRin: xR wiAd Yertntione htekizeemacssiablectors rddeptorlengiainsequences
Since the duration of
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suppression of unbound cynomolgus monkey soluble IL-6 receptor
by H3pl/L73 is prolonged in comparison to that by WT, the
duration of time where an antigen &he soluble IL-6 receptor, is 10
bound by antibodies was indicateg to be prolonged for H3p1/L73
than WT. From these findings, the time until the antibody
disappears from the plasma as well as the time where soluble
. e-t IL-6 receptors are bound by the antibody in . .
o e e RSA B TR ALaE Vo o i oy
skill in theiae e ndent-binding anti-IL-6 receptor antibodies that were
madentdbbilychstiopyii2d thié g EN WOPRRY 4 Ivhich iadhaE P EN(SEQ ID
NO: 261he 1l Shpiasmadddtdaindryealdy tethe.anliganah PR 8whigkis 1o No: 21)
as H chIES:RITWARIr ec%%OSOEQ%En 824 %Oﬁ‘vﬁﬂr%ﬁ (o the wid-type. anthlb-0. 61 (seQ
_receptor antibo )(/ his makes | [&oss e’to reduce thé dlgsage
ID NO: 2 e o ddmikidERIR B ia At shrinrvabfrasirsenda3-1eGL, and
the antithéy thtaingdvhiifgatiGE @ 03a¢e: ZBhesdfaitmithed VL3-CK (SEQ ID NO: 27) as
L chain ﬁlalsfd@:ﬂﬁéltd@dg:wbﬁrztgtﬁlg a@fﬁk&,rﬁ&e@@ﬁ Ay @?@Mg@ih%fg Q&%%Q@d and
-~ apa advantagequs as a pharmaceutical for u anlL-6.
P P R R D B R e8 n pvampte
Binding to Membrane-Type IL-6 Receptor by Optimization of
Variable Region Optimization of Variable Regions H3pl/L73 and
Analysideiib{li@2 Ampibodies navingahl-dengaderbRndingatiliigs were

onstrate superiqr 25 effects | ample 9.
AL RO, e ST N s o o
types o HPANGTTS Ve B FHIBELIEED b THECIRSABRC B GXHET. H3pILT3-1gG1,
Fv2-1gGabrathied e Exanmpie:@ad indhstnpbts ¥iidIgG by 8EQ Mad: DY (GE
Healthc@@ctﬁ(;ﬂﬁeném&m&ﬁﬁ?s@lﬁd@)ﬁﬁe &H@d@ﬂ@g%@@%ﬁ%%ﬁ yegre Eafch antibody
introduced into the framework.. ence an guence, o
was b L e T S s
Immob%sp ShAVIEAIGRANG RS TS NOR )2 ditistedishd ere e i dib a0 nM
was inje¢tad teec @ BRisevpleiece d of 3@ mtidnl18 20 diswsintion thennfathifie sere
obsewedbﬁﬁ&ﬁaﬁé\éhé'ga:%; GI\?SE% ;@{i‘h@e&@m%igléf&%Q IR NG 2635388 ents were
: - : 27). Mare i the mutants were
caied of i Ko et 1t Rt L L A S R s ka1
were calqEp Sl AEe AtiE g B’%H@%a?é%éé&ﬁo@aaiﬁlﬁﬁ@?aweﬁawwﬂm
constanty i (etiovese anldullatedesultingsislaSimesefrapmegitdlvéie inserted
into an mammalian cell expression vector to construct the 35
[Table 7]d eég&%ﬂ %Q%'P{ﬁé%%ﬁ%%’k\{%%}gta nfsq OIF CQ?I% %XEE%EE%'&m Clones from
vectors. The nucleotide sequences 89°of the FeBUIting expression
Soluble I 0. Rscenigre> Batrmined by methods known to persons with

SampleOdiNary, I in fhe art, The gntipody having VH2-1gGI (SEQ ID
NO—Z22)as ":"kav

NO+22)2 EQ ID NO: 26) as L chain was

gpvweno '0 ;' FVl-I. ! : _aving VHI-IgGI (SEQ ID NO:
Fyvo-TgG 1) 85,5 chaid'ajid 182 a in was denoted as Fv2-IgGl,
Fvd-1g6 he an Podl hav, NGV ID NO: 24) as H chain and

VET=CR Q15-NO: as-t¢hain was denoted as Fv3-1gGl,

and the antibody having VH3-1gGl (SEQ ID NO: 23) as H chain

Q@Qrﬁuﬁ'&‘%aﬂ%%? tl%%ﬁ%@y%? pH 7.4 for each clone, the dissociation constants

(affinity, KD value) of WT, H3pl/L73-1gGl, Fv2-1gG1, and Fvd-1gG1 to SR344 were,
respectively, 2.7 nM, 1.4 nM, 2.0 nM, and 1.4 nM, and they are nearly equivalent, Fy2-IgGl
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L chain was denoted as Fv4-1gGl. Of these, Fv2-1gGl and
Fv4-1gGl were expressed and purified. The expression and
purification were carried out by th% ethod described in Example
10 1. Analysis of Binding of pH-Dépendent-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

dies, .. e the d PMI wild typ T
o e g e B o R AR s
equal tﬁ&‘i‘?ﬁﬁ%@%ﬂ’&tiﬁ Vﬁ}; using Biacore T100 (GE Healthcare)
(buffer: 20 mM MES (pH 7.4), 150 mM NaCl, 0.05% Tween 20).
Analvsi's:-QPB1@@39%@&%%@@5‘&&% @mp;aﬂbmmcm@ RS RYGptor

yAIIRaIQnusﬁ?gg?%Féaac@ Pler was Im Iezcee {0 were ?gs%r\{ed Lﬁ‘)PH 5.8

C
couprting, an d t%’a concentration o

and pH g 1of 4 |fﬂ%rc‘t3§tﬁﬁ§|€€f6tﬁ§t5 fé%ﬂw Fr B pldsbtigfin is2aie@ 1. and
Fv4-Ig(gissoeimgdhideom BRBA4EN&retROuebsebvetinpnatie alcirhenkasis: 11.-6
receptof Qath& Hbkde B?@@rﬁﬁ‘ﬁfg@ ging:engs. IN!St%eB’@?M@]ﬁEE§ WM& €ensor chip.

carrie souatl n rate constants ka (I/Ms) a
SRr344 Galhed oyt al 37 %
Bl e R R R St pipary

in the arf; et ghyAlisainetedtfAte veseorrabtiedrey, e ees e RAeptavidin using
the affirgristavs: Kk idie radcbictidatedlDihdhe sasismoftthase aratisdDut at 37°C.

The moﬁapi@s@ma‘é{wa@l@aﬁﬁmmgf Rissngiation RALITANSIRBID 0.  The

pH~d€pe§1&%g Detp%l%%sandﬁ Clo s fro"?ﬁ'/sﬁé ub IL 6 %@gﬁp{gﬁ %?W them to
bind 0 SIS Gi R s s A GRS mwscg@ﬂégo Tween 20),

then, pHzdaten0dn2diebeB8 of ollelyGLIBIREHQ5 6003 Thd RHOS s mobiduithase of 5.8
(FIG. mf calculating the affinity at pH 7.4 for each clone, the dissociation

ntg 30 fflnlt KdeaItug)toB\ﬁ\% 3%Jll_g lgGl, Fv2 gGl, . !
n 1§E§3 € 2 %s ere g i outin 10
mM MWP%M z??]MN%N?J%évj&@%é{pﬁgf@q%ﬂvaﬂéﬁﬁowﬁofg@%%ﬁdm in10
mM MIB@HFS e fenddeb trate ot hawech ibdtling' abiliyctocthbestdudlation rate
constantH{i@(ﬂ@Q?Q@@th %M%r@@él&liﬁ%@[aﬁ @@i@r&h%m%@fc}éﬂ;n/ﬁ%ly%ﬂ 5.8
using Bigméenldm@ ho aﬁ’l? A egeﬁ\%gr%t(béﬁ‘ﬁ'@aﬁﬂt CIO[}IeS fl(l) aMemlbrane T}/

Receptor ntlgen ant reactions to mem ranéant%/pe?ﬂl ©

concentrgtioap st vrterled sep @@dwwmefbwm@ 1Qurh pESSHPH 7.4),
150 mModuistrastddcforios;ew 2, BiSpila?issx g@ civizd &l jratidm B/ MESGPH 7.4), 150
mM Na@ly #3109 Biareen) @nl@k m@@ém%tgé@gé%tgﬁh@/ s)) at pH 7.4 were

IL-6_recepto [vas, e
°al°“‘ateW§V§§%% AR A I B Pl g
Softwarg b Bﬁﬂaﬂ%fféd i r@%ﬁ&%%ﬂ%?ﬁ?é%@‘ﬁﬁ@w%ﬁﬂfﬁ@m clone are
shown ipEebleres with ordinary skill 10 in the art, and the biotinylated
SR344 was immobilized on the sensor chip via streptavidin using
[Table 8 he(,afr;lnalttrysg etWBlsrs]gsc;lr% aﬂagértons afn so HF pﬁ‘lbgp%nrﬁlg %%{n%mg %rl%nes from

ere carried out at
Membrane-Type 1L-6 Receptor, SR344

pH7.4 pH5.8 pH Dependency
Sample kd (1/s) kd (1/s)  kd(pH5.8)/kd(pH7.4)
WT 2 5604 2.5E-04 1.00
H3pl/L73 2.6E-04 6.7E-04 259
Fv2-lgGt 3.4E-04 2.4E-03 7.18

Fvd-IgG1 4.7E-04  2.6E-03 5.56
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The mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl
and 0.05% Tween 20. The pH-dependent-binding clones were
injected therein under conditions flpH 7,4 to allow them to bind
to SR344 (injection sample buffer? 10 mM MES (pH 7.4), 150 mM
NaCl, 0.05% Tween 20), 15 then, pH-dependent dissociation of
each clone was observed at the pH of the mobile phase of 5.8

FIG. 17 onc ratlo e a ted

g U CA e R R R P e g of
binding4p o @9@@%&% @E@@tﬂéﬂ%ﬁ%ﬁ%&ﬁl@d Ot R RBLANEG], Fv2-1gG1,
and FyAMES] (phh5e8)pd 50 SAM NaGt, ahdodi0598-Tokb &l 200 EomthisS6aloal,
respectlv@lyd'?@ﬁ@tﬁ%@@vﬂ%ﬁ@p%&%&%ﬁlﬁ%%@l %@%ﬂ@s@g@ in dissociation

calculate n | se atp using
from th Héec%remﬁ/\% %a?ua | % vﬁ?cﬂ@é%hcare) Ina similar

e Pasispiohes %we&%ﬁ&isa%}ﬁé"akﬁﬁét@a%@% Gffpitonstrate stronger
pH-depdidelinbiniag:; cathiec @utbimd-6y paN.M EcScodt (hat) HABO. MNeNaGhile

maintaiRAE AORKTWEERLQ giRsACRHR RS CAl e bR LM MESYT.
(pH 7.4), 150 mM NacCl, and 0.05% Tween 20, and the

) dissociation rate consta%ékd(l s)) at pH 7.4 were 25 calculated
[Exampig it O e lrssBe Wbﬁé&%ﬂét%ﬁ@%ﬁﬁ%@ BritwrsdT gble

RegionsHVmhgdionaShfieReec(GE Healtrand)celThe pH-dependent
di$e ﬁﬂ%&éﬁﬁt&@@@ﬁa@ pmmmr% shawg WTTzél@ﬁﬁyI/Lm -IgG1

rnson,o ISSOCla Rate C ants
prcpare(g ﬂl% Vgl]uz%(? : ﬁuc?ﬁle Were tl'ua{% % ﬁfcgptor transgenic

epen ones rom rane

mice uewéegﬁwpgﬁsmwﬁ@% 2 Bep@ﬁaeﬁeyv@saﬁﬁ@wqwswred by
single-dhsk (R kekpis 5AB)Hkis (pHTh 4) WVTOR. BEa04 2 3E 04Kp,00HBpfliriantration of
each antoBEy %ﬂgeé)gg% %:%gngé:ii\é&ég% h%éﬁn@%&nﬂ?lf 031/ H8nb¥ds|9G e time
{l

counes I AAEE AT GE AR B LTEEBORRN isrvr s
shown “MEe?Fﬁblr%ne -type IL-6 receptor of the four clones, WT,

HBpPhaBMoG N 4§ BIpIANE Fydil gGtavith respeptterBRBANT in the same
manner Y4aHEEkSnfRld, 2&8tald v 8dalchaangdop Iﬁ.@'—ﬁ%@l a{ﬁ?pmg@b’was further
1mpr0ve8\{gangi%l ?i?%} fI %} gGMggsup H}%g§ tegohh? [)(Pun ndeqCYConcentratlons

ISSoclation m ‘the membrane- rece

as measyechin Cy ORI R UOR NS SIS BITRE i Eiecamial @é}raﬁha iRy mice in this
test usinyvdressimewrttodleMonrstate, strdngefiopdtdspéneaént dindingltaitie of the
soluble m@%’f&%@:dhf@nﬁ@&ﬁﬂ@ﬁh@@ 1 BRI Brt IGH WhHarison to that for

H31:>L’L7'§1 E?I(I&m thte aff|n5 r th %HbleEl ﬁp@é%’%ﬁlﬁg%&?&ment binding to

n er than tha xample
the memﬁ%éﬁ&%&e%fesﬁﬁmhwﬁﬂbf&aré‘sfwﬁw fithed Vhtetbles compared with

H3pl/L7Régfions Usiredokéurmans |m€ﬁcﬂe®émdﬂﬁhaﬂsgﬁmm¢menﬁhepharmacokmencs
and duraRBRUNAGAKINANIRS of kZJe6t and FédslaGhaselbasIMITandeGt is

possible lE')? Bnll;lﬁ%éfrllg%g pH-dependent binding to the membrane-type IL-6 receptor.

{Example 12] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by

Optimization of Constant Region

Optimization of Constant Region of Fv4-IgGl

Generally, binding to membrane-bound antigens has been reported to vary depending on
the constant region of the antibody (J. Immunol. Methods 1997 Jun 23; 205(1): 67-72). The

constant regions of the pH-dependent-binding antibodies prepared above were of the IgG1
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prepared and evaluated in Example 10 were evaluated using the
human IL-6 receptor transgenic mice used in Example 8. WT,
H3pl/L73-IgGl, Fv2-1gGl, or Fv4-|g§l was administered by 15
single-dose intravenous administration to hlL-6R tg mice at 25
mg/kg, and the concentration of each antibody in the plasma was
measured in the same manner as in Example 8. The time courses
of the plasma concentrations of WT, H3pl/L73-IgGl, Fv2-]gGl, and
isotype.r JBRges9 5,8 SUHEWAS A RRS Oigpﬂfﬂ’éa&ﬁaﬁﬁﬁt?&%%tf& ggfon in order to
improvHBp 7B g@tinhprdvgddthc ompérivoriynith W Tenstee same 20
mannekias wExasanieBinwh |@a€b@1@®d&ﬂ@ﬁ€g‘@6@¢t@& efdior il@Fonstant
region Iaﬁﬁ ?&2'%&’ éutrtl?sgﬁs rogvnei;fiaé %ntoHn I&}E D NO; 29).
urément as to the un oun oF conce trafions, as

Aﬂﬂthe%ﬁmw infRdvREAe Mo ﬁ%}@tﬁ%@ QAL ipcens I erptant region
M58 (SE{xhe R2-8R. tgvhieé ansthige thsthgsingotheshime threthisthndegions 1gG2 and

M358 to (R8MHud? w@mt@bﬁtfmtot@m )3} Zﬂtﬁ g uiralizetion ¢ solublg
I irmed.for Fv2-1qGl.a
IVlQBr? @ EKH ﬁ g)f? 112(@ %}éwas §on%u (5] g su%s %C%mﬁ);e constant region

comp Ison to /L7 not S

of VH3.tﬁﬁ&at@a%ﬁds§za%t@1fdotW& 14 a0 34) was
construgiedripbrabrittypg theGretaptogivasith Mé&e’daddf MMI@G%@(BD NO: 35) was

constru&é@bk@ﬁb@ﬁt@ﬁma@ﬂs\tﬁﬁhtdg@ﬂ'ﬂqmgﬁ| ThesefrraidhNVaskpression
vectors | %ﬁ%ﬁ?%&@%&!&r%g@% %H‘c?t"x? R@%doﬁaé@aﬁg?éﬂ%e\%&t%@ﬁm fed bya

uration of neutraliz e soluble IL-6 receptor over those o
desired ﬁ%ﬁiﬁtﬁfé%&‘?@%@?&éﬁlﬁﬁs HPABYIAENE PErtepShRft pifaffgeleotide
sequencty théharesniiagratypeion-Grce prae. BEfENaMhpsiiad 2jnethod known among
persons WHrevemenikaf pHxPapendent Binding to Membrane-Type IL-6

%ﬁgge%%n%d% %&%HIRDGPJ ccc:igﬂe%tgﬂtt ﬁ%ﬁé%l%%?é'@&%é‘i using

Constant Region of Fv | Generall Inding
VHS e it NG o B b Lotk 15 e R the L
chain; Fofh-MB thringdridiaMis feibR 8P (e :aitibodie(Bl ¢thamandlY MethotZQ ID NO:
27) for (AOPTiMIR; 221 ROBAL)3 Qénd @) ITHEI TARSIANDIRGIONS afrtihe H chain and

VL3~ Ckpgé %%@7 !{%? 119 ﬁnﬁgg d'e@xg{%B%Beﬂl@BQHﬁcﬂ%ﬁ?&&B‘t‘i&%ﬁ' out using

ISO ype Therefore, a study was made for optimization of the
the methog deseriped WWB‘%&T to improve the pH-dependent binding to
the membrane-type IL-6 receptor. A mutation was introduced into
Analvszsﬁb!ﬂ@Hﬁﬂﬂl@’tﬂwfﬁﬁl@r@oﬁfﬁﬁ&é@@@ﬁmh@ REABSBNNSHIgN- Kif3eeptor
(ﬁEQs 452:1'3{ g %ﬁt)n 59&8@55%&%%&@@&% &9 '&E}é%%%&%@%% e basis

Another mutation was introduced into the consta
using "h"ré@%"rﬂa%%% Rxegnebn et st hidn efbe” (é?—f%’??t)r KFd“SS and
Fv4-M7303 wiletivis wereafigpheiidntae costhittd thieMermsiddissegiding rate
constantt3G 2 AaNteM o daLanstiichenastanhiegionsMier, (28 Q) M&bciation

consta.nt? MM) Mgl% éﬁ&%t%'ﬁ %Qi’aeg@my &‘ %@%@%f%@ ID NO: 33)

was constructed by substituting the constant region of VH3-1gGl
prepared in Example 10 with IgG2AGK, VH3-M58 (SEQ ID NO:
[Table 9B4Cwmpariooovisitsioaliby BalsstirnsiaejthErtbhsrantitetioRivditke Clones from
Soluble MR @rgiMHRM43 (SEQ ID NO: 35) was constructed by
sampibstituting, the,consfanf rggion with My gypMore specifically,

Fv4 - ©551919E 405 1.0E-03 1.4E-09
Fvd~1gG2 9.6E+05 1.2E-03 1.3E-09
Fv4-M58 8.3E+05 1.1E-03 1.4E-09

Fv4-M73 1.5E+05 1.0E-03 1.4E-09
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vectors in which the constant region portion of VH3 used in
Example 10 was substituted by a desired constant region by
Nhet/Notl digestion and ligation were constructed. The nucleotide
sequences of the resulting expres%%on vectors were determined
using a method known among 15 persons with ordinary skill in the
art. Expression and purification were carried out for the following:

Fva4- IgG usin H3-1gG2AGK (SE NO: 33) for the H chain
aftd Ve %é@%“l‘fﬁlg@ %)‘%?ttﬂ c‘fﬂ‘é?ﬁ‘iﬁ)ﬁ“ﬁn% E}E'r??@la“”n constants
(affinityy B mxm&m%}%ﬁxﬁﬁ%ﬁmﬁﬁﬁ%@@@(@&@m 1.4 0M,

1.3 nMNQ@:nRi7 hfarithens, chaistiang ud N7 3d SIRgh M BBV ( SEQidMhdicates that
the bmd\h% aﬁi@t)t%?m?dé %H@éﬂl %ﬂgﬂ % S SKeke E}%ﬁ% N @ngfcgf @[@3&4 does not

chain. EXxpression and UI’I ication were carried oyt usi

change ﬁ%’éﬁﬁf&%&%ﬁ%‘&& Lty E‘B&%ﬁ‘ﬁ%‘i E°§10R aR}% 18% ‘?*’é’iﬁ&fr’i@sofi“?%/‘lﬁﬁg‘?/%dmg
avility 10 preeredeCotorsnpRegiothSolable theRéeehtbrFrieand Fv3 even if the

constanffSesiatiQnswithrandddigsaciation from SR344 were observed on a
real-time basis 25 using the same method as Example 10 for

thus -prepared. Fv4 19Gl, Fv4 Ig 2, Fv4-M58, and  Fv4-M73 as
j I ;_ 0 4 mqm-.“;' “ O L ONS ?gF E?%;g%ig@@gﬁ%}e-Type 1L-6
Rggsiﬁgzilssomatlon rate constants kd (1/s) were calculated after analysis

inthigSamebnpnsatianddhienméigsesiatipn icenstamts IKRHMB and pH 7.4
were ob@@csﬂl%@ts%weﬁﬂﬁvﬁqg@ IOEQ%X%QW sﬂ%‘a a3 0en as wr,

Comparisqn of Dissqciation Rate

9]
in the sqipe BAIE ABINABIRGHY BTo8EHEH P&&Eﬁgﬁ_a@lﬁ%épt@f’ results
obtaineSyInSagiprerkadgpanspkdiptisy Kipnenmyndey Abpponditipms-opH 7.4 to allow
binding 1oMR081 1ladELO Dbleyvding B2 |916depOnidn 2 s 313 Fadhvd MBS the pH 5.8
mobile 1§1§4:E+Q'§ shokr %)'F }(fl "%90 9 FﬁMﬂeb’ﬁzis&%@éc&%&{%ﬁ Hak 93319 anner as in
a result of calculating.the affinity at pH 7.4 for each clone, the
Examplg; i%&&ﬁgﬁ“&?@ ﬁ%’ﬁi‘r‘? % &S?*lR‘br’i‘} 1%5%’1“ BOATGET ‘rg%%‘i‘ﬁble 10.
Fv4-M58, and Fv4-M73 to SR344 were 1.4 nM, 1.3 nM, 1.4 nM,
[Table 1@Nd CAnpissaspentielyiand deeyoasamimosHatpiyalenty Hiling Clones

from Méﬂﬁi%@?ﬁﬂ@fﬂ@?{@é}%}‘%ﬁaﬂy of pH-dependent-binding clones
to the soluble IL 6 receptor SR34}H_% es not 5 change even after

_ J;nstantjt—g f’gglndlng the

-Was-tetght to not
5 ¥ gnstant region was
f'@eP' A”%‘)ﬁ%‘%@“ Binding qg 74 Having Optimized

V4jQ@fsstant Regign to Memhiane-Type I 0&0 Receptor
-6 receptor at

pll 5.8 and pH 7.4 were observed for thus-prepared Fv4-IgGl,
e g 6ol of vkl e 1V Adhthdcasvielleash\Aldne ihheisem@dencies of

Pv4-rng‘Ff}ﬂ'&eﬁgét§ IpEXA5RP 16 AP 4siRe: Riagore L0 G id a3 eAe) 7 6-fold, and
eres

i0.1 foch respectlve y; thus, Fv4-IgG2, Fv4-M58, and Fv4-M73 all demonstrated higher
pH-dependent dissociation from the membrane-type IL-6 receptor than Fv4-1gG1l.

Based on the results of analyzing binding to the soluble IL-6 receptor and binding to the

membrane-type 1L-6 receptor using the variable region of Fv4, it was found that substitution of
the constant region from IgG1 to Ig(G2, M58, or M73 could improve the pH-dependent binding
to the membrane-type 11.-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.
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obtained by injecting the pl i-dependent-binding clones under the
conditions of pH 7.4 to allow 15 binding to SR344, and by
observing the pH-dependent dissqciation of each clone in the pH
5.8 mobile phase, are shown in FIG. 19. Further analyses were
conducted in the same manner as in Example 10, and the
pH-dependent dissociation rates for each clone are shown in

able 10 Table Comp rlso socl ate Constant
[Examp ﬁ@éfncfégé R&ﬁ?@ xlgt) Bgﬂ 6) 112 SCOHStant

Region ﬁ%@ﬁm@%ﬁﬁ%ﬁ?@%ﬂ@@p%@pendency Sample kd (1/s)
kd (1/5) kd(pH5.8)/kd(pH7.4) Fv4-gGl 4.7E-04 2.6E-03 5.56

%&c%n%& oﬁ%’ﬁ%%@zgﬁvﬂ”(}b" %ﬁ%ﬁﬁé‘s%&% PJE%mpie 13

Fv4 73 5.1E-0 As a result of calculating the p

were evalé‘ﬁ@ﬁd‘éﬂéﬁ%lf“é‘ﬁ?fhl{:r SHECRIE panGepEISS (eS8 F&/ﬁ”@&fsed 0
Examplf§ 40 gGmiRiboMe: tantilrebiing toeoRgabnphersgdoittics.  WT,

Fv4- Igdﬂ @vﬁOIQGl706}f®iCh/Iaﬂlﬁiaa25dizﬂlﬁsf&@ espectiviryt thils by single-dose
mtraveno I(Qx%gl’s!: M%M?% ﬂ-(%‘?kE%Mﬁ%%é!ﬁM&H %fetﬁie H@Sﬁ concentrations of

dependent dissociation from the mempra pe 1L-6 receptor
cach aﬂﬁl?aﬂwﬁf T 44008 A PULE BPARAERE Dl - s of plsima

concentrtivfsofi W8 .recefaon arvd Bistdinedo- eMaternbrzmetpnid (. 2
regepietoustagshel vafiablesegion oty vwagdouad ithadoved in comparison

with wEURSHION fa b, RORS AL e Q10 MJQ@JS@&Q%M?%%MZ %

ve the pH- dependent b| d|n 30t membrane-typ

compdrl%)%gégl%%{g thotleas SRR A r{?yeﬁg%(éoncentraﬁons as
measmeéombﬂ’éq@%g%eepievsm@m%&nw é?é’é?ﬁﬁgmﬂ ey hofd figrmice in this
test using thelyaAe anahby3. 84 aexamptachghftiSFhd @stabn of neutralization of the

sofuble RHG '?&B%’A%BE'X&HHJ&%&W%‘@ Havina pimized G Yhat of

sing Human IL-6 Receptor T ansg nic Mjc
Fvd- Igcﬂh@ AebrinEtes drFI4LEeEd * ziaiaé% % %eﬂ?[zlﬂ’!ﬁ’é%‘%%%f‘é%ﬁ fo the
membram@mdip@rz@p@welmuadéarﬁsiﬁég%mrﬁ%mi%aﬁemeﬁd with
Fy4-IgGIandgeniomiae -6 @aniep)dveedninin Exapnple B iteexsiming to the
membraﬂeeztlﬁﬁqg% pefc o QAP ﬁéﬂ}g Q@Ht%‘ &I&%}Rﬂ&%&’éﬁ @seg}ﬁ?dvy}égon of

4-M58 wa mlnh%ered to. the hIL-6R t

G
neutralgiion B 8 B L T O TR AT AP e bR e on rom
16G1 to {67 anebiburcanche bﬂiﬁefﬁlaeﬁmheerﬂééﬁﬂﬁfﬁ@ﬂht@i&@hemhaﬂmwkmﬂtws

and dursdiotigdyuiaszeasnied hekdn el basne-fpranest asyriEkameBFv4, but also in
the cases MW‘%\P? ‘iﬁﬁ%?%‘%@ﬁ@i&ﬂr&%ﬁ%%@ﬁ%&%&%OQEM\ﬁ;yF ¥4 gﬁ the

constan e A G o e oo o (0 Example

comparison with WT, and the pharmacokinetics of Fv4-lgG2 and

[ExamplEV43MbSsiuasidushsHimgiereain Binfipatistr it Havidgiptinized Variable
and ConMﬁ@% ment as to the unbound IL-6 receptor concentratlons as

O L U S A RS L s
for the cpasfant iseptorngatidh st thewuyationdi h%ﬁf@rélﬂﬂ‘é@o?ﬁﬁé)ﬁ@ﬁe\f H4 M73 (SEQID
NO: 39), having M71 and M73 for the constant region of VH4-1gG1, were constructed using the
same method as described above,

Fv1-M71 using VH2-M71 for the H chain and VL.2-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 forthe H
chain and VL1-CK for the L chain, and Fv3-M73 using VI14-M73 for the H chain and VI.1-CK
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soluble IL-6 receptor was confirmed for Fv4-1gG2 and Fv4-M58 in
comparison to that of Fv4-1gGl (data not shown). As indicated in
Example 10, the pH-dependent binding to the membrane-type
IL-6 receptor was improved for Fv#3gG2 and Fv4-M58 as
compared with Fv4-1gG 1. Therefore, it was shown that
improvement in the pH-dependent binding to the 20
membrane-type IL-6 receptor and improvement in the
for the hrehaiiadEkirreRes s duuratitel of SRR HTTRR8B NBTe qEd out
using thecegatox a@ksdpibss il Ehynstdstituting the constant region from IgGl
to IgG2 or M58. On the basis of this finding, it was thought that the

ha, 0| ti Dan.cl entaﬁ;,l,o .of Eracllzaﬁon o 81% g&[e IL

ar i‘ﬁ and

fa

A\ ACH PR R 81¢ beYmhpeeRied as compared to 1gGl by
smwubngtthet%mnﬁmmtregfﬁnﬁmm% GtoolgGRedoMbBal-time basis

using &E%Mﬂ%k 9501@;?&55’;9996 R p-fpseg Q%Q%Y RIdIngs Aﬂﬂpﬂ@é&?PMl

aniood LB RUEE YRGS O SRR AL by,

Fv3- MR@?Q"%@E@P tﬁ‘é‘*d@ﬁ‘@t&ﬂ“ﬁ’fr%ﬁ%ﬁ%ﬁ MGG poararvrdamreigr@bove.  The
associatidiNae 38)sameh WVHAAME] 3BEQoEDitiNO 2 B8prhaving 70 anc MEIlated by

analy31EQB the ME@M@J HHb:A96h é@%&ﬂ%@@%ﬁ}%&%ﬂﬁ&ﬁ%& on the basis
described above. FvI-M71 using VH2-M71 for the

Ofﬂmsﬁva’fz‘fg%@ng&\h -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-M7|
[Table fidr] th€drh3bishraif BissbdbilidB R 4ar Chestaighatipiaidden@MyBising Clones

from SME4:M 73 fQet g,ll-lsqﬁam and VL1-CK 95 for the L chain, were

essed rified.-Expression and purification were carried
Sa*’“p‘ in Example 1. Analyses of
Eé‘? H- Ij efident?Binding Antibodies Having Optimized

E%%%?an tant Reénjans to Soluble IL-6 Receptor The

Ful W@ssoglgigg to a)n iissocga opyfrom SR344 were observed on a
Fvo-igfieal-inefasis juging the sgme method as Example 10 for the
Fv3-N7elevemstypes ofsatmibodies, iatomanized PMI antibody (wild type:
Fv3-MIINT) @AErM3pl/B78-I4GI, FEMT 1, FvI-M73, Fv2-IgGl, Fv3-M71,
Fvi-lgfy 3. RA?%OWEM |]1gé§-r0#v4 |p@209|:v4 M58, and Fv4-M73,
F":ﬁég nsg @Eﬁ as ]dég(ggb The 10 association rate
Fya-p7EONStadigka (Hshand élgg%latlon rate constants kd (1/s) were
calculated by analysis in the Ssame manner, and the dissociation
constants KD (M) were calculated on the basis of those values
(Pabdé thé yefllabletdiltyEonf pHridgrdbRibsoitigtidmi aterClonstantsave
dlsSOCIé?foB'ﬂoQﬁBﬁBmIﬂ BE@Q%&BQH% g&u@%ﬁﬁﬂé&?oﬁ'—e@a} to or stronger than
that of WECEPtOr, SR344 Sample k, (1/Ms) kd (1/s) KD (M 4.0E+05
.1 E-03 2. 7TE-09 H3pl/L73 4.1E+05 5.9E-04 1.4E-09

Analyses of Binding of pH-Denendentlv-Binding Antibodies Having Opntimized Variable and

Constant Regions to Membrane-Type 11-6 Receptor
Antigen-antibody reactions 1o the membrane-type 11L-6 receptor at pH 5.8 and pH 7.4

were observed in the same manaer as in Example 10 using Biacore T100 (GE Healthcare) for the
cleven types of antibodies, humanized PM1 antibody (wild type: WT) and H3pl/L73-1gG1,
Fv1-M71, Fv1-M73, Fv2-IgGI, Fv3-MT71, Fv3-M73, Fv4-IgGl, Fv4-1gG2, Fv4-M38, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected
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Fvl-M71 5. 5E+05 5. 4E-04 9. 7E-10 Fvt-M73 6.1E+05 5.5E-04

9.1E-10 Fv2-1gGl 3.9E+05 7. 7E-04 2.0E-09 FA-M71 7. 8E+05 8.

2E-04 1. 1 E-09 Fv3-M73 8.5E+05 8. 7E-04 1.0E-09 Fv4-1gGl

7.2E+05 1.0E-03 1. 4E-09 Fv4-gt82 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 1.0E-03 1.

4E-09 All of the resulting ten types of pH-dependent-binding

clones were found to have dissociation constants (affinity, KD
under theordified theRtdnrelios fisseinbinddpaRtd or addbgerthaii-dzpendent
dissocidfrat @f AR chnalysks i Biriding efiabe pentigntlys Binetivig.  The results are

shown ﬁ@t@oﬁﬂ%&ﬁy%g Rpipized, Vaiiable and; ConstantRegiedsifvn in FIG. 21,
while resu%s or onh LXE eeiIiITaégrenge%tr aIt sHigée% bol_%é% %%_:\%g]% E:%rtr?e% out in the

membranie- type
same M@KeE AJH Fﬁ%ﬁ@lga\ﬁ@ﬁfﬁﬁ ﬁHrdﬁgeWE%ﬁmféhfdla%@tiswé&éonstams of all

of the e[B100 (& bieddthsare kiiowtha TlevdA.types of antibodies,
humanized PMI antibody (wild type WT) and H3pl/L73-1gGl,

Eyl-M7 FvI 3, Fv2- GI F 7 7 G
{Table Ilgi 4_?9 %ﬁlgéo te]Feong‘%:?ae % 0% p(r?é 56(: IIi% ((ljéntgoBmdmg
Clones W@%ﬁnﬁéﬁ@nﬁﬁ?ﬁl@f&ﬁ&ﬁ%tﬂoﬁ&%me injected 96 under the
conditioptafspH 7.4teallowdheaptadatag to SR344, and then, the
ld-depleritteht dissdcsatideefeRidheiti® at the pH of the mobile
HS:}(E ase, ??‘f@% wéﬁ%ﬂéerved THE%esults are shown in FIG. 21
Fyl ﬁsultssfq{ &yl Mz ()é| -M73, Fu3M71, and Fv3-M73 are shown
Fvi-MvEIG. 23s-owhile feswts for otheggglones are shown in FIGs. 17
Fv2-igad 19p 4&ndlysed4tep@ carried gugin the 5 same manner as in
F‘-’3*:§§§ampl}‘iﬁ?nd the p depenqgrﬁéies of the dissociation rate
Fv4mlg@pstaqf$,zog,3all ofg eogleven tygeg of clones are shown in Table
Fv4-1§@2 [Tabke-12] pHiBependencieso$ Dissociation Rate Constants of
Fud-—14p3- Deﬁe’ﬁd@ntly BFﬁdH‘?g ClondZ-§fom Membrane-Type IL-6
. ency Sample kd (1/s)

Y S ceptEtmS] a4° e .1&4-....=
kﬁléltéﬁ)t Jﬂ%{ﬁ}{h% Yd edlYe Tlt%»fzﬁl@ﬁéﬁ%&&&%ﬂ%@lﬁh@pen@m
. .. 2.6E- 0425 716 E-O0 E-03 11
binding ghity ﬁ 6’§‘§’*§ E‘Sf%" AE-04 TAED "f: 757 M7
Fv2-Ig(y, :ﬁgS@M@l TRy T 6. Fas- Ig(x? Fvad-1gGG2, Fv4-M58, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison
with H3pl/L.73-1g(G1, for which the time unti] the antibody disappears from the plasma as well as

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

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

in cynomolgus monkeys in Example 9.

[Example 15] PK/PD Test of pH-Dependently-Binding Antibodies Having Optimized Variable

and Constant Regions Using Cynomolgus Monkeys
Construction of Known High-Affinity Anti-IL-6 Receptor Antibody

A mammalian cell expression vector was constructed to express the high-aftinity
anti-IL-6 receptor antibody VQ8F11-21 hig(G1 described in US 2007/0280945 A1 (US
2007/0280945 A1, amino acid sequences 19 and 27), as a known high-affinity anti-IL-6 receptor
antibody. An antibody variable region was constructed by PCR combining synthetic
oligo-DNAs (assembly PCR). The constant region was amplified by PCR from the expression

vector used in Example 1. The antibody variable region and antibody constant region were
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Fv3-M73 4.9E-04 5.3E-03 10.88 Fv4-1gGl 4.7E-04 2.6E-03 5.56
Fv4-1gG2 1.0E- 03 1.8E-02 16.99 Fv4-M58 5.4E-04 9.5E-03
17.64 10 Fv4-M73 5.1E-04 5.1E-03 10.06 The ten types of
obtained pH-dependently- blndlnggc?iones demonstrated
pH-dependent binding ability to the membrane-type IL-6 receptor.
Moreover, all of Fvl-M71, Fvl-M73, Fv2-IgGl, Fv3-M71, Fv3-M73,
Fv4-1gGl, Fv4-1gG2, Fv4-M58, and Fv4-M73 were found to
ligated Eléﬁﬁ%}’&%}%ﬂ%%&ﬁﬁ’%f@ﬂé’ﬁa@ﬁfc&ﬁmfﬁ%”(ﬁémammals The resulting
H chaimastibehrie Dps fladneeceptor iincdodiparisemmaliwitbell expression vectors to
construb1 3R (Ralg @pi&"si‘ﬁ&h%’atw addme pikipecantibodyodislaRRRAIS The
nucleotiégrs%t S 9!9 SHRS SWF n %SX trre]elgm\?ec (prgr\%cgg% 9115{%9 I%y% method known
ﬁ)flor and membran el élrece tor are boun g
among aﬁﬁfﬁtw% ‘tﬁé‘*ﬂ%ﬂk%é?éxf‘oﬂhd %ﬁf@%&%&@&%&ﬁ%@w&fﬂﬁﬁwd out using
the congoripdeseaswiith Wctoras $hxpwssion oyhpmidlgtieomyenkeysi¢d out using the

method%@@:m&!@ i 2aExemplesdl REURR kB8t Phnti-1L-6 receptor antibody (high
afﬁmty aDependently Binding Antibodies Having Optimized Variable

Constant Regions Using Cynomolgus Monkeys Construction

of Known High-Affinity Anti-IL-6 Receptor Antibody A mammalian
PK/PD dett éxpOressiolrneidtorkeas constructed to express the high-affinity

anti: IR eeeniet antikody MR8k i-d biilgle) descsiheddd dSynomoleus
monke %89%02 a5e§‘clé¥ds 1325&007/?00%9 ‘lﬁ% o ”8?&% POANPACRS 173,

19%nd 2 S.a known h nﬁ nity At eptor antibody.
FV2-TeGiln ity 204 e Wé@%}%ﬁé‘ﬂﬁh’&é@nﬁy BER D REsRignibody
(high affipighatic  dligpHDRBAg (dsEe il PORM Thd vdtatdnt régidiwad'v4-M73
was adRIBRUHEO DY REAR TR SXBressianyRGiarNsRtbindaampl8oh.at 0.5

mg'kg, gg‘?ii fi O %%f% Ifat?fjx Irea% Frilllarlﬁl%e%g IQPQ glzl CI%QI%E%QM g%g&gvzﬁ{ﬁlmstratwn at

ate y assem Insert nto a vector fOI’
L0 mgfé&prﬁé%?éﬁqmﬁmﬁﬁa@ﬂ?ﬁsdr@mﬁ AgTEFsHaRAR P YeRHIRCD NI plasma
concentfrigmeivsvarebinbestedristsrndin thalianeoslrerpre ssiormwelst8rs The time
courses@ﬁmré&kgﬁ%ﬁ&ﬁmmﬁﬁywmd It Cham, eXpressiony3-mM73,

and Fv4- Eﬁ?r of Ietlea{se te }-ﬂh}?aﬁu rcleé de S %nﬁtﬁ(ﬁ 3“3 EE%&{EAP% evaluate the

expréssmn vectors Were de ermlne Yy a met known 5 among

pharmagplogisabeffinseyriitaarys Shithrpseralr. BYpr LS RISy MRRdN
membranetgpedlrié ccoutiusing utheizoh siruvote b expressioil veeto siministered

subeutaﬁeéaﬁgﬁﬁ@nﬁgmﬂ @ﬁ@@k@m&lﬁﬁ%ﬂf@%%@@m@ the, methetiay 10 (from

I n xa Q |

day 6 to CF lycl &) Wi ﬁ)ec n|t k}lich %{:% /Q% i%l;] L s QtdeUn o‘%ea%?%%& in the
t

body Test in Cynomalgus
same mmaﬁwéyg RS HIR A SeTi GgiRal Sfticxegsured 24 hours

after eagiedmavstiatted il h;g/h@mgjgu;ss oh S yenfigntiations with the administration of
each an%@%ﬂﬂﬁﬂi'ﬂr P[@ﬂm aﬂ{imgﬁfﬁ éﬂ@lﬂﬁ%lﬁc leanaRe fikVitticacy in terms

of the d?%reﬁ o? ﬁﬁg‘agﬁéttl% antl 0 lé(éll‘ly}%h%g?flﬁk%dé W[Pne concentration of
T by nr-ﬁmmmgkﬂ Rrp3eeepRideiyiaps ?ﬂkey plasma was

measurddvd {M7A8me manner as Example 9.  The time courses of the unbound cynomolgus
monkey soluble I1-6 receptor concentrations with the administration of each antibody are shown
in FIG. 23.

As a result, the antibody concentrations in plasma were maintained high for each of
Fv1-M71, Fv1-M73, Fv2-1gGl, Fv3-M73 and Fv4-M73 in comparison with H3pl/L73-1gGl,
while the concentrations of CRP and the unbound cynomolgus monkey solubie IL-6 receptor

were maintained at low levels. Namely, this result showed that the time where the
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15 was administered to cynomolgus monkeys by single-dose

intravenous administration at 0.5 mg/kg, while the high affinity Ab

was administered by single-dose intravenous administration at

1.0 mg/kg. Blood samples were cdflected 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-M71, FvI-M73,
membrangIYRFENISORLINEAS - OF P AIEHRARY WheIP e b afiityords, the
durationif aretstiewivin WG gibn padord drctentbadicst e thenpiiarmaibldgiddl 73-1gGl.

efficagyidn, @Qﬁ&%ﬂd@&ﬂﬁﬁf@%@ﬂ@i@J&'t_i@@@%h@ﬂﬂ&'%ﬁbﬁ@é@lﬁ%i‘e confirmed
for theit AEIRBNGA e(!%_gng%%gp tord3 ment ral i%_fjtocé’rn%@%ggﬂ%n%%? k? Ye known

] Iﬂ_-g was administere .su%cutaneoug_ly nto the_%gwer acks of the

high-affipiftnd-Jafy SeBiy/RE M Gigp s'fpiag hordminsias) 8 td aekgont only
half theviithage dpestftd ¢het Migmaffipity ablcafteribhe Hdlmaisaatiobinfing antibodies
were el@MRQON IBE 25 SR MARARERSIA SxaiRIeBcdRapERr 1o those of the

oncentration. ch animal.was measured 24 hours after each
kn - 9 ant -%—%a p ana% %"% : ) .
own a%mallmé}tlrgtlorll. Ther%crr{e eoéourlsgsyof CRP concentrations with the

ainRrRas o it dAblsddy ra iV TPrses ere prbraietoout using
cynomotpral et ¢hesp aimdes|dgicadlefficangdnttenerstogiethensieyremmbved
pH-depdRefializatignahewnonpelglis saonkey.cptuble dbathiRsapiamh /1. 73-1eG1.
Therefo?e?%eet?rg'{g ngrr]n quzl %‘eb 1%%”%%@— meo flzgg%orﬁl @Hixbsl%k%g(l?rlal‘r_%ound by the
7 “réceptor in cynomolgus mpﬁke plg ma was 30 measured in _ﬁwe_
antibodigs (RBIRARHY ASERG HBRE G SR ead Brkiacd npgtmgation effects)
are also dymmpindipesprriondasfgahdietibodsseceprarosecertrationd WitgG L.
tmqﬁsrg]ymsw}qm pi/erchantibedyarens howandBJilGliLBpAS Gom the
resuit, t ntino centratl r Intain
plasma £ e S A LIS AR A0S recoptor e
bound bﬁ?lﬁ REFBAHY B R SALD IR RIRr e 5ot R e Hise ) ifee dwnd to be prolonged
considegbhycertraperst ofi @R anbvihdBhdviid By o bigushvbikdy Fv3-M73,
Fy4-Ig(30kplg b6 F&&E@i@g} amarwnnm;aaﬁa@k aﬁ@%k@g@ﬁﬂmmmﬁm effects
oW i r embrane-type and . .. .
o pi R P HE IO R MG BN B8 Bl B ecatzaion
effects a3 eepe2trb Wilirtlon of neutralization) was prolonged by the
dntibudietsirmuomhparisoptwithtiBiBheA. 18-1gGleandddithonlinhest-1L-6 receptor
antibodiPHHdeRe ach;qetd%ﬁi&«;gngﬁfatid kn6 fiegeptanBnbnedias Iyé/@fgg of pH 7.4 but
nfir r their neytraljzation c tai |
onty we B R o R A S A BRI o reduce e
patient desaat g AtmENERAIR Hegtmty Adsatithidaraeriar f%l)éﬂ@/ka}daﬁs aresult,
they cangulyidraibtinecdosabe thadrabhitietratio0 B migikg Therefeforiée the
pH-depRddisPandepthibinding.gntibadipsiiviere biginlatesk o have fRtperior as a

phamactn%ygiﬂlgral}g%gsea@el#%g&gﬁ%%@ined efficacy superior to those of

nown high-affinity anti-IL-6 receptor antibody. Those

antibodies shown in Table 12 for which PK/PD tests were not
[Exampledirlddbuutuating {10idyersmitsighshindiigelystal i thithtedt, have
Expressi@fﬁ%h@?@Hﬁ‘ﬁaﬂﬁfmﬁﬂﬁﬁﬁﬁmﬂﬂﬁﬁ@@ improved pH-dependent

indin rane- IL-6r r arison, wit
R

PH@SPGHQ‘S%‘E&BEHQ-%}/B@ U Coramie s SHeees ol areeH ety B trie the dependency
through mhdodiesh{sidmothestivnds atiddduretiofo shmeuteblization.amdarticular, the
CDR segdpteingdneeutralizationteffest&beptor antibodies. It was found that all of these
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are also thought to be prolonged for the antibodies in comparison

with H3pl/L73-1gG1. 15 In Example 9, for H3pUL73-1gGl, the time

until the antibody disappears from the plasma as well as the time

where the soluble IL-6 receptor afl 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. Fvl-M71, FvI-M73, Fv2-IgGl, Fv3-M71, Fv3-M73,
antibOdlﬂﬁlAﬁP@@@dP\mﬂfb@ gheptfg0 ms‘aﬂwqt@mwg aﬁaﬁﬁﬁ@%@ﬁéﬁﬁﬁmp’memem in
PK/PD.sustained neutralization effects 20 to H3pl/L73-IgGl, are therefore

THpugRAt %RJA@X&%@&K@Q%HBW%%@&%&W&%M&%% bind to an
m ared %Il\{lth WT. ﬂ}{aaSt to anti- JL 6 r%gg%ta%r the TL-6

eff

anngencn‘ﬁét%l%%n Hde %naﬁgﬁ? n nantw Ifléut1
receptowmﬁégltﬁaﬂgﬂ@fin a&lm%ﬁgws&ﬁ%@@ﬁﬁéi&rﬁi@@ﬁnawﬁéwm& 6
anubodjrnﬂbiecmlxgsmaloﬁxmﬂ (A bambnlyoveaklytoind B Hotig2nad thehain (WT)
(amino Qc’“h'& e dosapes 13“1\%&" &9, :&Hﬁh%gﬁ&%ﬁﬂ%ﬁ%@&%? 29%2004/039826
5 ean adminjstration freque of the anti

(“Anti- I?é t?ygeh 35)903% %{;gda resurftg tﬂ%%)tl%%qr%ﬁcona g‘]}‘rasigls'L[ﬂ(ﬂcfl e art, gene
ﬁagmerﬁq@q@&n@d’m,%@gﬂmwm@gfﬁ schéqaé%pé' igfgaest were mserted into mammahan
cell expfiskidepencentlydaindinghanii diaic eepepion antibodidd atethoyghtion vector

of interdQ. berﬁé(ﬁ&ﬁég e g&ﬁl@f%e@%ﬁh@ %W%%HMIM%%@%Q Hetrmined using
mogag0nISt 90 Erample 1OLCansticlion of pELDeRendenlfac by e
ame A tS ody xpressmnygnév drification of Anti ﬁ_ gy
method A‘f?ﬁﬁb‘?ﬁﬂwﬁmﬂm"p es 1 to 15, a plurality of humanized anti-IL-6
receptor antibodies that pH-dependently bind to the IL-6 receptor

Consth%@o?%@pgéﬁéﬂu}fn@mQ@ WAH&B@&U”Q the dependency through
T(I)ngtl;?l elf“% n% tldm q‘%@}%}cg t e II e Ia }Ee Vﬁigt?'fgr(lf substifutions

FEGION., In partiGarar, se eSS
were mtmﬁmd@%@m@m%&dm@ma@mha&mwmﬁé% Gg wild type)
including nitibHdiksr ¢paatadindnilitedhente: S FOAEPNP 2 demahsingi&'B) (amino

acid seqﬁm%§3%W@ve gdastﬁ;dgfgfﬁlﬁ)hﬁ@tp{ﬁe @m@&&%ﬁm@g}d
epenae an ant n.
subsequ%n%{ ecnine several © one izX’s% gmons ratt%?l}f}/ﬁatﬁ 09 cﬁ:na% in n Were obtained.

e CcoO ano her antl O an antl

The bindjgigert f¥as: ih’éaFLSIMﬁ‘éégméFh&%gséoé’mﬁﬁi m@tﬁ%b%ﬁgéﬁ pH.g4. The
positionyvahieléictediagithieaintiye pHahgadaantidbeSantibedynifichidirly  The

exampi%&h&@%l(\@ﬂa &@H&' e 1§8|19d§%q!’1§ QQ%&&%@ )I QIN% £73 @Qgel‘rce SEQID

ino aci uence 6 ich,bi ”

No: 60 e R e S0 S0aR. AR il g one
including,ths BorbsirUeiodaeisierisl resBRe KRV %ééé%me%ﬁmﬂt J{pmino acid
sequencgeT) YN eots ercodihg thaahtibodytabhhisa boid2seguerpessef and
purified BYRRE ShMRIEINSRHEA NI Mprmmalian 10 cell expression vectors

to construct the H chain expression vector and L chain expression

vector of interest. The nucleotide sequences of the resulting
[Table 13} Breidisisp{Betaring arbsHaide i ed-tgire eatHanssd known to a
132, H5skiHet, pweson. Anti-IL6 wild type was expressed and purified by
153, 154hgometnod described in Example 1. 15 Construction of

pH-Dependent Anti-IL-6 Antibody

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
Biacore T100 (GE Healthcare) for the three types of antibodies prepared as mentioned above:
Anti-IL6 wild type, Anti-IL6 clone 1, and Anti-IL-6 clone 2 (buffer: DPBS(-) (pH 7.4 or pH 5.5),
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To confer the pH-dependent ability of the antibody to bind to IL-6,

histidine substitutions were introduced into the amino acids in

CDR of the anti-IL-6 antibody (Anti-IL6 wild type) including the H

chain (WT) (amino acid sequencéQ%EQ 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 demonst rat the pH-dependent binding were
150w\ pi e THAEBIRGHIG AR B HAS BighHBARY il cgREProein A/G
(Pierce)owen pareehiiit ﬂneammﬁgiﬁnrmﬂalmhm%m@sm&u@’ gfammms@d to an
approprfi®situéian i iRephidependaateipaesmaraishown intkabtast@ments were

carried T\H%t ?Wpﬁ%égﬁl&&eraé'&&tgﬁj ?n%/}‘dsw&{ﬁ%@%éﬁ%& %9%1‘%& kq (1/s)

amino acid sequence mino

1
were calgiied e B e g ﬁ@%%sma?ﬁﬁ‘”ﬂﬁﬁﬁ Bialsh 28] Dnsccaion
constanip B0 teee lsabhikdied ddyconiscidwedlidned 4 S EGurthaymreahe ratio of
affinity angHLschain (o2) {arainaladide S efeencaosi Qe NG 166y HAT SNt
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 L53,
[Table 4454 Q@@@gmwﬁgwéngmfmﬂdnmmﬁgﬂ%wémgnﬁ Clones to

“Sampl VAT TSRS SRRk cactions at pH
. 515 yei %5é+ﬁ7 Lapregd purpsing 35 Biacore T 100 (GE
Wi eRiealthrara ot TReS pf antibodés prepared as
mesfanedyalgva: Ay lG il type, Anti-IL6 Clone 1, and
clone AREHEF6 SlepesaBiafer DRESE) (pH 74dr pH 5,5), 100 150 mM
onez 2504 Thecargibasieswveresbaund to a sensor chip on which
clone2, & ot prmeins AlGe- 02 iesce-was immobifized by amine coupling,

and then human IL-6 (Toray) adjusted to an appropriate

concentration was injected on the chip as an analyte. All the

ThaeeidupE pibniy Word Scaanealbutd(IBPtAsSytiadntiaté)) calculated, which

indicateS@RRStENSpeadcLiNIBand Cisseciatian wate consmnatstKd. §1i#s) nti-1L6 wild

type, Axweﬁ%%%ﬁglﬁt% ‘K{HQL'%'@B%E%Tég}%&@ﬁa“‘?ﬁ‘aﬁg’f‘iﬂ@ﬁﬁ Eendent binding

Healthcare), and dlssiilatlon constants ated

calcu
ity e G R AR A DA o 5P s o
Anti-IL-#ffileity 2eppH5 8 ambpH -7 arevhgvealeditiedbfor each clone to
TRvaluate thevaHhde pendantabinding a1 0-{T-able 44dGondbpaidson of

pH-d pe%ﬂ%g ll;gb Qﬁﬁ?@%ﬂ%@&%‘%ﬁa‘&% er@o §QQMI FH M}ﬁl}: plasma

kd(1/s % %[? (pH 5/KD§HH7 4%1 I‘A 7.4 20 b
neutral @@iﬁ‘ﬁlﬁ 6 FiEax !y Ui BRI SBIEL A5 SBEIPRS ?’i‘smts Y
introducgeiéstigprsubgtiorEaomd telosrBgE it th9 GDR .&31.1.1.1.1.19 .@916%?15%065 As
indicate®i03RH0p1E. 26651034 HREHI0B retoperaplibod 88602 BBHePdrdent binding
ability r%gﬁgﬂ}%inds to the IL-6 receptor and PK/PD is remarkably improved. That is, it was
suggested that Anti-IL-6 clone 1 and Anti-IL-6 clone 2, which have the pH-dependent binding

ability, repeatedly bind to more antigens with significantly improved PK/PD, as compared with
Anti-IL6 wild type.

binding.

[Example 17] Construction of pH-Dependently Binding Anti-IL-31 Receptor Antibody
Expression and Purification of Anti-JL-31 Receptor Antibody

In Examples 1 to 15, a plurality of humanized anti-I1.-6 receptor antibodies that
pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH
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.............................................. .13-5 3.5 p 2.76E+06
1.10E-02i 398E-09 The ratio of afflnlty atpH5.5and pH 7.4
((KD)(pFI 5.5)/(KD)(DH 7.4)) calculated, which indicates the
pH-dependent binding to human 106, 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
dependencydBresraiatigdusing fistlne s gitttisne ond hediHmogheeatpblgppaion, in
particulig, ISCRB. s¥uscib whibshowmitsd pas!in Gheceptse anfittvgianti-IL wes found
that all f2GRRIOMARINSHIES Ry daRERARNI. DiBingant-dentoARtROM RS siderable
1mprovet,pnen oind e antigen strongly under plasma 20 neutral
itions, but weakly under intraendosomal acidic conditions can
1 B@%@%ﬂid&%@ﬁ@ﬂﬁ%@ﬁ&%ﬂﬁé{?@ﬁ?&%B%Qﬁaﬁﬁg EPere thdnd to an
antigen graid|Yantofthed GDRogmawidoly deybavsésai\stipelicabedtinn the IL-6
receptoxﬁ?é%[@@'ﬁﬁ*i 19 RN ar}v‘[ﬂk@lle@?%@pﬁﬁm@}ﬂ&hﬁﬁQ@%%ﬁgen and an
a1 3T EESREUSIAANG, DU weREAEY DS QSO SRIPI, o 67
is remar rove S, itwas suggested that
and L Cfm.(i‘i!% @%\H@Pﬁﬁdﬁﬂ?ﬁﬂ?ﬁ FGORRN0 e pighipels To Pihe mouse 1131
receptopid dtepdrd én P HINIAG 2B H6I itV Anepea{divildingdd morecasitigens  Using a

method Wilkhsignifisangynian MW@QTPM@ﬂ@%&MQ@f@ﬂMaﬁﬂB Hefd Wildences of
pstru fion of H-Depe tl

EXx Ie 17 en
interest B SAATIG HhANA UG 0L B REREIRE A e
expressigpFelosIngd b hatR Fmﬁs’(sw%ow@%ﬁﬁfi&eswﬂ%ﬂ%ﬁ&fﬁaﬁﬁw of the
resultinfenpamsreceritis [w6¢ deepronahiiindicscthad lplevddperiidiiypbimd.

Anti-ILIOHhG I cfserantgrwee suGeessiully creater byaenfering:thankl

101 dependency through introducing histidine substitutions and
the like into the varlable relon |n partlcular the CDR sequences
Construgfiop gfinllDenonds L2 d 5568 dfds. It was found that

Tal[t(@ﬁhé@@ﬁrdﬂp@dieg ﬂé;iemédly: bmbd@mé)indﬁoréwdbtéﬁ aevdptor, histidine
substituGen %ﬁﬁﬁiﬁ)@s&nﬁt@%amﬁmmr@ym of RKiRR23ThesgiRiantibody

f|r that ent ability. fan anti
Anti-1 Ei’%‘ PG tﬁ‘] i %‘9%1591\10 67) and
(Anti- [b ‘% a anltncélnué d e con ered to glr?& er autel %ed )

L chain GFHEK(#50R 4 @wmﬁﬁ%ﬁ%@u 199 re%%Btﬁr%&ﬁﬁabétgmm the CDR
amino agnbthmbisubtegsail keBtmegeptaralalose|teted mentivetaHtigahdaprbdent
binding MrEdtiathed]l Tﬁ@ﬂ?ﬁﬁ@ﬁt@ﬁy ncHdina bantth Ghaip: (s Tc)o(ﬁﬁ@i‘ﬁ@wﬂh the

binding a atclg?lsiefgu Eg)?g % 8[13 dlg uﬁ%‘?ult' onqgl%év\ﬂ-)it%eq{' ré}‘. c%_)Bcs is shown

uence: Inas to the mou

in Table by gy ey &tiati 8 %‘8@"7?14%%“% R i ALSIR Gl deppigergeid
sequencovaEQARINU S atddindpain (¥éTNod Autoiid 1B thosel skilednredivd and purified

using thefeggnaagnents engading the amino acid sequences of
interest were inserted into mammalian cell expression vectors to

construct the H chain expression vector and L chain expression
[Table TopRpsitiop inftelstiireiititidon de REqERNERY 6118 resulting
H33  expression vectors were determined using a method known to a
skilled person.

Analysis of Binding of pH-Dependent Clones to Soluble I1L.-31 Receptor

Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
Anti-IL31R wild type and Anti-IL31R clone | (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
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15 Anti-IL31 R 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-dependent ability
of the antibody to bind to the IL- 310 ?eceptor histidine substitutions
were introduced into the amino acids of CDR of the anti-IL-31
receptor antibody 20 (Anti-IL3IR wild type) including the H chain
(WT) (amino acid sequence SE

QE}’D NO: 67) and L chain (Wg
“e""mb@’i‘?{ﬁiﬁ ‘%{@d@é&ﬁéﬂ&%i 5‘6|§9‘}1?§§Eﬁ1|?1‘e1 e mouse
[L-31 répethier QDRarcdminordicitls ﬁxwmkbsetpgemeﬁdre‘éfrﬁ)r?@%éﬁéﬁéﬁ) adjusted to an
approprid@nesdbatdenenstiaiedhe ptindspandapte bindinBWRurements were

carried ou bt% Q%QCT Eﬂbt(!ﬁ % %ttg '&%&?ﬂé‘iﬁ(‘ﬂf%@f%ﬁ& léligéa Ql%%%g %%e constants kg (1/5)

compared wit &b

asition o

were calgyed g iR HIH %B@%B@fmlc?aﬁaef-‘s@%ﬂm Yoy dgspeiation
constan K Exai) perisafintitiid 3uRed|omérgseimelundifbrbive! B).chBiirti{etinore, the ratio of
affinity GAFING Pgid pSEAYENERAPELLIDINQCRIban kvahaid (W EN-dependent
bindi gAnt| IL3IR 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
[Table kﬁ‘]p@@mwemdevﬁ@@mf@&ﬂl@b@dt@@@esép@%ﬂéﬂ&l Receptor

ralysis-of-an |L|g = allLlpuu reactions-at-pH-5-5-and pH 7.4 was
Sample. oy ol ¥g iR Mﬁ&ﬁﬁ%r the two types

Witd gyp81 ARiHC dmmﬁe paredzaszrventioned aboye: 35 Anti-IL3IR wild

tyqﬁz@yc ﬁggﬂglj %E_Jjgne ;]Oéb(;éfhr DPBS{(-) (pH 7.4 or pH 5.5),

150 m U Nau .09 Tween20,0:029NalN3)-The antibodies

clone W\ pﬂrw baou WEH‘?I‘?:: st r%\%BEn%B\ hich 198 decomb-protein A/G
(Pretse) Wik ibinddhiigedAafline coupling, and then the soluble
mouse IL-31 receptor (prepared according to the method
described in WO 2007/142325) adjusted to an appropriate
Thoratertfationtyeiolhpéted thérein @B Aal)yE DAPthé 4)) calculated, which
indicateMtB@gHIraBpeiSNVRRirga/aE Autat 125G . {ASpatiaterns aiad 1000 for

Anti- IL?ﬁQ %ﬁﬁ' E?B‘%%I(&/Mﬁ) fi@%@@ggec iatﬂ%éﬁf@eﬁp nslt%tg Iﬁe g'{—?ligpendent binding

ated using Biacore T Evaluation Softwar

sbility of 8 tﬂ&&ﬂé}) clong higd %ﬁ%%%ﬁ%ﬁe R (it eld carélaﬁaf:&a%mms for
Anti-IL bl elpon! et Vhlnd ot Tablerd g vruirH8fmare, the ratio of
TNt &t Pbkb. hansgk pHné daweas oalcalatad doscepoh SIORRIe: and anti-11-6

anﬁbodrgé/ %Haégpgﬂg&!'kﬁlﬁl%%%ﬁ Q ? %H}gto}%ﬁ%ﬂ&@s]{ég[ &&m& %‘;‘581@' gefn strongly

-Dependent Clones to Mouse | Receptor

under plegg BB AR P KBS %‘ﬁfﬁﬁ@%‘j‘ A PR oo e
constructgpphiTod £in s HEnaUDEOGyE B0EI08IBMpHE. 515, HOESRIS amino acid

sequences SOEsGRiAEDBxalopet pib/i4, kn/HE0% 380RQIntiBOE-08t has the
pH—depe%ggxg' QmHHE H%I:ilt}(?&gg)lgd%f%%-sqg b 205 'Igg’eptor and PK/PD is remarkably
improved. That is, it was suggested that Anti-IL31R clone 1, which has the pH-dependent
binding ability, repeatedly binds to more antigens with significantly improved PE/PD, as
compared with Anti-IL31R wild type.

[Example 18] Repetitive Binding to Antigen by pH-Dependently Binding Antibody
Expression and Purification of Antibody Administered to Mice

The four types of humanized 11.-6 receptor antibodies described below were prepared.
As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-1gG1 including H
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The ratio of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5)/(KD)(pH

7.4)) calculated, which indicates the pH-dependent binding to the

mouse IL-31 receptor, was 3.2 and 1000 for 15 Anti-IL31R wild

type and Anti-IL31R clone 1, resd@étlvely That is, the

pH-dependent binding ability of Anti-11,31R clone | is about 300

times greater than that of WT. The sensorgrams for Anti-IL31R

clone | at pH 7.4 and pH 5.5 are shown in FIG. 27. Thus, it was
(WT) (i st 8016 b HR A b P eI W De peesptel apritsageSEQ 1D NO
10), ancHlAtH&rislg®! antibiddid s ldsdeperidetuoirdiriEQiiNCBT0) and .28 (ammo
acid seqneﬁeptgra@n@bndie@}%@mrwsﬁamgnﬁ%g e H24BE G dicated in

e 2SI E1ALSANGON, Bl ealty Undlr ftiRendosamal il 1y

ucin
of Example,ddnglisiasd i tHawke i ﬁwqﬁ%%r%@ d%z%m@rgtw (amino acid
sequencsefju@nbasOAT)) noicat ¢ dg6 Enfdimpledell borkhydimg i3 He6 réSEQLER NO: 23)

and VL@@?@%@E@NF@SQ&) ey Bel 24l ﬂt@ﬁq@ﬂﬁ 9@%@9 MﬁtﬁlE%%@q}Mmated in

Examp] b ds to the IL-6 receptor and PK/PD is remarkably improved.
at is, it was suggested that Anti-IL31R clone 1, which has the

pH- dependent 25 blndlng ablllty, repeatedly blnds to more

Analysiaofigeds ot cdSelGHR) ared with

Kﬁ@ﬂclﬁtﬁygs\’gﬂ%ﬁy@% e[lﬁmpll@ag-@]ng tW@aMmiit%éW out using

t t b d
Biacore qﬁ@_{#eﬁ ?T'r]‘]ln Stereaqtgl I O WEéEOUSFSI?en a26(()({::: Wlfﬁnlzlgg
H54/L2¥L@Heé@ﬁ@#%ﬁ%%blé%d§é’§dﬂ%dwmwmﬂy P17t 18 5.8). 150
mM Na@htisbéicithataio 169 pHrokepeihddnt whia toamittie dlsbsechfion which

recornb-¥Ydtek g%mm@&gvﬁ&%&WB&%@m&Cd%ﬁgg eRERRSEQdisted 1o an

amin Cld sequence: SE
disitale e R BN el
dissociatiey) Gew £B (%aﬂﬁﬁ?ah s deglierber e Py RGP MDERldige basis.  All the
measuregpressetcanatporified796ingAbedasthodisndicated ka (Exainplédissociation

rate consﬁﬁlgqflé‘i 82@?@@1’@5&‘?@5@5'1%%@%%'? M@%f@ﬁgﬁoﬁ-sgﬂ@ﬁm@ﬁ Healthcare),
ample in amino
o s O R R B b (B s L B (s
ID NO: 7), and Fv4-IgGl of Example 10 including VH3-1gGI (SEQ
[Table 1/ NOn28)isamd\MsSEH¢EEQHDkN DI ST)iatiendReep(Esseaidvissociation
Constan@LHﬂf}‘ﬁghU@Bg Jhm@éh@ﬁg@ﬁ&@&%& IE@K&EI&%@I’ &Rk Anglysis of

DIIIUIII%M aul Type {5“-{5"8'“”” ty Lup%éﬂgnﬂer? Feeepyor
Samplddiaetio Analvein Rl AMIan X0MHReYTRREHOREEY Rld.4 and pH
Wl SlGrwasiearnediout-using: Biaedre 71900 (GE Healthcare) for the

H34/L28-1gGF 3k Of B P-19Gl, L28-1gGl,

e T R e T
P o l56E2l G uffef a0 mM (pH 7.4 or pH
5.8), 150 MM NaCT; 0.05% Surfactant-P20). The antibodies were
bound to a sensor chip on which 15 recomb-protein A/G (Pierce)

Th sdinbrsBnized By dpihe tatbhHg Lty sesamibegusetradragted.  The
KD raticappidphidtesrorisepiidtpmdvastimdoted 8RSdinvas Ah, rfalgte, Thk27.3 for

WT- EgG@ﬁ@@ﬁﬂ@'ﬂg@iﬁh}ﬁﬁdﬂmg@ﬁ%ﬂ Mgﬁlﬁa%@(ti@@@h tyR&d@ftion, the ratio
of d1ssoc1at1ot1)1qg% xgg)raet Opls§ évaen(a OH fi‘é{ %ar n%\ ﬁ%ﬁ WclS. cglculated The ky ratio,

nts were calri ed out at clation rate

which métﬁﬁ@ﬁﬂ?@k&@%%ﬁﬁ%@%&ﬁ@ﬁm SR344 was 2.9, 2.0, 11.4, and 38.8 for
WT-1gG1, H54/L.28-1gG1, H170/1.82-1gG1, and Fv4-IgG1, respectively.  Thus, it was

confirmed that H170/1.82-IgG1 and Fv4-1gG1 demonstrate the pH-dependent binding, while the
conventional antibodies WT-Ig(G1 and H54/1.28-1gG1 hardly exhibit the ability. In addition,
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rate constants kd (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 17] Comparison of AsdHciation Rates (ka), Dissociation
Rates (kd), and Dissociation Constants of Each Type of Antibody
Against Soluble IL-6 Receptor (SR344) pH7.4 pH5.8 pH

ndency Sample ka(1/Ms) kd(1/s) KD(M ka(1/Ms) kd(l/s)
since thf(g) )k@%BS-ISf g)% eﬁppp@ym S SYOPREY ﬂ?qu-ft’@@ gbility to bind to
SR344 i, 9 pB5mh 4kas04ol DEHOB:8QE+0512.1E-03 3.1E-09 2.9 1.6
H54/1 28-IgGl 8.3E+05 1.4E-03 1.1E-09 2.4E+06 2.7E-03
-lgG 16.7E+05 1.1E-03 1.6E-09
In Vivo
.4 61.9 Fv4-1gGl 9.6E+05 9.5E-04

The pbeynasckingits STARIS 26 EXOBEAETER §-S5errRR ARy were evaluated
followirgftidityn{iajiat @b 538 athdmdh TLAGforce@ioh prtibedynvifagmple 1) only or
simultarRIEHAERH; TG KIP SRE wiigh m%%m@%cgﬁﬁ?m%ﬁy to mice that do

to S wa d 27.3f T-
not e"pfrfé%f%g‘?a?iﬁé f%}l%rz“?sé?ié%t%v res%ec F\?ei%"ﬁ gotibodies do not
bind to g amayse Iﬁavé FRERRISD-dlidd Wﬁ?hﬁ@wﬁ% ug/ i) 518 Apigedispintion containing

SR344 dod @a@ntmmmmmmmtowat&ddi e ednnatind 301 wiziehi indspatésely) was
administhedbkde @ﬁfdgﬁﬁt}ﬁi iatiapstale iRl R R ‘Nﬁ?ﬁgﬂgg 2.Qintd the

1gGl H54/L28I GI ) 70/ 82I
anti- hunﬁavglﬁ%f: tora ug% %s J)resen’f (i? m% c?’flcﬁ aimount relative to SR344,

|ve S, ITwas confirme

it was fhf%wmgzar 10 F&N@@P@:@Fﬁ@ﬁ&%@%ﬁ@d&x ‘Bepaifendpy  Blood
samplesbindinglwhidethé ncontesrtionak.dhitibos)i €AV P-tyel Adays, 4 days, 7 days, 14

days, 2 ﬂd%ﬁ_}ea@ mqéﬁ%@éyﬁﬁhm&&m@@bi&we éeipe@wai%oa %p%@a %;@ﬁnmedmzy
cenit g e SRR P S S o
was St"%‘ﬁlﬂ\%ﬁ@ﬁ%eq ﬁet/ﬁvozﬁ‘i%iam‘a&’sw@é@@m @ﬁéﬂ%@%&@@ THibove-described
WT-IgGphHiffA28Kira1ids 16D SRB A andh the AdgicHuwanuledselbepitrhuman IL-6
receptorantib@yswere evaluated following administration of SR344

(human IL-6 receptor, prepared in Example 1) only or

simultaneous admlnlstratlon of SR344 and the antl human IL-6
‘;;t,.a‘ Atk Rlor Aatibody 15 BOCE L

Titecerpt@m(e(ﬁﬁﬂ Bitliﬁﬂxathﬁmehmmanﬁheayrecmptm ahuﬂn@meswcmsured by
ELISA. n%n@'ﬁ\gﬂ&t r@%ﬁl Iép&lfﬁ@@@i@ﬁi a%ﬂb%ﬁif’ﬂégﬁﬁﬁ%? &%)g\bﬂ-ampensed

NOL &M ixed n %O in SI? tlhe nti- um@ Q
onto a NUnc-Immuno tegk? aéq r% %p %erpa 1onal) ang a ed fo stan

receptor antl LTm mL res eCtIVG y was
Ochlg%anﬂﬁﬁstféPé?P%ﬁé"él |I&/@n!ff590§n%a?é Hoks: adrilitretian sy samples
having pkBmaldikgeBimtenthe GhithHuan. Il B0fe 6dthraniiody vgasl, and mouse
plasma s@ﬁﬁﬁ@ﬂiﬂﬂt@(ﬂ I@d%}d@ﬁ?@%@%%ﬁ%reﬁw %EQ)@B%L@N@§4 was
added to P(?dg?lﬂ It}]g %rlé/ 1a” oJr%Qesa%R eCU|eS o i.!:Se epno nt%l){e 5 les were
colfmctgtﬁt At 1B aglp

samples wer Inutes, 2 hours
allowed oiipad i‘/’ﬂé;l?“’?r&55%’113tﬂ‘&%raﬂl’&ay§u?saﬁg@ﬂfﬂfﬂi%%@??s Zmé%m%d
into the amich2BdelpsaftenddinédisteatiomdEhevosllecteddioodisamplesm temperature.
Then, Bib@gIMMediateMacenisituaaciay LoannuRs@ld9Q0R 1B 18%r at room

temperatPIC tos%lgtam th% C?%Terp 151{1%’81 iﬂ?sﬁ %gta rgcgg%m %)Sp"‘{‘leon I'?eahnoiogles)

reezer Setth ower unt etime o asuremen
was addeglorradidecliBey at room temperature and chromog,emc reaction was carried out

using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as a substrate.
After stopping the reaction with 1 N sulfuric acid (Showa Chemical), the absorbance at 450 nm

was measured by a microplate reader. The concentration in mouse plasma was calculated from
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WT-IgGl, H54/L28-1gGl, H170/L82-1gGl, and Fv4-IgGl were used

as the anti-human IL-6 receptor antibodies. 20 Measurement of

Anti-Human IL-6 Receptor Antibody Plasma Concentration by

ELISA The concentration of hum&#IL-6 receptor antibody in

mouse plasma was measured by ELISA. Anti-human IgG (y-chain

specific) F(ab')2 antibody fragment (Sigma) was dispensed onto a

Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and
the absoghgire altdstaRbr Sion Gams Yt atEEY IS SPE HiHE- appx PRO (Molecular
Deviceslg Glimniobilizedepl bpdsnG alihrationiounitersamplesuhalhngiprasonas
measur&ORCANEALANS RfQ:8nArAFi2:60.1, 0.05, 0.025, and 0.0125 g/mL,

and mouse plasma samples diluted 100-fold or more were

prepared 200 L of 20 ng/mL SR344 was added to 100 L of the
Measurement ol SR 344 Dlg Comcentralion by el URHRESERIS S h

Tmmesrwmreoﬁﬂﬁ%dﬁmtandlﬁsmi hmmaﬂam@bteahp%ahﬂnﬁiummescenw

SR344 éyaéﬁey@ﬁ%sﬂﬁepﬁ%wﬁ%&%@%@mg SO0 1060, 500, 250, 125, 62.5,

anl G-im oblllzed ed to stan
a1 2L TR GO ecpleltR A AONE 0 ST O The

SMPIESAY?H‘E)W(‘F&@)&Mgtlgad’éMﬂi‘?@ﬁ%flfdﬂ?t htrnt g6 atibody (R&D)
ruthenivt@rfupekaituich Subséew it/ Strepiend dicelP GhdeRB8Y Biotinylated Anti-human

IL-6R AG%I@J@}O(SI@‘%Q?%;QQR@PIIQ@TM@M@&MW@%&%@Qﬁ%ﬁ@ﬂcﬁ@f 1 The final

concentra%{ng & W?ﬁ%&g@) LISy g‘ggnjlﬁ% 9 eg‘}%g\%gg J’gsv%%%% o &

anti- hu%%&ét@ﬁ@é‘?ﬁ@ﬁbé’%%%“@SHAEH%F%‘EBE@rf@rt‘ﬁ% FEREHOA \Rﬁ‘ﬁﬁipg nearly all
of the SRB44i Huriecaleidif SrroaaChemiChligte absprganoy ahdSOupins was
dlspensa@ﬁ@@uﬁQOIM@ PROIERIAIBHEPURE. (VRECRRARENIEBIRIN MOMERved to react

as cal ulated from.105 the bsorbance calibration
for 1 b S e e R R B B R R e o

(x4) (Me%\?r@é%}?lﬁ%fmﬂ @%@@%?%Fﬁ%ﬁ%ﬁ%ﬁ%ﬁ%?ﬁgﬂwd by the Sector PR
400 Reailvtr Mesobis:rddinenstraionlas SRedsunaeiiatiois waethodliscsioved on the
responsd b fTHe cAraMeasWemehetmR344 Rlasms @m}ﬁmrﬁiﬂmﬂ}ﬂecuﬁr
D El eﬂl ochemlluml (?m: The conce {atlo of . SR344 in

evices). € [1me course O ma CO CGH 101 a Cr mtraven 3% 1mstratton as

ma was measure electrochemiluminescence.
measureéé’ﬁ’kﬁ&%l%&‘?%ﬂ‘?\}é%ﬁmblé I6Hjtted to concentrations of 2000,
1000, 500, 250, 125, 62.5, and 31.25 pg/mL, and mouse plasma

FEffacts (ﬁqmpﬁ%ﬁedﬁgﬁe@@gﬂgld or more were prepared. The samples

mix ith a solutlo of lo oclona nti-h

Wvﬁ?r%gdc t?ﬁéyﬁ) enrl}uarrﬁtl ('{/?/Ellt#w urffogwqﬁhgagisp FHL28-1eC1,
which d‘(ﬁféé’@%@?ﬁ@@d&%ﬁ%%ﬂh@r&%@&ﬂ?ﬁu %W%%L%‘éh%?%&gﬁl which
demonst(R&DY phhde¥iidég Glindimd. tthe irall owesk tol teactrinatiom gies at8RG. identical
for WT-1E08 finad/Ioancentration af T -Gk Wasi3BS abal WibighisdRa stightly
more 525561 405 SPRGSIAIGALLANLAAN L RSEROL MO,

FCohtained in the sam Fes u1Ior tfﬁg urpose o inding Near 0
Pharmaca#eeﬁ%wwéeﬁréeqﬁ*{w@%%{m ﬁ%’é@rﬁeﬁb@r &) hs%ﬁgewethﬂyiasm of
WT-IgGihél $ahisidgse a4 fetik ped $8d (ritdSaig (MAMB0 PR, Str8piavidind 7.5 days,
reSp,ecmlg,>j§te (Meso Scale Discovery), and allowed to react for 1 hour at

QuieTRS, e was pedamed S el Bl Al
Efa%‘() eso |scovery was dispensed,

antlbody%g§mgmé?ﬂ%§lﬁ ﬁjﬁs‘% W ihesivcthip P plasma in the form of an

antigen-antibody complex. Generally, in contrast to extremely long plasma retention time of an

antibody {the elimination rate is extremely low) due to the function of FcRn, the plasma

retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is
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400 Reader (Meso Scale Discovery). The SR344 concentration
was calculated based on the response of the calibration curve
using the analytical software SOF [max PRO (Molecular 20
Devices). The time course of SR344 plasma concentration after
intravenous administration as measured by this method is shown
in FIG. 29. Effects of VII-Dependent Binding Wlth respect to the

bound 15' g}leaﬁ%&? h(g.g %‘%P&%Qgﬁﬁgﬁ‘éﬁﬂqé‘tg%‘ b meér s %1&'[ of E(L:]Il antibody (the

0 not emonstratet

Ehmma%‘?ﬁdﬁﬁfglsﬁﬁeﬁ‘il?’dﬂ_‘@z IGET SR ﬁ@f"léj‘"@l%ﬁfh"fd%‘}?ﬂ%ﬁ’aft’e @H@"epmr
antibodp§Rfiddrlerie bindindlthectieneuounsedoficotwentlatiorb i was extremely

rapidly £0nghheddenticahior i Tolg@ly 4l 541{193%&1&61&1&!3@1 deztyélokgﬁlic
admmls{_rg[? 91/ !5%'9& W%Sa %JJH%?;%E%%}%}%'BQX rﬁpfe[ r@ﬁ) a‘bg’zgﬁt%q}? which does

he time course o p asma concentratlon WaS ana

not demﬁﬂ%{ﬁf?a% Ries R Y e rpaiaB At oP ﬁ%ﬁé‘@ Fs eppeiderably
reducedhaifl iveslisntiheciskisméiiof 80SRAA4aGI plableddpig®ia Fod-lidesh,. 3 days for
WT-IgANE HifQMb2B849EP yvrie12 1. Q’}&&s&a@%@& fm@li)? a3l dayR, SR344 molecules

were bo[ﬁ?@i?qﬂg gﬂ(lbp@leq 9%%11&1 feg%! MS{ §'g{§‘£4 tlgt? Q f: a,ntlbodws

le antlgen an a mlnlster S tO e an
had a prlenged glasmarrieplica dRRHTHIH f}ra%?ﬁ Q‘ﬁ?ﬂﬁ@%}lrﬁhﬁf taﬁhe function of

FeRn asglatigdhadagiiody complex. Generally, in contrast to extremely long
InplasimR setenterimehan3hastioty (he eliminationrate isor Fva-1gG1

am‘.ﬂ:x)d)g &B?JH g%%t}gé’ketﬁg é]ﬁed]; @8&' 18{1(? 85 r{'ht:t Q?I;B ,? #ﬁtl%ﬂﬂp wWas

time of an antl en Is short (the eli mlnatlon rate |

signieagii son TR B W ﬁf%ﬁnf%frﬁb@é&%%a%@p SR P D 2
comparecbte Hitonsrakcsimitmicdhatiofratiramtith ol (e ! efiifddtitfalgatb isThis

tendencesepagtyuiams pRimitarlyiowheniie anygrs @f BIMANAEd 4LE51 at pl1 7.4 is
equlvaleh%cfg B tg{or?ggpgl%thg W (I%@y %% PBQ)E?SI IIg% [E5ED El?orl%l\nls{%lat nearly all of

administered alone, 4 was extrem Eld e|m|n

the SR346 mafReisatdired W&%\%ﬁ* H&hevﬁyemftﬂségé &b mprsieiss
equivalegtienitiighthitiongof BSR4 eitticn eohvientio pliinartivodyriTedgGNar-eG1 and

H54/1. 28424/, 28 lglinwhie b rages anelde ponstiats hes Qkhé@@@r}ﬁiﬁat Thls can be
exp1ameﬁ'£‘;,d{l§] c&H&ﬁ'BP{HQB%Qe@E%C%é%ﬁsﬁO &?R?'qerarg (ﬁf‘(‘ ge 54

e plasma retention time of was Sma

rolo
comventigeg] fpEbaTs Ak POl GRS Sy erepaooe ifget). 2phiRedy-soluble
antigen doatrderses hberrlypaliioftiie SRSy mmmheyxv\ia@bmmibybﬂhés to FcRn
expressed i bRAiasadminisiefachiRgane heaid - thdsi SR 344 ibaund DY tb&y-soluble

antigen c%mﬁggﬁ%%qm &51949&?9%%@ %&%@ég QE' N Stlggﬁ gégqfll %&t{g}ns to the

of the antibody, due tq the function of FeRn’as descri

plasma, the anieqn haund ja Ihg aniifhody bas @ prolonecd nlagnasetepsion fifapiglr to that
of the angihorg/(tB2elgGrasiomiMesgEhelnsondly, Whibh etbenbastritdletiec of antibodies

that dempidtepanganidinding bihegliminatiponali SR34dswam ﬁi@ﬁm@w}lﬁnder
mtraendJ&Hﬁq} %‘ﬂ?ﬂ‘é&ﬁﬂl&@ n:!:l %Mﬁ)j%e%z%&gzoiﬂg Itb(%'&g%yxé Qs again to

as 15 compare to.the case of concurren

the plas“}fd mﬁ%‘gﬁ Hrchisin Wiesist demsansae Ilsf‘ﬁ%a‘ﬂéﬂ Hebitgropags without
returninggarticuwlastyap lonsliemafom Py 4nigeh. iSzenthly sdfildins ofFnateG tat case of
antibodidithat. doisoLuivalenicttopatanganthanddiat of MGG BNEhse of
concurre&rrla%ﬂﬂn%ﬁfﬁg& & §R§4§Q M%éhﬁtfﬁgéﬁ%%ﬁ/ 1L.28-IgG1 antibody, which does
not demonstrate the pH-dependent binding, the elimination of SR344 is slow to the similar
degree as the antibody, since SR344 binds to WT-IgG1 or H54/1.28-IgG1 both in plasma and
endosomes.  In contrast, in the case of concurrent administration of SR344 with the
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the SR344 molecules were bound to Fv4-IgGl. Even though

Fv4-1gGl demonstrates equivalent or slightly longer plasma

retention and slower elimination compared to WT-IgGl and 20

H54/L28-IgGl, the elimination of $%344 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

H”Of’Lﬁ%ﬂ%‘Bayfs%‘fuﬁﬁéﬂa?ﬂ feeshipheder P md-errssderhiuadige. the
eliminapimod\BSit ity ehizepiakra & dnfds 40 FeRniaexfressbelantibody in the

intraend@REQSOIRES NRHGFIRtagNd Qﬁ@fﬁ@kﬁﬁ@ﬁe@ﬂﬂﬂ%ﬂg@ﬂ@@ﬁhﬂ IgG 1
antlbod%gtl‘pﬁ)g}{ i %L Q ?ra%? (A0 Eﬁed% nﬁ‘e% n%oungltgoﬁﬁﬁ ?rgiég%%?JE 1 the

hé cell surface as it IS, and gain return to t

mmenda?ﬁ?f@@H%BH&W’EH’&%%%%WH%% %Mﬁ&%&’é&%ﬁé Fafelgfithat has
returnedipgeisimilarmiosthatvidf ToBmistibodshi(thdeolivhnatid roi§ R3dde mElys, as shown in

FIG. 4, 8lowd rQeuthenethey bandidndhe 6358 th%@ﬂb@di.@ﬁltpé@{dosomal low-pH
ENVIro %x@gﬂé 4 th%tg E'le (:T‘Qs%]ag h li”cqgnr\])gt glc C o %‘é%san antibody

e antibody under mtraendosoma aci |t|ons
that dermgpsirgign i BES ARG HNBLHE PRRRAENTEH AR %bt%opﬂﬁana It was
also shoptadmia bsmpetihe tittigereshisbociatibollfror theramtitaodyhis pH-dependent
binding dRQrasacIRy |V§ﬂ5’t@ 'ﬁlﬁﬁlﬂ&ﬁ%eﬁ@tu mirgdedtheRlasma db8iacore data
shown 13'@5 %t)lg 9 8@1‘%1 (%m &X{r%@g enac{e)n%an 1%‘ %E%Qemt EIC 1nd to
f antibodies o) not emonstrate t e endent ing.
aﬂﬂgen%uam %%%%f%? LA RS SRt G BP0 il the
number tHiMET A Gpatiti MM 28-bi@ ngribddynediisid.does not
wiemasstiaienthe pisiepangenthinding:the sl RatieabeR 3t der plasma

neutral éﬁn%lﬂ)\é'ngobmedi%m %g igfo ggeegnggobc%}eh 1%(9? d%’ec;sm%ZhSegr:}at%ody returns to

binds to WT-lgGl or H54/L asma an

the plasigAGHARE: i CORRPLSLCHH HAETLEEE Bt ELARABHE RS Al conditions.
Thus, angfr@RBY4hwiitietite 207itH0 ABHBRUYBHonFAMidgBIaleti bodyndvhiokal acidic
conditioflera@BEliatas faepHispendent bindingpibel RRIBREQRAEen bound to an

z:mtﬂ:aodyg'clgé.3 nof%ﬁﬁ?a%%%m%ﬂ'dan fg'odlay ?n e%?f 99n§ |at%§ fg%%ewgound to the

e Intraendosomal low- pH enV|r nment

antibo
antivod g B PO g PRHRTEVRRRGE) 2B AnBRAB Sissigts from the antibody
in endosdumothstpéaanihd ipihaepenider tisindiizgn dissockate, frone BR34ien is

transporifiiSlintaendesematiovrpH RYiRIREeRE EhR M IObS an antigen can be
used as 4?!'1?19 &Qg 49% %e@l%&%?%%{t?@% (eiEne go%ﬁ?mt e Lag?ggzmes

FcRn is thou e not to SR344 as shown in
Detemﬁ@nf Rle e SRR 5 S8 LG T AR TG PR YHEP e by
adminisinipgendotemaniow-piibedwironmentigheh rotasniig tbethiesplasntizen
concentriith ERRmwihemisandingiaibeantigenxanpatibody that

AQ%H?B’&EER&%&Q&Q&QE% ;ﬁ‘i’ﬁ&‘éﬂ%ﬁb‘é&ﬂ%ﬁ%ﬁ a8 er!: cEP %ng:d to multiple

antigen’in the plasma. It w 0 also_shown that, b rep e

antigens &888%%“1%"5%%‘83? R eineHardbed e gy éﬁfeéw‘frate the
pH-depepiulihipdiae. re peeabihyriima tofraiitipley aditipenecd his s comsistahly
reduced Wihthtﬁ%Q@iﬁﬁﬁ&idﬁﬁﬂt@@%ﬂ%&@@ﬂﬂ@|§r3[oﬂ@@0n5trat|ng that

T%%&i?%@ﬂ%ﬁ@%%igﬁe ?3%%%9&1%1 0ral T&wgependem

ancing t ng of an antl
antigen- ﬂé‘ﬁﬁ&%fﬁﬁgoﬁuﬁ g 6?%’1‘%%? 3‘6&%’@&% &ﬂ%“éh%ﬁ?oﬁﬁ‘@be%dﬁ@mmmg
the pH-diperdasdundise\Wihen it aatigaizin at sl Tbte tritgenbatriistheates from the
antigen sHgeRIbibaS It AN aRtkedy: uhdenplasan Elﬁiﬁtﬁahﬁﬂﬂ&lglféaﬁ rBhtedly

bind to nﬂiﬁgﬁ’&%‘?g%&o ARG AR W B-ERAPRAMES ANE LSRRI con be

rns to



the plasma with FcRn, the antibody can again bind to an antigen
under plasma neutral conditions. Thus, an antibody that has the
ability to dissociate from an antigen under intraendosomal acidic
conditions can bind to antigens n}lgﬁiple 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

. .antibqdy returns.to th sma), if a tigen boynd to an antibody
opplcd T AT SO PSPl eort o L pAGHEP o o senealy
any antigfiyi fatonarige o teer datigerihis imsrebmBigesince 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 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 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. 5 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(pH5.8)/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
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5. The antigen-binding molecule of any one of claims Ito 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 mefecule binds to a membrane
antigen or a soluble antigen. 7. The antigen-binding molecule of
any one of claims | to 6, wherein the antigen-binding molecule is
an antibody. 25 8. A pharmaceutical composition comprising the
antigen-binding molecule of arﬁ}[dﬂé/l& claims ito7. 9. A method
for improving the pharmacokinetics of an antigen-binding molecule
1. An armgélﬂ]ﬁﬁlﬂﬁiﬂg dh%c%m%@wﬁ'ﬁ ﬁ@:ﬁﬂmfaﬂf'ﬁ?’i}%ﬁff?@ﬂﬂgm the ratio of
olecule a red to tha A4..10.
KD for %%?ﬁ%%eflo%%iﬁfg%%%%;ﬁe%npu mi b%%%ﬂi?%@é %I’fj'a%]?i%:]gnl}fﬁ%’jring for
an antigen-binding molecule by impairing the antigen-binding
2. The aaGtiwitpiofitheraritigéndbiiaing nvdieeinehat{iMbi 8 HK DGrhiaredhbe is 10 or
higher. thatat pH 7.4. 110 11. A method for increasing the number of
antigens that can be bound by an antigen-binding molecule by

impairing the antigen-binding activity of the antigen-bindin
3. The agfisashipdipeirels s of ebib dradas thide W%&)@@@Ii? hethlgelis 40 or
higher. for dissociating within a cell an antigen from an
extracellularly-bound antigen-binding molecule by impairing the
aptigen-binding actjvity of the antigen-binding .molecule atpH 5.8 .
< The e B B 8 PR Ie 8 i o v o
the antigeprhiading MalsguiR bR SR WRTHATSSSBRAH HEh I8l e nngdistidine has
been insariefl @ ifternafeetindiocarcédcule.an antigen-free form to the
outside of the cell by impairing the antigen-binding activity of the
ntigen-binding,malectile at pH 5.8.as compared to that at pH.7.4.
5. the e S RS ST s B loding
moleculgasan JaRSUNHFAEE Hh antigen in plasma by impairing the
antigen-binding activity of the antigen-binding molecule at pH 5.8

6. The aRSpdRIGAMRARRIIQINGtAL BHL 6A1dimshe Methed0haayRRe Bhding
molecu$1@IMs 9 10 14, wherein the KD(pkip.8)/KD(pH7.4) value, defined

|
as ?ﬁ%t?)a%ig%l??{ﬁl?ggl t’l%eena?rrlt?gsen atp tl%%’and KD for the antigen
at pH 7.4, is 2 or higher. 20 16. The method of any one of claims 9
7. The a0 gkbd; hivideremdleeukeD{phibo8Y KD(piia. 4 Josa | wddsibOleradighebiddng
moleculd R@MEHBAyOT any one of claims 9 to 14, wherein the
KD{(pH5.8)/KD(pH7.4) value is 40 or higher. 25 18. A method for

improving the pharmacokinetics of an antigen-binding molecule by
8.A Phagawﬂ&%@%%%%mmwg theansethedEAtRgaRitief a0y one of claims

1to 7. molecule with histidine, or inserting at

9. A method for improving the pharmacokinetics of an antigen-binding molecule by impairing

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

10. 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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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 molect}& 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 . |
th-A H&ﬂ?a%oﬁﬁgcaﬁeﬁ@@ﬁbsmw%rmfgﬁa%?mﬁﬁ HREAPRDGP Lttty Pinding

molecule g ipirkigtitiriatiaco-thedmsthyritintibgamigiechieditg maddeuls at pH 5.8 as
comparédeshng fopdigsnciating within a cell an antigen from an
extracellularly-bound antigen-binding molecule by substituting at
least ane_ amino. acid of the antigen-binding molecule  with
12. A nﬁfgﬂé.

& BP9 B 14 G HISRAIFRITARb e SR Bt
antigen-hipfiegieoBeRR Iy inptidelibe ralégeiripdinaatién-of idingtigen-binding
molecul@lpHWS Whichphag heam bopid o 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 .
13. A mgihos {6y i%ﬁﬂffﬁ&ﬁﬂé%@&r%&%ﬁ&‘ﬁw&% AidifIThRC TRig4re antigen and

internaligpdigion el ryamolieeidree0@a: (A theethistdéor ihesddindgnthering the
antigen-8hilityeoicangniigenhindingplesidrdolirpinate A anigen ithat at pH 7.4.
plasma by substituting at least one amino acid of the

antigen-binding molecule with histidine, oy, inserting at least one o
14. A mjiod) éi{ﬁfSaﬁ?légz&gﬁié@u‘r\%ﬂf&ﬂmﬁnﬂ%ﬁ%&é‘?&%’?‘ﬂﬁgﬁéoﬁ#&fﬁ%ﬁe@ antigen in
plasma gininppisieg Haindces hndige witisrinfite mistdinkislibstitotionlost pH 5.8 as

compardiisettiant piereases the KD(pH5.8)/KD(pH7.4) value, defined as
the ratio of the antigen-binding activity at pH 5.8 and the

antigen-pinding activity at pH 7.4, as.compared to the
15. The R B DR P S i Bt TRO RGBT USROG Pl defined
as the rajserfidh frohesniers aelhod ardRy dviclof wlaisrsa0nd 24, Wwherdifgher.

the antigen-binding molecule has an antagonistic activity. 26. The

16. The FEHALLLRVROREREGBIMS 1, QinvRE e RS Wﬂ?%ﬁﬂue is 10 or

hieh molecule binds to a membrane antigen or a soluble antigen.’25
BT 27, The method of any one of claims 9 to 26, wherein the
antigen-binding molecule is an antibody. 28. A method of

17. The seReNITg @banARLganshinging eeiacka Mpiah OMMEHSESNRIue is 40 or
higher. steps of: 30 (a) determining the antigen-binding activity of an
antigen-binding molecule at pH 6.7 to pH 10.0; (b) determining

the antigen-binding activity of the antigen-binding molecule at pH
18. A rnczﬂ_)@c{(g% HPergyinghidie pharmacokinetics of an antigen-binding molecule by

substituting at least one amino acid of the antigen-binding molecule with histidine, or inserting at

least one histidine into the antigen-binding molecule.

19. A method for increasing the number of times of antigen-binding for an antigen-binding
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,

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

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

or inserting at least one histidine into the antigen-binding molecule.
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(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 pl-1 4.0 to pH 6.5. 112 29. The screening method of

claim 28, which comprises the stéb 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. 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
2L A mgidefoa dipraitingor pEng: elbaplantiged; fify) plaimgpeHelarly-bound
antigen-BhlgeNiRAINgNABEUIRIHB A Q@M%é@iﬁ'&%@ﬂﬂﬁm@fﬂﬂgﬁﬁl@ﬁfdﬁlg molecule

with msﬁ@fagltem@é élga@&!éfﬁs%aa@%smebéa{%&g}a ﬁantég ﬂndmg

molecule that dissociated under the conditio

6.5. 31. A method of screening for an antigen- blndlng molecule
22. A meihpss B hividingaotivityean difirstpiHo ke gre atbiciian that Badeconehtigen and
internalipdd, itB 1€ BeGOMPHI Qﬁﬁgﬁmﬂﬁrﬂfo (@ binding Ak &MY ER RINEINENe at least
one axn1£8%38%lietﬁ9 eﬁq‘?@eﬁ“&%’i %El!%e\gu% é}n%ng éhl% qqg Op (()jne histidine

15 of a first pH; (b) elutirig the antigen- Ing mo ecule that h
into the giiesh E’bnﬁﬁ’égdﬂﬂﬁﬁﬂ at the first pH from the column under the
condition of a second pH; and (c) collecting the eluted
23. A m@nhbigen-hineisgdualasuls: @staatzgdmth&aﬁga&scaﬁﬂmw glfﬁﬁz&lﬂa an antigen in

plasma %&%@%R{H H%Q@PAS& %1%%9&?0?'@9' %tlgl é I[g tu?e with histidine, or

greater tha t at a second pH, which mprlse estepso
msemﬁg(%f) Bffﬁtafiﬂ‘@% 1§' RileL=ia %ﬁ@ﬁg%@@ﬁ%ﬂfﬂ?ﬁ%ﬁto an

antigen-immobilized column under the condition of a first pH; (b)
24. The sktiegdherabtigen-hinding e culeHomethie iy Ribsandentheinsertion

lncreasescﬁfgq{%(ﬂ}g A8S ’ﬂﬁﬁﬂaﬁ? gi%l‘ SSB%H%Q%H& %@%ﬂ?%%g%n%}%eactwny at

ed antigen b|nd|n molecule; and (d) obtalnln
pi 5.8 %@l}%ﬁamadfﬁ%f)ec o, 4PHrhé §éﬁé’8?ﬂﬁ‘§4ﬁ‘é ol BRUA RSP
value betgrethe Wisbdain tstiipstoplris:fies. 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,

25. The WORSEIY a4 18RSt QU6 ALDAYS AQIN.;AGIdS.Of fhey ﬂ;;ot DRG0 an

molecule has been substituted with histidine, or at least one
antagonigiedsiviYhas been inserted into the antigen-binding molecule. 35

35. The screening method of any one of claims 28 to 33, for
26. The btainsmancastigenhingiog smalecianhalissURatial indBRMIAAGS (o a

membmdg a%?g%%@@o]ﬁﬂi@ aﬁﬁ%éﬁhe screening method of any one of

claims 28 to 33, for obtaining an antigen-binding

27. The method of any one of claims 9 to 26, wherein the antigen-binding molecule s an

aniibody.

28. A method of screening for an antigen-binding molecule, which comprises the steps of:

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

{b} determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
and

(¢) 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,
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molecule that is capable of binding to an antigen two or more
times. 5 37. The screening method of any one of claims 28 to 33,
for obtaining an antigen-binding molecule that is capable of
binding to more antigens as comﬂa{r?ed to the number of its
antigen-binding sites. 38. The screening method of any one of
claims 28 to 33, for obtaining an antigen-binding 10 molecule that
20 Thdiss_ociates n extracellularly-bound antigen within a cell. 39. The
- The PseRitHRfioY SFERyHridioR RIS 39 f5PIrtmsiAY sibody whose
antigengbitigiog nndingt pibfet ileth&l- sivbrindaohaghenttige dadntigen-binding
activiyintemalizecbite & cell, and released to the outside of the cell in
an antigen-free form. 15 40. The screening method of any one of
30. A claims 28 to 33, for obtaining an antigen-binding molecule that
- A RO OSSR LIRS R IR 4R BARGRIS iF BraSompusEs Fgesteps of
(a) bindipgaariividgenctivdiho fntsrdaéo ahaluiisrs 28de 40onHmredd phes. 7 to pH 10.0;
(b) placiifigenduipaingnmnlactieis. #A:wseaas arRaFeR6eUcAker a condition of pH
4.0 to p@pg@),%glqn. 42. Th_e screening method of_ any one_of claims 28 to
41, wherein the antigen-binding molecule is an antibody. 25 43. A
(c) obiaii iy FSHEsPoOitRgG %ﬂ%ﬁ@gﬁ.ﬁﬁﬁaﬁaﬂ%&@sm&? GiRRHon of i1 4.0 o pit
6.5.  comprises the steps of: (a) determining the antigen-binding activity
of an antigen-binding molecule at pH 6.7 to pH 10.0; (b)
31. A nRAIGHBIAGINEG AGPIOE AT MNOLER ARG ot o first p
. ‘mglecyle at pH4.0,to pH 6.5; (c) selecting the antigen- |ndl|ngv
s greati i %ﬁ&&&O&ﬂﬁ&gﬁ%ﬁ%ﬁﬁl@%ﬁ%ﬁ@f&?ﬂ@ﬂo@a7 to pH 10.0 is
(a) binddy grewiégethbindingtiaeiprla 10 10 pHGBIgGbiatdied e gelsethe condition
of a firsepHOding the antigen-binding molecule selected in (c); and (e)

(b) el ut?fﬂf%%éﬂ%i 0@(1}%%6@&9&%%%!?8%&1@%% %?ugl%nd? (BQ }Iﬂ"ﬁ %gl 'Rom the

. 44. A'method for producing an antigen-binding molecule,
column, der (e GAATINLY pha &ea5d BFE384a) binding an antigen-binding
(c) collqpityie Ehnevedruittgdindindardecoldition of pH 6.7 to pH 10.0; 114
(b) allowing the antigen-binding molecule bound to the antigen of

32.A m@i)ic;&’ &téé?QeHﬁﬂ%@aﬁ %@EQ—%HR{; %}9&9&%&? bx(ﬁ:(%}lgé) Q&%&%gat a first pH

) the antigen-binding molecule that dissociated under the condition

s areateg g ) gE OB L o Db AU G Shooding the

(a) bindigtigemtisiertrigdms leelsesbibinedanr ertignetite) qbaubinguthreunder the
conditioantigemsbpiling molecule using the gene obtained in (d). 45. A

(b) ezmiﬂ@%ﬂe_oaq&g&pmﬁ%qgo@éaﬁyﬂgm agindMRlReule WHEESLIPAING o nd pi.
activity at a first pH is _greater than that at a second pH, which

(© amp i AR AR BB B AP LRI AN molecule

(d) obtargngritmriigied 4ntgrobiindveconiepwlaunder the first pH

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.

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, 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.
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condition; (b) eluting the antigen-binding molecule, which is bound

to the column at the first pH, from the column under a second pH

condition; (c) collecting the eluted antigen-binding molecule; 15 (d)

obtaining the gene encoding the élll%igen-binding molecule

obtained in (c); and (e) producing the antigen-binding molecule

using the gene obtained in (d). 46. A method for producing an

antigen-binding molecule whose binding activity at a first pH is

greater than that at a second pH, which comprises the steps of: 20
36. The(gydsimiding i dntigenobineingimoioal&3lifeappteondrg an antigen-binding

molecuRnbigenupiprlilizediaslsan wides the diratoRHisendition; (b)
eluting the antigen-binding molecule from the column under the
37 T second pH condition; (c) am !ifying the gene encoding the eluted
- The SRtGRREIRINRG ?ﬁ%&ﬂ%?f&jgeaﬁé g e ethtegnn bR arBiding ne
moleculdiddeihapatBe(ed ibdaigingmbe geirssncodinpathé tatigembamdifit
antigen-Miaigselasollected in (d); and (f) producing the antigen-binding
molecule using the gene obtained in (e). 47. The production
38. Th methad of claim 45 or 46, wherein the first pH is 6.7 to 10.0 and
- The greeampg R g 7 476 8% 53671 8° Fhe? plIRRSH AR ST Bgling
moleculgfesigtisieginis U exurelbticly fortnd rodgrpridténthestep of
substituting at least one amino acid of the antigen-binding

cadlewith histidine,, o5 insering at histidine into the..
B I B SO NS

Jf CRIMS % S U ARSIt R A SRy igrsd R g outside of

the cell gypm ARERRYIrdeBB0. A pharmaceutical composition comprising an
antigen-binding molecule produced by the production method of

40. The ¥NANG geﬂ@ﬁﬂ?a%? AR claims 28 1o 33, for obtaining an antigen-binding

molecule that has increased ability to eliminate an antigen in plasma.

41. The screening method of any one of claims 28 to 40, wherein the antigen-binding molecule is

used as a pharmaceutical composition.

42. The screening method of any one of claims 28 to 41, wherein the antigen-binding molecule is

an antibody.

43. A method for producing an antigen-binding molecule, which comprises the steps of:

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

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

(a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;
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(b) allowing the antigen-binding molecule bound to the antigen of (a) to stand under a condition
of pH 4.0 to pH 6.5;

(c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
0.3;

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

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

45. A method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of:

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

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

(c) collecting the eluted antigen-binding molecule;

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

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

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

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

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

(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 claim 45 or 46, wherein the first pH is 6.7 to 10.0 and the second
pH is 4.0 to 6.5.

48. The preduction method of any one of claims 43 to 47, which further comprises the step of
substituting at least one amino acid of the antigen-binding molecule with histidine, or inserting at

least one histidine into the antigen-binding molecule.

49. The production method of any one of claims 43 to 48, wherein the antigen-binding molecule

is an antibody.
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50. A pharmaceutical composition comprising an antigen-binding molecule produced by the
production method of any one of claims 43 to 49.



