1 DESCRIPTION ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO OR MORE
ANTIGEN MOLECULES REPEATEDLY 5 Technical Field The present invention relates to
methods for improving the pharmacokinetics of antigen-binding molecules and methods for increasing
the number of times of antigen-binding of antigen-binding molecules, as well as antigen-binding
molecules having improved 10pharmacokinetics, antigen-binding molecules having increased number
of times of antigen-binding, and methods for producing such molecules. Background Art Antibodies
are drawing attention as pharmaceuticals aspRgy i€ TigNy stable in plasma 15and have few adverse
effects. At present, a number of IgG-type antibody phaimaceuticals are available on the market and
many more antibody phannaceuticals are currently under development (Non-Patent Documents 1 and
2). Meanwhil& NE§TUS-RBROHA BN MOLSHHER 31 0 15 BoAa e OiGrthAY PrimieBiticals have
been developed, including thosesthatpharge] affector SUREReA BRDgan-binding ability,
ph%rmacokinetics, and stability, and those that reduce 20the risk of immunogenicity (Non-Patent
Dotument 3). In general, the requisite dose of an antibody phaimaceutical is very high. This, in turn,
has led Teghmbiéfisiduch as high production cost, as well as the difficulty in producing subcutaneous

formulations. Inthegrysdhetnseiof anAtiRodyRbas RaceisHnRa: i saduesddey dproving antibody

pharmacokinetjcs or improving the affinjt een antibodies and antigens. 25The literature has
reportedHH8HHo §‘?B’rglﬁ$ﬁf%% Q%Qi%%{}gﬂgﬁlgggﬁ%%n itcgéeLﬁl&fﬁ%ealrﬂﬁci%]leglﬁaﬁtfﬁﬁ)nﬁ%é (gﬁ'ﬁrﬁ}f acids
in constarigegtondity omleatdryt BosathenstigandBylisimiddyulasiaxiraanpansd has been reported
as; g technology.for anpanging-eeHann: intom abilikvi ArtaRRNAWHEHZNGARK\AY (Non-Patent
Document 6). This technology enables enhancement of antigen-binding activity by introduction of
amino AUHERTIRGHES AR FHETRISR 19BREY 18§§W£rf3818°?’é fon or such. The enhancement of
antigen-binding ability enables improvement of in vitro biological activity or reduction of dosage, and
further %Q%MA%ement of in vivo efficacy (Non-Patent Document 7). The antigen-neutralizing
capacity of a single_antibody molecule depends o its affinity. By increasi affinity, an antigen can
be neutralized bYyr$iediss a0 gty @%tﬁmﬁbﬂ@?gWﬁﬁ%%cﬂ%mghgycgﬁr@@ &S geelﬁt%?‘i%%athe
antiodyaffinity. fEwridecrerdfdtthe affipitsadutdinehvadé ighinitedyntdvele pliyrbindingciie antibody to
he anigeR bRl B aNRAE, %%@1&9%%@8%%5@&@&&&@5@ Biplgsiesi@givalent antibody
es).

can neutralize two antigen molecul However, the st0|chio_metr|c_neutrallzailon of on{e tibody

against g€ aRtsEh @%mﬁoﬁﬁmia@%%t BSARtgEs Y RIS | WES SRR H&hods,
and thusdtdiadrapassiite tagesdplsiabmaesitalite lantdernvty thepsinaldndimpthusoflattibbaycthan the
amount gL ANIENIIN AlhEc R haaiionenhangne.cleshbana N LNanFaeaBREment 9).

To prolong the neutraﬁiatl eftect of-a neutralizing antibodﬁ/ for a certain period, the antibody must be

adiinistBeeiPh oA HEBEIRIGTAFHHAN P AHBIURPBIRRgEN Pl EGREd MR ETBH BT same
period. Witihsde pmptavement of aatbiady phahisacokineties rlatfipitbraatraibrtétginology alone
Clesoribon ARoNE, IS1e. B S 2 dITIARIMID IR GO0 ALING ERAUFRA RN AR8Ery, the
Accordn}:fg(l) , In"order to sustain antibody's antigen-neutra 1zing effect for_a target period withi smaller
amount &ishefantsdydrahansasewsioat BrakgeRuediny e amipoa pibety ANz eokamsRor
antigensn{}gﬁmggsﬁ@aﬁgmﬂamgemm;@wdmmﬁ@&ha single antibody include antigen inactivation
usjng catalytic aptibadies, which are antibodies conferred with.a. 15 ic funetion, the antigen
is g%grotein, it ciﬁlﬁ g %lleﬁ‘éa%c%\e/a}ﬁaésdr %@Oﬁ%gt r%]lf/%%agsiérﬁgl ﬁg‘é%%ﬁ%éb% gr%%gég&%%ﬁ%%ve&;%dly

neutralizetifivigend By e epids treRrsETNGALME SN DO SIHERPEYFRE 8 28 Many previous
reports RuRlishEd A0 Gaiahic-Antib agiasantbirehiaclogiesiasproosisghtiemg Henyevesidhiare have

been no reports of catalytic antibodies.having sufficient.catalyti tivity as a rm ical agent.
Specificﬁ%ﬁﬁt%oéﬁb%aﬁfé%u&ﬂh%}%g Csfﬁ”c@ orogggg%r%%bgﬁtlué%eﬁﬁt‘ 'ere%alé e‘é}g_’:]}%’é’gﬁ‘%ﬁ%fgﬁon of
catalyticeahtiboaieswhiwhican prstogectivsmpaiabie ertisrorgeniafesi brsratiomvindo 865 dPProduce a
maye prolgngeseaiiect.euen aha sAMeHdoSEasrRMAaieH: lorantreinand R aBalal Wiakleutralizing
antibody. As describe _abov%, thﬁqre.hive been no nggrts o% gnfigl;odie% tﬁ%trcag {’(fguce a more
255uperBIRY VIS BHRIHHLH SPaioatsAh a8 aR: Mg SRS 85 SRFaEGH A S G Is aAtibody neutralizing

multiple iantigeermotediles) ¥ lkfiScdroriNbe-Disens Slncwhdeiséreduction and prolongation of the

durability, there ig,a negdfarnewissbnalogies dhatpamulicayodurtioncipene antikodimelecules
having a stronger in vivo effect than ordinary neutralizi ntibodies b indi\giid ally r}leouc;[r lizing
multiple BXARERASIBRESI 8L 5P AB ARHETS rﬁ%{?}‘éﬁ%ﬁ?ﬁ%&ﬁ&“ﬁ%& ORVention’a

nt Invention are shown below:
[PB6r arlViocumeartshfdlom PatestiDocuhentshe antibody affinity.  Furthermore, if the affinity

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




Non-Patent Document 1: Monoclonal antibody successes in the clinic Janice M Reichert, Clark J
Rosensweig, Laura B Faden & Matthew C Dewitz, Nature Biotechnology 23, 1073-1078 35(2005) 3
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G, Yee f},BhabiRR. chakguehi Tekipimey RAp&reatRid ganesahmeshodifari{ed!yhin o vingithe

affipity of antibodies by using compinatarial libraries. Prac Natl Acad.Sgi U < '
105(24)95388% T Esrl)rb)étgﬁo‘goﬁusﬁ ig%ﬁ%?'?-’ﬁg}fgﬁf BB&%%\%%?PM §ﬁ%%%r%%g%%%%r%§c{}ﬁﬁég )Brewah
YA, WoBdpRianp e nmualissieneriac ohg Deutididne pribobs el srerp siavedaths i dain
Lo O B ot Dotumen B Hansen CV
ower Respiratory Tract. ol Biol. 20t : - on-Patent Document 8: Hanson CV,
Nishiyath§ PSS! Cat\é%é SIS, aetﬁdot%%rffl BB%‘@Bﬁ%a |'8(t21051?1 #rc pin’ ﬁ%ﬁ%’cﬂ%‘g)ﬁ%ﬁ% Dec;
16(6):63dcboNogPatesterime Abor Rtbrsria shvarniimiRGaksagS rrlbysikes of e ggvirstkie S,
Bakcook . tration of an in vivo generated sub-picomolar affinity fully human monoclonal
antibody to interleuldn-8. Biochem Biophys. Res.Commun.. 2005 Sep, 9;334(4):1004-13 25 [Prohlems to
be Solved]  THEEHBSE nBSHEr %ﬁ%ﬁ@é@% Yo' tz??etlﬁ%lé%%tﬁeelg%%gtﬁ(tfe%%)crjfe%)ér?t née %}ﬁ%
Accordingti, sambijectivenod feepnedantyinantioneis tompolidt geathstiio ebigitigramsigen-binding
moleculgs fo-ihe AnHasRs.Mitpe timéél@&df&%@ﬁ%%% IepiRG e SARPRIMasIRinaties &f
antigen-binding molecules, as well as anti en-bindjt%%?o eﬁiulﬁs that age#aﬁpabl of Bindigg to the
antigené‘W}HﬁFp?é‘tﬂﬁﬁBéP%‘i‘i’cY&Eﬁ%‘i’ﬁH}ﬁéjaﬁ%@&ﬁﬁg g TSP RS A BRI RS IRATRS MiRstmaceutical
conspositiedigtoofitaining sivhartigen:iinding proletulés;arie m@ﬁawmdmmgdw molecules
and compagiionsy Vieans for elviog:haExeblemsiARbedisaiar sudies ppeibads drnbinding
polypeptides having antigen-binding ability, such as antlgen-blndlnﬁ%{;}gl cules, to the a t%ens
multiple @ABL e} ARIHBGEE! impPEtARYC PETY REFIRBS GrLHd PIEEH %&ﬁat?%? )
(improviagithelineherieatokinaticshavibkencoridustadh diern hasedeesult, itpvass discovbited that if the
antigen-pindi tivity o | indi lecyleatthe asonal P ds1QWRLIhan its
antigen-%%?{%%egg}[%%{%g iﬁg%ﬂ%&g@?ﬁ%@gﬁ% gvhould bfg{ﬁée{%gb_ind@ant'gen% %ﬁiﬁle times
anéPhavensi heAYér HaY-f ﬁra%ﬁ?&ammgfy therffﬁl%ﬁ#ﬂ%%%%@&lzlﬁ?émg%?a@a@a- PHIEHGE of
screeningiieh aBrapriddady awhicpaeshipsisasoihe stéfestafve(a)t detedmining tiredatigendoinding activity of
antibody at.pH 6,7 to pH 10.0 termini igen; Rinding agtivi e antihncy at pH 4.0 to
pH 6.5; fﬂoég?g)egée e%%nedf%%%é%ggygév%o%%%ﬁﬁt%g%g}n%ﬁg activity at J|é)¥{lzlg1 .7 to pH 10.0% greater
than theaafibgé¥-binding activity at pH 4.0 to pH 6.5, wherein the antibody is used as a pharmaceutical
composition andas @syshsl abive, ipliowingd b den(vi) reppan dntibibdyitsahis supsriaiuire reoention in
pl a; (ii) an antibod t is capable of binding t anti r.mare ti en measured in
a ?T?:hu%ggﬁrﬁ)ﬁi%5f?o%%?sfh@nac’%%ﬁ%I%pl}g%%%%%ﬁgér{le;l 6 |%g§[%§€%%5%ggté iiﬁggg\g le of binding to
more artigeraizneompirsanigee notpaest i(EhmsFempisdiityatsy whiesaisdutiian % nonhuman
animal comRHsinGR selhedpresHng heRms AW«tanitodihatdiksabiatps ai exérpegiitiasty dfound
antigen within a cell; (v) an gntibody that is bound to an.anti i ' i -and
released'to the" ci)%3 s‘? (eH) 81? ?ﬁ@%se%%% aasrﬁ?élfgﬁ?f?}ééﬂ c{))rﬁ];ec# \7£|I %%ggl%%rg(%%ﬁ%@gﬁﬁ%%ﬁgd ability
to eliminayeaiivaduigbnoienpriimeg, multiplaass@sadredpaiesthere is provided a method of screening for
anggody, which pamprisasdliesiars okd @) hinsiaganmariibedyie aawatgerwnder a condition of pH
6.7 to pH_10.0; b#ﬂp'ladn% he antibody bound to the antigen of (a) under a condition of pH 4.0 to pH
6.5; and {(EPOBtEHIRY AR Shtibody that has dissociated under the condition of pH 4.0 to pH 6.5,
wherein [NerefRtibotPisusedtsls a pharmaceutical composition and is any one of the following (i) to

(vi): (i) %@oﬁ@@@%ﬁ@ﬁﬁeﬁk‘@?ﬁ%ﬂ%f@ﬁ%ﬂ&%’fb@?'&%ﬁ@sﬁe@i)rﬁt'ﬂ@ﬂﬁiﬂﬂ@d)’aﬁi_&_ﬁ m@a@@rmﬂﬁﬂbm_ding to
an antigen.two or more times when measured in a non n apimal comprising ressing
FcRn; (ilifR&RaRYGEay- e é gﬁ%%%%%ng @)eﬁ%%e%@%%eﬁ%%g }(}:%Orr?ncp rg(gj’tl(?)&% llr? jf% ber of its

anfien-bidding sites when measured in a nonhuman animal comprising a cell expressing FeRn; (iv)
an antibody that dissociates an extracellularly-bound antigen within a cell;



(v) an antibody that is bound to an antigen and internalized into a cell, and released to the outside of
the cell in an antigen-free foing or (vi) an antibody.that has increased ability to eliminate an antigen in
plasma. 4a In a third aspect, there is provideda method of screening for an antibody whose
binding activity at a first pH is greater than that at a second pH, which comprises the steps of: (a)
binding an antibody to an antigen-immobilized column under the condition of a first pH; (b) eluting the
antibody bound to the column at the first pH from the column under the condition of a second pH; and
(c) colleéting thereledhamtiloRyyivherBinBHecirdi b s ehrrepaoio miidedics aesket 2998, 6w 6.5,

and Wh? n.ihes t}ilggg_ngdgsggrgs)@p@@mgceutical composition and is any one of the following (i)
to (vi): é(wiiﬂn antibody that is superior in retention In}ﬁ?&?{ﬂ?ﬂ%ﬁ an antibod .th@t i% ca ablee Otf binding
to an antijeR 458t SIAFERE rgadardann Hh %%ﬁ%’&ﬁ FSIRG 2 kel eXpressing
FcRn; @iixianpetibodythatis Capabldief Mindingdd mabélarfigehRasiesmpared to the number of its

antigen-pindy.sliBs N IeAsHIthiR ARpINHmAnARMALCOnIRINgiapRl SxpassiftaieRn: ()
an antibody that dissociates an extracellularl “bound antigen within_a cell; (v) % tibody that is
bound tomengiRsEr i ANeERRRSESHIiRIPRAY ‘é(@iil?% SETBEBA R e JEREHObt A in an
antigen4fremsform4qusdvi) an antibody that has increased ability to eliminate an antigen in plasma.

In a fourth agpect, there is provide had ef screening.f ntinagk Inginghagtiyity at a
first pH &gﬁfgg}g}ftﬁéﬁ g?%fa sgggz\(}:pﬁlg—)ﬁ%v%hgléé%?r?ﬁg Egggéﬁgéi\gg%%%%%ﬁ%%%@n@amiboglly
library tWandaEﬁigT@ﬁrﬂﬁﬂiﬁﬁﬁhfzmIﬁwskﬁﬁéﬁﬁr@é@@ffw&?ﬁ§mqfn (B EAEERG e Entibody
frq@t%@%@gqﬁ@ﬂh@&g@jﬁmm a S_Ecgnd pH; (_c) ampf_lifying t_he g7ene fncoding Lhe elutedd y
antibody; an taining the_elut tibo reip the fir t ; the second p
is 4.0t .%:gfﬁ%gﬁ%?&me eggﬁﬁ%%%?sgﬁgaézdxé’sﬁa% %ﬁragm%%c%%%;%ﬂ cgf%%%?géglg%%%ény one of the
following Reekvil, (Rraer Kby that igewepdivethodcfenamatn presmang i asBatibedy that is
capable,aiRinding {0,80 ARG AN AN PR lIMmesan easited S1/a DODhUiEan animal comprising
a cell expressing FCRn; Smm t@)&dyt at is capable of binding to more antigens as compared to
the numﬁ”’éi{%@%)a%@%ﬁ- gie1) ?Q Wien measured in a nonhuman animal comprising a cell
expsessiignFeRmt Hulanantibidy thatdisBcistbsan Sxilacetbldry-Bownsy BhdgBashifin Whiq: (v)
an antiba%,y.%%igﬁﬁz%gn%& an antiganandinieralizes i aaelimrdelrasedinithregiside of the

cell in an antigen-free form; or gi) an antibody that has, in reehsqed abi i?f to el'g]inate an eintlcqu in
plasma. PEyentioR RGOl SR EERAL YISLaLdre Idt & TREEA GBS 6T Hhaing RAGEn Al ing
moleculasciopastigens, sdiiptetiegs, methods for improving the pharmacokinetics of antigen-binding
moleculgs, and methods for Rradhiging @ptigen:Dinding malaculeswith imprioyertpharmagokinetics; the

present disclosure also re%tes to antigen-binding molecules that are capable of binding to antigens

mfiple #absERBsa RIGERBIMBIAE HER IS Wik INEPR2t Dharmacokinetics. More specifically, the
present isslostie Dreiges: J1RathantgenbindinglsalsRe dkavihg S KD sk R)SCB(pte?id). value,

defined as the ratio of KD for the anti tpH 3. : ' dothnat 2e%bigher; [2]
the antig?(a%r-rgiﬁs n%ig1 %c%’l%%ﬁ e gfvol ,evﬂ%%ﬁn%ﬁeﬁ%%%ﬂ%f%ﬁ%‘gl%g%%%}d&%&iOcornhigher;&[%?the

antigen-bingisdesareduRienitan Riveremine KoBprs 8YADAH 53?%%%qg44630r higher; [4] the
antigen-binding molecule of any one of [1] to [3], wherein at least one amino acid of the
antigen-binding molecule has been substituted with histidine, or at least one histidine has been
inserted into the antigen-binding molecule; [5] the antigen-binding molecule of any one of [1] to [4],
wherein etetiginbiddivigmolecule has an antagonistic activity; [6]. the antigen-binding molecule of

any one of [1] tofg} yhetsipthe.antiden-hinding:noleauedinds s enewmbranevantigen or a soluble

antigen; [7] th(ﬁ antigen- lnding%gi ecule of an\yegggnolfs[g.c]t 61]de\:/vmh§tli1e()iﬁé?0er%ﬂ’;[!gg -binding molecule

)
is an antf¥ X f@]l%l 6‘?18 PsE %Brrﬁsp%%i fon comprlsn%?[ﬁe antigen-binding maolecule of any one

of [1] to [Htide]-hintetizod decireptovirptie prrarmbittritatissot arrtedydot BIRRiRYEdEcule by
im%@”ﬂ%ﬂ&&%@%{é@é@ dinghagtivityRf tbeNtiasasbindieg molecss-atiikh b 8 AscupRieddo that at
pH 7.4; [10] a method for increasing the nlgm%er. of times of nti%?nrb-%g eiQ gsoila\r;}i anli en-vbeicrllding
moleculFHRARHHIMR RS QG ARSI R AR ST tHE ARt SR DIndIng 7o ecufé AFpHS 8 as
comparephtathabhinghic?, ghabmaceutical compositions containing such antigen-binding molecules, and
methods for producing such molecules and compositions.
[Means for Solving the Problems] :
35 Dedicated studies on methods for binding polypeptides having antigen-binding ability,

such as antigen-binding molecules, to the antigens multiple times, and methods for improving



[I 1] a method for increasing the number of antigens that can be bound by an antigen-binding molecule
by impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that
at pH 7.4; [12] a method for dissociating within a cell an antigen from an extracellularly-bound

Santigehetlinditig on ofanuledyyl inipaiing e anbigrineng.ackivity ob thearbgartindinggmolecule at
pH 5.8 m%qg to that at pH.7.4; [13].a methad.for.releasing an.antigen-binding molecule, which
has becgﬁiﬁﬁgun_ tg%%ganf%egnr%ﬁl : ’irf\%tg?[?lsa |izs’§8‘ﬁ%1i%8§}lcaélfﬁn PR |Ig}‘"ébr}il-]f£r‘§1§ GENRS ﬁ%%utside of the
cell by dipEsRirgrdie snodenlpiFdhrcadtvindosamalapiige ebiedinepriokdidgerabpbif @ eéviompared to
that at il pHo A Q4 aBribnd: frbinereasing s/l of 8 antigeprbinding.palectleip gliminate an
antiger}llétilfmfgmapg irypairing the antigen-binding activity of the antigen-binding molecule at pH 5.8
as compared to tRat at pH 7.4; [15] the method of any one of [9] to [14], wherein the
ICD(pHBEBYER(pH7.4) value, defined as the ratio of ICD for the antigen at pH 5.8 and ICD for the
antigen at pHy{ 4, i§2 ot bighgt 15[l hemethodiohany one.af 9k 4l whateinihe
ICD(pH5.8)/ICD(pH7.4) value is 10 or higher; [17] the method of any one of [9] to [14], wherein the
ICD(pH%W(é?—P?‘?ﬂﬁ alue is 40 or higher; [18] a method for improving the phariiiacokinetics of an
antigeepitdingingleelds by 20subgtituing atdegsidng gmino@sid uf ghe antigen-binding molecule
with histidine, or inserting.at least.one histidine into the antigen-bjndi 10lecule; [19] a method for
increagﬁig%egnﬁﬁ%%?o 1 en%%‘%‘%%f’g%ﬁ{yb?ggfﬁa 65?02 %ﬁ%gﬁ% %g?ma% ecule by substituting at
least offé HitrHBEIdBbae annsmbiachbigdineledinéswitivIRistidineHol dfsiereisgatthenshone histidine
into thegptigen-ainding.malesyler 250k 8 method for increasing the number of antigens that can be
bound by an antigen-binding molecule by substjtuting at least one amino acid of the antigen-binding
molecm)u’fé/"ilf’ﬁ*ﬁwt ?s%fﬁ%%@ydﬁ s ﬁ%ﬁgp%?‘i‘éﬁ%“t%‘ﬁ%ﬁ RiSteRAE R tHE dRtigerRbiaigoibetile; [21]a
methotbfordissociating within a cell an antigen from an extracellularly-bound antigen-binding molecule

by sub&}itutin&%&m&q&% igmwi&q@rgeﬁggﬁg@:%gjnding molecule 30with histidine, or inserting at
least one histidine into the antigen-binding molecule; [22] a method for releasing an antigen-binding
moleclig, whith?REReBL Bt hbemas e 1 &M ATHESP AR EIRATS Bca Il Mtancattg i free form to
the outsidaiohihe.aalalysphstiiding akjeasingnermino acid of the antigen-binding molecule with
histidine,.or inserting at least one histidine intg the antigen-binding molecule; 6 [23] a method for
inoroadil tharsIT Y A o e b IOG RTSEOHS r AAE DA gL TAEhEL By substiting
at leastsigenshridioseics ofrenmasigehibmeinbumaiesimalvithpistidinecBieipsertimgfaRisast one histidine

into thg;antiggn-hindingmolecuigit24l dhe.resined ohanyLne.ehlighte /48], wherein the histidine
substitmi)on or insertion Sincreases the ICD(pH5.8)/1(13(pH7.4) value, defined as the ratio of the

antigeh*bindift FERAGY SPAT BESHE ARG IARE HEP Pl 72 BBt to the
ICD(pHEtﬁﬂH@D(pH@Ma) ma&n@@efﬁgeﬁifrmhdstidine substitution or ins_er_tion; .[25] the method of any one
of [°1 th {241, whateindhe aniosRhlaeing MO eHie s Analadanialgactivi: 10[26] the method of
any one of [9] to [25], Wherein the antigen-binding molecule binds to a membrane antigen or a soluble
antigen; [27] theé AR aseRcarileEe BPfoad 2Bt arhel eifrthbafrigeRtsiamy fheteiesss an antibody;
[28] a methed 6f screening for an antigen-binding molecule, which comprises the steps of: (@)
determjining the antigen-binding activity of an antigen-binding m > at pH 6.7 to pH 1510.0; (b)
et S i LI OF (e B A LB 2t pH 4.0 0 6.5 and. (1)
selectiffty Bacarttide anbirndinbormd|bcifcanitss e HialigedebirdirdtactivinHat i BL766: pr10.0 is greater

than the)apiigeRindiRg AGUMDLA ML BdS Be 20dRIer sereeningimeshod of [28], which
comprises the step %)f sel.ectigé; an antibody whose antig%en-bindlng activg}/ atpH 6.7 to pH 10.0 is

twice oF HigHeR TGPt AE AhaRRRITHEF S RAy SRMISTOB IBIRAEETS g‘ﬁf@ﬂ%’dﬂ%f@creening for
an antigenibinding molecule, which comprises the steps of: (a) binding an antigen-binding molecule to
an anti@fn urgze&g%%g%gpg prgﬁhpigr%?e%!y&%%ia%%@) placing the antigen-binding molecule that
bound to the antigen of (a) under a condition of pH 4.0'to pH 6.5; and (c) obtaining an antigen-binding
molectl® that?dissdeedreteitdepiis ebpiamtin BRPANEEISH-PBISIe Sy P BRISHSF &creening for
an antigesbinginghmalesulswhosediisgding aetivit.at a first pH 30is greater than that at a second pH,
which comprises the steps of: (a) binding.an antigen-binding molecule,to an antigen-jimmobilized
Colm e S B B T P AR A A AUt AR bound to
the colurigeaidthdifg stipHvronmehasdl imsmemdearathenson ditioprsfra secbmrebpiskiantcBS(c) collecting the

eluted gntigenshinging,moleswies L3 Lamethediofserrening.foramantigen-binding molecule whose

bindin% activity at a first PH is greater than that at a second pH, which comé)rises the steps of:
V) 4n antibody that 1s Dound to an antigen and mternalized nto a cell, and released to the

outside of the cell in an antigen-free form; or

(vi) an antibody that has increased ability to eliminate an antigen in plasma.



(a) binding an antigen-binding molecule Iibrary};% an antigen-immobilized column under the condition
of a first pH; 5(b) eluting the antigen-binding molecule from the column under the condition of a second
pH; (c) amplifyirig thbiglersesehconing the gkt e dnatitiger -irdinge Miolecaebadd Wiy sebtaing the eluted
antigen-hinding melgcule: B3LINe sereening nethedeiaikar el 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 0%28 to [33], wherein at
least onelBreRe amiRtPadids 8 tEsshigaRlizsihty steeier Mecpriitoa st with histidine, or
at least ofg distigine bassbeepdaseraskiniaiie.antions: bindiog melecwe; {35¢1he sererning method
of any one o%%%éoﬁ%lafor obtaining an antigen-binding molecule that is superior in retention in the
plasma,; f§f3 epscreening method of any one of [28] to [33], for obtaining an antigen-binding
molecule(thavistapdbieiviBimdiheito an antigen two or more times; [37] the screening method of any
one of [28}ied33}farobiaining @en1@@&%@@Q&Bﬂdw%u!@_f@%ts&%%@%@ﬁ@%%@ more
antigens as compared to the number of its antigen-binding S|tes;,20£38] th_e.screenlng method of any
one of [28]% 1337 EPBHHAIRM G 4R AR bIn MG holett B TRE Hisedtidtés an extracellularly-bound
antigen within a=elhi{3¢)ytthetscrepningimethodohamsane of [28] to [33], for obtaining an

antigen-bipding | i n apti i [ i Il and released to the
autsde of e ool e e o D e O e o G S 8T (53], for
obtaining®difHtitRje BRI PIbTIEEN sdhatmasitciedsed ability to eliminate an antigen in plasma;

[4h1] the S@menlilag m@b@pt@&tamya@mﬁeﬁfﬂaﬁhtﬂg[t%%mﬁr@gaﬂfdﬂ@s aeﬁ&g%d%mdiagma&@ﬁlﬁsis ust?d as a
pharmaceutical composition, 42] the. screening method of any.one of [28] to [4 erein the
o SR TR o B USR] a0 1oV TORCE G i Rt 30 ing molecule,
which cofiprisesttiatistelysiof: dajodates migigatiblantidenddintisgnactivineetln antigen-binding
molecule @} pH .7 1@Ridh 18055 angﬁaﬂﬁﬁm&%@ﬂﬂ%gﬁg&%ﬁg QQENJtXanrUEQBHQ%qu'ng
molecule at pH 4.0 to pH 6.5; 35(c) selecting the antigen-binding molecule whose antigen-binding
activity atBEE 1 HHE BPieYRSAEPHYA AL at pH 4.0 to pH 6.5: 8 (d) obtaining the gene encoding
the antigensbindingnmialéctie: sedeatedsal ([dijiiand ¢épprodusingitae anigen-binding molecule using the
gene obtained in,(d; 4] gmetor for pragueing.an sorgst:bincing malseule.which egmprises the
steps of: (a) binding an anthen- |nd|n8 molecule to an antigen under a con ition of pH 6.7 to pH 10.0;
5(b) aI'Iov@ﬁ@’iﬂﬁét&rﬁrg@?ﬁﬁﬁr@ﬁ?&?ﬁ]&@&ﬂ@b@ﬁﬁﬁ%ﬁe%%@%%% s steidlinder a condition of pH
4.0 to pH(6) Binfe)callestingithepaniige anhindieg mslesule dhatdisseciatest undarithe,cardition of pH
4.0 to pH 6,5; (d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and
10(e) proaubing the antigen-binding molecule using the gene obtained in (d); [45] a method for
producingtanisifrtigibe dsitfaitiy frol deudelwitoselyi Hetingpddiivityl atsecfirstipl is greater than that at a
second pHy yhigh cemRrses thestepsofifa) hingding.agsantigen-binding molecule to an
antigen-immabilized column under the first pH condition; 15(b) eluting the antigen-binding molecule,
which is BOUMIAE 8 EPESIUIFH23E & irst pH, from the column under a second pH condition: (c)
collectingwhe@tufediantide i bifdin g atectie ;dchndhidinidg thedcge nedwbadinghthendmiifyen-binding
molecule i i -.and( Ici s | |ndi | ing the gene obtained in
(d); 20[46}33%2%%&%6‘%§%§5§§%%%§%eﬁ?rﬂﬁgg%%{%%ﬁ%%§§g ﬁ#ﬁing activity at a first pH is
greater tHan thathis! it PHURRH BB HEES H%@?éps of: (a) binding an antigen-binding
molecule (ifyrary 40 anwatigen-immebilizedisalmn aneapshedi ok pldreonditionen metb)elting the
antigen-bindixqﬂlmolecule from the colurl?n under ti%e econd pH condition; 25(c) amplifying the gene

encodingatﬁ% elited an |'Eé]ecr(1)- At }Irll(‘éarﬁ% eeéiﬁfg?sfa% co ecting the eluted antigen-binding molecule;

(iii)  an antibody that is capable of binding to more antigens as compared to the number of its
antigen-binding sites when measured in a nonhuman animal comprising a cell expressing FcRu;
(iv) an antibody that dissociates an extracetlularly-bound antigen within a cell;

{v) an antibody that is bound fo an antigen and internalized into a cell, and released to the
outside of the cell in an antigen-free form; or

{vi) an antibody that has increased ability to eliminate an antigen in plasma.



(e) obtaining the gene encoding the antigen-binding molecule collected in (d); and (f) producing the
antigen-binding molecule using the gene obtaingd in (e); [47] the production method of [45] or [46],
wherein the first pH is 6.7 to 10.0 and the second pH 30is 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 354FPEREBEA) 1SEs0] Hsplosi ALaGtIarEdrRp &t B S8R AHEMP B BRtigen-binding
molecuiepradecedhydte prodipétiom setimbods &my ione ofisTHe fAdmbbekpresenifdisclosure
provides mefhpdsfar mating.single, anfigenshindina.molegules o, arepsaisdly bind fomuliple gntigen

molecules”When art antigen-binding molecule binds to multiple antigerr molecules, t
phannalekrsakE STt S apgeR BhitmehsteelesdafbiesmpreiiesrapiacalsefPraiecule can exert more
SUperiQfafrhMié/@iQﬁﬁ@iﬁgtEtZE}nﬂi@ﬁ@ mfumgle&m@m@%?ﬁig@n@mmgw&&%@%ﬁiﬁﬁ?ﬁgegmn of the
Drawin FIG. 1 iagram jcting a radation pathway of antibodies bound to

membral?]ae- %‘8‘% egﬁ?isg‘]@%r? ﬁ?&cﬁcf@&g%a%%as%gggﬁ?gﬁﬁg Igﬁ;é%%ér)l/ism by which IgG molecules are
salvagéd] by PR 1SRG 3nelecsthetiate diddidi degidafeind radbisdileg ofd gsthsoleicués to new
antigerxfolipwing sdissesiation FenmmmemErame:-hednd antiggmwitbimendgspmes.  FIG. 4isa

Tom SQURHE TGE USROG AL! FICS S 1 A aig LT HE LHbEaSS Ot g using an

antigerkighegrobilized 20 column. FIG. 6 presents graphs depicting the results of phage ELISA for
clones paqyirgdkkCOlNMRRABRING: ThE URRSL-ArAR: depigisi YV /ﬁ@%gm Wah@raRhdepicts CLS.
FIG. 7 %C}a g(apﬁ%depictir:g the biologicaﬁ ;:eutralization acti@ity o?pH- eper@iently-binding anti-IL-6
receptot@iifibodies. 25FIG. 8 presents graphs depicting results of Biacore sensorgram for binding of
pH-dependentyshinduigdantisloi6aeeeptaryantibddibs to [50] wiltertistet éeaptareatircradidldfehtop graph
depicts WT.. I, second graph fram dhedon depiet 363, hs-(ird.grapD framihe fap depicts
H170/L82;"and the bottom depicts CLHS/L73. FIG. 9 presents graphs depicting results of Biacore
sensor@?é‘?ﬁ@f%ﬂrﬁmﬁlﬁ@BF%B‘EH%@?&W@»NMing anti-IL-6 receptor antibodies to soluble IL-6
receptosatipHtiged-ban thpegrapkeadepitts: Wb thie] $¢eo N4 graphdiiothcthediom depicts Mapdild 3; the
third grggshafnromcggg top de ict[s 1-1170/L82; and the bottom graph depicts CLH5/L73. FIG. 10

presents grapaﬁ]s ﬁ’e%ll?:tﬁ%a_crlevslﬂfs of Biacore sensc;[;?ram for association (pH 7.4) and dissociation (pH

5.8) of pH-thsperitasntRimidiTeck L o6 #etaptaidritite dids 1 a5 dhssriratypading msiepisr. The
top graphhaerictsWitthe seeendgraphfromibedep 10 depicts H3p11L73; the third graph from the

top depjcts,Hi 70/L82. and the hottom graph depi LH5/L73. . FIG. 11 is.a Biacore sensorgram
ooty B e Bl A e SR o SO BEIG,
12 is a graphnddpidting the total amount of bound antigen in a repetitive binding experiment of
pH-depgandentiybinding AntisSreseptonanibodiesie R IMahiGn s a graph depistingitime
coursesﬁf‘f antibody plasma concentrations of pH-dependently-binding anti-IL-6 receptor antibodies in
human L6 receptor transgenic mice. FIG. 14 is a graph depicting time courses of antibody plasma
concenttgtiomstbHd Gop Hrgepend dmtiptaimetingkardids-6 e eptgeaiibddies: i ayhomoigpsinmgnkeys.
FIG. 1543 a.9raphidepictingHime cayrsasiebCRRtonaetalians JiroyROMAlghs enkeys (i felation
to pH-dependently-binding anti-IL-6 receptor antibodies. FIG. 16 is a graph depicting time
courses 6f unbound-type cynomolgus monkey IL-6 receptor concentrations in cynomolgus monkeys, in
relation td pH=sleped dentlyrbindindghantisib& bbteceptdiantdendiésiing fob KB 07 gresemisgraphs
depicti || Bj T iati 7.4).and.di iati f
pH-degnéﬁggﬁnﬂﬁ%%ﬁ%ﬁgﬁﬁgﬁg%n |§§ﬂ§2§28(9m4ﬂé€ma%%%§/}§e§$ %&rﬁe%g;%&%} g'r%gi moving
from theBpaise fe Sttt WT: H3p1/L73-1gGl, Fv2-1gGl, and Fv4-IgG1 are shown. 20FIG. 18 is a
graph depicting time courses of plasma antibody concentrations of pH-dependently-binding anti-IL-6
receptor antibodies (WT, H3p1/L73-IgG I, Fv2-1gG I, and Fv4-IgGl) in human IL-6 receptor transgenic
mice. FIG. 19 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to 25membrane-type
IL-6 receptor. Moving from the top down, the results for WT, Fv4-1gGl, Fv4-IgG2, and Fv4-M58 are
shown.



FIG. 20 is a graph showing time courses of antibody plasma concentrations of pH-dependently-binding
anti-IL-6 receptor antibodies (WT, Fv4-lIgGl, Fv4-1gG2, and Fv4-M58) in human IL-6 receptor
transgenic mice.. 30FIG. 21 presents graphs depicﬁng results of Biacore sensorgram of association
(pH 7.4) and dissociation (pH 5.8) of pH-dependently-binding anti-I1L-6 receptor antibodies to
membrane-type IL-6 receptor. Moving from the top down, the results for Fyl-M71, Fyl-M73, Fv3-M71,
and Fv3-M73 are shown. FIG. 22 is a graph depicting time courses of antibody plasma
concentrations &h35bt-cieperignily-hinsisg dhtitledsy deaptar katibeciesyinrcymipao/bintingonkeys,
during 11.administration.of H3p1/73-10G). Fvl -M71, Fwl- . FV2- -M73 at
05 B BT A i S B o i
coursesonORA toedntratibndin cynomolgus  monkeys, in relation to pH-dependently-binding
anti-IL-6recepiohantibogies (H8pd A#Brath YA £oyl-M E3trdovBughl-bdumd-M73-, Fv4-M73-,
and high-affinity-Ab-administered groups). FIG. 24 is a graph depisting time. cou of

ungoun s %ﬁ%&%ﬁ%%%&%?égﬂ@% r‘-)‘&%l&%?h er?éztélnnt(rf’a}l mﬁ%ﬁ‘ﬁ%ﬁ%&%@%ﬁ%ﬁ@% in relation to
pH-depedentiybipdidg antramparedéptbptaaitidddiés (H3pl/L73-1gG1-, Fyl-M71-, Fyl-M73-, Fv2-1gG1-,
Fv3-M78 Fyvdidhéd shQanddighmifinibebradninisRiadgronBhas beblGoridisoadiagiaen depicting
FRI, FR2, ER3, arlld l(:iR4t along,with CDIt?I, C_ R2 a”dtCE%'é*%u‘%f-Eg%‘%%hc%ﬂ%%\{l'ﬂ131}’1';'?2&\@4“3’ VH4)
and Iigh@é}hlgiﬁglf\}ﬁ, VO AES "atéisikS T Fgaﬁ% OCALIONS WREFE amino actd mutations exist in the
aligned setpeerveding activity|f. the présentiuiBnosiesdnsbriiant desisnnaeddpiadiappidetit
binging @kay ARaM Y8 RRedy afnlisted Slaneidenllbit @hpihdid-aRdPHiBBathe aHtves in the
sensorgrlam at pH 7.4,c.orres§ond to 100, .50, 25, 12.5 %Qd 6.25 %/rEL ILIthlfrco 1 abgve, E';g 27
presentB ASEA RS BaREL dhs AP HE R e SRV 8 SE NG AR MRS T S A 4 Peceidtr antibody,
Anti-1L3dmnploneé 1, ttmthepH-3# receptor at pH 7.4 and pH 5.5. The curves in the sensorgram at pH

5.5 corrpsfiand 124083 0nd R iR B NI b llerdth 2056CBPERIs RYRBDOVES) valdel@cBBedaRicts the
time course of plasma ant body,concenﬁgt:%n a#%bgga@fnous admsglj_f aélon of mg(tu_re solution
containith§ BE38A SRS AT RHle iR BRI it 159 JBittSthe time course
of dasniacSR34detanceivrgtion: affés Jrtr fien cle2Eathm iR REidE OB (piXTde wdhgtiod €ontaining
SR344 g,t; anti-human IL-6 receptor antibody to mouse. Mode for Carrying Out the Invention The
present invention provides methods for increasing the number of ti f tigen-pinding in
antigenBifidiymeBied aba e dddbiroaif; #ke @ﬁr‘ﬁ%%ﬁ%%mf%’%&ﬁ?%s ﬁ%reasing
the nuntlighét times of antigen-binding in antigen-binding molecules by impairing the antigen-binding

ability of {b. ARaR BoG A0RlEHLSS BhAGUIGRAAS FORRIE Bk ShRAUIAL BY. Furthettoore,

the present invention provides methods for increasing the number of times of antigen-binding in
artfyen PG RS R OBy BRSAGthE ABR AR P PR Srleariih &18tHnR fdETHyEbinding
moleculraPninskritiinatileasheoasthistidindimtaribleamtigen-binding molecules. In addition, the present

inventio QVi h forincreasi ' f antigen-hiading: g
antigen-%% mng(%nﬁgf}e%%rrré%%ﬁ%géﬁ giﬁ?&ﬁggg}ﬁﬁﬁﬁwa%%gﬁg%@ %%agr%%g%%%g}op%%as i% the

antibod et Wé@h’@ﬁ%ﬁ’é&ﬁﬁ@?%i?f&ﬁﬁﬁ‘?ﬁ@l%‘é‘él@@hﬁ@ﬁgégﬁflﬂwgﬁ?ﬂﬁcﬁ@owﬁ%mggiﬂ?ethods
for incregsinghgnunebearckantigsns thattheanthebsimtinyynasiantigen-binding molecule. More

ifi th ti ti id ' Wt -anti t b
ot 15 Ah R B R Lo Rt e AR o S on e

comparatPtectiabaistbsiifatpe 2-gr onn sreinmacieddhe migmoP I B\AdRIFHelh 3L istiiiPsasing
the numbar ef-antigensihah candeomns hy anigativarbinadingtatiecule by substituting histidine for

at least piq aminp add 10in (he antgep-binding moleeules.of Nsering A ASt R pistidine into the
antigen-binding molecules: Tn actjlgﬁlon, He present invention provides methods for increasing the
“number aft@stidenditzanetastie bipewlr i Greattersh tinamig eustscofdhn pstighnshissingmg lgalgting,
adgling, @M/Q{smggi g iﬁ&%@ﬁgﬁ@{diam Hfhf% ﬁg&iﬁﬁ%@@nﬁ@%ﬁﬁg&%ﬁia@m@dﬁl@f ing molecules. The
present jnyention, alsq. proyides methods for dissociati ithin a.c n antigen,15from an
extracel@éﬁ@%%tﬁﬂg%ﬁﬁ §ﬁ§ﬁﬁ%§nr€ﬁ%78&%dfé&%@eo fs%é?:%ﬁ?ﬂﬁ?t%&%?&%%nt m%%%%ﬁn p%r%?/lfdes
methodsufdrivissebiatihgiwithinlh velinzam derigbudiomidn SaawsiidaiybssaHdoarigenteingiat
moleculg.hy BRPaHnG thedantigen:hipding ahilibvhanacidicntl RecompIaddathatalastbal pH.
Furthermore, the present invention. provides methods for dissociating within a cell an antigen from an
extracel %Wﬁdﬁﬁ&%?ﬁ&?ﬁ%f&ﬁ%%ﬁf%ﬁ by 20substituting histidine for at least one amino acid in
the antigen-binding molecule or inserting at least one histidine into the antigen-binding molecule. In
addition, the present invention provides methods for dissociating within a cell an antigen from an
extracellularly-bound antigen-binding molecule through substituting, deleting, adding, and/or inserting
amino acids in the antibody constant region of antigen-binding molecule. 25The present invention also
provides methods for releasing an antigen-binding molecule, which has been bound to an antigen and
internalized into a cell, in an antigen-free form to the outside of the cell. More specifically, the present

invention provides methods for releasing an antigen-binding molecule, which has been bound to an
anticnen and intarnalized into a call iIn an antinen-freae form to the niritecide of the ceall by imnairina the



30as compared to that at neutral pH. Furthermore, the present invention provides methods for
releasing an antigen-binding molecule, which has been bound to an antigen and internalized into a
cell, in an antigen-free form to the outside of the cefl, by substituting histidine for at least one amino
acid in the antigen-binding molecule or inserting at least one histidine into the antigen-binding
molecule. In addition, the present invention provides methods for releasing an 35antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an 13 antigen-free form
to the ousidenaétHad celliribeasialy subshiliting, deatingn ddadines andéonlin seding@nino adigsinithe
antibody,cnsent (el AL aNORNANANAMRIRcH e ansi FSRIERRIIERIANA S RIENdES
method® Tor inc easmgl% e-ability ofoan antigen-binding mo?ecule to eliminate antigens in plasma. More
specifichlpgriing priasshemuiieinion eV Hembidise Melsadifg the ability of an antigen-binding
molecule 49 wimipaisiattigensioplasna D3inpatiag the lkistighr-bibdingtahikityiafcagidic pH as
compared to that,at t rthermore, the present nvention Qrovi for.d sing
e s PR R a1 1 i e for a

stitu
loast one b dtie M e abRgaE B holddes HINSERAG P AR GHE REBRHETRthe 10
antigenshindipgrsrotae wradIneaqdidianntheopiasaabinvention provides methods for increasing the

ability o ntigen-bjnding mole o eliminate antjgens in plasma through ituting, deleting,
adding,{gﬁ%%? Tﬁgtg‘r?ﬁ{uaqaa no' 38%@& %ﬂé@h‘ﬂ/ 6 §nc{§ﬁsat%trl1% r%%ﬁ@r?gg%ﬁ%gﬁ%?n% it% molecule. The

presentanfagntishiaistptsvides methods for improving the phaimacokinetics of 15antigen-binding
melecules Mers spegifically. dheirenant inveatierpr evdes: featbadserinpsanatiao a
pharmacokinetics of anti g molecules (prolonging the retention in plasma) by impairing the

en-bindi
antigen%Wﬁﬁ“ﬁﬁﬁ%%%‘c?dﬁ@ﬁﬁ%@%%%ared to that at neutral pH. Furthermore, the present
inventiol? prévidestméthbasyfonimpblind2hb phareimtvkinstes-bihitgambieding ArciaEbrsy by

substituting histiding foratleast ne.aRineacildntheiantioenthindipg prieculeagisipserting at
least one histidine into thg antigen-binding molecules. In acllﬁ’;[iog, the &resinttinﬁfggo% {L?vides
method@&qﬁfﬁ?%ﬂfﬁé"ﬁ%%gémﬁ Gy Y gﬁﬁﬁgﬂ%ﬁ NG THEIEREL 5y S Hbs |tut|n§, deleting,

adding, "Hnhd/or inserting amino acids in the antibody constant region of antigen-binding molecules.
Further, {he peseh Mfémﬁrga{%mﬁg@%mgsofpﬂhm&&agémgimgm{t%emﬁgmu% igding
molecules to eliminate antigens in plasma. More specifically, the present invention provides methods
for incre?é’é]ing the ability of the antigen-binding molecules to eliminate antigens in plasma by impairing
the antigensdinding abilitysof thmdintigenidmidind oo letijes-hisloigiepivigs derpared pdlth8das neutral

pH. Fur gag@p{ﬁa&%eparﬁgéy_m%&%mg\ﬁg{aﬁﬁr@mdﬁ;ﬁq551creasing the ability of the
anti(gen- inding moleculesto eliminate 30 antigens in plasma by s%asti,tuting at lgg&%rhe amino acid in

theBntid&hL BIRdREHIB RGBS dih st Bk F YR i RO bRf AT gifen-binding
molecules:i yeradiition, dbeviireseit i 7entidh phdvisesimathbddiforthatoddbag tigerabibitiinf the
antigen-apci@g{'{r}ga[n ‘?Hl?ﬁgﬁ gliminate antigens in plasma by substituting, deleting, adding, and/or
inserting amino abids in t antibody constant region of antigen-binding moecules. 35Herein,

"improvEMREAteethad ohaFreEar G R engrRRIPSisnTY e SN CHRERSS thesdsasioh
phamlagekingtics' ararniefcbangeahlelvitic impiavemeniafdhe cddiigtentioptne flaspia (616nd)",
“agelora R, Ak ALESAION N, AIRTTIR (G0N B SUPBIIOLEIeR YR ARSMRIRIRAN of pi
respecti |§?, Andrthese phrases ar synonymous. Herein, impairing the antigen-binding activity at
acidic pﬂ%@dﬂﬁﬁék@éfﬁ) that at neutral pH means that the antigen-binding ability of an
antigen-Rinshaarnelesuleatpiiddno nbldeals isinapaiedtas eafepareddaniitiah atf pH 6.7 oyt 10.0,
preferab ysthat 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 anmémmn@w@%Wafw%@@mm@@gﬁﬁsw&m% Wnding griyiy AccBreinbly, in the
p(r)@@e?t i@g%%gﬁidistmi%ww% Mﬁmmﬁs@ﬁmrﬁt@sﬂ@ﬂyl pH5.510 p”H 6-5,6and more -
10preferably. pH 5.8. Alternatively, in t resent invention, neytr IS typica 10.0,
oreterati) SR G N0 A e D o P FRA 1 Sl el il
antigen-biradimg abllity of an antigen-binding molecule at acidic pH as compared to that at neutral pH"
is interchangahle withtheahraseninaisrsine the RatBeMBIning abilii, of an antigan-binding molecule
at neutral PH as compared %Sto that at acicgf'c f—)iH (Iin other words, in the present invention, the
differené@ THHRE AHT AR MUY aBifiy 67 Knamtig€n-binding molecule should be increased between
achdic arid) melitcilnzHbe Botakantigio-tedizguede®iB(pHS5.8)/ICD(pH7.4) should be increased, as
described below. The difference in the antigen-binding ability of an antigen-binding molecule between
acidic and neutral pHs may be increased, for example, by either or both, impairing the
20antigen-binding ability at acidic pH and increasing the antigen-binding ability at neutral pH.
Conditions other than the pH for deteimining the antigen-binding activity can be selected appropriately
by those skilled in the art, and the conditions are not particularly limited. The antigen-binding activity

can be detennined, for example, under conditions of MES buffer and 37C as described in the
Evamnlec harain Eirirtheaimore the antinen-bhindina activvitns of an 26Banticen-bhindina moleciile can he



350f dissociation constant (LCD) against an antigen at pH 5.8 and that at pH 7.4, is preferably 2 or
greater, more preferably 10 or greater, and still more preferably 40 or greater. The upper limit 15 of
ICD(pH5.8)/1W(pH7.4) value is not particularly limited, and may be any value, for example, 400,
1,000, or 10,000, as long as the molecule can be produced by technologies of those skilled in the art.
When the antigen is a soluble antigen, the antigen-binding activity can be presented in terms of the
dissociation constant (ICD). Alternatively, when the antigen is a membrane 5antigen, the
antigenbindingeaeiiviy cariia Presented irdesng of thel epparenigdissodiag aciconsiantirfhst
dissociation con?tlantﬂ?{D? anéj g&?%%ﬁ%g&!ﬁ“g%g%‘é@@t (gpparent I(D) can be determined by
method® BRGWH t8thBse Lkisa R the art, for exa%pﬁe, usinngc'iac'ore (GE healthcare), Scatchard plot,
or FAC$Altetinative intics pordintanel osd sfibiaxainie AREEE IRBWGEIGH FAlEBBRSEHHISSs an
10indictpidientherdifigiemge in the antigen-binding activity between acidic and neutral pHs. When the

dissociation. rate constant (kd) is.used as an indicator for the difference in,the binding activity instead
of the d %8&?%&%0%@?#82@1%@;%@ ng?}?p%i%%;f}fga?p%%ﬁ)ﬁ,l\?vﬁ?%l 1|{s}0an roatl%sf%o é c%ation rate
constanfcikayplgfingttha smmggmeatintis s tritzengindginplesacisd or greater, more
preferably gRkLigIRAIGE YRR ReRBiRRnLsQangreater, and still 15more preferably 30 or greater.

The upper limit of kd(pH5.8)/d(pH.7.4) valye. is not particularly limited,.an any valuye, for
examplé? g(ihf(ﬁﬁr,%?%df‘%é‘? Esl)li?é' Eﬁ%’e&ﬁ‘é%&ﬁ%e%?%& 'gﬁgﬁé‘o%ge%% %S‘r’ﬁ‘r%BEIto those

skilled i th€ arth.When the antigen is a soluble antigen, the antigen-binding activity can be presented

in ferms of the. dissagiation e sonstant(kd)2 Afterpativelycivhen B amigsrin R MEmbRAR 30

antigen, the antigen-binding actiyity can be presented in terms of the aplloar$nt dé?s??l%g%gsrate

constanterfEigrtsBR s atect Q?F%Qov’)laﬁbnﬁﬁ é{"ﬂéhilbﬁgggﬁa?lﬁ% SR8 SO st (Bpparent kd)

can be determsesddiyinethadsdoncvimdioghoslesititled in the art, for example, using Biacore (GE

healthcass) fSpicsii e RIEREahiPYRElemaver:ie eptisembladna agityiaiag Arieanbinding
u

25mole Is determined at different pHs, itis preferred that the measurement conditions except for
pH are SeHdEPSIE MEHBIOTIRiHPAIRNYthe antigen-binding activity of an antigen-binding molecule
atpH 5.8 estompansdgentihbdbpkh¥ dnoé el sof6d Yo ffe mingthe phl aigigendendibindisigalbility) are
not particularly limi ] ods include, for 30example, methods for
impairink%%ﬁ}éséﬁ#%g%gﬁﬁﬂ |(ri1n?%/é§)i(\%ﬁ[§/%tt] H %&g ?é%:y(()?n% H&%%%’to that at pH 7.4 by substitutjng histidine
for ami Hdi@%ﬁﬁ‘fﬁ’é‘%ﬁtfégﬂﬁiﬂfﬁ% ﬁ?&l@éﬂ%b@iﬁ%ﬁtfﬁ@ thiining ?ﬁt@“ﬁ‘%%‘r%ﬁéﬁ%%!ﬁ%' olecule.
It is alregdy iknapablhat Bindintiho dyocanhizecnienedpwithi aophk depénderdt anrtigiesbinddngactivity by
substitutsipgshistidine for amino acids in the antibody (FEBS Letter, 309(1), 8588 (1992)). Such histidine
mutation ESUbstitution) or 35insertion sites are not particularly limited, and any site is acceptable as
loRd as [R&I4htigespmainghethml ey PReBlRSbiRdrad 195 A THARAE R ULt sioksule
KD(pH5kiRpH 44 getsigredtenasisampargigén heddrearaeitation or insertion. When the

andgen g moleulc s AnANTROHY, Sueh aie faslude JLBAMAlenis Wi AR aRLRDy
variable'fegion. The ap%roprlate nuniber of histidine mutation or insertion sites can be appropriately
determitiest isbioskielkeatigethandriniarsatined g areb st ekes st hds eysidsaf higielsie, or two

or more gites: fels @lsarnassible to introduce non-histidine mutation (mutation with amino acids other

than histidine) at the same time. FEurtheimorg, histidi tation m e int i usly

B R R M el g U S s Y S
histidinetlsgdrsingreehedrrbidiss tnisliaiieals sie adtigPalBNMRSalanine scanning known to those skilled
in the arfs AltgInativalva A anbgr-Rinding dnpletuwgacyheserkP (REMBYKDApdR d hislineleased as
compared to before mutation ¢an be se%lected from an antigen-binding molecule library with random
histidine i 3?i8rﬁ’ﬁbarrm§céer‘tli% " COMBRA & histidine is substituted for amino acids of an antigen-binding
molecul@48] thsexestiepmeshcamifm peits G HE tadfddukehsreinphsfantégbnbbindbtg ayifade thatthe
angigen-bipgling, 15activity of the antigen-binding molecule at pH 7.4 after histidine substitution or

insertion is comparaple to that at pH 7.4 before istidinﬁﬂg'tl bs&tl%%%n or inserti%g.sgéhe (';%ntigen-binding

activity of tHé HHHBRN B RIRTY SRR B A A RO SH e su SHHRERES R SERioR'is comparable
to that atg)Hclednbiefogatiistitiger ubdtitptiotiofynsertionigeediltharelermifteriistidite M bstitution
or insertiQng the antigen-binding molecule retains 10% or more, preferably 2050% or more, more

preferably 80% or more, and still more preferably 9% or more of the antige -b'nq;%n ctivity of before
histidine(éhSEWFW%%W‘WHQI?@%% %%W%’&QW%W@%’?%Q%R— %@%%H%é%ule
had®beefcingaitd:dhe dotivistidindisgbstitetidn whinsertiggenthindintperivindihgRétivity phialldeis
adjustedgpga{@r@l%gﬁég aﬁ%tj{t@t'{grﬁgg[gyon, addit?on, an_d/qr inser_tic_)n of one or more amino acids
into the antigen-binding molecule so that 25the antigen-binding activity becomes comparable to that
before histidine substitution or insertion. The present invention also includes such antigen-binding
molecules having a comparable binding activity as a result of substitution, deletion, addition, and/or
insertion of one or more amino acids after histidine substitution or insertion. Alternative methods for

impairing the antigen-binding activity of an antigen-binding 30molecule at pH 5.8 as compared to that
atnH 7 4 inchide methode nf cirithetitiitina non-natiiral



amino acids for amino acids in an antigen-binding molecule or inserting non-natural amino acids into
amino acids of an antigen-binding molecule. It is known that the pKa can be artificially controlled using
non-natural amino acids (Angew. Chem. Int. Ed. 2095, 44, 34; Chem Soc Rev. 2004 Sep 10;
33(7):422-30; Amino Acids. 1999;16(3-4):345-79). Thus, in the present invention, 35non-natural amino
acids can be used instead of histidine described above. Such non-natural amino acid substitution
and/or insertion may be introduced simultaneously with the histidine 17 substitution and/or insertion
describeg) %@%Jﬁir&ﬂud@ﬂr@awéai@mmgﬁmmg m&mammseﬂmy@mmn. It is possible to
use non- r}atur I aﬂrpl eaau n[%v& to thase klllseltrj1 iyt arét o'l:) tlhee({rg , Wwhen the antigen-binding
moleculg 2 Subs énce |ng an ar%%odgy constgnt Eglon a ernatl ethods for impairing the

antigen I8dinyclleaidifgr srekacRgige A EdinkiTIB cHdear sHY S B S WBRRISSF RS BRAO pH 7.4
Include mﬁmﬁﬂﬁg%m@geﬂngﬂhegmﬂh&ﬁummh@@aa@ratame@hmhtbe;ﬁmgemlpmdm@ molecule.

sfor the tlbod tr n mclude xam m thods f
t|tu§??gag @E)‘H%t g%% %I?Sr SLgﬁ’xardr‘tep a(—:-I}te ﬁﬂ?ﬁetr%g %131 met ro%%o ogrnrlrct)gdlfylng

the antlbﬁtﬂﬂébﬂm{ﬂt@éion include, for example methods to assess various constant region isotypes
(I9Gl, 19GRda&R3nanHc gfzrbANshagiechar e yRg: NsdJnnal siber andigendhiodipgpeuvityoaiipH 5.8
(increa %%the dissociation rate at pH 5.8). Alternatively, methods include those for impairing the
antigen-pirtding activity at pH 5.8 (increasing the dissociation rate at pH 5.8) by substituting amino
acids in{theohtmimo@tid dSsegqeedue thaamildaybinidioy polthd aphiadisdith seljgedce of wild type 1gGl,

ldgf?@ 9@ Bp Rl A )th'gf'%(ﬁgé]#?ﬁg%l lfrg&@ebmgggiggl% g&@@@g&ﬁq@@yncg)stahnt rrweglon is considerably
ifferent among s (IgGl, Ig ifference in the hinge .amino
acid seqdeheaied %fe%tpﬂﬂeﬁétﬂwﬁ tj’gh &t‘f T TS LS et B aReL e
appropr@muaoﬂymethaumpaedhmim}ﬁgehrﬂmmm@mﬂuy at6pH05 8 (to increase the 20d|SSOC|at|on rate
atpH S. @)%%tg%emggéﬁ%tmﬁtgwyas@ Q gritepenbuthesmese ,c%t%ﬁﬁatﬁﬁd@lfftﬁéeﬁ&@%mhe hinge

region aming acid sequence has a significant influence on the antigen-binding activity, preferred amino
acid susSidiis¥sites in the amino acid sequence of a wild type isotype are assumed to be within the
hinge re@ipelutiiaahdhetartigeandiinding @olivitylotihe bmtigen-Hindirigsabsthadesipbh Hodlithe
25weakg GQLRar ge%;lta%;@wﬁ%én(when ICD(pH5.8)/KD(pH7.4) value is increased) by the
above descr ed met ods and such, it is generally preferable that the ICD(pH5.8)/KD(pH7.4) value be

two tmé§W$ﬁBi”§%@%ﬂﬁW$ Ve SHITRBIE, and even more preferably ten times or more as

com pared)tobtiaatlﬁ)@ the g#igi eﬁé@hﬂgmmtyaﬁﬂt@ﬁugmﬂi@i nuentioe i taodqbiric¢olarhdlimited thereto.

30Hereip,the i of the time required for the
o B dH! Jqsggg i RafpmRCAnalGe tﬁ@egeﬂé BHRRNYaHiqa)

eliminat ég ule from plasma (for example, reachlng the state where the
antien Btﬁhm@%t% DN B8R ARCieemBIpIARATA R WheTABRBRSATIY 8t biHer REESons)
after adrgtiéttﬁéf&ﬁ@mtﬁtam apinaldspiah ebithusamphiveude, sepsrabnkey, rabbit, or dog, as well as
prolongati the a n ige ' n rm.Gapable of
binding?ofagn mﬁsa%gtg {: amp?{a%ﬁ f}ttlgf ?r?%fn gghlt?g}ér% fé}elgl %ﬂ#gﬁﬁ%ﬁ%ﬁ ge%%%dn%?ﬁ% eliminated
from thePblesstiditifter administration. Even if an 18 antigen-binding molecule is circulated in plasma, it

cannot tztsydet@tﬂig ﬁf&iﬁﬁ[gwﬁﬁid&@rﬁi@%e@m(ﬁﬁ)iﬂ fapeiemaniigrn tAceaxdidglyl, ¢bedpesiod where the
an?gen 512 oIeQ[H!% can igtnecw e d ut H%tnh[ere%rl)lgg # B%géglﬂged (the chance to bind another

anfigen onging erlo here the antige ing molecule is in an antigen-free
folio. Th@ﬁﬂﬁk@m ﬁt%@l“@l@i ﬁ?%ﬁ@ﬂbﬁ%ﬁ@?ﬂ@@%ere the antigen is free from antigen-binding

moleculeg) iabvtvﬁﬁgltﬁth@rnwetemegml@ﬂggtétetﬁﬁﬂifag mber@meomﬂg@tﬁ@pund by an

antigen- ndln molecule For e, the r tio of tigens tig &o antigen-binding molecules
. 1
against gceuﬁ g1 tﬁl)mlgoﬁy m pTP mop 0 glug agtﬂ %ﬁne Siecutes B o d to and free from the

antigen-bifi ﬂithg mgeulesyﬁgét@refWéé@rdééésWhﬁ%eﬂsﬂ Aipsé pbbip e Hiepadehossatidisiation of
the gntigen-hipding molecules. However, such decrease can be suppressed (for example, the degree
of decre n be made sm r rolon e ntion fi f the anti blndln olecules in
a form cg%alﬁee SFIHER B %8%%“ R re %;htﬂ L?ﬁhcreagée%ﬁrr}% AeTAtD gf q1t|genr“’s%(g:md to
antigen-bibdirigtmp ledoebagaimstrreidrtigba it ghe- biodinghracderwdérrperivdtstisimer afer drtibbdy

administation,d aRpegificallyn égggggegﬁml@/ﬁmm;éhe |mprovement of the phannacokinetics"
does not necessarily mean the pro atlon fr%otf{t-ﬁe tim Jred r the elimination of the
antigen-bhidifg HofustR A E‘éﬂgﬂf Alstratiol: g\?«f i & %r%]q tf@ﬁ‘h IHRABESTOF fhe
anfien-binghingatipglecule after administration remains unchanged, the pharmacokinetics can be said
"improved" in the present invention if 20the plasma retention time of the antigen-binding molecule
being in a form capable of binding to an antigen (for example, the antigen-binding molecule being in an
antigen-free form) is prolonged,; the period where the antigen is free from an antigen-binding
molecule in the body is shortened (in other words, the period where the antigen-binding molecule is

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

molecules against the antigens in the body is increased. Thus, in the present invention, the
"Tmnrovement of the nharmacokinetice" encomnaccaoc at laact: (1) nrolonaatinn of the time



When the antigen is a soluble antigen present in plasma, even if the pharmacokinetics of the
antigen-binding molecule (rate of elimination from %asma) is equivalent, there are cases 5where
elimination of antigen bound to the antigen-binding molecule is accelerated. Reducing the
pharmacokinetics of the antigen (accelerating elimination from plasma) results in the relative
improvement of the phalinacokinetics of the antigen-binding molecule, and thus, leads to the
prolongation of the time of the antigen-binding molecule present in plasma in a form capable of binding
to antigeis. ahlusniacentcehtboginaitiot; tvenpmprovemanizof-thiedhgnnacoklingticsti ety the
antigeng;x}{]gj&g molegulesof; hgngrgisggt] ipv jpn includes increasing the rate of eliminating soluble
antigens from p?asma after administration of the antigen-binding molecules (the ability of the
antigen-binding molecule to eliminate antigens from plasma). In the present invention, when the
antigen is a menaprane@iigensaghetier ashigletantigen:-Ringingnnelesuidhindstamuliple antigens
can.be assessed by testin th e lyacakineti lgen:hingli eis
im§rové§P%i?§K§¥?ﬁzi-8}%mr§é‘8 %}ge};[ilé%sg}lge%%%qvggﬂ%}a%ﬁb%%gg%@%%%g%ﬁ}mﬁ?ﬁethod. For
exampl @ Whph artigeninm el 8 Riemeenkinsass s bbamalitehima g Hssie o dter
administration ds pralenged ganha-assessaddy deleioing any effectf paramele tediey
antigen-binding m lecule,lsc%?eh as half-life in plasma, mean plasma retention time, and clearance in
plasma %](gﬁ%ar%a% KINetics. %nshu-niyoru Rikai (Understanding through practice)" Nanzando). For
example, when the half-life in plasma or mean plasma retention time of an antigen-binding molecule

administgied iR NGRS tRRaRkQMSE fabbits, dogs, humans, or other animals is prolonged, the

pharmacokinetics qf the antigen-binding molecule.is judged to be improved. These parameters can be
determined by ﬁ@éﬁ &ﬁ%%%ﬁ%%ﬁ%&%@ﬁ@%%ﬂ agj%lnr .%%Wé&géaﬂ%%%(gﬁebgg?é?rﬁ%ters can be
appropriatehpassdssad! bytrsncompartmental analysis using pharrnacokinetics analysis software
WinNonlin (Phagsight) Rccarding, teeihearnendesinstiustionmanaiplteinalivelsawhsthes the
plasma retention time of an antigen-binding molecule in a form capable of binding to antigens after
administréfiBn of the antigen-binding molecule is 30prolonged can be assessed by measuring the
plasma concentfitioni of hetantigenifiesandige ntbig dingartodmge & el det@armina goarswomné gsfh
parametess for iba;antigen:{res.Aatigen:hinding alasule wiveh asdalisite in plasma, mean plasma

retention time, and clearance in plasma. The concentration of the anti%en-free anti(t;en-binding

molecule in plasfid-chit BETREBE T SPB I SHBEDGOT B HERe Ui YR leR 1R REERESTe, such
measuréalientinaré Sbcrsorfedn sdlisi Phaiseacel 120 @8dped8(4):406-17. 20 Furthermore, whether
the period where.an antigen,is fres romhe antigencbinding molesules.in.fhe hodyafisr administration
of the anti en-b(i%rrl |h§?%ole]g§|,[es is%hor'?egﬁed?#le per%%?wher% the!?’:ntigen- inding moiecule is bound
to &h an fh the body is prolonged) can be assessed by determining the plasma concentration of
the unbound antigen dhatisdreg immdeptiigendindingodiecideF1d6d donsidesing-the-aksind where

the concentration of free antigen in plasm. or- Quntyat fr ' st the total antigen
remainsﬁ%ma%?éréﬁaaé%er?ggﬁﬁa%g Sno?%ﬁ%q ré@@ﬁ%%é&?&‘%é’%%ﬁ%ﬁ% 0 fre%lg]éntigen against total
antigen can be dBf@IMisadEHpPhaPicHK IS i 8 SkTdaRmacEtiEef example, such
measurg;ne@gﬁ@@ﬁlmmggﬁﬁhﬂjm REe&:120abtiE2s(1):95-103. Alternatively, when the antigen
ex Ets some 10fg§:‘gtign in vi\{o Whﬁt r IC enar}tégu Qsig 1%99rb eggogngglef-ib{)ngggg ngg;lecule that
nedtralizes the an |g'enp§%eﬁac?igﬁalia% AGoNIStic molecule) can be Assesse be testiig whether the

function @f thepanderttyibindingaized. Wiestnsethatibpérwoncoiahbladliferersplonmanred tanbé
assessegh Py assaBg AT vivosmaterhat reilaain e functionehtherantigeniWhaperhematigen
is bound by an .antiégjiz-tﬁ;;gén %Iegc):ule t %t acttiv%t,&s_lg 7fimc:tion of the antigen (agonistic
15molediief &aTH 8 ﬁb@t g %}f?fﬁ SRR Vivo miarker that reflects the function of the antigen.
There is no partiEldardiprisstienzorpitsel cewimgimetiots of Bieqokasrrsognearratiorloffade antigen and

amgunt iﬁaﬁéﬁﬁ@rﬂgkﬁ%ﬁg%iﬁﬁmo@l@;ﬁaﬁ%ﬁ@gd{&yt&mma@w@ﬁu; thegetermination is

preferably carried out after a certain period jollowing administratj antigen-pindipg. substance. In
the pres&tit HTRREGRISH N a BEAGP R Pﬁ%gﬁ?st[?at 18?%%@@%‘?%%‘&%@& g%&?ﬁh@’g is not
particulaiby lipied, Ahddmtapprd pimbe ther aotapdndbpidete i@ d by those skilled in the art depending
on the properties:ghthg ﬁu"é&'ﬂ@ﬁﬁ?ﬂ?ﬁ{ﬁ@@ﬁ@?;%'E_ﬂs%@%?@&H%M?o@é@%ﬁ!ﬁ&%@eﬁﬁ?md
are: one day after administration of an antigen-binding substance; three days_after administration of an
antigen-Bisoier SiBERINGE! s H%ﬁﬁﬁ%@%’&%h@?%&ﬁcﬁ?%ﬂ&f?éﬁ?@gﬂzﬁmﬁ &t Hstance, 14
25days aftenacminigiaiion efcantantigBinebindimgpbulestarcy/ Gnt28 daykeaftgr frdmitistigtion of an
antigen-binding substance. In the present invention, it is preferred to improve the
pharmacokinetics in human. Even when the plasma retention in human is difficult to determine, it can
be predicted based on the plasma retention in mice (for example, normal mice, human
antigen-expressing transgenic 30mice, and human FcRn-expressing transgenic mice) or monkeys (for
example, cynomolg-us monkeys).




Methods for detettlining the retention in plasma are not particularly limited. The determination can be
carried out, for example, according to the methods described in the Examples herein. 35Whether an
antigen-binding molecule is capable of binding to alligens multiple times can be assessed by testing
whether the antigen bound to an antigen-binding molecule under the 21 same neutral condition as
plasma dissociates under the same acidic condition as endosome and how many antigens the
antigen-binding molecule can rebind to under the neutral condition. Specifically, the assessment can
be carrigghut by gllewinenthe patigan:Bioging.ng eepletapd a0Migen iadeiabateamprexhl the
neutral &%ﬂ?ﬁ%? exposing the complex to an acidic 5condition for a predetermined period, and then
testing whether ﬂ”fe antigen-binding molecule can rebind to an antigen under the neutral condition,
using a device fBlGskhidngPartigesepiodingnioibediagarmgerddaetosoipidriaaepitipthe bindies the

antigen-hinding caRaeily LhhsirRtIgeRHiading molecule conferred with the pH-dependent binding
ability has been impraoved to twliflcfiI that ofét&e an%i%en-bindiﬂ? molecule before mo fic the

ificatio
number of time bmd‘isn% 160t the Iﬁﬂﬁﬁ oM E%e% e conferted wWith {ﬁ%ep%‘faz)b%%%nt binding
ability cexpbsjuiged pél semoreatpdtodmwicanthal of terepiotigatitisididing Mdkédule before modification.
Alternatively, wheg the ﬁr}{@r%ﬁﬂ%éﬁﬁﬁﬂé%ﬁ{&ec@m&%%ﬂiﬁ%j thesantigspbinginadoelecule is

eliminated from pJasma through antigen-mediated uptake. and degradation in a lysosome, whether the
numberﬁﬁﬁ@?@?ﬂﬁ%@%ﬁﬁtﬁﬁfgéﬁgﬁmﬁﬁé‘tﬁ%ftﬁgm@ H%‘?rﬁd %ﬁ?ﬁeﬂﬁtgrp%fﬁgﬁ%ﬁ&&}%e 15binding

ability is increaséifia$<ompaspll dojthanbeimeanodificHtonicodylid assessagityabonyering the
phannagekinsica giueaian.olanioen biepiac.ebuera e ariaspiindipgeolecule conferred with
the pH-dependent biriding ability and the antigen-bindi mg ecule before modificatign. For example,
when the antige%ﬁirﬂdﬁﬁ@%%ﬁ%ﬁbﬂ%f%éﬁ’ﬁ@éﬂ%ﬁﬂﬁ?&% |SRRFELEHIRFSE BTN -dependent
binding aloihikyys, pricieingen tvwit daptrafeiit 20adtigemtdifidia gerplecalgibefiore modification, the
number of time bindi e j -hi igglmgl s i ﬁq&{lf‘é%‘i@& binding
ability is judged%to 'é?ﬁcﬁg%éﬂ}t%%ﬁ#ﬁ%f the an%g%k%ggr?ﬁﬁr%%gﬁg? g%?ore modification.
AlternatiieRpIQuISeRSFTBIE I CORCEMY SN THE L ib BUAECAHR RN ARmfRAG Frdunfins fmd-1L-6
antgen+eingtog maoteaits, is determined and the period where the plasma concentration of the free
antigen or the 2 rati r ﬂﬁf!%f i J t ' r ns: |sprotonged to
twice, the numbﬁ?(%ﬁli’} ég%ggﬁégﬁj E(?fg the a t%?{?%j%%%%?r%%I%%%g%%%%egr%%%ﬁﬁgpwd&endent
binding %ﬂd}ﬁff@%@j@dﬁ&b’é%%?@égéapﬁslﬁmwth%&ﬁé%n%g%rﬁ?ﬁﬁt%@nm&étﬁﬁ|@before
modificatienb¥¥hen e brigeai®n solubléeaniigang ifrthe tuetigpnihotisdite fan Bitigen-binding
30mo|e%e%r[§eﬁ nﬁ?ﬂ%@?”?ﬂﬂ%vﬁi%@f’%% gtil%%%?:iates in an endosome, and the antigen-binding
the pla igen-

molecule TEtun3 t plasma, the antigefi-binding molécule can again bind to an antigen under the
nethiral conditiod 1/ pldsna ermisiepicHREGERCISRIgRGG idEema tEPrds ecentriens’tics to
dissociage;withad atigeindinacigic Kondilieptof atibodieseWe j$icapale-RRbindinglgcantigéns multiple
times. Clpmria to when tlﬁg gntigeen b(gund to an antigen-binding 35molecule does not dissociate in
V4= 10 human [1-6 receptor ransgenic mice.” .~ . :
an endosongg € antigen remains ound tothe anhgen-blndlng molecule when returnlnI? to plasma),
8

when the antigeRlGodAdteserisaerigbndspigiitg nrsiBELmd BXecarsssarssan doigesemesonielarten is
delivereghto Asis9semeind et gaasasaticand-hnsidheniatn of alipinationivbdne antigen from

pl a increases. That s, it is also pgssihle to determine whether the antigen-hindinc lecule is
ca%abIe%?rﬁepﬁaf’ne@q/g%}nfﬁ‘géerﬁge tﬁ ﬁipl%ﬁt?r‘ﬁlgg %&Iﬁgg%ﬁnéol%fleo ot elimina Ilgﬁ%%eggﬁgrgiﬁ%%ér%q plasma as an
index. Thedrde&iaf mlibinatidiy Drrhebamtigen 5from plasma can be determined, for example, by
administering therantgens (854 MEWHLANS 405688 anshaptiaenibindingdvalaculs iprvivo, and then

t trati f anti [ W) ti . ' '
oroducol o GRCHUTER UM S B RGOSR OB sH R A e sbion of

the antigehdrom pla§madptindrensgnhi Thuss:.-it is also possible to determine whether the
angigen-binding m@l.e@pﬁ@&%%%@h&%@ﬂ&ﬂ?g’%ﬁg@eﬁ%&%l@@iﬁ@rgx@ﬁwamgcﬁ%cﬁiqﬁma@ptigen

concentration as an.index. erein, "increasing the number of times of antigen-binding of the
antigen-Hif ﬁé%ﬁ?%hie@ﬂrﬁé%ﬁ ﬁ%&%&%@%@ﬁ'ﬁﬁ&ﬁ%ﬁ%ﬂg C’?ﬁlﬁ%&’ as one cycle the
processmdigbesan-pipidénshismtipigmmoloule mimimibteigddovutbanesnbader, morakey, divsdibinds to
an antigg{;ﬁ}ggﬂs, intemalizeshinto a cell. Specifically, herein, -the antigen-binding molecule binds
15twice to an antigen" means that the antigen-binding molecule bound by an antigen is_internalized
into a cell and reiBdséd g artigancies 5 ‘EB‘H‘?@W@@H&’%‘%@%‘@&E SNFEREF8E S d
ansifen-pihdingnietebulerdiin dstid latathepantigehaiies i ioyermadized intolees|dagamn. When
the antigen-binding molecule is internalized into a cell, it may be in a foiin bound by a single antigen, or
two or more antigens. 20Herein, "the number of times of antigen-binding of an antigen-binding
molecule is increased" does not necessarily mean that the number of times of antigen-binding
increases in every antigen-binding molecules. For example, among antigen-binding molecules in an
antigen-binding-molecule composition, the proportion of antigen-binding molecules that bind to

antigens twice or more times may increase, or the average number of binding events of
¢€'Eantinen-hindina molaciileec in an antinen-hindinAa-moleaciile comnocitinn MAav iIncraacep In the




35more, more preferably 50% or more, and still more preferably 80% or more (for example, 90% or
more, 95% or more, and so on) bind to antigens twice or more times. 23 Herein, "increasing the
number of antigens that can be bound by an antigéﬁ-binding molecule" means increasing the number
of antigens that can be bound by an antigen-binding molecule during the period until the
antigen-binding molecule is degraded in a lysosome of a cell after administration of the antigen-binding
molecule to an animal such as human, mouse, or 5 monkey. In general, antibodies such as IgG
have tweibingiagidenainspAndIYS & Singlel antibodWhihdsvd R diatinduM B, tud Bndigdis.ann
antibody boundo.aniaenis) s ntsimalied inia aeielh,aud ihe gubedy and antigen(s) are degraded
in a lysosome. In general, anti oéles such as’1gG can’hind to a maximum of two antigens. When the
antigen-bindingFaetididyio e &R AsatERDIHAMRPHISTE Al RO PR HRPHRBB JUG RO THE B osomal pH is
impaireghaskeosnparaditonthabat fepdplasme pindiygthehiettodspisharpiestin MAamtiors-lhé!-,
antjgen:bingi lec u anti it ' i | chi iat ' and is
elasol D TN oL S e T B G e the
methodgrofpRe present invention enable for an antigen-binding molecule to bind to more antigens than

the number of itsiESantigen-hindingisiias 1Spesiicallyo bysingitheensthadsighsheopiaselit-fivention,
for example, 19G having two antigen-binding sites can bind.to thr I i referably four
or more" (fﬁ}i)éog oneentrations 1 C u%lﬁppﬁus gl E(a/}?,i én Jgia%o eg;ﬁ%g;%&%&ﬂ gﬁﬂﬁtﬁ% a(.:nf& jis ky

Ci
ens, during a perio € anuno ministration. r example,

ra

when theentiboayiks disrelifaliZing datbody, ?ﬁ%?éaﬁﬁé%ﬁ}ruﬁﬂge?&ﬁIanﬁﬁéTM?ﬁatFé%Pﬂg%ound by

an gntigen-hipdingimelecklgdds Mirrehangatle with "increasing the number of 20antigens that the

antigen-binding molecule can neutralize” T "hingd" be ced with 'n lizes he
ﬂ@aﬁ; Hé% jt%% epwtllnngt e%rlggg g ax%zﬁ‘?{g a(?on with Btﬁa}, Wﬁ]ea%&

antibody isa n ht iInvention, "incredasing the number of antigens

that can(iRGoeiet by ainsiG¥RLhiNd#ag Yible M) avé &gl shedesedkily Mean\kéleadhiFtHEumber
of antiggns thatsanibeskemad hviaveryertisan-kindinoimaleaulndaeexamgle, the average number of

antigens 25that can be bound by an antigen-binding molecule in ntigen-hinding-mplecule
composition ma?%c?gég&s%ﬁ%e%%%r&?%ﬁ%% igiee el ir%elpn%?é%ﬁ éqé??ﬂg?lgaﬁ iﬁg 0 more
antigenarhiah. themibberioftHéie ahtgeh foifbifgisitds/mMapdnpreade. The qurites ivrfifent invention, it
is preferred that the number.gf.agtigens that sande bounghhyas agtigenibindinerasireule increases
when the molecule is administered to a human. 30Hdovv.ev.er, hen, it is di ic%lf)toddeter%nine the
number in human Gt aF BE St A B SR BA e @A R '866’3‘/%6\}} 1o a888y” of Mmeasurement
using mieei {for Exampler antijedyedmessiigRixdomsg énic thick.ehdrécapian # RN expréssing transgenic
mice) orONKENS KAk EXBRBIEHY AP PP YIS RGN YOS SN Aniaody 3% 8 Aeutrabizing antibody,
the above-described number Gf times of antigen-binding of the antigen-binding molecule is generally
35S sUNfEENE e SiP81RNFith the number of antigens which can be neutralized by an antigen-binding
molecule. Thus Fit pamiscefiimntigenswiiohl cdasine agiltralizechbyntmation witigedyiending molecule
can be dgigrmineddnote aamessihodsdarpribedabove fRr dRIRITRS e SWBBSLOLiea.Of
binding of an antlgen-%ln Ing molecule. Furtheilnore, the present invention provides methods for
binding &h"a#Hi§en-binding molecule to antigens twice or more times in the body, by administering an
antigen-binding BraoEralgistake ntgenskndinkact W Adttacidierptitisladter thaavimatuat neutral pH.
Thespresgntinventionplsq.ielalesdamatbodaiighpewsalizing antigennihat Are eealeniamaiRer than
thé number of antigen- méllng sites of an antigen-binding molecule having the neutralizing activity, by
administeridgiiife antigen-binding molecule whose antigen-binding activity at acidic pH is lower than
that at neutral pH. Preferably, the present invention relates to 10methods for neutralizing three or more
anj[igen . f%%‘@ rl1four @8{@?@“&%& by administering .IgG W!’]OSE antigen-binding activity at
acidic p%ﬂ%ﬁ%ﬁrﬁﬁr The present invention also relates to methods for
dissociating withharseseahiarrigion wenides exethedd haiRcrsse Sgentsheitgsoticule by
impairingthe-aninen:bindingeabilinohihadatigen-bintingspeléeudleyathagiciscptimsntonpared to that
at neutral pH..In the present. 15invention, the antigen may be di | f ntigen-binding
moleculgrgﬁmﬁgr%%v%%inmélga ;al%lél\i%g\l/%ﬁul |§ef)r(§%??g %r%? t e%%ﬁ%&é%é%%ﬁg%ﬁ%%ﬁﬁm an early
endosorme!autles pyawanilinehyontizon-inien bilivsochtenigmmadag frsisaries at acidic pH
extracellylaryhaupdAntiosnbindingmoleauirndens netiesessanlymoagadfideeatadiifen

internalized into a cell via.binding to the antigen-binding molecule. is, dissociated from the.. .
antigen-ﬂﬁﬁﬁ%‘%f?lg@&@%\ﬁﬁl}iﬁﬁ‘?ﬁg%é}% iégé%(gél a ilé%’r%g?fﬁ%l%ﬁrn I(1)1réf:|iteicnuo a% ti IEegngc that
dis3bciatestifformn treralvtigernbinming anisléethe writiganabéedingctd e hive AesTHPE Ab et o re
impairing, the aptigendRinding:alilit: ek the1aatisen-bindiagislecuyecatasidisnplongseadywared to that
at neutral pH. Furthermore, the present invention relates to methods for enhancing the intracellular
25binding of an antigen-binding molecule free from an antigen to FeRn by impairing the
antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that at neutral pH.
In general, FcRn binds to an antigen-binding molecule within an endosome. However, an

antigen-binding molecule bound to a membrane antigen is assumed not to bind to FeRn. Thus, in a
nrafarread embodiment when the antinen ic a membrane-hniind antinen the



30present invention includes methods for enhancing the endosomal dissociation of antigens from
antigen-binding molecules and thus enhancing the FeRn binding of the antigen-binding molecules, by
impairing the antigen-binding ability of an antigen-k%ding molecule at the endosomal pH (acidic pH)
as compared to that at the plasma pH (neutral pH). When the antigen is a soluble antigen, the
antigen-binding molecule can bind to FcRn in the presence or 35absence of the antigen. If dissociation
of the antigen from the antigen-binding molecule within endosomes can be promoted by impairing the
amir?enrﬁ)éﬁ}ﬁiﬁg b EH{M@J%B@ &@Eﬁ@ﬂb@nﬁﬁ%e&%mf@ﬁ&)mdma% neldgemsindaigioppiuis bmpared
to that at ma (neutral) pH, .the FcRn binding of the antigen-hindj ec IS " from an
antigens%géf’%%temeéﬁ Iﬂ?glir?(tzlélg’ﬁé%%gmmelt /%lsn%efr%hg [%fréglgntﬁlr%\gelﬁﬁg% A Qﬁﬂ@%gifr{gﬁé@fi}% %‘L%?her an
antigenastigenibraies podaeidissoluble, if an antigen-binding molecule free from an antigen can return

to plasma with FgRpydhe aatiesiohinding-akes wiesanssind dertheiantigemagaine By tigpaating this

progess, the antigen-binding. molecule can bind, to the antigen iple times. In.the present invention,
"en an&?{ba%aéoﬁ%gﬁ%ﬁ%arﬁgl%eflé?ﬁnaﬁ%énnq efn%?hg m8 ngLﬁ%c%lén %I}t?%gé%ﬁmcfgg{;l% I.Ir%é)éies_sa_rily mean
that evenpuaidgerstiodifg icksesieeirieuw e Rh2tigeas coptapid tauné Prapsiireiapiing
antigenzhinding melasiigilOirefiopApiantigan st pindaitofFeRovithine esthincreasesigien

compared to before impairing the antigen-bindin ility of the antigen-binding mqleculle at th
endosoﬁm%%%éﬁ%ﬁ%a’%&%%tﬁ t?@%ﬁ%ﬁé%ﬁﬂ%r% e %ﬁ%%rgehr?- in r¥%(f:j Or%% élcﬁﬁ%ssdﬁrﬁhe
methodsaoftthbprebbptinvengon fordemhardbey ! tHeyvindacstiting bifiting fuaidessthearigenepidding
melpculg and R iprlud: qfﬁﬂ@é@é@@Pir@@ﬁ%%‘éﬁé‘éﬁ%@@ﬂ%l@@ﬁﬁ@ﬂ@%tﬁ@dﬂﬂ%ﬁﬁ@[ﬁg{e-bound
15antigens (membrane anfigens) such as membrane proteins O(}hfr prqferabletﬁgtﬁ%%rgbrl%?mg
molecu@8 e %@@ﬁ%ﬁ&?}@?ﬁ?&?&&%&%ﬁ%& B SBIETrS Ao EECatiRg e LB Bloteins.
The methadsmfteahandidg thebindingo gm dntigeg-iodiogntivlecghe drd BERn dithing edllinge
alternatiyely expressed asing-metnads alivaminedhe-babn Hading.obaziagigeninding
molecule within a cell, for example, within enge%som%a.ﬁfﬁrtféermore,_ the éxesent |§r\]/entl|_§n relates to
S O ;H]g%

methods for reldASRGeSFIEHIGBHMARA STRBRSS R RASHEAHBEIHEMD &F° '8H
intesnaligeh inicaiceb]linaly-antigdn-draeddsmdagheceside o¥fire suitiByatypdiamgetoot

anigen g Aol DG ANIBRY AU EIPIEEHE PLARAGAlLAB GRIpared hal a newtal pr.

In the present invention, “releasing an 25antigen-binding molecule; which has bee %ound to,(%rg

antigen arerastHas, Bevmd SRS WrAH & MRSrRIFY fORRAIETE &h6 RS PIRARS AP B 84St
necessajiyameanyital ev eyt antigenabisidinghndiesuleewhichrbasibiesanbionnudeides antiyeds dod
internalized into.a cell,s telesed in-an.antigen: free.foimItR i autsids: abthe 06l his @ssepiable that

the proportion q#g ntigen- mcﬁng mofgcules that are released to the outside of the cell increases when
cotfipareebesiBomerbigitinsaiony treberpaniBmeih ARy SR MRt RIHG thonsetit&tacidic pH
as cqmpemd)t@ I{iéﬁgﬁhaautrah@khﬁg@mi@@ﬂgdamlﬂee ahiig:&tittmph}ngpmmmm:emsed to the
outside L3 Rl IE(Al0G. (RS ANACRDAING;pllbn EYHEIIRR NG Mathod phrsiansing an
antlgen-%lndlng mo ecuﬁe, which has Been bound to an a tigen and internalized into a cell, in an

antigenfréesarhndtaanelieide branehcaibeiiv ingo dsdetarer Adding e/ P ARRBIABE EBRRSIATY4M35the
antigen-pinging saolesiena proparts thakthebantiggmbiading molecule becomes more easily 26

released to the qutside of the cell in an antigen-free foini jgen-hindir I js.bound
to gﬁ antigen anqéx‘lﬁw%?ﬁ% (28 ?%%15)% %(Saﬁ .pﬁj%ié]%sl rrnn(%%e?(rtﬂéfé gr?eg'iséegnse{tr%r\%ﬁﬁ% %%?g?lg%@g f%%%%ldﬁg for
increasinduittebapiegrobenadistige AnbigrTivg hivlemalietoaiimi fekle B IHGERE DS MEBIPIMBairing the
antigen-pipding,pakilinof the,antigenbitdingdpelesuleswahasidieplitasaempunrad teltasingtaneutral
pH. In the present invention -the ability. to eliminate antigens . in plasma” refers to t iljty:to_eliminate
from pla 5‘35‘%16 hnsgtﬁlé)?%{:r%%pr‘gglecn I?%Spﬁggrﬁn%é{fulel/ é%%ﬂgnéu %eanq%fﬁ ¢ |F1n%€%81%1qu e%laaérl.ie’ &l &
administeriegeinfriedonate thesretadeiniiho cath iy, impriipedbemngenbaniing abiliisg aridiamity of the
antigen-hindingnalecuis ta glnvapseiantgendmpiasia raansithehide mairiatd aRlinvination of
antigens from plasma when the anti %n indit%g mcljle%ule are %g&llgl%tl ire%in i}/n eis gﬁ%e(!%a[\ted as
compardt FBSIHEFBSIBIETS, A& SRtGeR-bintitg A6l SFthe dntgen-binding mofecuies at acidic
pH as cemphreckroatiaeat freufiabpie. tiehedsialethEthbitigll dftisebartigers bindhee vl atlgesteriminate
antigens,ip; plAasmA; IS 1Ganihe deiesmingd i ior axamnlen admaiaisiering seluble antigens
and antigen-bindjn(% mol%%j %sﬁin \fr\éo nd then 15measuring.the con entraa'lo of solyble. antigens in
ation of'sy fiti

plasma. WA HEEEER Bl AR GBS R SRS A AL R Y SEniNiStAtion 67 Lofuble
anfifensatigeasttigdimbmdiag moldoulesishredussh d yo ewenngethand ntitpere biredi g cab itht. o tie
antigen-binding molecule at acidic pH than that at neutral pH, it can be determined that the ability of
the antigen-binding molecule to eliminate antigens in plasma is increased. 20The present invention
also relates to methods for improving the phannacokinetics of an antigen-binding molecule by
substituting histidine or non-natural amino acid for at least one amino acid in the antigen-binding
molecule or inserting histidine or non-natural amino acid into the molecule. Furthermore, the present

invention provides methods for increasing the number of times 250f antigen-binding of an
antinen-hbhindina maoleaciile by crihetitiitina hicetidine or naon-natiiral aminn acid for at leact one amMinno acid



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
35non-natural amino acid into the molecule. 27 13 The present invention also provides methods for
releasing an antigen-binding molecule, which has been bound to an antigen and internalized into a
cell, in an antigen-free form to the outside of the cell by substituting at least one amino acid in the
antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or non-natural
amino agigddatortbersmole e utsideldtety esenhioventiobsalsoipovideinmethiids, fardaereasing the

ability of he aatgen piding moleguic i3 AIMINAISARNOSRS N RIENARY ahieliiying at least one
amino acid in the anﬁgen-%ln ing molectle With histidine or non-natural amino acid, or inserting
histidine or nonTratoraseaiceaicin Wi preiisrernadods frdnsresst shantildy AbAtnatural amino acid

mutatiop(subsHiHGRR, dRsesiRcalihisnokRarteulafyalimited Mohisiding flpphpitraltamino acid
may be substituted or inserted at any site. Preferred sites.of histiding or non- Lamj |
TS EE T R g nE RS 2 S AR AR IR AR
antigendpiigting iatlitynof iyerapeiges-tipaiiigendrinding FuHesxaimpidionhers wramaibieHitbig
moleculg.ig.anantibegindesuen hitesdaslugr aniantibadisaraleskeuion aeRR Hbitimder of
histidine or non-natural amino %jt:id m tation istnot E?ﬁtiigsl;%{%imsiﬁ%gﬁ g&s&id'qs ig{n%%f%%&?{ amino
acid may BB SSHINAMRESPIRBNRE S B UGS WHE 6/ B NG or hore sites, Furthermore, a deletion,
additionginsertinaddichsabititatbndbetheler o ntiseingableastrorusidnaintariBusly with the
higidine, or nNanspRLA) ARIEACIAT URIHUHOMOpIBSKSHIPR RO e RaesaRtdRETI Mg ihe
antigen-binding malecule is an ,ar(ltlbody $o sible sites 1[of hltstldlne or]ggl?lénﬁg%{lalha%rg ) %{Zld
substitu?ﬂ?rf‘m{?fﬁd’é,afb?‘@%ﬁé{ D AR EB RS JIRREE 4P R S SIS e B the CDR
structurdabétarg antiboglyarSichsiteStipolmde foidsxartolentiheditesnistatirogiono T aeniht didig
positiong, grg.;umbered based on the Kabat numbering (Kabat EA et al.; (1991) Sequences of
Proteins of Immunological Interest, 2? NIH). . Heavy chain: H27, H31, H32 H§l§ 35, HSO, H58,
H59, H61, H62, i Prrign 1%%{%@,%%6%%}95%8*%%%& BATGRATAIE T RIHTSRINSET 43 | 54,
L56; L9antig-hinding4naleangstheMitovep sitésali8 2hd6tsdb 3nt@fioarmdddes outthbesdniversal
mOd'f'C%Hagﬂo%Q&%‘?Ee hdmn\é&%h@ﬁsa@iﬂ%&é%lﬁ%dkgﬁﬁﬁgﬁlﬁs(&xﬂyl-olﬂg{ﬂg@h@—f@téﬁ@@xﬁ’ﬁﬁr), preferable

modification sites include the following, _Hoyveveri,the mo_%i_ficatlon sites ar notgparticularle}i limited
thereto. RERA) BHARPHDNE the Anigol-piading &by 2RIEC Rib3S ERERPHEAIHES HREBBT dhd 35H102
Light chpinte2dioks Thd st Ank&didibpro8isi8@hadd bpim R ving Whphehistidikaarased-natural
amino agid is substi tiple s f . nati itutign,.sites include, for
e o St L7 1AL Hiqa e g8, Ho, anc
H262; canisraRBI BRIBIeHcE 53 iRsREE bR OROR DAL 3OARA FE I RIRHIE P Yok fred
combinatiorgsiehaubstituientsiiesmfoaheavidancdigbticliains fncitidg firepbamiinaltiontioh 427, H31, L32,
and L53, .. hen the antigen is_ IL - . hu - f ification sites 4 the
rollowind RS e e vt oy S e,
H61, anantibodyigpiéantireions of satiggpbudipEaMolesiien the antigen is the IL-31 receptor (e.g.,
human IL-31 reqapihe), prefesable imaedificaiion siesetivde iSd.chavweydre tielimodffication sites are
0} particuiady bmies Slete SHRLRR AONE oSN U SLaIAY e et ted with
, m

n R
25 . les to el ) resent
histidine®0r Aon-na ﬁnr%f[%?%ﬁ%eefc%? Allernative ultiple sites may be substituted with histidine or

non-natirsFaiNnoresEsmethodrierrsansfisapidssithnanisn-biadipp RasRIS Sy
antigen-bindingdaniecules, peaatdiesmoldin pe aldasgasiantigeibility of e antigentiiniling molecules
of the present invention.are not particularly limjted as,| s they;.ha ific_bindi ctivity to
an antigg}?%f: rlllr%éraés ?@%e?%g%sd%glfr?ﬁ%e%éﬁ?ﬁé%él %%Ogﬁlﬁs .oP %%ﬁ%ggﬁﬁﬁgg%%%%ﬁ %, for
exampleprsubistamessodafindnsrcasitigshesbidingefdin aniisermiadtisony eruleaitigdniBtEing domain of
ana%ﬁtibaﬁle(éa@ li‘gﬁﬁismﬁ exampenGRR.eRdsyarakisireoion Wientigantigempindrguendth of an

antibody is CDR, the antigen-pinding molecule.may include all .of the six CDRs of. a le antibody, or
one, or thg’ ?%8%118??“&%{/%?@}@% elﬁf%vrheeiﬁltgr{hgndt?glgﬁ- ki mogf(le%u gsl:ncﬁlﬁ}“da\elzgg %Blh%é) a
25bindingrelemaivofiam artibodymib @b Ry dre i anhitisyael dhaeetisen-sunBaemerccatrition,
and/or ingertion. AhARYNS BRI CRR G rtinEWENIMOR IMRe b8 aRYeR Dindingalsaule:

includes an antibody constant region, the present ven{tion relates to methods for improving the
pharmacﬂ%h%‘ﬂi%§%’ls5ﬂ}?ﬁ§%%ﬁ(ﬁﬂ&lﬁ?&@éﬁ(ﬁ?&g@%‘%ﬂ|ﬁ%'ation (for example, amino acid substitution,
deRtion, additiof]eaeid/oiBpimsenion odthhebntibediisohetantapgivnanheldhtigen-binding molecule.
In addition, whestheantigeniindinshmelecisdeldes ARANPREVEORSRM IRaiRRnIbR BreRent
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. 35Furthermore, when the
antigen-binding molecule includes an antibody constant region,



the present invention relates to methods for increasing the number of antigens that can be bound 29
by an antigen-binding molecule by modification (for example, amino acid substitution, deletion,
addition, and/or insertion) of the antibody constant¥&gion in the antigen-binding molecule.
Furthermore, when the antigen-binding molecule includes an antibody constant region, the present
invention relates to methods for dissociating within a cell an antigen from an 5extracellularly-bound
antigen-binding molecule by modification (for example, amino acid substitution, deletion, addition,

and/or irtﬁeﬁt'&ea)i@tataﬁrarrmwwaﬁtmxmgﬁ@@mmezaﬂtt@anmlﬂm mmeaweand ‘siputfoermore,

when the antigen- b| d|n ule mclude an a bod constantr h presentlnventlon relates
to metho&sn’r%r%? S|n a@ %?gehesf?n(}mg%ofled;&]l vé ahﬁhasl ogund to an antlgen and

internalized intotkexsét, tmmt@&@@rﬁﬁﬁ@lﬁrmdmweﬂfﬁét@é w%ﬁ%wsww%@t t@r example,
amino %Qtﬁéi Qﬁtlt%atb @tetetreran &U&ﬁdﬁ@éeﬂit}sefﬁﬁrb)nﬁfgﬁiheb@mm@dﬂd}@aﬁ@ﬁtpﬁmmwme

ant molecule. rmor |ncI des an antibody
co sta %Dr%n pfﬁ(g ?’%ggﬂtp?h? ar“’e‘ita esv%l? Poeqkﬁ %gt{?g ]i%gr%la Batft of%ané

antlgenétmhdmyq)ﬁmﬂeuu@ww@nmmat@caht@eﬁé o preshha- 5ysrﬁ@ﬁmf:%dlehcﬁ5wémﬁ®l@ahﬁtﬁé acid
SUbS“tUt'%Ctﬁ'ie@@na@@Hia%&t&%lwﬁeﬂﬂ@@ﬁﬁté&%ﬁﬂﬂh@@ycﬁ@waatzﬁegt@@emnﬁtﬁh@ugen binding

molecule. In a preferred empodiment, the antige sub tanc the esent invention
mclude%‘f@’eh 36[5%3 RS SBLBANE f‘f’ncccm’(%rﬁi Olge gﬁlﬁg re‘g?gﬁ ‘%%élytn?erna?rzegn into cells,
antigenibivmlingns abisiapde ssityglisdihgeh 4:%Rnpbir6d5ngr@glt®1ﬁyiaﬁ fafuie bl thé.agmarby 20the FcRn

sajypgep 3% SOWRY-pERS. 59R&t@ﬁ%&%fﬂt@&&%%ﬁ(%@&ﬁ@ﬁ“ﬂ@tﬂrm%‘Eﬂiﬁe@;ﬂycmm%% FaRpH
Preferred FcRn-binding region inc lydes, examp %l‘bﬁ?g% F-c regions. However, the FcRn-binding
g Pac

region of e BRIEERYRIZAHOH il ik IPRIYSR RS 6*a polypeptide having the ability to bind
to FcRn such adatkimiheqrhig, ‘Sinpeisughhegitigahdtindinbabiiy tiapolypegptibiedaging
FeRn- b‘% t@&ﬁ@ﬁttxc?&t@ Pﬂi‘%dﬂﬁﬁ%ﬁh’t@tﬁﬁ%ﬁﬁé@tﬁ MRy 2RISGaRGbIe Wlﬁpﬁﬁg%agecognlzed by

antigen-binding molecules such as antibodies of |ntereséjn the m%tgo s of the nt |nvent|o§ are

not particORAFRF IR ItRSHERHIgHE SO UETHE ARATHIBS FRESEREZ R &Y ﬁbaﬁ“ a&&t&%&

pheimacokinetcadisio gi€ impnovadrbyotlds, imethopisehtheyaregen thev@fifomircide; for example,
e

antibodigs | g@ﬁ‘%%ﬁeg% t%?qtg%g%@{mﬂaﬁg%ﬁe%&ra&%%%a%&%mam@m&hm@

receptors a rece | surfacé markers, and antibodies that recognize soluble

olu
antigend'Suen aSleytdianesappiicthedns @%é%%@%ﬁﬂ@éﬂ% SPHEFRsEERvention
include meoaiie:-preteinsidisnpies of selublezantgetisoiliapodsantityentoniingludéesaleble
protein Ant| cogniz t ] magq ; I

methodsé}oﬁ%e prge%%ngt%%]\r}gnn%np%%lﬁg Igig)rﬂé%ge%#h F IL- 15}365)?%'%&?@203?%%?/ @7?1@”_ 8,
L2 |- 2ntigenthindingoebilinyst peigic pHzmd Lfl%f‘?é%é%t@? wtwtéééﬁtidrg@@kﬁré%é‘ﬁ%‘iﬂ éBiso IL-5

receptor, CD40,Ckditibas o3& @ﬂﬁ@ﬂ@pﬂhﬁo@ﬂeﬂﬂ&aﬁwﬁea@@g&ﬁ; ifRDactionpeytebehemotactic
factor, C F-a, H 4 | IC R,
actor, %qg&eg zri%aflﬁpg%%ée ttslloslg? 6sll’tl 1? t'ﬁe a}J[ & "3126 Q%Q&igl& (’c:tl%ghdf é)\%\}em téﬁ-?ry H}rﬁbp

TGF-p, arly preferred antigens inc ude IL- Furthermore,
the anugjawmmﬁgmmtmm@@énﬁ%@%é@é%ﬁfﬁéierégérﬁ @H@Er&rér?

antigen-piadingmelggides-0aying BRARMRGINEIS. acﬂuﬂyrém@a@,amsm@ﬂﬂgandmchagvmtgmﬂes) and
e g PR A W IR ORI A9 LG MECHioR 2
erreﬁ“ él%% in dge n

imert, e antigen- ing 1§ molecdle inc S antagonlstlc antigen-binding molecules

|n partlcamat%agﬁm%@%ﬁé@lﬁﬁﬁ@ﬁhg%I@Ctheﬁltﬁatsréé&j?h?é W éhslrssBstiBEsisuch as

rece IOtOan%@Qﬁ%é&%@WﬁH&@%&%M@ﬁ&tﬁ@f Bxanyeo i ablaglenistigantigest binding
molecule that rgé %uzes a gcegtor inhibits th ?and rece t%grglgbd n%g%tﬁnﬂ%n%g thnebre éE)tor and
thus inhiBRESHTE Sighd ErCar ey haelraélc nathe gresent ivention, the an n-bi
moleculmfem@esﬁkmttpammaﬁy thm neagemus AEFTBBTARS aamjentbwm@%efé@mbeg tth@e
anggen-bingding.oalecile &HB@ és%@rm inyeationiy eferahiinaludesdaifiantigeariipding@ctivity
(antigen-binding reglon)E n binding region. In particular, preferred antigen-binding molecule of
the pres@’?ttaﬂjitﬁ’eeﬂf 1r]%glon that binds to human FcRn. The antigen-binding molecule
including both aﬁm@wpbwfdmglamtww ancldRrnnbingi iy redigenifcnddes aeovExdeplecaatidsdies. The

antibodies preferiegia t@ﬁ&%@t%éaatwmmwgarl I&rﬁg dﬁzgaaeahtraﬁa&ﬂubﬁﬁ'@ﬁ

20When_ the antibody to be used._is an 1gG anti the ited; the IgG belonging to
any isotyPE IS Eaen 16 1| HEEs 5 ﬁ@ l?ge%ﬂ Z‘I}Jﬁ% % |no?a0|d

mBationst (BsgocMi3) moaytive (rﬁtfbbhgwdstm &h@mn&t@fdt&égﬂﬂd ‘fbﬁaﬂwﬁ hése mg@embtyﬁe@ Amino
acid mutg&t 5 8 | t@% L@att@rmmﬁt cltﬁefree.ta e PLigARAI the bindingitaircy
receptor (Proc Natl Acad SCI 006 Mar 14:103(11):4005-10) and those potentiate or impair the
binding to FcRn (J Biol Chem. 2001 Mar 2;276(9):6591-604), but are not limited to these examples.
Alternatively, it is also possible to alter the pH-dependent binding by selecting an appropriate constant
region such as of IgG2. When the antigen-binding molecule of interest of the present invention is

an antibody, it may be an antibody derived from any animal, such as a mouse antibody, human
antibodyy rat 2Q0antihndyy rabhit antibodyy anat antibodyy or ecamel antihodyy Enirthermore the antibodyy



35"Chimeric antibodies" are antibodies prepared by combining sequences derived from different
animals. Specifically, the chimeric antibody includes, for example, antibodies having 31 heavy and
light chain variable (V) regions from a mouse antibbtly and heavy and light chain constant (C) regions
from a human antibody. "Humanized antibodies", also referred to as reshaped human antibodies,
are antibodies in which complementarity determining regions (CDRs) of an antibody derived from a
nonhuman 5mammal, for example, a mouse, are transplanted into the CDRs of a human antibody.

MethodssfRpidamifyinastiiRsare kirawnofabed e ligdeadcase ab P tteinsvalin fourstogibal Interest
(1957). DRORGInSIIER! Hesln Rahssa Mo Chotastal o RMEISA HARI i Rgnera
genetic recorm ination tec nologies suitable for this purpose are afso known (see European Patent
ApplicatiothEmt 255hen drwicenéieashe) copisprdii AvaseeRe S8 4 sandsay tetsths, in the
same afiRogly: Bralecuigcvaniaklesegianstingt recnghizediferannapiiopaseA bispesifie-antibody may
be an antibody that recognizes two or.more different antigens, or an antibod t rec izes two or
mo?e diﬁét?gﬁ%é[tgﬁ%%eghbgl 0 84T ecr?.n!gl?r rg?ﬁ?o?e,%pc%yggﬁt%heg ?Rgﬁlfg\%'r?ga %ﬁ?ﬁ% fragments
include cfostexamplbe Bigsobbfragraentsnit (KB)pafrd garerest étﬁSWNélfBi@%@iﬁéﬂp@@%@y@B? can

23(9): 1126136 )mslnmain anibadies i) AQ 2004/058821:1 W6 2003002609 BsefrHGNO
2005/0%79 9), dAb-Fe, anga;lc fusi%keréoteins. Of these, molecules including an Fc domain have the
activity BFBIRERG 0 BERATGNA AP fore suitable for use in the methods discovered in the present
invention. 20Furlterpahiz dntig snpbisiirgonsiedorestmaplar&applissisiationhatprosstining@Ation may be

?Wt&if’tOdmtl‘f@a@%fH%@C%iﬁ&%g%QHe'E&ﬁige?L%%&ﬂﬁlig easﬁwdﬁ20068$!7%gﬁfa§?iceaﬁ&bié{ugp§g@s by binding
0 a target moiecuie urren pmion in piqQtecnnalo . = ~urren injon,in
Biotech%@&ﬁﬁ%??%@f@?@ﬁ%ﬁ%mdﬁ ?ﬁ%t?t%{h%%‘ii‘é%‘i’ég?f‘f%@ s :5%1?—‘34%‘9@&6?3? nScience
2006, 15¢c1i4iR7inand infthd éistoiaxanpieDARPhSWEI2500R 132D 855 ) piifTbdy WO 2
1995/0Q1.33 0 Aéyég&%t{é/é(%%ﬂé%f%gﬂ;ga: é@/&&%ﬁ?&%@&?%mmﬁw Y@ 2002/032925). If

these antibody-like molecules can bind to target molecules in a pH-depende manner, it isdp(t)ﬁsible
forasiﬂ@}]“eﬁr‘f%l@c%@t%'ﬁ??& PRAIGATE Ry Ol B EE FY th 8 8?5??1@ ftigeP-Bhiaitig Moietule may
bela reQﬁpfe@m&ﬁaﬂbﬁpBadeg&mer.-FéfB@WeplhﬂteﬁcﬁﬁpriﬁH_ka(@Hlﬂbg@tlﬁﬂ@d@hg@ﬂmﬂ@@nple,
TNFR-F-Jﬁ%&%&%%gb&%ﬁ%ﬁéy%&wma,s\vjEféﬁ,%lF@m%@Mgog@me@me@mle/aaﬁ%% fusion
protein % at Med, 2003 Jan;9(1):47-52; BioDrugs. 2006:20(3):151-60). If such receptor proteins and
receptoR O8GRI SFEREIe Bi5A BIMIRS (5 SRR Hi%3HH-dependent manner, it is possible for a
single molecule Yohbinthensitipte targetnhdtecitiesn IbMorsguehithengntigierbindihg yoietalemay be
an artificial |i rotein. gr artificial |i ion ' t Qi gt and.has,the.neutralizing
effect, a%r? |rs1gc§1a§t é‘“‘z,f‘?gﬁ’c 1%%(2%%%1{?}%%&%1GA?E{%/II{%%J\?%%QSQ% %5{?1%(24 :5863-70). If such
arfficial ansigea Jhotei e adimg A HyRn e BRoR BYEHAh NdEHINAG e Ry Ricleeard P4
pH-depepdeahinamerdidsiscpossibiecfos ssingle, malkaptedeanbilickooidtiptertacgensiale Gylparent
Furtheimare, the antibodies of the prasent in j inek difi r.chal ibodies
A e S SR R b G
99/54348)Edrmaibanes) ik Afeddeficient in fucose that is added to the sugar chain (WO 00/61739; WO
02/31140; WO 2006606 é84( ild@3i 00611 3 hrandmbiiibadies-haivingf sugatighaihmditib bisecting
GI¢cNAc (WO 02/79255). Altho he methods of t tinventi i specific
ineary, 8 A S BB et oA R e A R S 2
comparéer totrvae sonsdsmtal pH, the improvement of the pharmacokinetics, and the multiple-time

binding to the antigeR SandbeRxpipineskas daliewe Pnhinstonas ity of ERheKamMedemshedatibody
is an antibody. that binds to a membra tigen, the antibody administe i inds to the
ﬁe E}g %g&‘%)areg to &r?pr at rgij'a?[igﬁ%}éola f%r C ngélmingﬁle ﬁ[%%)&%ae%%gﬁflj%ﬁ

antigen 4 nup viainter into endosomes In the celis together with the antigen

and whikebthty hatiooeypistieputolindted tid artigenamhestipgsantivsbynriigds dagsleo Wisosomes
while th %%%%E%H&%t@%@ﬂﬁﬁ@%r&@@naﬁﬁdﬁhg antinedyt istilegradeddiyatee fyspaamsH

together_with the antigen. The internalization-mediated elimination from the plasma is.called
antigen-&é&@hﬂ@‘?fl ?ﬂﬁﬁ]gﬁ’gﬂf SHEHRIftnina Fc?[ﬁh %%éﬁg%"r;%lr%%g et \EﬁﬁH ﬁﬁﬁg?gﬁénﬁntibody
moleculéss{idingibis oy ahtday- 120300 6rdderalt(1-¥)i8 rlspdykeeva g lenrasibedie RIS antibody
binds to ajtigens i divalerhmanentiesinals ey melesylndsdeteraalizedombitadbecantibody
is kept bound to the two antiggn morjg(éﬂisﬁ%wg (zgmde in Ic}(la Iygosomet. {Q\cc rdti)nﬁ%.in }Q)? case of
typical aftiSaRdbehe oRschidtes t ( t bintf to thred 6/ More molecules ot antigen.
FoB exarpletiamsiiigkeatg Goantitioayanhy levitedhandg: a visuy atizemteblstivitioadmsdbhieutralize 25three or
more anjigenmeleaHles. e slaiysly rralonaesiiaiemien: sl elinalion)of I9G molecules in the
plasma is due to the function’of FcRn which is known as a salvage receptor of IgG molecules. When
taken up into endosomes via pinocytosis, IgG molecules bind to FcRn expressed in the endosomes
under the acidic condition in the endosomes. While IgG molecules that did not bind



30 to FcRn transfer to lysosomes where they are degraded, IgG molecules that bound to FCRn
translocate to the cell surface and return again in the plasma by dissociating from FeRn under the
neutral condition in the plasma. Alternatively, wher $he antigen is an antigen that binds to a soluble
antigen, the antibody administered into the body binds to the antigen and then is taken up into cells
while the 35antibody is kept bound to the antigen. Many antibodies taken up into cells are released to
the outside of cells via FcRn. However, since the antibodies are released to the outside of cells, 33
with thekamgipisiBskeaiiboungete aotigens; thenpatidadibsfornmatasino ¢o iantigems afidion Tius, similar
to antibegies,ihat bind 0 memAcane, AMGRNS. I, brceass plmicel anihodies ongmplecule of l90

antibod?ncgﬁlrllbt Blﬁ to three or more antigen molecules, The present inventors reasoned thaét), when

antibodiagbrdy betabled eatend R PP RS FHRB AFe ARtEHL APS BlhOl I G eR SUED FRR S By

internalizakiops ybiedtheraniisies shatideptinoand tHithelmetigenbdransiicatd to iysosames and

are,degraded, the 10G antibadies whose ntigens slisgaciatedhin e £daaames souidind to FoRn
. s Bos :

a Sin T tWO OF [IOTE 81 1 zs?g )
that are expressed m% e endosomes. Specifica e present Inventors discovered that an antibody

that stréuliabimdsith amianmgils Hheehnadist Hoelw A sHreItms thd drhgerasithisd®endosome
can binghie.a02atiges ikdodnlagnaanddeedakentihitidenkepidatoninglaispmplbicwsthuthtitantigen
into endosomes in the cells via internalization: dissociate fram the antigen i ; then bind
to FeRnOiéHﬁef?%iss%cgg eagg R Celr %cn%??gﬂgsr%%ﬁr%s éé%{}%l?r? ﬁ%%g%m%ai?nctig%t%a%g %%O%I%gund to

antigeninsenéoff almenmintibteinterptieing oo wrihgehskifadieihton, e lFaseneiventors

disgovessddhabamaptineduhayingdhednopa s pReiengiy bindisg dseantigenspiidh eoagma but
weakly 15binding to antig;ertls in the end?som £ pndiss?,(s:(i;@l e If{,{%} theit%n%ggg%iﬂigggiggdosome even
when t%%ﬁ%%%g%%edssgﬁﬁg Bh i AR LS hch AS o lBIE Antigens therefore, t

€ antigens; therefor ey are released again
into theplasnva ior anstat@mot bound to antigens and can neutralize multiple soluble antigens. In

P nar: 11© PITEEANIGNENIO 12 RoMIBA S AR L e RIomaMRS S e e
enaosomes, an us aiscovere antpogdaies a (0] INna.to | S u (gr Z asma p
e i et R e R G

osoma bn were superior in fetention in

théplasmay e o tiseaonganbindie molecule squiit bindtes hstidple shigérzon or iTppéiemdosomes,

which agg mempranegsiclss: form Retwia ik e areniasinialaukaryofisccelisiand migirasponsible
for the metabolism of macromolecules in the pro%%sﬁ frgom 25 the ceLng?%fmbrane to the lysosomes.
n 0]

The pH QHtEﬁ@&%gwé@%?%WB%W@&bB Tty WIRICARS SRS OFHOB 8 lgﬁwgtlﬁev Mol Cell
Biol. 200dnkeb{2 xd k32 piedrwiite ise ikt isuthse tptasna issenidv tocbasahabstanetiteal (noimally,
PH 7.4)4; cigiAcsaidinglyman aREgRR-hinding soelesids yhese Artigrmsbinsingastivityateeisic pH is
weaker thgm the antigen-binding activity at neutral pH bgnds to th%%%%%%%dn the plasrp which 30have
a RButra e OfpaRe MBS RIS CARY A0 tRE M ETSsBRRIEY FRSAT TS R tRETRYESEdftes which
have arsadigia-phidieantige nfhie@incimoiou e thatudiss ociatedtioom tMé:amtigeanbigrsttodoRn,
ranslocalgs 10 U1<cell ARG ANGRNIARRBIB i RiRamA NI RIE Aok baUILR aptigens. As a
in

result, the antigen- INg molecule can bind to antigens multiple times, and the pharmacokinetics is
improveldsesiein i SRIBRIRBORS Iaciid KISt s astusteg by mtﬁ?ﬂﬂ‘?ét?ﬁiﬁ‘?g,ﬁfﬂénﬂpe &HiiR¥ention
provides@htigenabindingseatecofessuaserantigen- bt nga dtivitytatepbiaditg pbl8:8 ésstothar than
that.at pH 6.7.10 pH . I ly antigen-hindi 0 i ingli clvity L pH
5 0o P e O O o oEt
antigen-Bhediyertinegioprisa dadns sighanbar ipgite s depiles bavansd sorePmieRlte, for
example;adiigentbindingmaletuieswhestcantghndinsingiaativity/ at pikfi8isfawenthanrthat at pH

7.4. A”ﬂ%?&?&?&g%ﬁ“?k%%ﬁt?ﬁ%ﬂg&% %{‘&}98@{%@%89 activity at pH 5.8 is lower than that at pH 7.4
can also be expressed as antigen- mdfng molecules whose antigen-binding activity at pH 7.4 is higher

than that at pH B\@custizdaratieds-iogdrminmadhnsniembBiins estr et ANdsFvRgLEne
antigen-bindingeastyins & fhdpisdowenthan shal atiptiddmsthlang Asulhei antiganvbingingl activity at
pH 5.8 is lawer than.the binding at pH 7.4, therg. is, no limitation on t ifference. in_bindi ity
and the %{Hﬂboe%‘ib‘%]né‘?ﬁga%%i?vﬁﬁ@: Ié) %@%ﬁ%ﬂnleneént%%gi c()%?er(,)req\r}(%%gl‘ g %??igﬁg?gﬂéggeﬁqggdiment
of an antigermhindirridnofea datigethbipiies malsrsitionThbse s iridem DK adimg ectifcRlpH 5.8 is
lower thapthali @l Rih g Aonsixdes anigeachi il etdes whose 20iger;Bndiig-acivitRat.pH 7.4

is twice ter t.pH 5.8. A more preferred, e iment of the.antigen-bindi lecule
incluces NG bl L N ARt bRl Aacuig at ST A e Bl
tha$ thaben-peiE:8. atitill avidscpréfened arisodivhditticiasdesstigen Bipding Mvleagliatiites
antigen-hinding ualesulasi2Ruhese iattigen-hindingiastviteatahhldhisdtivasae graaefthan that
at pH 5.8. Specifically, in a preferred embodiment, the antigen-binding molecule of the present
invention has antigen-binding activity at pH 5.8 that is lower than that at pH 7.4, wherein the value of
10(pE15.8)/10(pH7.4), which is a ratio of KB 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 25greater. The upper limit of
the IC(p145.8)//CD(pH7.4) value is not particularly limited, and may be any value, for example, 400,

1000 or 10000 ac lonAa ac nrodiiction ie nnecihle 1iceina the technolnnieace of thncece <ckilled in the art



35Conditions other than the pH at which the antigen-binding activity is measured can be appropriately
selected by those skilled in the art, and the conditions are not particularly limited; 35 however, the
measurements can be carried out, for example, untfer conditions of MES buffer and 37C, as described
in the Examples. Furthermore, the antigen-binding activity of an antigen-binding molecule can be
determined by methods known to those skilled in the art, for example, using Biacore T100 (GE
Healthcare) or the like, as described in the Examples. 5 It is presumed that such an antigen-binding
moleculebwthighoweaklyrbirdsita arsaritigé atatvacidisnyrhoaasity dissotiates droms yhee astigentbeder the
endosomal acidic_conditiof,. 8 i nalizatian,i 1t Ringds, 3 sily
releasegr?cs)etﬁemgft%%gg ‘of %gggfg@%ﬁg %%%%%%n%%%%ﬁgigﬁf E(elltieased t}[%(!t:sr?g %llﬁésli%lf E)Ef@the cells
without#&ing degraded inside the cells can bind again to other antigens. Accordingly, when the
antigen-bindingrneigeieris wiforiexampie, Hnding gesidoirding nebiratiairg molenudefitiey
antigen-binding molecule that easily, digsoci I %gqgst al acidic condition
car%;g bin Oé]ﬁq rh%ﬁ lgﬁlzglgen %é‘ﬁesnrln%kfﬁgfe?%%?ﬁa%g{g tr%iﬂ?‘tﬂ ghgt:%i:eﬂr? I é?rl?g molecgﬁ;s whose
antigenabtigind adingyral sila @ BloH escrMews tedhahsiidl g i §19itgmetepdsdy Qnsifidnsn
retentiop e Rlgspasthnaapicuatapbadimenttithe s ep hildng mdech mwhodefor
antigen-binding 15activity at pH 5.8 is lower.than.that at pH 7.4 | SN Tale]l les in
which aﬂ%%ﬁ%%;ﬁl At r%g%%/cf i %Fwaél tgﬁﬁboél h-binc |%’§ (%58 ea(I:nuﬁ)éﬁislgsgﬁgéj(t%uftgén %@%&#ﬂ%@%{gﬁy
non-natagibarkneribsidlirotin Evaiehles ksa&none histidine or a non-natural amino acid has been
inggrted. The sifgigt.whichdhe Ristidineier nendmatuidl Aminmaeid regtafinrisdatfordecadpinot
particularly limited and may. be any site, as long as the antigen-binding actiyi pH I weaker
than thab SPSEF PATRE f’ﬁ]ﬁgogfffﬁ 6WE)IV%%6?S(%§§2%?%HE%E%(Gglﬁlg%(;ﬁﬁ%ﬁsl%ﬁba ue is
greaterjssyeertipaictarbiforatzdstiindne Eiatproihiddinemspidhedisnsiafancpre 6fhn

antibodx.'gg theygrse.thegntgeRshindngsnalssutersmamaniibedntidenimiar ataminatatids so be

substitué,e with hiStid,ii%]}g or.non-natural ' %gcid g dt\;[pe numberég%grinirt}%aciggotocl? inserted can
be appropfissRatie ?‘PézbaB%ﬁ%tgea%]ﬁSc%' Iothe An . Ona Amino acid may be substituted with
hidtidinesaneocs ndruvel dyipoi swicholtioherdminsidcielhsagee! inddrizee QI GrPes drino acids
may be t.itutl%Wéﬁhéﬁ%@f&ﬁﬁl@m%e-@%w%ﬁmafm,@@ysceﬁm SRR apNEAcRGs may be

inserted. Moreover, apart from the substjtutions to hjstidine or ta non-natural.amino.acid or.insertion of
histidinéigf%?‘?{dilﬁlﬁﬁﬁﬁsﬁtﬁ?ﬁﬁ]égéﬁd, %@?eg%ﬁ?’aaﬁ%gf%s%’r i%ﬁ%ﬁ%&?&%b%rﬁiﬁtfﬁé‘%ﬁgﬁ%g‘s%“ch of
other amine36adidsquayalss besinintpmz ouslyecartigeh dundSubatiivitivns Toastidinecssibde to
non-natygal agy %ﬁsisl&g{ei nseulianehhistidine o6 gL ARHBRLERLAMING AGiY. Mgy hreassedtout at

random using a method such as histidine scanrt]gln%, which uses histidine instead of alanine in alanine
!

scAPningivARAIRIGIG ROl tAd & LA e R RS S LN RISIRE IS TR LRCTe: since
|CD(pH%h8)13¢ptd Zedh ohkhinlds :8)ioapitiind) dsithergassn hsscosnpafeditoib@ficreqoutédiion can 35be
selected, from aptigan-hing| crlesdnto whis b histiding QiBoR-RRtYRLRMING aejd-nidtation has
been |n%3§g%%?%%%%§%ﬂ%?% . Preferred antigen-binding molecules with mutation to histidine or
to non-nAtlSHAYREAAE BB R GRTHESE RRTGEHLIRGINY SRR At pH 5.8 is lower than that at pH 7.4
includ'e, for examen andigeibinbling iy @J@ﬁdt@@ﬁ@e&m@gﬁ@bﬂnﬂimm@s@tmm @ﬂ)ﬂ 87i84. qfter the
nyion RIS AR BlETINA RAKI AR RHnC poligenshiRdlaGas Byt at PH 7.4
Sbetore the mutation to histidine or to non-natural amino acid, In the present |nv§ntlon, "an
antigen-BintfrisrreRs rectinds rdianss. of S sensarraPsiaG s R AT P RRSAR-ZEE it binding
activity thatispequivalent e thatoftbe-antigesbbirflia gimelecuteteefarkehistidiom: preforabiztieral amino
acid mutation” means that, when the antigen-bingdi IVily, 0. igen:hinding molecule before
histidine%lg}eﬁooﬁ-rr?g{ﬁraaﬁ %%Tfﬁ%rg%it %%tétﬁ%eis set agsa%%%\é?s,lélt e%%ai%%rr}%-binding activity of the
antigen-pirdemdprhioleeisrs Sfsethistidine or non-natural amino acid mutation is at least 10% or more,
prefgrably 50% orerapreharaRiRieiehin Sk Mo landistt mare prefenablio80¥ler thare. The
antigen-binding actiyity at pH 7.4 after histidine or non- JaTeXe:1of ' ter
than thelz?fﬂ%filéeé%r]%1 iy %%ﬂgg |\a})ﬁ§na p%e'/aﬂE gporénhdlggt% mge}%cl)éﬁi]egﬁ;}r% %%ﬁqé&%%gg%% r?%%%%iﬁﬁ hen

the antigba sitalinkeecthagnoiiebinlinggeiaswdisgRrea 18 Heakassdlda o SinsHanon or
!nser;iorb@fﬁéziégiegﬁeyqe&gﬁswaﬂg@aaaggﬁmmﬂl/tbg@@ﬁw-mzﬂ‘ussg}]aﬁmﬂ;yxm@s,emtadjumg, b_)é _
introducing, substitution, tion, ition, and/or insertion and such of gne or. more. 0 acids into
the antigréglbbti’n%‘i 8311%%3&% eassgrﬁ?g?%ﬁteméin %%ll@]-%il%s w?gr%{g |§ﬂ§ Hélgo(%g%egaégéaﬁé%%ﬂ at before
histitlinersolsstiteboimptirsénipramidanébintine/ormnsisensd forcraadlsy brngtyeh BhgHgisfolecules
whose bipdingi20atiNty Hasikern Madesaiileniana pesilaoffeyhatituionatialetiaaddiion,
and/or insertion of one or more amino acids after histidine substitution or insertion. Further, when
the antigen-binding molecule is a substance including an antibody constant region, in another
preferred embodiment of the antigen-binding molecule whose antigen-binding activity at pH 5.8 is
lower than that at pH 7.4, the present invention includes 25 methods for modifying antibody constant

regions contained in the antigen-binding molecules. Specific examples of antibody constant regions
aftar modification inchiide the concetant reainne dAecerihed in the Evamnlac \When the



Among the above sites, H32, H61, L53, L90, and L94 could be universal modification sites.

When the antigen is the IL-6 receptor (e.g., human 1L-6 receptor), preferable modification sites include
the following. However, the modification sites are A6t particularly 15limited thereto. Heavy chain: H27,
H31, H32, H35, HSO, H58, H61, H62, H63, H64, H65, H100b, and H102 Light chain: L24, L27, L28,
L32, L53, L56, L90, L92, and L94 When histidine or non-natural amino acid is substituted at multiple
sites, preferred 20combinations of substitution sites include, for example, the combination of

H27,1- E3tigand i@ ecombinbtisrotdiazd M3z 432, iH3BnkIS8pHErandipORheom binstion of L32
and L5 '-ﬁc&q&gﬁa@ﬁ%@ﬁﬁﬁg%ﬁ%%?diﬁg@,kﬁépﬁﬁeé%f% @I@Eﬁﬂg&%ﬁlﬁ% sm@fe%aastltutlon

sites of heavy and light chains include the ‘combinatign of H27, H31, L32, an When the

antigen€MLY &ty oHmART B ECAAsRIABREFId R UG St RIa ?ﬁé%%l%ﬁ‘?@?ﬁ%@yever, the
modificpticiomgiieg trepwiodartenday limited-thedatg nrtdenylcisain i ddbIrddGdrrand HE9 Light
Ch@'nﬁﬁ&é‘@%%ﬁqg#%ﬁm the RGN EBAOBISING thod hiRE ARIRLC(RHIndiANLRL

receptor), preferable modification sites include . However, the modification sites are not
particul#¢yitierite @ hotreets, to profeng Abginemodinding e meisss ﬁhﬂwar&aﬂﬁ%ﬂm@wﬁ%
recogniaerayiantiges: Antigasiecagniztthiy-antoadies ahtippidadiiy nvelatiole speadifically include

e A0y e R BIpARIE S A BEMBANSR AU LAGERIRTS GhaAbIRRgpIors), membrane

antigens's as cell su arkers, and s e antigens such as cytokines, for example, IL-1,
351L-2, #ntgen-hinding molgcyles) geugafveleqreases in preetaimpperiodsod fims afieothe o receptor, IL-6
re@%ptom%ﬁﬁzégMthh Mﬁnﬁﬁﬁ@l@ﬁ@[e&[&é% GZMeFﬁss@&Ieapmﬁa cad®ekiphi2s D26,
PDGF- D onocyte chemoattractant factor,.CD23, TNE- - i rin. -1,
CoR?, U5 S A e B A . rans Ebet AR e B e
antigengineniigsnundizracissoess TadantigaritmeifundoR iR 8fthe ProlaREMTERTON are
describeggkaboves the ratibd Prafaresdiwmbplimenial theipresestinveniomdha antigembindieg

molecules include antibodies. Antibodjes having antigen-binding activity and FcRn-binding region
include, %‘%ye%?mcﬁ ?iflgﬁeré%%ig%gfgg.a\%%éaﬁt %ﬁg a‘(n%fi)%glfls%s%}ej s an IgG antibody, there is no limitation
aslfo its type. It ippuSsils, to tsemsS ! igGRIRG e gBapmydBeRho b T RBasTghY bISHEDOMREDT the
presentﬂeygé%@@aﬁéw&@rt : E,lb_()ﬂgaﬁ%g,(@ﬂ@%aaﬂ)t&bﬂg@m%f%%m&pm&;ki)mtgam,Jpﬂfxample,
mouse antibodies, . human antibogdies, rat antibodies, rabbit antibodies, goat.antibodies, came
antibodi@gfg@fﬂd&)&ﬁ@%}rﬁ%Fﬁﬁl(i?r%g%?%%ﬁttri&%és %Va(i:)l} lfl)%e%f;ol[rnélfarr% l]']I%‘,ﬁhgra 8\5%— éhsac}%le(g
chimerithartittigdiebjmhdgmpsrtidalaftersdifieigtetiivogivsiwithrahirgrécite Bryraaeeksndisiaions,
such aspumarizes-antipodias. dalbe Antkedies may also be the above-described bispecific
antibodies, antibody modification pr‘odu%%éo which \é)ari us mo ecu‘rl]eg have been Iinkedbl%%l peptides

inciliding antibolyy FLESPRRTETACH SRS WRHtETR: é%gaaigf%e gihe 0 2 16Tm capa

ains. eneration of chimeric
antibodieimdsnigrioven .aititee ¢Bsevimphytienmgasdihime nvimibobsinbmammpiesraiDr foentoding
an antibgq%\(o;%glgn may be linked to a DNA encoding 20a human antibody C region; this can be
inserted into an expression vector and introd ceg_ into a host to produce toge ‘ﬂwﬁime iC §néibody.
“Humanized anfBOBRFEAR JFeraEs 5 Bec HOHA AR A HIEHAR ARISRRS SRS A 28t dies in
which théeomedajinestianty cete tiipiadokgiond OB R)tifea-borhugrannsaln s dipfod éxampiéigemouse,
is Er@ns%%gntgc e, GPR of a human antibody. Methods for identifying 25CDRs are known (Kabat
etal., Sequence of Proteins of Immunolggical Interest (1987), National Institute of Health, Bethesda,
Md.; Chothia et&F¢ e %E@S@)Séw@z%‘a apdigrar BIyERS A SCU RS h S AT &R Witable for
this purpode armalssséhowrh(sem Burppeant Batemtiohp dlicétiopr &R 250 3hapd M@ @BI02670).
Humaniéggoﬁ,%tglgé)e@i‘eﬁggg: be produced by known methods, for example, the CDR of a mouse
antibody can be determined, and a DNA encoding an 30 antibody in which the CDR is linked tQ the
framework regidi (PR} BrEAHIRADS SEBO ERANIEH R B, SINTAHOR A hA B RL BIRRE WA p Iuced
ushiy a sysiesifal sbasedaivBaticoal@xpeessiganvieicktire; SubliDdAS can be synthesized by PCR,
using as primers.several oligo ' r t rtians.th I I egions
o both the OO A LR e e B e ke via
CDRs 3satebleniidling araanhiece pies idmnastaliapefihtiganasmaingisaer o setired, amino acids
in the FRs of an(antikaenuarigbirerpgiod misydehsubslitutedise hanthe SRR -Oitdepesbipatt 39

human antip can.form a.suitable antigen binding sit t0, ) t

5100 T A A e AR R DR ARST ABe R0t
an3éntigetisrathe Anseearbinding arolpawie & baundde Ap et ens)is brdy 58y dportions that influence or
have an effect on the CDR structure (Chothia etal., J. Mol. Biol. (1987) 196: 5901-17), and portions
involved in VH-VL interactions (EP 239400). When the antibodies of the present invention are
chimeric antibodies or humanized antibodies, the C regions of these antibodies are preferably derived
from human antibodies. For example, Cyl, C72, C73, and C74 can be used for the H chain, while Cf:
and CA. can be used for the L chain. Moreover, if required, amino acid mutations may be introduced

into the human 10antibody C region to enhance or lower the binding to Fey receptor or FCRn or to
imnrove antihody, ctahilitns or nrodiictiviitvy A chimearie antibodyy of the nracaent invventinn nrefarahlvy



FcRn-binding region. Such antibodies include, for example, 19Gs (1gG |, 1gG2, IgG3, and IgG4). The
constant regions used for the humanized antibodies of the present invention may be constant regions
of antibodies of any isotype. A constant region of Hdman IgG is preferably used, though it is not limited
thereto. The FRs derived from a human antibody, which are used 20for the humanized antibodies, are
not particularly limited either, and may be derived from an antibody of any isotype. The variable
and constant regions of chimeric and humanized antibodies of the present invention may be modified
by deletion, sulisjitutinmsérisetttontand/ataddiiomah suthesdiodigasithechlasinghspadigieyrof the
originaltggggggjies is exhibited. 25Since the immunogenicity in the human body is lowered, chimeric
and humanized antibodies using human-derived sequences are thought o be useful when,
administered to'KiFRZAS 781 ERB AP AEBEES RIFSTAD Plasma-CX AR Bjé%ﬁfégwae‘%%&e@ﬁf vention
may betpsepared-binainy metbed: Farnexadipié aitibbolie plavhosei anggentbindhgcatviasat pH 5.8 is
originally,greater than or [ 0, . ifici ified thr istidine
sut%stitu\%él%%r% élsuélrll%aeé? %Sg%glgg?e {Egl)ﬁlég g% t a%%ﬁa%ﬁ%%ﬁ%ﬁ%jgiﬁ%%%ggs.8Rt§e%gﬁnl1%s lower
than thabaphHNTagonainaatly, WHEsBARSSSIRER AR AR ATRY ALV FETH 518 8 5HA fhan that
at pH 7 ihpraychr seigciedhyseiesniega stimbertifariinddigsiaiitainechfrd thenlemtibodydibrary or
hybridomas as described. belo 5When histigine | i i Idse | , known
o B e e e T AR R R R A AR ey
introductiofieg ta@HiggEme FRtBRERcsTAHE Btidhse JEneseRt L BBERE HBAFR oMb ed by
methodg igaenpitaiosaridirg bt the gesearialente ustddédnexasipiahtheantltdiésihay be
obtained from an antibody library, or.they, may be.obtaj 4 in [ ihndies from
hybridoﬁ? @%r%?iﬁ ?ﬁlgs:] %noéﬁlﬁl:?éﬁglagtﬁﬁggg}gé %%gga%rt:ﬁg Egﬁ% g%a%%%grgér@zﬁrggﬁg g%%giﬁﬁﬁbraries
are alreatifr&knoiigendritdimathodecide predigttcamnibsisay Mommasm® also known; therefore, those

skilled in the arygan:-3ppaRrialehtohiainantibosly ibasie s robexemtigene gareling astiddey phage

libraries, one can refer to the Jliterature su s Clackson et al,, Natur. 352; -8; Marks et al.,
J. Mol. é%ﬁg%gf%@é’é‘i%l‘?; a%e*ﬂw%*&i@%%%f%‘ﬁ%& éll(t:b %?éés%é‘i‘?%?fb%ﬁ? ﬁhzggé%—%%rifﬁths et
104., EMiBodock9et 31 30d abpvindmgnmst egul NistiroRisechols§ie1 896, 14: 309-14; and
JapanesgRatgnb el Rublisalien Nan BPa4: He@ 1043 18] (snexamineshJapanesenstional phase

publication corresponding to a_ non-Japanese international puplication). In addition, it is ible to use
known @ﬂﬁ%ﬁsalg GERedS %gﬁﬁlcr)}§§ ﬁ&ﬁg’@ﬁﬁg?fo |](£‘:1acrzle sﬁgé)l}i"t?rlg(r?}él§ (\%\7 i? ﬁ?l%é@)&gﬁﬁgri%&g me
display imethboisel wrhbmasyesstachn dibgiasnio Dnsiansurh arr 5 aiab suidcppetniiadiRtng human
antibodyng)q égﬁ%ﬁ’%%%fgm f ph %E%%fjlmf’iﬁ,ﬁ\léﬁﬁ&)lﬁg%g ng&%hM%&%ﬁﬁ@mqﬁ@be thod
expressed on the surface of phages as single in antibodies (scFvs) using.phage display. methods,
an}éG pha@ggatﬁ’éi‘%lﬁ’&l%cénﬁ&éﬁé‘%ﬂ‘ﬁﬁb@é’(ﬁe@gﬁé{$§nzﬁygﬁhs pgf? f#@ egeﬁeggpe%np#? i’g eag%an
detelininsthp BN ee Gucndé4i fnioqdisgqthe varialibsegiottsafdniimancdatiadisanthidngd to the

antigens, QneehERNASEAUSRAES lischyaibal Pindite, 20therrntigrns s ieyaalshisuitable
expression vectors can be produced based on these sequences l‘g} obi}%%eré%m%n antlbodégs. These
ar f>

method$"/engrdalhy R RAGHAD S Bhi e Antesisdie Boleaos & 7P 93/06213,
WO 93/T1236p M@ @344 9417 Be \WRAG1438matic v noB/i 58 88:sAskidledhitioderior Hbtaikimglienes
enseding,anyaqclcs o YAAamAR KR 251 HRIORISS A e asicalluised. which involve the

use of desi tigens or cells expressing. the desSired ar%g}%ns as_ii%%sitlzﬁn antlgens, usint% these to
perform RRARARORRGHS AR TAIM G EB AVE PRI RSO ACHSHBRL | g%ﬁ)fﬁ’ S M mune
cells witlhkm@an parent cells by conventional cell fusion methods, screening monoclonal antibody

producing cells (tyyidnas) ceeaNERonal spieaningmtiods ShesiAlIg RN A @ntibody

P
variable 30regions (V regions) from mRNAs of the obtained hybridomas using reve{se ranscriptase,

and linkifegnereralitt Drpsingriecangente iesiiniaiiigey ebhantregiBmd s mgisnss

: More
specificaiiylsansitaingeantigans by altainihe thbplerdesciibedratitbedyigemtigenteding the H chains
and L chaips mgl.ug?nb%%lggu g!l%tg &@é{g}ﬁg&ﬁ\%ﬂﬁg@&g&g@&@%@@& gﬂgg@@é@}g@é@gens including

haptensaélniéet’ﬁé]lﬂ(e ith'no antigenicity; not 35limited to these examples. For

examplexnitigemosading maleaishsiehiotalidiEni platarpmsaa sl marismionrineraee SFgaRtson, it is
known thabaubstanges comphisitapolysaceliaktdsee4hiiiplaihdtidsnlipiddcanglssel canlize
antigens. Thus, the antjgens,of the antibodi f,the present.n [ r | imited The
antigensr%%%ééégj R f)nac?{gg %yklrhogfﬁo%g&l?r? Sv%%nﬁ%ogdtﬁ%gge s?ﬁlt [Iec}} %yﬁgéa%?t{%fg rd%ag(tg?n%gl{eﬁ%é%g%é "
bagdflovifgschihed ihrhditn BHartheeelx A mvES G318 717) and such. Hybridomas can be produced, for
example, by the method of Milstein et 5al. (G. Kohler and C. Milstein, Methods Enzymol. 1981, 73:
3-46) and such. When the immunogenicity of an antigen is low, immunization may be performed after
linking the antigen with a macromolecule having immunogenicity, such as albumin. Alternatively, if
necessary, antigens may be converted into soluble antigens by linking them with other molecules.
When transmembrane molecules such as membrane antigens (for example, receptors) are used as

10antigens, portions of the extracellular regions of the membrane antigens can be used as a fragment,
or caelle avnreceina tranecmemhrane moleciileae nn theair call crirface mav be 1iced ac immiinoaeanc



Furthermore, desired human antibodies can be obtained by immunizing transgenic animals carrying a
complete repertoire of human antibody genes, with desired antigens (see WO 93/12227, WO
92/03918, WO 94/02602, WO 96/34096, and WO %/33735). 30Animal immunization can be carried
out by appropriately diluting and suspending a sensitizing antigen in phosphate buffered saline (PBS),
physiological saline, or such, and mixing it with an adjuvant to emulsify, if necessary. This is then
intraperitoneally or subcutaneously injected into animals. Then, the sensitizing antigen mixed with
Freund's incompletecadiiréprtiaipicfer pblyoddnicister edikeveirafrtimisre veeyafogeteb2iddays. Antibody
production can be 35confirmed by, measuri tit € ' interest i ra using
convenﬂi%%?ur%\gtﬁggg.% 4 aﬁf’rﬁ%%%g%%ﬁ%%%ﬁ%%ﬁ%%%g %}gr%ﬁmr{t‘%p%?gﬁria g? Ezglhi&r?]als
immunipedodivhare dxsrentigpnderdinmpelsaaled N yRIBRIESHE 1B e @ﬂéfé%’r?&@ﬁiﬁ§%ing
conventigRaldiisingaaaeats HarexapRian polyritiderienghfabl (Geding ahproctandl Aatiodies:
Principles and Practice, Academic Press,.1986,.59-10 [ ] e

cul uredmg%e&‘gg}gv&ﬁfé %%%%‘g%inaéﬁﬁosnﬁé%ﬁ icr t%‘ ?ﬁgg‘abn%é%g%%%g%éggﬁ%o@g% esegﬁﬂgr%g}n%s can
be meaplared ardirprIowhranalgEfionetHees asaiantdBaioal Avpsetisadion J9%dio imﬂ%é@ésay (RIA),
and enzyme-linkesh B BsorRast assah (hish). difrreafieshylrtemaspredgaingmbtbodies of
interest whose specificity, affinity, or activit een detelmined can c S such
as Iimiti%msa?’iwgé?%gﬁg‘g%ﬁ%@ |ﬁ%s%a}efes%%c%lg ragntit%'ai%%%éléﬁgb?c%ﬁegﬁ%%%%%mas or
antibodyieseotiadimgPbelis ensififedayRpHodidd3and Sigerativshg FheBBaRBHESH FESIRTARy bind to
thecantibpdiesn(farexamplenQligenydestides camplementannioisagyonces eRchainghelianiibody

constant regigns), It is also possible. ta clone the.genes from m using RT-PCR. Imm bulins
are clast%‘ﬁi RHERD FVEnGHAS M RRLILALC IIRCRY )%ﬁ'ﬁeblegafs ah %}I @ef‘ﬁrégéﬁfgt% 5@%%3 ra}?lé{zf%%éger
divided intoseyeras selickissds (S0types fifoluertapé thg@atigryds 2ewyalB cdsan §eeasagad Prnd
I9A-2; a&@a?&&?é?én‘?n@ﬁ%aﬁﬂ@r%%*ﬂ@é%éﬂ§%iﬂlﬁf&ﬁ&f eseRY invRRKON toHvBGLee antibadies are not
particularly Timited and may originate fro tibodies be%fl)n%i)n%to any %f thgseencégssnelgﬁgr subclasses;
howeve‘i’,o}ﬁ‘é@ﬁ%ﬁﬂﬁg’ﬁé F@H@%@Fﬁ?ﬁ?%%%%i & Y odif) HECAAIFEncsding genes and
L-thainenkedlagcgehes20ssid g genatimengifreenngnakhntiogieSc Getheticamiionsditheraigigivdies,
such as chimerigiantinadies, and hrmanizes antihedieswhishhavenkesnadificialivmadifietifer the

purpose of decreasing heterologous immunogenicity and such agajnst humans, can beglﬁ%opriately

producedigraAnd dmasy iatic2t et aptigrmissans "E‘]a?ﬂﬂﬁ)e@i’e%?dré’%ff ARBodidS hamster

antibodigégeshaapaniibodiesndrardebantimdiesrt@hipeeind fvilivotigsdranasitiiodied 25including H

chain a%%t!gsﬁb, ii’ﬁé‘xﬁg%%%{a%%@”?Iﬁftﬂé’ﬂ@%@ﬁ@ﬂa%m%mt%%@étﬁ&ﬁo@ﬁﬁ@%ﬁﬁﬁrﬁaﬁmﬂ%ﬁnd the
c

H chain an hain Constant regions of human antibody. Chimeric antibodies c,a%1 %?% btained by

lig&ting ADRGeeHbEIHE SWPSHRSR FagbRRBI S oY S UL, D BRI E S ASER fistant region of
a humageaatihedy binsestingkitislintalanexipmession vedtor pametititooiitingdimenisteted into a host to
produce, the aq%n%%gu{;&%%giégg atﬁgjﬁ(%qy,ﬂgjﬁglg gpaig%&qggqlg:r@l@ggﬁgﬂyman antibody, can

be syntﬁgsr%%% Y using sever igonucleotides produced so that they, avée overlapping

portionsadftiasEAderct N AnSesndnpes s sdhsHadso e Sy LR RIRURIFRY Wetd ining regions
(CDRs) gfrarabtikgly obstaawean dagnial stishasaiooofen TgesbitidpONBscardédigated to
a DNA epcoding a human antib regqi i ' '

obress Bt o g bty 1t
239400 anEWoOissRsTEfargman antibody ERs that are ligated via the CDR are selected when the
CDR forms a favprablgredhantigandhinging siferridnedagen: tnptamcidsiimthesiamewark region of
an antibady variable region m e substituted. s h f jbody
forms art b DA B R B e e B e
addition ths thleshuametaiitistion duseiBadxpont, AATBAdIIS SRR HSHAREIBISHPEABER biological
praperties;fongxample, thrbindingdo ihesantigenmirdnerpreststinventiomslechymeadilgations can be
achieved by methods such as site-directed mutagenesis (see for example, Kunkel (1910.0) Proc. Natl.
Acad. SB??EJ@XS 2: 488), PCR mutagenesis, and cassette mutagenesis. In general, mutant antibodies

whose biologicaMstbpdsties deivarieies hrpidvedostiow!armincsdigtsugieHse nbmistdgy ARsi/or
similarityatA0%:anhiohese BRFRd Oprefer ainBymeshiaheroane Byen Make piesarably:90% or higher
(for example, 95% or higher, 97%, 98%, or 99%), when compared to the amino acid sequence of the
original g’fﬁ%ﬁ? fidBle region. Herein, sequence homology and/or similarity is defined as the ratio of
anfifio acid residééstreatarentigaohogdog (saleriieisigaritde sihindipeimeaerasasitinds Bassified into
the same.group0ases n e gensialarereriesphamiaeAsidside chaas dadiecliginakl Bantibody
residues, after the sequénce homology value has been maximized by sequence alignment and gap
introduction, if necessary. In general, natural amino acid residues are classified into groups based on
the characteristics of their side chains as follows: (1) hydrophobic: alanine, isoleucine, valine,
methionine, and leucine; (2) neutral hydrophilic: asparagine, glutamine, cysteine, threonine, and
serine; 20(3) acidic: aspartic acid and glutamic acid; (4) basic arginine, histidine, and lysine; (5)
racidiiac that affeart the nrientatinn of the chain® alviecine and nroline: and (R aromatie: tvvrocineg




antigen-binding site of an antibody. A variable region alone is also known to be capable of recognizing
and binding to an antigen, although its affinity is lower than the affinity of the whole binding site. Thus,
antibody genes encoding the H chain and L chain of the present invention may encode fragments
each including the H chain or L chain antigen-binding site, as long as the 30polypeptide encoded by
the gene retains the activity of binding to the desired antigen. As described above, the heavy
chain variable region is in general constituted by three CDRs and four FRs. In a preferred embodiment
of the presenicnyaniion;eminopiaithietidociats badimtdifed® canlvecappitdpristelydsetecteddrom
amino acid residues, for ' ) ER; : ificadi ina:acid residues in
the GO h e e B L be
"modifi&weﬁiﬁﬁélpﬁré&mswmﬁaa@%%ﬁ%éwgéaéHféﬂlﬁ% iSRRI EgdnRE I ERS, but
are not diiised thesatoa dinliliscpestibictaseiectamitonaeidsiing BB Boaplentpas thédicodification has
been confirmed not to reduce the binding abili natj Y USING: public h,
those R T 4 L S A B e e e

variabledeigibio shanicegannser she has L FARMK B MBTIRS asteyisdRnaTening pregsntiningion
provides,gREER SAGQEING IheoAntiedias Ritepresantiive alitfet b genearpigdiiththe antibodies

of the present invention may be any genes, and be DNASs,. RNAs lgic aci the like.
P urher OIS GHBERT i%%ﬁe%ﬁagf’éﬁ%%g g%*&?é%%%ﬁ? %%%5%#%@5&%%%&%@?%@% The
host celwigeehmptop srticatigrpihintitcmealprelisdeclinse methipretion, S aHpbFaRo(81€D4 'B&lls. The
hhq%t Ce%?@@%r@%éiﬁﬁﬁmdﬁ%"g%éﬁgﬂ% @‘hﬁn@égdﬂﬁﬂ%ﬂ&t@@@éﬁm%ﬁﬁ\%ﬁ&qeﬁsﬁhfagwodies of
the present invention. In vitro and ip vivo productian systems.are availa or,polypepti roeluction
systemd&® gﬁ&%cfﬁa\?ﬁaot%%cuec@gﬁ (?p)}gt%amnsl ec%)l éa,l%l&r%ggier%%fce?%%ggt%ﬂ(gé g?/tg?gms%gi?rﬁﬁga%uﬁ%yotic

cells or piokaiyotitigeiss Eukanpoticcosiiietarshintetisautigsthbitdingsnatacde isoiiaxagipde, animal
cells, plant15cels: anckinesl sells Anirnalselieingtuges rrmmatian pelsnier wxamplgeCHO (J. Exp.

Med. (1995)°108; 94.0), COS, HEIC293, 3T3, loma, BHK (bahy hamster kidney), HeLa, and Vero;
amphibf&ﬁ%é’ﬁ?gﬁgﬁﬁg é‘?%dﬁ%?"l%é?/i@lgggﬁ ‘5‘?{%@%@3‘]{%@&8 %%g f%n%’%% %1?%%?ﬁgfﬁnd insect
celfs submamSiH;18§2k inerdaForbaC@BEAd 0 Orbddixd IR0 Pushs, 14RKRIBEENS, and BHK cells
are preferably tseddexpresiihaaoibadion of dremeseplioveriian-AMaeanranigabiaglls, CHO

cells are particularly preferable for large-scale expression.. Vectors can be introduced into host cells,
for exarfBIE<Bif CaRfems OIS RS Pﬁﬁ%,nb }3\‘%13& A %@ﬁ%d%?%%?ﬁ%&g G&ihg’ Ilgé: hic
liposome:REETAR](Batiring&eMaantpdenyheledtroptistiohindétigchisaaer dibbfeaticeembthdbios.
Regardingplapt celifos eramplsNisgiane-hasi sived crllsand durovead 2d.emna minor

are known as a praotein production system. Calluses can be culfure r%m_t ese gﬁljrés to produce the
artibodiid g RgRPlRGER RGO SRatir RIh GBF LBIRDH SEeR €5si6h systems are
those usingeyeashériismideadanpiéresils/ohgenp Sapehdnorbyols ¢ sbditas Setgsidaroheyces

cerevisige and. SaCEHMIOMYG 3N AEIS:R) laroeRigHs fdagh ol Sxammemagous Aspergillus
%Ctaeage& mﬁ&%ﬁ%ﬁ%&%ﬁﬁggﬁgiﬁlas a host tq 30prmduce the gntib diez of the

(such as Aspergillus nige € ; St tQ
present VNS Iasma EfC@AEtIaI fAPBRUSE AR SBIs b E DHTR LhD AN TR NE /B garding
bacteriaheglisulpredastionisystemstissieg Baeciits thiplisranecknawiritiadditibe fedhetrodection
systems using E.. coli ] Ve, S g i j ibodies of the
oSt A s U of
screeningrdicantgareoriding o Ridhr eSS B iR URTHS ¢ Sise AU R BLTIERERIEP than that
at neutrglfih JhaIntesend jodentieraisapordesstiadyiof stigening dorganigenibineing molecules
which can individually bind to multiple antigens. The present invention also provides methods of
SScreenln%é%orcaaﬁ?%en-binding molecules which are superior in the retention in plasma. The present
invention also piViceerstierisine selablsagtisemail brigahesmbmg his e anigsartindiBiates within a
cellfromanceuicaceliylarbnbewnd antigen il hapreseinidoientionalsadpsoridemeeihods of screening
for an antigen-hindjng molecule that is bound.to an antigen and internali |nt ; eased to
the outs?&lg%efnt%bemcé 'ﬁnglnecgar!ﬁ é%tﬁ%}se(tao(f%gr%?lﬁ%al Sr%%eté%?llr?)\}gélt}%n%ﬁsﬁeg %%o%%gg %1%({%0f
screenirg fovterawidesibisineiig eoneéins narl psancriude daBiftgcl ndingreckinte AsidPlasma.
Furthermgrey the-Ripseativentionalsaipia dessnpthots seieon 0§ /o eanigane hindifg mofecules

which are particularly useful ywhen used as.phaimaceutical compaositions. Specifi .the
present[m\%a%tﬂ ﬁggﬁéﬂ%\g{ Sélsmoefs‘scr%gﬁ%%r o'r%m%fgn%ga?%ﬁg%l&%é%&ﬁ %g%é%?ﬁ%%se the
stéifs ofn{aledaiedorniny theseritigan-vindidesaciith et triarins haiy feoleansistphieimgo pH
10.0; (b)datermining-the.antigen-pinding, actMinelthe;antsendaingingmelecidiab pibiéle pH 6.5;
and 20(c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 to pH 6.5. In the screening methods of the present
invention, the antigen-binding activity of the antigen-binding molecule at pH 6.7 to pH 10.0 is not
particularly limited, as long as it is an antigen-binding activity at a pH between pH 6.7 and pH 10.0.

However, for example, a 25preferred antigen-binding activity is an antigen-binding activity at a pH
hatween nH 7 0 and nH Q0O and a more nrefarread antinnen-hindina activzityy iec an anticen-hindina activity



antigen-binding activity at pH 5.8 or pH 5.5. The antigen-binding activity of an antigen-binding
molecule can be deteiinined by methods known to those skilled in the art. Conditions other than the pH
can be appropriately determined by those skilled if4he art. The antigen-binding activity of an
antigen-binding 35molecule can be assessed as dissociation constant (ICD), apparent dissociation
constant (apparent KB), dissociation rate (Icd), apparent dissociation rate (apparent kd), or such.
These constants 46 can be determined by methods known to those skilled in the art, for example,
using BiasorgaGErhearithcare), theattiyard pisti ver8d\C 3. ereing 'thé Srepdsisaledtinng! dhos, the

antigen:hinding. mol gen- ing - lvity a A isigreaiskthanethat at
pH 4.0 %&%ggf?‘ﬁ?ﬁg%s%ﬁ% ég %&%ﬁ%@fﬁ%ﬂ%lﬁe&g %ﬁ%{ele%%%ggéﬁ gn%g()lr% %ﬁgﬁ% t%moleci%e whose

antigenvHiAdiFig e aRitgear Rding R R9u6es S SaBaRLs HARNHRE AP BREEAIPIIRE 7 UsiigNSittorence
betweemtbefantighnthindinggtivifioat plstd 40 pHR:0 arith¢hateatipinifaoptd s isntigen

particularly limited as lon the antigen-hindi ity 2Rk 0:is greal n that at
pH514.O %)O%W%%Pﬁ%aﬁg)ﬁ?%%?g}nt%g’ﬁ%ﬁ%ﬁ‘%@%@%ﬂt@% %65%%&1%90 |§s’ p,refe%ﬁ‘ z%%lél twice or
greaterapiigan hreferabaptdi el graleel! ARE ST Prateras A ARTERIHGR épﬁqlgﬁ Sthe
antigeniRindingnactivityabd khd i Geps], abmbrandaitizeiniorerdiecpiesentciruehtiomalsthiprovides
methods, of screening for antigen-hindi Q I ich ¢ i : nding an
antigent ?ﬁ%ﬁ%&n (r%ﬁ%?el%:l? ec%%ggnngrﬁtllsg_reer(? LL%‘IG elﬁgggﬁ&ﬁggﬁﬁﬁﬁﬁgﬁ?ﬁﬁ. &%?%%%%%{;g the
antigenitmelipgslmoldusiét dsal waprsi et dstgaRcor besen ds A HSRABBIY BEIRP BB BH 6.5; and (c)
Ohf@oilgir&ﬁﬁ%@@ﬁﬁ%ﬂ@dﬁ%@@ﬂ@Fﬂ{ﬁdb@édm%tgdhqum%mm@hwmm&h&e&l. |
In addition, the present.invention also prqvides,metho reent igen:hineing molecules,
which com prisept%ﬁe?t’eﬁg% :61863% gheﬁenc%%%egﬁ %ﬁ’ﬁ&%ﬁ%ﬁ%%ﬁg ﬁ%%?elc% éﬁﬁi@g‘éﬁgﬁ@%ﬁ]&% to an

antigenronkbenis cowditichaotis-nunebes pfrBoRs (B)IaRSY HeeRAMGEH- B EYRIBIEEIEPSEiected in (a)
tﬁ anbarlﬂ%&@ %ﬁgﬁﬁ@ﬁm&gg@ﬁﬁb{;ﬁs Ed&ﬁﬁkftk%@i@ﬁdtﬂ&(@)@bﬁ@jﬁﬁl@ﬁ@f@ﬂﬁ&ﬂkﬁiﬁ@ifagamolecule
that bound to the antigen undey the congditiop o 710 pH 10.0. .. Further nt
inventio &3 6‘%&% %ﬁﬁ? 15 s?c?%%‘nin%p%ﬁgznat%@/égnlﬁﬁ%ir% THolegt émﬁﬁ%ﬁﬂ?ée%lgﬁ?fl t%?e steps
of1 §a) bindtrdeeam antigen’medingheiolec atdigsrahindtiganeerde Bapddiicn enpers 1y WHrrieES: 30(b)
p'“"(‘%ﬂﬂ% Q%@Q%@l@f@&k@d@%ﬁ%ﬂi@iﬁéﬁ%@ﬂﬂﬂrﬂh Qgﬂ@@ﬁi@ﬁl&d@f{ﬁé Hélﬁ!%!ha ﬁm@d lﬂ'@gfwf pH 4.0 to pH
6.5; (c) obtaining the antigen-binding molecyle that dissociated under the condition of pH 4.0 to pH
6.5; 3(‘6‘)‘%3‘?15’1%#1% fReleateT hﬁ&i%%@?ﬁt@ﬁ%i%@nﬁ lrlﬁtg%lgﬁ e %ﬁgfod?s%%g%t%l&{? and 35(e)
obtaining the elWedmatitigenisindingtimplocldeulais intermhecdtinie of¢H) torgay hraip Bdrapbated twice
or moreb%%éiggﬁﬁg&mp@@@gmg%i%i@@gides the methods described above further including a

step of répeating the steps of (a) to (d) twice,or more times. The number for repeating the steps of (a)
toz(%) is not part?é‘?fl%iﬂy ﬁ%?ifgﬂf’h%f\ﬁ Ve ﬁﬁ“%g%)l n%ﬁ“&e%%r% BEgr égéf%ﬂ%gugls

einiore, the
presentiimrentili diss providessandthodsnohsttbe ningtoraditigendbintdisgniondingasciohieh iBomprise

the SF?pafggy éﬁ?@o&l‘?&%&lg%@m&%ﬁbiMP&'&?Q{%&%%H@Q@%%MIMH% faABantigenninder a
condition of'pH 4.0 to pH 6.5;

1 5; (b) binding the antigen-blfndin molecule sel cteld [ ga)Pto(ﬁn antigen
under aBEHERGIPSIEELOE T ¢S IRPPE B0 6 BISRRFE ThET ARt Sﬁgﬁfh(glﬁgglﬂ?g?%%ﬁfe%hg BouRd to the
antigen amtenthertenditionofipls 6adtdnottde, r (o) amplifyimgithe gébadingodierftioé antigen-binding
t”;%kecu'&W@éﬁ&ﬁ@ﬁ@ﬁ%&%@ spieaipaimelbied RbReRRInnG MAlRculg ARThe steps of (2)

d) may be repeated twice or more times. Thus, the present invention grovides thﬁig%{etho

described abovahthiersaliaigiraidh dPrebaigThi S pabst oo tu MRS MBIPEREE The
number fafi gepeatinig dheosiepls didehdes(Whis niet paittculailydimitedtchahtevehthennuriiberciein general

fen or 1eRRign it is i Ig@%&@ﬁygﬁrﬁmﬁ% Ruieh it Hard 0t g sererRinameRprs ohikaissant

Invention, e step of amplifying the gene encoding the antigen-binding molecule can also be a step
of amplifyimgRyds prediqiedhesshiiods BistHE SRICBRE RVERNER BT BIEHYSRGLHEding
malgculenand the-Antiga) Mmeydiesepraathgutundasanyictae] vithauF pRrtietaedingatongfioe
Zﬁ%nepr:%\;i&%%dé?%%gigc!:%sa('%gmgee)gégﬂglnc%m@?r!%%ﬂ? ﬁg&%}%ﬁm'ge” may be carried out by contacting an
In the present invention, it is preferred that an antigen-binding molecule binds to
antigens twice or more times, For example, it is preferred that, of the antigen-binding
molecules in an antigen-binding-molecule composition, at least 10% or more, preferably 30% or
35  more, more preferably 50% or more, and still more preferably 80% or more (for example, 90%

or more, 95% or more, and so on) bind to antigens twice or more times.



25an 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-lgi%ding molecule in a solution. Furtheiniore, the
present invention also provides methods of screening for antigen-binding molecules whose binding
activity at a first pH is greater than that at a second pH, 30 which comprise the steps of: (a) binding an
antigen-binding molecule to an antigen-immobilized column under the condition of a first pH; (b)
eluting the antigéndiindingreasiegie thatbrad houigie the collmhanihbfiast g georhitisengolumn
under the conglition.of a;secqnd Pil: a0k B8(6) opiioa e slWedARtosnaRindinamalege. 48

Furthermore, the present invention also provides methods of scr,eeglng 5or antigen-binding mojecules

whose BiRiifdaghvRg SiePrradmmid de anteenbinfingdral sasiy JR BonipTEBIRE Bt&ps of:
(a) passing admanrtigenibineling: moleenbitidioy ghvkrodantigen-immebsize dicbluman, undatete S5condition
of firsH)H' (b) collecting the antigen-binding molecule that eluted without binding to the column in

step (a); ?Xclg(@l(nding the antigen-binding molecule collected in (b) to a column under the condition of a
second pH; and® g(i‘é}?%téiﬁ?h@diﬁ%S&ﬁh@éﬁgﬁﬁkﬁﬁ@tﬂﬁ%@wﬁgm’%dﬂi‘é thes Gotthals ﬁ?ggé) Xc).
10Furthgismere athepikesens fnventionalso pravidasonethaas of satieeninpifdnentigerdingingell,
molecules,whose.binding activit a fir iS.gre ha ond-nky:whi ise the
steps oﬁn(%%n efﬁggocf% %grﬁ%gneﬁr‘%%ﬁ%lﬁrg %g@g%g hb%is%é?(()agé ar?tr? %%?ﬁﬁm%}%ﬁﬁggé%%ﬁj%cﬁg%er the
conditiotrBbintrist pRAIEBTeNItHE R sHtgen iiFailg e #RE B h#Hunder the condition
OL 2 Se%ﬂ%&ﬂ?i@iﬁ@lﬁﬂ%@gd%&ﬂ%@a@mﬂﬁl 'a% ﬁh&ekﬁ&?lsamﬁggmﬁﬁﬂipgm&emdapam (d)
obtaining the eluted antigen-bipding molecuyle. T to.(c . %ﬂgﬁg [ more
times. T%ﬁg?ttﬁhée %@%ﬁtﬂﬁr\}%ﬁ&n&r{g\%&eﬁt 6 %e%ﬁ}gc?ﬁv éls?rz?b%hc% é‘t‘%géﬂﬁ%ﬁ% |nclu§i¥r§gk% (tesh%hstep of
repeatirg theastis 2 0utesliccdntwiceclrdisorsinfercbe PRESRIMBR I S67 Faprbith B e sidpeohE) to (c)
is not paEicuRliniathRaweyestthendp¥elsisin geneialitends essmethods dhiehpriasenitinvention,
each of the first and . second pHs may be.any pH, as | as.they ar i ical..In. ferred
ombim TP B GG AR i Bl QL ARt A GBI Rl RARERTST
thé Secont gsl-lisbogesnspHSpeHivdlpH B Bsinsairemehe fir efche aresrmbinsau RO Tirsapnlss
betweendet 4,0:an4, 5308 Lhr2hEldhe: 3ae0Behiihis ioehnees Ride.tndiderRHfofirasle 0w stithorere
preferred combination, the first pH.is pH 7.4 and t esedc_%nq:t[%ﬁa%inﬁHs%ag[.ogp .?b;{r&%npther
preferre@@gmim&ﬁﬁoﬁr&%h %3%%?1%%#?3, Terexampie e first pH 1s between pH 4.0 and pH
6.5, andwthensbeaniitpidis shetweieripiH sartdnd pHito@sinathsorendopeé feriegrechibivatioh, the first
PH is befweeNuIH:D.A:Rns BH 6% ARrkthe secancatlshaiwes - aldéQianehpk8:Beand in a stil
mare preferred combination, the first pH is pH 5.8 or H??{S and.the sgg,orad E’A]'} igep%eH ?a.ée.d th
ArtthenFiReThg bl HROL 1%%:‘88’?%8‘%%&%% 168s of tRE préSEnt TAVENtOR may be any
antigen-bindiralimdlebeutethefotibadyriplepivighzssinietibadse the above-described 35antigen-binding

molecules in the,5ereening,ef G REsseRiIUERAUARe FRABXABIIR: s PRSIBIFHOIRAIREDy an
antigen-binding molecules including natural sequences or antigen-binding mol ul%as 49&'1”%%%'”9
amino afid SRS Rt b sHETTAIPE RRratetaY I&ﬁﬁ‘éé‘?’?'ﬁ?ﬁ%&%@f ?%8%%3%5%%%% Screened in the
present fvanticrbineclute afoigexdipimgantiFentbinding axolgdol éscinvetigh mitdes obpetieino acid is
Sug§t?tu1£ﬁ9twﬁwy%%ﬁ&%b%rﬁ}éﬁa Lenshistidingdsnsariadnhpesiaahinpiustionahpistidine
substitution or insertion is'not particularly limited, and may be Sintroduced %: agg site. _urthet more,
histidineUbSHsSh OF theBraBAHEPbeHESBLMEE BRSHES B1AhTEY B hIPCHOERLPHERRD B nore
_sites. Fqu&am@@,omnﬁﬁfrﬁﬂiggﬁ@&r&h@dmg m@éﬁtﬁe@ehat are screened in the present _invention
include, for exaripig, ARlagM: KNG MAesHiEseHdNg Madiac Aaihadk eensiantagiantehy

Antigen-binding mo es that are screened by the methods of the present invention 10may be a

number &7 dfERPRAIRE R YRS IFSRSE RS SRIBH TP W RAS AR LEB LB R BIEYr insertions at
differentisitesyfer examiple dosfi bistitinesnannrinige numbdhns)theusdreeajrig: metliodd bhtbd gresent
invention may further comprise the s f [tutl t t j igh.in the antigen-binding
moleculgh \?vft ?#llsstf:()jglna(-%-fl(S:F1 i%gé’?t})rﬁéaati&i?%%%%%% m?iﬁ%@ @%%t%ggr%%%%ng molecule. 15In the
screenirHESthEERIOTING HrEsem friverRion RemandtGRl-aRaFrSSideRIgs Be TEsd FhLRORKSF histidine.
Thereforgothe MBS RIINEOLNN sRARISE beWhdriboatibydepaciegtthiézahpusimelytidred histidine
with non-paturgl amjng acids. . Moregver, the screeni Qds of th ' ' y
further c%grﬁ}ﬁ?fsgg THeS e%ug}grﬁro%flft)%gsgrgﬁﬁg e&%béno %%#%@gé%%gﬁaﬁ{ngéﬁﬁgﬁ %f@Y@Q@%‘?aW

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

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



20Antigen-binding substances that are screened by the screening methods of the present invention
may be prepared by any method. For example, it is possible to use pre-existing antibodies,
pre-existing libraries (phage libraries and the Iike),2a tibodies 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 25acid, libraries introduced with
histidine or non-natural amino acid at specific sites, and the like) prepared by introducing histidine
mutationstpendintaiy rabamitocatiberdetationsd iy ttresabeveetestyibmdrardoduies @nd libraries, and
=0 on. Auigenshindina.melseidendialpine i sy anuasRpUliRin SRsRfich are thus superior i the
a, can

retention in plas e obtained by the screening methods of the present 30invention. Thus, the
screening methBEESTaHE $iBs R eI AV RTERICEPHY d@%@@?e%ﬁi@&%%@%ﬁﬁ ?ﬁ%
antigen-hineing malesules thataresupretiotirthreratntion adiplamtesnEurthetipendiadtigen-binding
moleculcs,ifiaf £an o 9. e AnHASn. e OrMate; IS MDRR ARIRISISIER iR Ayals such as
humans, mice, or monkeyS can be obtained by the screening methods of the present invention. Thus,
the screening nigthaEs T iy praerAlsgsHivEs to ety belsBa R Sansting ety S ¢t StaiRing
antigen-hipgina e leculentiabeanthind i thepantgef iwamigmobintime snobér Herthengoie:,

antigen-binding.molecules that are capable,of bindin re antigensas compared;igthe number of
their anﬂﬁ%%a}%lﬁ%%céﬁle%’v% gﬁ&alélriﬁ?n?sr%g% %@i%%slgs{{snﬁo%%as%mans, mice%%r rﬁonllge%s can be

obtaineddby itersasabnply inbnsathan that gtasatelBntdreteribly (i SErseriiy e IRl iR
pregent iyRHLION £aBuRAINSES BfsCrenbiRguMgHrds veabbidiningranigemiediigymolecules that are

capable qf binding to.more antigens as compared to the number of .their antigen:hindi ites. For
examplé’ H]é%t?ﬁ%galr‘%l 3’%113? i§ %nﬁléﬁ?% f%cl{gnpe?r?tl V(I:)% g,][t %Léslg _ﬁﬁ?ﬁé‘%@%_s%ﬁh@;?r%?e%nvention
can be used as Feequnsant matnods fdiootsialairig metinsls-Bndist rbieeuditn s ArAditiafe more

igtFiger;]%ﬁl %rep@g%eﬁggh%ayﬁaa?mglmeoﬁmﬁg ﬁiﬁbi@&iﬁgbéj]}ﬁﬁp@fﬁhg @mtm@éﬂnﬁmlﬂﬂ@dﬁwe&
urtheymore, antigen-hinding malecules that are capable ssaociati inac
extraceﬁé@%ﬁg%% ahtiget WhS qg&%ﬁ%&%?ég %cﬁrﬁ%%ﬁdgaghagggﬁfﬁganwﬁﬁicg? g?}é gén%e&;s can
belbtaimeenbipththe cretsingqaydth ditsofithes fresefieimvéstiohiTis MAE QY LG HetHEds df the
present ipyepyRaN{HE Heed A arlespincimethogisdan aktrinihantigen bindingeolcpules that are
capable of dissociating wjthin a,ceII_fr%}m an 15 xtrfclllcellul Jyf-rbound artlti% Rtarl I%lillg eimore,
antigen BEHJHITE e ST SR BHUNPISH SAHYRA SRy HEHAIRET R0 4 c%_—l , and released to the
outside aftihenckihifiramantgdn-fdeesfolmnadrssesidmiristetd eoeanisntkeBileaslinshins arde, or
monkeys; e phiained Ry dhe SeRE ARG Rehods Qldhrpresanhinyeniansibaus, theisamrening
methods of the present invention can h?ds for obt%u i anﬁlgen-bmdlng
13, d1ssociaie t§% t

of t e used as 20screenin me}t_l
mafculB i sBbunt frsreRR e %{ﬁgeiﬁfgﬁ%ﬁ?gd) ﬁﬁ%t%%jef kit feiesse e outside of the
cell in anmahigesifiéefomtecule withithecamibie;rantgerhbinding moldelethanpaiiradiely eliminate
antigens, i pASTIRANDERAATINIRIEIRIAR AITIRE SR AR IVIRRNS pIGe b TIODKRY SiGaR e obtained

by the screéning methods of the present invention. Thus, the screening methods of the present
25inventisi@Rbe used as screening methods for obtaining antigen-binding molecules with increased
(high) ability to etiminaiecaatije psdsepiasvaation refamthenmahedsdcheahtigendihding mdlebules are
expectedtope S?Qﬁamﬂgeﬁ% H&%@ﬁ&@@aﬁ@ﬁ%@%ﬁlﬁn hegause treoss Anshiraueacy of

administrationin patientS can be reduced and as a result thé total dosage can be red%%?gt. Thus, the

screenirigigsthbis e e b e gerbon bl okt % SHBEHE St LR RIS
antigen-hindilgpmolgeulesdal, IR adpldannacautigah dompesitiohs:ule witinmeddikiolostirespresent
inventiof rowides Ibiaries IR WSS AIRIANS FonenLiinGieasedascampRad e s rginal
libraries. Librarie’s cor]ta‘(ignlng antigen-binding molecules with increased histidjine content can be used
in the scfeéBaing vths i erHINGVE A M thendBp ABHIESHOR FiBtRdafaRerRL AntSrifter. 51
Librarieswitéhinereased histidinercantentioahanpiapaie diiosethotisskamnonto thosgeskifiedin the

art, which, inclade e ouowing et 20 dRes, phidnlek sadans (Uinuelentides anepging 20 types of
amino acids ¢an be |r%orpora &d‘at equaF requericy when synthesizing nucléic acids to prepare a
library bynthectripudzcnaeirna by isrs Brimnus tss S 9ot zeid)intise melsyubsah Hssult, the
position gutatssdasihadibiaprgan kaipade to waniain2pliypespdf aminaladi)s adguahprobability.
The frequency of histidine in the pgsition mutated for the librar [ e i ing the
proporti&'ﬂt&% ﬁslfti%:ﬁhgbﬂéanagg entglj rﬁﬁ%ﬁ%ﬁﬁ%sm Irrﬁ%%%dﬁ t%@hc%%gr%aflﬁ ﬁaa%rf% é) ra%%%@frrﬁlong the
20 Ifpesiimthecayfitirroansizeo< Métioss wiprodtharigismybamihgirr gmdinkas molege Fithdent
inventionprevides matbedsoianRisy cineantiger-hindingimdeeubiiwhaaaaaiigen-binding activity at
the endosomal pH is lower than that at the plasma pH. The present invention also provides methods
for producing antigen-binding molecules that are superior in the retention in plasma. The present
invention also provides methods for producing 15antigen-binding molecules that are especially useful
when used as phaiinaceutical compositions. Specifically, the present invention provides methods
for producing antigen-binding molecules, which comprise the steps of:




(a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH 10.0; 20(b)
determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5; (c)
selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is greater
than that at pH 4.0 to pH 6.5; (d) obtaining the gene encoding the antigen-binding molecule selected
in (c); and (e) producing the antigen-binding molecule using the gene obtained in (d). 25The present
invention also provides methods for producing antigen-binding molecules, which comprise the steps
of: .(a) hi@t&f_\Qa&ft antigadcbingi ganidlecpie 40 @mantigicn dtaplk Glastoapldetd:d) (H) HoidRg the
a““9e“&%ﬁ%&rg%ﬁéﬁéea%gggﬁ%ﬁg%%}9819&%19%{5%(@&&9 fiandyagerdhe candiianflplmd thio pH 6.5;

30(c) collect g the anti ) molecule that dissociated under the condition of pH 4.0 to pH 6.5;
(d) obtaRfy R HERPERBYIMGIEMNtigen-binding molecule obtained in (c); and (e) producing the
antigen-bindingreglediule usingether ganatbiaisenkintfthne-bound drurthdimadfen tireipeaseintiingention
proyides met for producing antigen-hindin I [ ri g . a
seI(éalctin@%ﬁcgwrﬁ%g%fﬁgnmd?#g%q%g%ﬁ%ﬁg%%é%%%g%ﬁ? 1#0% e a%}%:%]aéﬁr% %gﬁ%ﬁ%}ﬁgﬁfg Ilegf%lg )4.0
to pH 61BnqLY Bhsdintiegicagatiy e BuHERFARRSCORTIMBRCST: B 611 &SRB 3 e R GGR B EIng
mholecu?é_@ﬁﬁ@tﬁmﬂg}@;&@e@ollmtﬁa pheantigembindingmelecy b ¢fafbobindite tiaantigen under
the condition o .6.7 to.pH,10.0; (d) obtaining th In igen:-hindi cule
collecte%:iltltﬁgfg)';ﬁglgén é’e?‘;%’%g‘ab%‘r’%’é_ neaa?le‘[ggjerg}]q nE\lél)?nggggr%% %%?ﬂ?e%lfég#%ht %%égﬁgngf %}%Iﬁ% d). In
additiormefiecplebidsitivBeRon pidviarsspiblsdiat e ropaeing ahapantismiigdnmBrRieas, which
go;qprilsgegﬂﬁgﬁ%ﬁf:@ @Iﬁﬁ@% maﬂmgd@m@gtgemmll iildﬂﬁl@ﬁéﬂ&i%@rﬁﬁiﬁpﬁ&&ldﬁbdﬁ&&ondition of pH
.7 t0 10.0; allowing the .antjgen-binding molecule that hound 1o t ntigen.dn (a) t d under
the condit tlpﬁ%g e%ﬁ%_ ;%&glc%ﬁYe% ithg? ?%T%%%%&%%%%ﬁcaﬁg %ﬁg?%é@s%%?g%% under the
conditiorofer¢dito ferpi tEamEsten prhpliRricigted yuiseehivdingmatcansotidheanatbgdnobifding
moleculg:(ehcoleating the &ikire antiganthinding.rmolecuesdf ebiaingibenganeippeasdingithe
antigen-bindi molﬁ%le collecte n:gé?); arg (9) prod cin%tqlg ?Etli%e;;n'bind' m Iecuée using the
gene oty S SR X A R 85 RS B e B S HiCe B Mare fimes Thus. the present
inténtiomppevidescthbranetutiscussoriber alsoveranhivhtfirther@herséctabl seapotrdyedifidg steps

(@) to (ddear &y imﬁﬁéiﬁﬁﬁ%erﬂﬁ?nﬁﬁ@ heneflimes-stena (ki) imiepaaiedisaspargcularly

limited; however, it is generally ten times or less. Furtheimore, the present invention provides methods
of screé?’ff?fﬁ“f“ﬁr antigen-binding 25molecules, which comprise the steps of (a) selecting an
antigen-binding Theleethedhaf doem riogincbtoding afitgentiguiebitkbingondlion ofH4nte M6 5; (b)

binding $he aotioan-HAdeE e SoRALPA o OH drbde PHH AR EA R ANtigepHiAding molecule selected

inéa); 30(c) collecting the antigen-binding molecule that bound to, the antigen under the condition of pH
0" antigen-binding molecule within a c€ll, for example, within endosomes.

Furthermore, the present invention relates to methods for releasing an antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an antigen-free
form to the outside of the cell, by impairing the antigen-binding ability of the antigen-binding
molecule at acidic pH as compared that at neutra] pH. In the present invention, “releasing an

25  antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell” does not necessarily mean that every antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, is released m an
antigen-free form to the outside of the cell. It is acceptable that the proportion of
antigen-binding molecules that are released to the outside of the cell increases when compared to

30  before impairing the antigen-binding ability of the antigen-binding molecule at acidic pH as
compared to that at neutral pH. It is preferred that the antigen-binding molecule released to the
outside of a cell retains the antigen-binding ability. Furthermore, the method of releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell can also be referred to as a method of conferring to

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



6.7 to pH 10.0; (d) amplifying the gene encoding the dissociated antigen-binding molecule; (e)
collecting the eluted antigen-binding molecule; f) obtaining the gene encoding the antigen-binding
molecule collected in (e); and 35(g) producing the“antigen-binding molecule using the gene obtained in
(f). 53 Steps (a) to (d) may be repeated twice or more times. Thus, the present invention provides
the methods described above, which further comprise the step of repeating steps (a) to (d) twice or
more times. The number of times steps (a) to (d) is repeated is not particularly limited; however, it is
generallyl éasedimeakoslesse oE dithediviors, the garedemtimve ntlom providéssmbihddg foplseotiusing

antigenl-)g{{h(gqg %l%%gﬁiﬁﬁ 9.?%@&949%@&@4%& a first pH is greater than that at a second pH,
which compriseitﬁe stéps of; (a) binding the antigen-binding molecule to a colymn immo %zed with
antigen under tRETHEERICeSrRTBHETt ORBFEIONA %%ﬁ&gﬁqﬂﬁ%ﬁﬂmﬂﬁl ,e\ﬁrhimig find to the
columnaueiges-tadingt @bl esnditioriromathaalumsrinupidena setopdiphk coadititrentbjrebligcting the
eluted antigen-binding molecule; ini : qgggm igen-hindingrm e
coéecteaiggll}h%t’cafg%dé ?gsgsﬁc—%al éf rrmié( ?ﬁﬁgﬁ%&f -é?ﬁdlgr%?%a%leculg 8%% ?%%%%@@%E?Ieﬂﬁ%
15FurtHegstatanysBtse St ahiinte s Hrotte avERb S5 6 Bro ey tantin aRUh S R PSRt ules
whose hipglintiastivify aéa fisst pid jscgeaatenthanihahat theeatnenpbindihich demyeiserthe steps of: (a)
binding an antigen-binding molecule library to a ii ili i tig first pH
conditich nﬁl Blft%ré%iul m‘ﬁvt%ggrgfﬁ ‘|§ en- t?ﬁof fﬁ)éz%ﬁ ol ecciﬁ]lu%g] f?% rrt]rill1 %‘E%gééﬁ?ﬁ\g%%\@g r tr%arseeggjﬁnéd%% condition;
(c) ampiifjliviy ah g eneasadoaipa OBtk aAligERS AR MBI Vet SthE I Oted
aniigendpinsingomelesulecnel-ohtaining thapane anheding e antidendeindingdmolateleddellected in
(d); and (1) producing the antigen-bindi ecyle using the gene obtajned | i teps (a) to (c)
may bevrééfsa?gﬁe\?\fi S o?srﬁSF%p mﬁ%g.) ﬁgﬁg%ﬁéeg?&eéﬁ‘ﬁ r%%%ﬁ%%ﬁ%?&%\%glg%@ﬁe?ﬁ% described
above, witigknaritiiing omndstes# atshcafepanmmpitd e Bat® riwicdbr nibhethsndae #Hl%umber of
times S@P&é%@%&ﬁ)ﬂﬁ@@g%@@éﬁie% pRRtiGUtary limitedh howevdk, iildegararallpdeiritmeasedr less.

When g phage library or such js used jn the production methods of.the pr inventio e step of
ity b R R e TSR e Ty e Sl T I =
Antigensbinslinigsiisstances tinnarésobdddntigeprod mtsnanetibes Brrensrageremobitishitay be

Fgepare%ﬁga@yg@ﬁmg -aﬁeftﬁ%ﬂigkﬁa)h%iétrhzieﬁwE&L%m%&m@&@tﬁatm%géaﬂbm Ifnfﬂaeﬁisging
Ioraries (phage lipraries an e lIKe), anyopodjes an raries e epared 1ro rraomas
obtaine&ﬁ?ﬁ%%ﬁﬂﬁﬂ%ﬁ%ﬂt@ﬁﬂé’ﬂﬁl n(geff#%l% ir(#r#hen?%g %{kﬁ;%riﬁ]a sn,_garﬁﬁééc%%sa%ah%%% aries
(librarieghwitthighneantdntbfihistidinel cenoimabiiraferminbtsal desnigeribiiioo audeaHfith histidine

or non-natral aming acid, 3l SRREHIG SHeg.@nd the like) prepared by introducing histidine mutations or
non-natural amino acid mufations into the above-deii:ri ed antibodies 1%nd ﬁbrariesl and so on. In the
Hmdés ? 5d° g acokIneiics o

abdVe-described W BERTERbATEL HE A JRRE AR B the B RRTIGEH-BIRding Molecule at
pH 6.7 tanfikkd Biddsngoh plactide ey lyulbstitetinadisirestheantigenl binding adtivngisaroat a pH
between, a8, Mk él%-gerﬁngsfﬁggﬁm_@eﬁhge&-mg@ingg%@gkmésom@mm belweaBi@khit.0 and
pH 8.0, and a more preferred antigen-binding activity is that at pH 7.4. Alternatively, the
antigen-tﬁﬁw’aiﬁ’@%’éﬁvity of the antigen-binding molecule at pH 4.0 to pH 6.5 is not particularly limited,
as long as the 1Patiigenkintingreativityisniat atc ks betthedn @Himmdgfhemmepréféﬁ@@l o
a@@en-&%sa{{ggr%%w%&m ﬁit?ggﬁﬁ?ﬁém%%ﬂo@&ééb@ PlBRu AN iR PIRIE e ANtgAsbINdIng

activity is't or pH 5.5."The antigen-binding activity of an anti%en- i,ndiCE

’ t . AN molecule can be
determif€d BYF at |RstHREsARHBRAYY 1RARS BIIESH- I & RS HIR R ARSERE S ﬁ%?(%n be

approprigiglitadetenminad binthdseskitteddn the art. The step of selecting antigen-binding
molecules whosg, agigen- tinding AN AIPH S P8 saGRIEEAANIDALARAAE.0 0 pH 6.5

IS synonymous Wi e step of selecting anti en-blndingi molecules whose antigen-binding activity at
pH 4.0 tengiessshatisibdrahanah Ay 20, prigen-rinsing /0 SRy ditRsEHEs s e T fen-binding
actiyity alpbhHufd0:pthd Q8 dRE atipiithddtanpidctabidsindipartigutaindimitedbs-idngrdssireng
antigen-hinding activity a 6.7.10 pH.10.0 js gre than that at pH 4.0 to pH 6.5. The
antigen-%%ﬁﬁ% 8’&5\9?%9”3%%5 8710 fg)?-lldffftg ﬁ%&é%r%aﬁé% twice or greater, maore preferably ten times or
greater, and stil(FhorsasrardraBRian drrcrroyigrs Memeiinieniseaieing 3n FELIEH NG BiSduction
methodsdasghiReeRBDVR NS AiliDenipindimglmglecldeunayyhathotnihg at least one amino acid

in the antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or

35  non-natural amino acid into the molecule.



to the antigen under any condition, and the condition is not particularly limited For example, the
antigen-binding molecule may be bound to the antigen by contacting the antigen with the immobilized
antigen-binding molecule, or by contacting the antigen-binding molecule with the immobilized antigen.
Alternatively, the antigen-binding molecule may be bound to the antigen 30by contacting the antigen
and antigen-binding molecule in a solution. In the production methods described above, each of
the first and second pHs may be any pH, as long as they are not identical. In a preferred combination
of the first and Seeondspitdniehaxamplepihadisethighitvedia gty Guy andqp-biditgand¢bd second
pH is betye H.4.0 r;JéJll 5; | re. - inatio irst.nb | H 7.0 and
o 5.0, A e B B B et ed Sembination,
the firstqitsidert thecsl & yHahstits Rt Ry ns SBIngI G B R aehHiPprgRleceliifation of
the firstiagneiseconcbatianfen exampleidhe: fiistpie b lsetireen pbndnatand st acahdiththsecond pH is
between %ﬁecpg and pH 10.0; in a more preferred combination, the first pH is between pH 5.5 and pH
6.5, and thé second pH is between pH 7.0 and pH 8.0; and in a still morei%eferred combination, the

first pH is pH 5.8hsr rr GBI thetlsedqpRbifes maskeds for incrapiips tpitkity Adhcules that are
produceghbytheimadusitnmetbisdeseibagdeabayelmaa by amysantigenbiadingawottculasd
Preferred antigen-binding molecules in e,.for example, antigen-binding mol i I t least
one amfﬁcg%aec%?ll KT 13%%11% lf/)v%ﬁ ?svt‘igklnelsé?ﬁ Teas O(E)%ﬁ%'aﬁfgt"lplﬁlelﬁ?a%c %gﬁ%%;éﬁfge%#%ﬁg&gﬁﬁwhere
such hisigimatoratationdssidrsde deeimoiecalst particularly limited and may be introduced at any site.

Fyghermore, histidine-rpetainniPay R intaeinced:a ang siteooat busseumareisiteson, etcliigs, the
production methods, of the present.invention may further comprise the step.of substituting at Jeast one
e A AR e e R U T e
antigen4rindityy nbidetiebsitsinthisptodustiornmatirelisnainh agiisubat iniento i ssorpagigamino

acids may be.usad nsteashahhistiding abhareiientparsasaphkinventivmsag abshpeungerstood by
replacing the above-mentjoned histidine with no -nalt]ural aming.acids. Fyrthermore, iq.gn ther
embodiffelER "éﬁ?@&’ﬁ’ ihg %?&8’6 tharahe ﬁr%%tﬁ%%lﬁ%§/l%1n§ BI8dGEToR Methods described
abidve inahidetdoimekalnptegraittighrbitding agiole onleBROINEhingnrasdifibts iditb od p constari

regions ,AGCO IR YRR &Y M?&W@Qﬂ%xﬁh@a@ PresaaiioveRtam maiuRhes sompriseshe step of
modifying the amino acids of antlwcé!cy constant regions. The anti nr-gt])_lfndm mcgilelcylest gttare
producett BRSPS RRGET A &G SHhEr at b‘?@_s‘érrﬂlﬂﬁeghtﬁﬁh ?i[?]é 6’&5?5? ity tRE %(e)?eﬁl ion m-
plasma.ifldeusoth endrodsidiidnmumethddshef tiei@speebantinve miordoaedsenugtohes:she thidl ghfor

produciig.ARaSs-RAYG ORGP S HBRLAE SUBR PR etention I plasma. _ Furthermore,
antigen-pinding maolecules proauce y the production methods are expected f e capa OoT pINding
f i iENAA R

to e antigen 1 BE BIGFEARESIHRBN HiFm i FHAs TP ARi A 2 JHATMABHEO; R onkeys.

Thus, thétpreduatialinmethedsnafiim présentidvehtionteani 8dbdea fedeasnmpéthotts fortprodhgcing

antigen-g%ggi Q&H&%L%%ﬂ%é&b&%@;%%?%%@m& of DidB RO ARLge RWRIBL MOrestimesifurthermore,
u

antigen-binding molecules produced by the production methods of the present invention are expected
to be capaBldcfHisamTPle heratahligEAL e FombaraiPig sid p"ﬁﬁ‘rﬂﬁ%?%ﬂwgr}?%ﬁ‘%igé?ﬁ%%ing sites
when adndfisteraeddshanipaisabuch ashwimarts) Imkepon smdhkeymskifuspthepiagcdtioterathods of
the pre wnvention can be used as methods for 56 producing antigen-binding molecules that are
capable of binding to more antigens as compared to the number of their antigen-binding sites.

Furthermore, artigevishidmdlolBddidd Peddtddd By il phbdudlioh Rietnbas-derelitésBirinvention

are expepiedHa dim capphlof dissociating within a cell from an Sextracellularly-bound antigen when

administered fo pmals UGS TERS 13IES, OF MERKEYE. TdS.dhe;piadbigtion methods of the
. 3 X :

present invention an be Used as ‘methods for producmgﬂanfi en-binding molecules that are capable of
dissociating withivm@e e ehesn sises-ddd Aulafil- bodnk An age - rentd orel vktr) encdifigntign
majgculggfaroduced by the production methods of the 10present invention are expected to be capable
of being bound n aptigen and interpalized into a cell as well.as bein le he outside of the
cell in an antige%gré’aﬁ)er%%g\l%ﬁ%ﬁs gndemflir‘fi%treer%ectj[’1t i geriﬁﬂa%%ﬁ]&:#a%é ﬁﬁﬁ%ﬁ%’ %?feeq,a@émpnke s. Thus,
the produeriohcatisthsides ohelislp tbe sl onviaatioleais1se (ke madi et RS aspdut emg cularly

antigen-Qipdinowprigcules that are capable of being bound to an antigen and internalized into a cell

and being released to the.outside fit# in an.antigen-free.f urthermore . antigen-hinding
molecules that ;%%%%gﬁgth%?g’o l?ﬁ(?gglgmlgﬁ?é(ij}g%’f%gel &e@éﬁﬁvgrﬁbﬁgi}g(%@ét%n to be
capableldt ¥apidly eliminating antigens from plasma when administered to animals such as humans,
mice, or monkeysi Fhisithe produstiongnethods nithe prageandinyeation can be used as method for
producing antigen-binding molecules 20with increased (high) ability to eliminate antigens in plasma.
Furthermore, such antigen-binding molecules can reduce the number of doses in patients and are
expected to be especially superior as pharmaceuticals. Thus, the production methods of the present
invention can be used as methods for producing antigen-binding molecules for used as
pharmaceutical compositions.



25Genes obtained by the production methods of the present invention are typically carried by (inserted
into) appropriate vectors, and then introduced into host cells. The vectors are not particularly limited as
long as they stably retain the inserted nucleic acid$8For example, when Escherichia coli (E. coil) is
used as the host, preferred cloning vectors include pBluescript vector (Stratagene); however, various
commercially available vectors may be used. When using 30vectors to produce the antigen-binding
molecules of the present invention, expression vectors are particularly useful. The expression vectors
are not particulavydiniiterfias longasithe-aleciors exidrassitisatankigensbingieg sl potfiaseh vitro, in E.
coli, in cultyre cell ' of: rgamnis [EXR : r i eferred
forin vifr%nggﬁ%és% o((r;}ll;t 4%%%%%%%@%%%0(%(? r%%%r %t%ferregl%fcé%%%%ﬁéﬁ%@f I??\fggh)g §§§5§n Bank
Accessm&aﬁgﬂBﬁtﬁéﬁﬂﬂs eﬁ%ﬁ%ﬁ Jﬁg?e%@;laﬁa%m@%w%%%\ﬁaﬁééﬁ% i,
8:466-4duh(:988)hisretensd, fardiosties of adganismseBiidiscofitbimpiesent inbetitiviocancbelinserted
intq the, 57 vectors onventional methods, for. ex ligatio iRg restriction enzyme sites
(C(érren?eﬁtr%%ciagé%%#t{ﬁ%%gu ar nglg%%y?%%gt}ﬁn ﬁéﬁggﬁgﬁﬁ%g%%’éhg?é@hgﬁohn Wiley & Sons,
Section 11.4-1194hgn Threentieveindbtbas abanar Parbicmeriainar dhgbanstisHesHE tmay be

used 5dBREAGIRY O dheRurBasaExanpies leels for paptadsidglifdtadtigesarhinding molecules
include bacterial,cells (such tre cus, Staphylococcus, E. colil, Streptomyces, and
Bacillus subtiIis}l?%aﬁlgaér%%ﬁclggﬁtgasggé%igﬁs’t%%ageg%gf yeast and Aspergillus), insect cells (such as
Drosophila S2 drighsplaiapterh 5F0)Lafimd E8fs (such as CHO, COS, Hela, C127, 3T3, BHK,

HEE}C293, and Bow@sinealanamasealgl.-andplanbcells., Yeciargica becipkagiyseteiabiea 10host cell by
known methads,. for example, calcium phosphate precipitation methods, electroporation mefhods
(CurrenBiSBisROIER S b B %lgo%fogy 833?.9 f\rﬂté%‘ge Oé?%?.aklfgﬁ%ﬁﬁﬁ%ﬁ %%&r%ﬁéﬁ%@%ns, Section
9.1-9.9)thépetfection methods, and microinjection methods. The host cells can be cultured by known
methods. For exampignwhrnysinganinalselis scaigse BiRVLIMEMLRRMIAE6 40 nor-hRMImay be

used as the culture ium, 15They may be used with serum supplements such as FBS.or fetal calf
serum (FEE) aﬁﬁé c @%’%ﬁ ycﬁ??t%‘? %/ﬁl'ts%srﬁlﬁflrjges%%%}lﬁ%@s(f‘ﬁ\%%plrseﬁglr?gé) rpwlllénéaggﬁlt t%1 during
théscoursedof culturing. Incubation is carried out typically at 30 to 40C for about 15 to 200 hours.
Medium s exchangehialalath b AR S B AL GRORAN ANDIORSS @ Sacte g ARl maK be

incorporated to polypeptides of interest so that the 20antigen-binding molecules expressed in the host

cell are SERFALET M RS SFIRE S oplasmic reticulum, into the periplasmic space, or into the
extracellular envitenmiéntn bivetie signasinaybberdege noustothsammigamtisiddiyl imoledates of

interest B&%‘Q&’tﬂ%@%@%@%ﬁ%ﬁwﬁtﬁngQcmﬁts?%einf@ﬁ%a%m&&ke, RrRduelign systems using
animals or plants may be 25used as systems for producing o(%ype tides in vivo. A Eﬂggngcleotlde of
intéfest ?@ﬁ?ﬁ‘?’éﬂlﬂ%@&%ﬁ’&?]ﬁﬁ%‘?ﬁﬁfcal‘ih&rpﬁfﬁﬁ‘?tdﬁﬂefﬁéoﬁéwg%(ﬁi "ig%ma%cé‘ébﬁ%"ee ody'6t the animal
or plant aafigethbindolledbechil bé dihastdodf thelreseniambendiog ivehrde slrhatimdisiapiidsiants.

The pf°fé%%ﬁ@ét%w%’&{&%ﬁ%ﬁ?&%g&!ﬂdewg@tﬂém AMMals LEIRSAAS! HhigmEsaipiR to use
mammals such as goats, pigs, sheep, mice, and bovines_(Vicki Gla?{er 30 SP CTR%%/ISBlotechnology

Applicatfon& (igosyiesmbirtng-malerls Bavianiedete drtnaid COREGE 2 ydilsi a8kt ABGtide
encodingratapfigenRdundieg moldeutetithe whesant intgatidindiprepaledlasmaiukiof G with a
g encodin ol i ifical in.mi t 3s '3 ; t
gl o B A T R o B Gk R A T L
to femal@é&ﬁt@smear%@hhﬁé@%ir%)gnolecules can be obtained from milk produced by the
transgenic goatguahigthare hown fiamittig@osiisithatekeivied:ttie dmbiryosibodfronnthair offspring.
Hormongs may be. 58 administered [ inGr - ilk ¢ e

B e
699-7ozzpoieculﬁﬁWﬁ@%ﬂ@&%ﬁ%@w%@& fybrdatica e dimyafdiogimiiiecules of
the presgrEH¥ENIO MM SilloyRimS asei s hamtovirtsed samyikguepolynucleotide encoding
5an antigen-binding,molecule of interest can.be used to. infect s . lgen:hinding
molecule of inte?gs%dc%ﬁogé\%?ﬁ%fr% ?%%%nﬂ?é?rg B‘@dﬁ}ﬁf ég 1%%%&%@%%%%&%@%%%%32%%& used to
producettiveremstigeinisindmorasideuaetbpdp dopiasensing drtiprmiss etaimsrotoptess hinginedlsed.
When tohageads Usigdind pliumsantide gmcading an antigpi;binding.moledsttnfintdmaids inserted
into a plant expression vector, for 1p0example, pMON 530, and then the vector.is int d into
bacteria St kLAY PO R ﬁlﬁq"éffm% aglllb'eil)wgsi.’ %%nes%gc %%lignalr% en a 8‘&&5_3‘%565%@?%%%@ such as
Niddtiana tabacutwthershtiie, ddsinaticaaniigan-binding morelics daABatanEbasy foIREIFRees (Ma
et al., Eypd plmamunleflidf it is lndaRlAtieinativelys s messibleftaninest dutkwend bendna
minor) with similar bacteria. After cloning, the desired antigen-binding molecules can be obtained
15from the duckweed cells (Cox KM etal., Nat. Biotechnol. 2006 Dec; 24(12):1591-1597). The
thus obtained antigen-binding molecules may be isolated from the inside or outside (such as the
medium and milk) of host cells, and purified as substantially pure and homogenous antigen-binding

molecules. The methods for isolating and purifying antigen-binding molecules are not particularly
Iimited and ienlatinn and niirification methode 1icriallyvy riced for nnlvvnentide



20purification can be used. Antigen-binding molecules may be isolated and purified, by appropriately
selecting and combining, for example, chromatographic columns, filtration, ultrafiltration, salting out,
solvent precipitation, solvent extraction, distillation‘,2 mmunoprecipitation, SDS-polyacrylamide gel
electrophoresis, isoelectric focusing, dialysis, and recrystallization. 25Chromatography includes, for
example, affinity chromatography, ion exchange chromatography, hydrophobic chromatography, gel
filtration, reverse-phase chromatography, and adsorption chromatography (Strategies for Protein
Purificatiparandighabastarizatitreuie bahooditnpCouite dMamphé, HdiDanied Ribvinslvak édelfio1996)

Cold Spring.Harbor, | al ' y ] using liquid
ohase ch o e B R e ﬁi%?%?f%ﬁ?%%%ﬁﬁ% ny

include, proteinE ARG ANEHIBEARIE BRI BOlEFHS B D AS B RO ERTES S e ple,
Hyper RaPRROS prdtRDapbares e m &h(Rh irmiciadidineedidn ardhtigentigedigmolecule can be
modified arbitrarily, and peptides can ' ' ropLiate protein
modificaeﬁ%ﬁ?g%%/%g Ec()) t_§é %ng% ?g ora %% g%%%ﬁ%%gﬁ&gﬁﬁgt g%gcgé%gﬁr%llr% fﬂglecule. Such protein
modificanbiaigmdd sHeniaddiipmandranasm) ehirmatihidy 9esrehtrsadptiides, protein
kinasesaﬁ;@@b@g%aﬁgﬁmﬁ& <A_nti-||__-6 receptor antibodies> Furth_ermore, th_e present invention
provides the anf ;6 receplof anporlis, o1 (2) 8 (mh Relaw s an ARt {1ah Bglydas heary
chain variable region mcﬂudmg An aming-acid se ence, In WﬁIC at least one of Tyr at pasition 27,
Asp at fosiisaeallinxeptiongekitisiap cthsafPositenEamRtis PoRtdh s AT 5 BOEHdIS9, Ser at
pogjtiony33, MekatBositian baGnandidva L RDEIton &0I8in theapinofreidesmueheeatBEQ tReNO: 1

(H53 variable region) has been substituted with His;.10(b).an antibody that incl . hain
variable@i%t%?ﬁ?%%%%g\% o) Ié%xglﬁlﬁ%% add Osgafges_ﬁigé%%#w ’IC%Y‘? E?%/@%t%@éﬁ%%%%%?@éﬁ%%%ﬁition 31,
and Trpodtiposititodbdemttebragiondvitheegtispred s BEQMSNG: 1 (H53 variable region) have been
substituted withgjish (@28 anihady thakinchisas arhervichaindasiablareoiondoaving aszamino acid
sequence, in which Tyr at position 27, Asp, at position 31, As osition 32, Trp. Siti Asn at
15posititly BESE¥ARY }Qﬂ&ﬁﬁggﬁ g’n‘a‘%?%% %éﬂ%%a%g Fﬁ\et elép ifr)?f:)agcﬁ f eaﬁlgel%%g%#@é%?ﬁ NO: 1
(HE3 vatiadienregion)theme ingassubistitutstiwithonigor @y amphntiseiay aed Hdridet @ neddi®hain
xariableagﬁ_gm,gﬁlzﬁd@iﬁmi _ ?Bﬁgg@%ﬁ%}s@&g eﬂﬁgeéﬁgwmcﬂaéra&;@g@ggmﬁag%&m1at ppsiti1061831,
sp at position 32, Trp at position 35, Asn at pasition. 59, Ser.at positi and Tyr at position
have been subs@tﬁt@@fﬁfﬁ‘?—@gﬁdgﬂmﬁﬁ% e é%l tlsglﬁ%%lﬁ%g%@é% St %t%ﬁ%%%v?th Val and
Thr at positiclesl08i pas Hedin s gisttutas with diz grathBcBmibindioilrseiprench b SHENBGOITH53
variable fggian); (&) AN ARoaslakingidesaeary thahyadalie agiRnhanaaamineyacid
sequence, in which Asp at position 31, Tyr at pqsition 51, Ser a{ itio%63, M% e%tégrositiogilgg, and
Tyt pdsdEREG8IHISREUMTAY ac 1%3&@@2@@ SEGBRE* eg%%%%/a(ﬁaaflé‘ region) have been
25substitufedwithPrigBdafrRntibodinthatinol iddsdash &avsxemmals, varidodyrBeigai(@s-H5) having an
amino aﬁ%&%&{%‘é%éﬁn‘éﬁﬂﬁl@%@g%ﬂ%?iﬂf%%efft%@émtiﬁ %f%&@@@i@ih%d\d@hat

position 106, and Tyr at position 108 have been substituted with His in whicﬂ Ser at t;ﬁo,[sition 99
has beePodstitdedy ne rabiliy 1 PRddedishn 13 Rag Bgﬂr’sﬂrbggt?tt{’nséﬁcﬁlﬁﬁc & 58 e "¥inifo acid
30sequénse wftEE P ichimng FaHabienbgiot)ili(gpantandibodyrdetly inclaRes aalightetmin
vaﬁigblezr%gi%?chaving an amino acid sequence, in which at least one of Asp at position 28, Tyr at
position 5 , GlU at position 53, Ser at position 56, and Asn at position 92 jn the amino acid sequence
of SEQ ID NO: z\(mgﬂsqﬁ%ﬂ@%&%ﬁﬁl%ﬁ%ﬁ%%ﬁﬁéﬁmﬁ%@%o ‘E)‘Saﬁrﬁil1 RS S LY Eﬁgt
includesngclightscitain: yasirhtaregidon k) dhaungaarinindtatid Sequentepdieshichtésst atgosition
28, Tyr aLRosiion, 32, angl S1u ’LROSHEN R R e AmIRRiACiE SRANANCE Bl ARRIDINGL ANRR L

variable reé)%ﬁf%‘éne egﬁnsubstltut with His;" (1) an antibody that includes a light chain varjable
region (6 2)hpigiRyidnErting HekdedoereanBln AHICANST Be bESRgH 4o HRPERF ALHEEMONES in the
amjpo agid-seganaetefns BRADMES-BoltlB3e@prbiendgion) kave dpeen) sulistitlitad faithnigker§) an
antibody that includes a light chain variable region (¢ ) ' n ami | , iIn which
Tyr at pgg%ﬁ%f , lff’ut% k8‘(3)(:5(? 8%12%§c,ﬁ§%ga Bgéﬂ?osﬁ? 6%%?%%22% Sgt p%%%%%%ﬁgﬁﬁqﬁo acid
sequence BRISED iDtiveys 2 { PR 1resarBreragibinchrcarbravhRIfIRes- wilk M sopk P al Bftibody
that inclydgsdhedrenyyehainivasialle regior ebiiniapsibiadighhstiginyastablerabignofighiliéd) an
antibody that ncludes the heavy chain variable regjon of ¢d) and the li ' | ion. of (O;
and ( W H %%3&39 J5t lﬁsc){ﬁ%)e%é ﬁ%ﬁ%qgg%%}?ﬁ I\I/Iaeélgzbq%eorqé&% I%Fé(?gi %%%ﬁétﬁ?&%%%ﬁm&variable
15fégiorewiripie. IL-1SBegifit xdmpidd ot ethdhv) Shaintlalidbid Pedioh lhaimd: dh-amiHo Heid
sequencg i vhich alleast anesotdapiat Biiop:gfioA D B3 RABIHOREhtASPBYPOSIIONFR, 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 SEQ ID NO: 1 (H53 variable region) has been substituted
20with His include, for example, the following heavy chain variable regions. a heavy chain variable
region having the amino acid sequence of SEQ ID NO: 3 (H3p1l) a heavy chain variable region having
the amino acid sequence of SEQ ID NO: 4 (H170)



a heavy chain variable region having the amino acid sequence of SEQ ID NO: 5 (CLH5) Specific
examples of the light chain variable region having an amino acid sequence in 25which at least one of
Asp at position 28, Tyr at position 32, Glu at positigﬁ 53, Ser at position 56, and Asn at position 92 in
the amino acid sequence of SEQ ID NO: 2 (PF I L variable region) has been substituted with His
include, for example, the following light chain variable regions. a light chain variable region having the
amino acid sequence of SEQ ID NO: 6 (L73) a light chain variable region having the amino acid
Z%qgﬁnﬁﬁ@fpSﬁ?,lez,?(CE&Z) BD@light Czit0, \maniabistrediendtavingfibeaminddadii Beguence of
- T NiNG-Aci it d tHyt_N$1NL apgyerdescribed
antibomgpif I(—EILI%G ﬁ“ﬂ%@ﬁ%i&z@%ﬁ?gg@g@%ﬁﬁﬁﬁ ?gﬂrﬁa@gjﬁ’.q‘r’(ﬁhﬁeﬁ’mino acid
positiortié /& sHolwrepiéed Wﬁ%‘%{%&ﬁﬁ%ﬁéﬂﬂé@éﬁ%&ﬁz $FeBB3 35 50 58 61 62 63 64 65

95 99 1036 102Firil3phbirt] tht antigen-Haddg molecule of interest in the methods of the present
5 invention includes antigen-binding molecules having an antagonistic activity (antagonistic
antigen-binding molecules) and antigen-binding molecules having an agonistic activity
(agonistic antigen-binding molecules).  In a preferred embodiment, the antigen-binding
molecule includes antagonistic antigen-binding molecules, in particular, antagonistic
antigen-binding molecules that recognize membrane antigens such as receptors, or soluble
10 antigens such as cytokines. For example, an antagonistic antigen-binding molecule that
recognizes a receptor inhibits the ligand-receptor binding by binding to the receptor, and thus
inhibits the signaling mediated via the receptor.
In the present invention, the antigen-binding molecule of interest is not particularly
limited, and may be any antigen-binding molecules. The antigen-binding molecule of the
15  present invention preferably includes both antigen-binding activity (antigen-binding region) and
FcRn-binding region.  In particular, preferred antigen-binding molecule of the present invention
includes a region that binds to human FcRn. The antigen-binding molecule including both
antigen-binding activity and FcRn-binding region includes, for example, antibodies. The
antibodies preferred in the context of the present invention include, for example, 1gG antibodies.
20  When the antibody to be used is an IgG antibody, the type of IgG is not limited, the IgG
belonging to any isotype (subclass) such as IgG1, IgG2, 1gG3, or 1gG4 can be used.
Furthermore, amino acid mutations (e.g., M73) may be introduced into the constant region of
any of these IgG isotypes. Amino acid mutations to be introduced include, for example, those
potentiate or impair the binding to Fey receptor (Proc Natl Acad Sci U S A. 2006 Mar
25 14;103(11):4005-10) and those potentiate or impair the binding to FcRn (I Biol Chem. 2001 Mar
2:276(9):6591-604), but are not limited to these examples. Alternatively, it is also possible to
alter the pH-dependent binding by selecting an appropriate constant region such as of IgG2.
When the antigen-binding molecule of interest of the present invention is an antibody, it
may be an antibody derived from any animal, such as a mouse antibody, human antibody, rat
30 antibody, rabbit antibody, goat antibody, or camel antibody. ~Furthermore, the antibody may be
a modified antibody, for example, a chimeric antibody, and in particular, a modified antibody
including amino acid substitution in the sequence of 2 humanized antibody, etc. The antibodies
also include bispecific antibodies, antibody modification products linked with various molecules,
and polypeptides including antibody fragments.
35 “Chimeric antibodies” are antibodies prepared by combining sequences derived from

different animals. Specifically, the chimeric antibody includes, for example, antibodies having
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heavy and light chain variable (V) regions from a mouse antibody and heavy and light chain
constant (C) regions from a human antibody. |

“Humanized antibodies”, also referred to as reshaped human antibodies, are antibodies
in which complementarity determining regions (CDRs) of an antibody derived from a nonhuman
mammal, for example, a mouse, are transplanted into the CDRs of 2 human antibody. Methods
for identifying CDRs are known (Kabat ez a/., Sequence of Proteins of Immunological Interest
(1987), National Institute of Health, Bethesda, Md.; Chothia ef al., Nature (1989) 342:877).
General genetic recombination technologies suitable for this purpose are also known (see
Furopean Patent Application EP 125023; and WO 96/02576).

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

Furthermore, polypeptides including antibody fragments include, for example, Fab
fragments, F(ab”)2 fragments, scFv (Nat Biotechnol. 2005 Sep;23(9):1126-36), domain
antibodies (dAb) (WO 2004/058821, WO 2003/002609), scFv-Fc (WO 2005/037989), dAb-Fc,
and Fe fusion proteins. Of these, molecules including an Fc domain have the activity of
binding to FcRn, and are therefore suitable for use in the methods discovered in the present
invention.

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

Purthermore, the antigen-binding molecule may be a receptor protein or a receptor-Fe
fusion protein that binds to a target, including, for example, TNFR-Fc fusion protein, IL1R-Fc
fusion protein, VEGFR-Fc fusion protein, and CTLA4-Fe fusion protein (Nat Med. 2003
Jan;9(1):47-52; BioDrugs. 2006;20(3):151-60).  If such receptor proteins and receptor-Fe
fusion proteins can bind to target molecules in a 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



L73 HHHH L82 HHH OLL5 HHHH H *InWT, the H chain has his dine 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 deggribed 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 also amino acid substitution(s)
other than those described above in (a) to (j). Amino acid substitutions other than those described
above igxta)ite(phinehide, dqraxample osdlisscUtiohs Qelefites -Aayitidf sectdAot frs@riiganih the amino

B o SIMED SR QRS B RR on prfUIRSIT IR, (0 RLSAL YR oS 10

recepto?ranll odies of (; _ an antibody thatincludes the heavy chain variable region
(VI-11-g@nsmiias Bosiithionavingmmelaivg Kohindeiulinls fssrl RIEBIHE 0 119 in SEQ ID NO: 21
(VH1-IgG1); 15%}@91@&@,0%;5 &lﬂﬁbm&?ﬁsﬁagmwmmmaﬂabEadbsgi@m()\ﬂ-ﬂizd g@hvariable
A R B SRR R S ooy, O o
acid seglisnseistom QYERMEAIG 21 antibsdicy s SiciauBIy@agse thatds adiahin SR M includes
e s M o sne) g peterce
Fr)eo gsilon Miq%ﬁl%rr%ﬁgsrgg%%i?%én é%%%g’rﬁ)l h@c@g/fgg u hgetfr?)trrlln C:)uscijt(i3 s nts e1 ltlg hltoc7hi6:1lnS\I/EaCrQI (’JllltD)Ie
NO: 25 (VL1-CKithough the methods of the present invention are not iimitc(f to any specific theory, the
10 relationship between making the antigen-binding ability at acidic pH weaker as compared to that
at neutral pH, the improvement of the pharmacokinetics, and the multiple-time binding to the
antigen can be explained as follows, for instance.
For example, when the antibody is an antibody that binds to a membrane antigen, the
antibody administered into the body binds to the antigen and then is taken up via internalization
15  into endosomes in the cells together with the antigen and while the antibody is kept bound to the
antigen. Then, the antibody translocates to lysosomes while the antibody is kept bound to the
antigen, and the antibody is degraded by the lysosome together with the antigen. The
internalization-mediated elimination from the plasma is called antigen-dependent elimination,
and such elimination has been reported with numerous antibody molecules (Drug Discov Today.
20 2006 Jan;11(1-2):81-8). When a single molecule of 1gG antibody binds to antigens in a
divalent manner, the single antibody molecule is internalized while the antibody is kept bound to
the two antigen molecules, and degraded in the lysosome. = Accordingly, in the case of typical
antibodies, one molecule of IgG antibody cannot bind to three or more molecules of antigen.
For example, a single IgG antibody molecule having a neutralizing activity cannot neutralize
25  three or more antigen molecules.
The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is
due to the function of FcRn which is known as a salvage receptor of IgG molecules. When
taken up into endosomes via pinocytosis, IgG molecules bind to FcRn expressed in the
endosomes under the acidic condition in the endosomes. While IgG molecules that did not bind
30  to FcRn transfer to lysosomes where they are degraded, IgG molecules that bound to FcRn
translocate to the cell surface and return again in the plasma by dissociating from FcRn under the
neutral condition in the plasma.
Alternatively, when the antigen is an antigen that binds to a soluble antigen, the
antibody administered into the body binds to the antigen and then is taken up into cells while the
35 antibody is kept bound to the antigen. Many antibodies taken up into cells are released to the

outside of cells via FcRn. However, since the antibodies are released to the outside of cells,



(6) an antibody that includes the light chain variable region (VL2-CK variable region) having the amino
acid sequence from positions 1 to 107 in SEQ ID NO: 26 (VL2-CK); 25(7) an antibody that includes the
light chain variable region (VL3-CK variable reg|0n3)3havmg the amino acid sequence from positions 1
to 107 in SEQ ID NO: 27 (VL3-CK); (8) an antibody (Fv1-IgG1) that includes the heavy chain variable
region of (2) and the light chain variable region of (6); (9) an antibody (Fv2-1gG1) that includes the
heavy chain variable region of (1) and a light chain 30variable region having the amino acid sequence

of SEQJRING gﬁlﬂb%a)es&%p(lﬂ)lﬁm t@%ﬂ@tgém(%ﬁd;g&t)dimt@niudb&m hedyanchaiinvaridhle, region
of (4) andt { tctl}o ?és'f)hallen%%l (ﬁglon ngéx(gﬁe "‘{‘Jf&aéoe @Htﬂ?@g é Ghaihatiacludes the heavy

chain varia Eile region o Jht chain vari region of 2) an antibody

(VH3- |g@;2m1¢)qﬁmrmmb@éyach@mbmam hagery tﬁ%?ﬁ%ﬁé@&éﬁ%@é& {fénce of SEQ ID NO: 33; (13)
an antibody (VFr%é\@'é@@efh@Mﬁt@é@&@s@mahwnehmﬁgd&lesanunboaﬁtutse@ugmmsm ID NO:
an an (VH 73 th tlnc des a eav chain havin e ce of 10
SE?) IDéﬁéb%e ff% FaN anti gy v ?9%1 %\852 Ilrﬁ% lides ge h‘é%l%g ain of (%2 Sglr%g%ahght
chain hivindehadaimihe w@@@mh@@fﬁ%wﬂ@ow @;d(avEé@gr@)de‘éléaeda%ﬁﬂaba‘éﬂ%w&fm%s) that
I(Q/CngdgaﬂH elﬂig‘i/éé&ﬁﬁﬂé%QEQ%%)eﬁf?\;%ﬂi@@ﬁ&h@'&ﬁ@%ﬂ%ctﬂ@tﬁﬂﬂlﬁl@ aﬁpﬂesefyﬁnﬁe aicE)E@lh . N<h> 27
- an antibo that In s the al |n aving
the am|§8e bé&%ié’q&é%%%”s éé Sﬁc‘? f\ﬁ_ ? ?ﬂik)‘” r?gn%ko )j%n% a%g iciudes a
heavy cithe méasmg the weaidy hmdswdh@m@gﬁﬂmlﬁﬁhﬁ@@ﬁqmﬂ?&m@]}ﬁ to a‘{f@?&ﬁ”ﬂaﬁtlbody

(V- M@QMM@J&%&@ Auvchan Mm the,ampine-RaidBeaHaReeiafeth kaE MA{S7
(VH2- (20) a thO VH4- M?? |ncl des a r}geav 8@3'” h vm%ntaetg ﬁnaccfi sequence
of SEQY N‘@a 1LY %EM%) 1959545 HRPb, Sya‘(‘\}‘ﬁﬁi‘ ki Eavy chiainhaving the

hoiaesa
amino acidsecguencthotSEQHBcNOnE (bl 4gwin Y, @5@2@@&1 iartigepyn(EPPUvK 19 sHEEmeltides the

heavy chain.of, (8L aNdAdidhbehRIBAANEIDERMINY ARGSIAUARGR ALRER IR Ni2& (Med-CK);
(23) an antibody (Fv1- M73)t tlncludes%]stmn chain of 19 and “[\}:gﬁﬁham h vin q%,e amino
):

acid sedtEEBRSED 1 NS ISPRRSIE ]313 “é%f‘%%?i yHEV3 RARILIERe heavy
chidn of{2Binand antightchaihdedongpthe 30 dinindsciiardueacegsh SBEOUDNIOSRE(EHEL-BRgR (25)

an gy U] e nlisdie denyy ol LR gL chan g e amio acid

sequence of SEQ (26) an antibady that in J[‘ﬁ Ji zf n havm the amino
acid sedbirits P}F@E@‘}B W Bl WEE%‘P@%‘@@WJ&% BSOS ﬂ%%éo u%%f‘%%%?nshavmg the
amino acid sequiepasiofilE GdPrideEnt2A6v@itG<CGic)ed ittt 63 (@8)imthapiibway thatdidtiuadsratight chain

having C ceaf i V, es tha ention
prowdets%tagfﬂgg}%nég&%%sle%f Eg%{zo vigg?ouvf\? e@%ﬁa&e&ggﬁ/} cshﬁ%é %% W?;‘;%%{:@ %ﬁ%% %%/yHl 2,

3,2 5 (B meheyndhan @Bﬁ?fo‘ff Pentts- a8 gens Leser entesama RSt SEQ ID NO:
42 (VH3jgehishen heavyiehainie BR2hof, SE@ukd di@ a43bid 4)plejuieetdd\nichaim@DR8 of SEQ ID
NO: 44 %ﬂg@l 2); (1) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4); 10 (g) the heavy chain FRI of
SEQ ID el? Zé HI, 2); (h) the heavy chain FRI of SEQ ID NO: 47 (VHS, 4 () the heavy chain FR2
of SEQ ID NO: Q?MSQH@SA‘)‘%?}H@CH%%V@HSW@P@S of SEG IR ’“@d §/H1gP ﬁjnt‘ngheavy chain

FR3 of %E@r&@tm@el@aﬁ\dd?é rdpinihgdieayeahaitbb R30St Dlexubek (h/HhB p@»c@ss)ﬁhmheavy
Ch%n %Aé %Eal‘?m%ngr tost%éYyl_sI%sezmgsd') 'The pH in the endosomes has been reported be generally
an acidic pH of 5.5 to 6.0 (Nat Rev Mol Cell Biol. 2004 Feb;5(2):121-32). Meanwhile, the pH
in the plasma is known to be almost neutral (normally, pH 7.4).
Accordingly, an antigen-binding molecule whose antigen-binding activity at acidic pH
is weaker than the antigen-binding activity at neutral pH binds to the antigen in the plasma which
30  have a neutral pH, is taken up into celis, and then dissociates from the antigen in the endosomes
which have an acidic pH. The antigen-binding molecule that dissociated from the antigen binds
to FcRu, translocates to the cell surface, and returns again in the plasma in a state not bound to
antigens. As a result, the antigen-binding molecule can bind to antigens multiple times, and the
pharmacokinetics is improved.
35

<Antigen-binding molecule substances>



(n) the light chain CDR1 of SEQ ID NO: 53 (VL1, 2); (0) the light chain CDR1 of SEQ ID NO: 54 (VL3);
(p) the light chain CDR2 of SEQ ID NO: 55 (VL1, VL3); 20 (q) the light chain CDR2 of SEQ ID NO: 56
(VL2); (r) the light chain CDR3 of SEQ ID NO: 57 é\?Ll, 2,3); (s) the light chain FRI of SEQ ID NO: 58
(VL1, 2,3); (t) the light chain FR2 of SEQ ID NO: 59 (VL1, 2, 3); (u) the light chain FR3 of SEQ ID NO:
60 (VL1, 2,3); and 25(v) the light chain FR4 of SEQ ID NO: 61 (VL1, 2, 3). The respective
sequences of the above (a) to (v) are shown in Fig. 25. Furthermore, the present invention provides
polypeptides incluiaghany, aneppédhe fiRentind fiDRéohthrabduel{ay olekuldserdnotielL-6 receptor
antibodies. of the present.inventi in¢jude . s,2hd ifi spbantihodies -
includin%n% ?/nf) Hhe" rﬁcfr%ml(‘)/It c% @L?b%lt?t%%%%;bd a?els{%gngove.%%?ﬁ?hfgz)%?ggﬁh@%ﬁ%%@de, for
examplentiz; Fgsnrolewilig ke PHEERI R AREHE L SR PPERE RS ?@ﬁmf@&f Hether via
an apprapfiatedinken. singlecdoman mtchainadthsingledoesaindsehaitzéfobdamplei hataGidtechnol.
2005 Sep;23(9):1126-36 ib W 0597 1014 ). The origin
of ntib%?%%%%)fn%o bsafficﬁfaﬁ?/%qg%ﬁ"l .%3%?2‘%%%%@%@ ?g?éggﬂz&ﬂ%?{ma ,%%gégeg,ﬁrﬁ,zgi}l rabbit
antibodieslcPhlsantibetiias giiindiasastiioetiioh b e anihait Phlifanized, frilly humanized
ar_ltri] bod;@aigérﬁeﬁmm%?lec@@@%ﬁ@@@ﬁnﬁg@m@m&a@%ﬂagmmﬂ are gltairethby mﬁe«ammhmbgdies
with enzymes, tor example, papain or, pepsin, o constructing gen - oay
fragmerits! ﬁ]%oe i neéﬁﬁ%%an% %)% %*é??%‘#%é?&%?@ﬁ%‘?’%é’ﬁe&g %ﬁ%ﬁ%ﬁ%ﬁ%ﬁ?ﬁ Iélgcjnst cells
(see, fohigharnibée, s, aWpE. %8 al., J. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A. H.
?M@th)ods in EnAXW'QWaﬁ%%%@ME&n}?%@S@@I@?Wﬁ@'.étbtﬁ’éeﬁ‘t-i&v&K@dﬁEﬁwﬁoM@ﬁﬁ@dﬁ»ﬁﬁﬁﬁﬂgmologi/
1989) 178, 497-515; L.amoyi, E,, Methods i zymolo 989).121, 652-663; R et al.,
et e o RS R E e R R e R g e
presentlinwenthen fobiddia gresthid ds‘etiprods cindit)tativolppabe difirenecrdamdinmisishtiofnadr (i) a
po'ype%%%ﬁﬁlg&fiﬁﬂ&){?a%o&ﬁﬁmim thesnalypeptideidheriesemdgvention, wherein the
methods comprise the s eg?%l?c [turing ? host cell i}on&grisingla \ ec'g) ti%tor\é\é%irﬁh avgq%nu“%%%gde
encoding the palyBEbeded Q%Fé%rﬁ ARSI TANBE LR el Ol i BTl icatly, the present
inuéntiompievidesdng thoostphprdd Gdng lavpolyiseptide il gravdndsavatgor il comprise the
steps of; 1 p(a)h culiuing Adest-selhamersing.eyectariniguhish R aens anaading the polypeptide of
the present invention is introduced; and (b) obtajning the polypeptid enc?‘ded E)r\xllé?f gene. ies sckv
is obtaifBerHY TR W%Bh%f&%m%é]}% PBﬁeﬁfﬁg.lﬁ?,gggﬁ CHEREH AR Viegion is
linked tonthesd ehigien birelienavia aylinkel] prefetablynecpeptidaimibap@daton S B.S. Artll most. Natl.
pead. Selhn el blithall O AR SmEAR I hEhaln et shalfidbcepamip dnscismay be

derived from any of the antibodies described above. The peptideg‘r%ge%(ﬁ) link the V regions includes,

forBxaniplesapitashyuniing At ebibes HI P EME S ineP i &L PR an anti-IL-6
receptor antibodypefitiepvesenpiriantibamiboldides a honstagsréyidm2Bihlecdnstzht gisntmay be of

any type, (o fXAMA G, G 1gn Ot SEEA TG, EPRSIAM IO i3 Preiesablygehuman
antvooy GRS RIS T EaTy -

: le constant region maﬁfbeamodli %%H] Iudl?Fg.
SubstitutohecRRIp EBIIoR B oh PSSR R SSER SR RchAlH TSF Rbnan
19G2, oriumasndaebisansiant ieg)onscerieferibty LoGreceptor sodshidhmanegntiftiablyeleptor antibody
of g;e present invention 30bine Soﬁl@e“@@ﬁafﬁ%ﬁ&%@%’. 4) vallD8aikRAacap e aRtibadies of the

CaleT. € UppEer T
présent fvention are guperlor In the retention i ma, and they exist for a_prolonged periad in the
plasma may ferant aphisieion oiramig-thihe Aigur 4%90.<51mme B PredHEraRdSRaSSEls aahe-Be
receptorgchivisethedmticle-fireepiahaatibodies bind in vivo to soluble or membrane-associated IL-6

receptors for a prolonged period. ASEurthelore, e AN ieeapintARhodiss ale capab
binding to IL-6 recep?orst ICe Oof more times, and fhus assumed to be able to néutralize three or more

IL-6 recepioss aBePhiadingesiiidar eopibaditio et hepiBaenhl éftidrAse Mastes to
phagmageusigelsyampaTiigns ihal inglde antigsir tindisgumigeculesiaf hampresdqtinbatiatigen
antigen-ggrll)ﬂn%ﬂrr’n&ge{'(ilsj grl Sg%%%gg 191%1:[@ ;eareferably 5 or greater, even more preferably 10 or greater,
and still more preferably 30 or greater. The upper limit of the ka(pHS.8)/ka(pH7.4) value is not
particularly limited, and may be any value, for example, 50, 100, or 200, as long as production is
possible using the technologies of those skilled in the art.
35 Conditions other than the pH at which the antigen-binding activity is measured can be

appropriately selected by those skilled in the art, and the conditions are not particularly limited;



5screening methods of the present invention, or antigen-binding molecules produced by the production
methods of the present invention. The antigen-binding molecules of the present invention and
antigen-binding molecules produced by the produ&%n methods of the present invention are superior
in the retention in plasma, and thus, expected to reduce the administration frequency of the
antigen-binding molecules, and are therefore useful as pharmaceutical 10compositions. The
pharmaceutical composition of the present invention may include pharmaceutically acceptable
carriershowevkt, ihe presenidpventionhpbarvacettitalaamplsitohs ooditistlys efdiis hg&ntsuddr
treating.ot, preventing, or.testi i grigﬁiﬁ] i he.nk i ositions of the
present#wee’n f%esc%?]d%%el o%?ﬂ]gfé%t%%%? 15met gé%ig ié?%ﬁv?na;tgg %%@%%%émg%%r eg;ample, they

can be iéerpdradiaganylepulscdans SetrraishRonstieds sBrit iR Brspladibhdsittulfifg water or
other pharmpre ulicallpiacsrpmable(trid.Aorergroptes Siehsaiapolitons tnalbenfdemulated by
mixing in the form of unit d required in the generally e icl f ' tice by
appropriately cgﬁ%ﬁ% Fﬁ&%ﬁ?%ﬁasrr%%(a:g&ﬁ é%?)l/g §élée18éa%’la(§%%%?é%éﬂéggm&é%?g?s%&e%%{?ﬁ%%%%%eriIe
water, 20phigiionbhieatibadiiseosiatstipre gt ariarsmedesiipendpsara Aaidisrondifinm erdilobring
agent, exgipigptnvehiclen MesaNatveikinae R MsmhisiBstchdrerudations othe oot afiactive
ingredient is adjusted to obtain an appropriate,amount in a pre-determined.r ter
compostts S A TR O B T I O e S TR Bespoce AR
accorditi e Btarad dri dovgatl aviofh pravticen 5 A e dingbiutibes e mjderon RERYIB ASEE&dMple,
physiolggical.saliRe AndisRINBia EQ kHONSGOMAIRING JexXRs e eihbnddianisdier hxasmily,
D-sorbital, D-manrﬁ;se hD-mannitoI, éf'm sodium ché?ng}cltgg (ﬂsoon%os i%%to &Jsguitga?gpbination
appropriAteo ST o S e S O PR AN AT S OO h SHarehats (i ropylene glycol,
polyethyieneegiyooltiphdisieh), Aon-iosit.surfastahisdipalysdrsalesoolivag)any -gol,dmj%@aﬁy 300ils
include sesams of. And sayea: il Banaybeazaa prandionRenpiaieanelisanaa sec ipma.
combination as solubilifzers It is also possible to COE ine buff?rs gfor xam Ite éah%sq%fﬁ?te buffer and
sodium acetate BFRAS LSRR ﬁgﬁ%’gﬁ%&% I Ry S S RS AR LB SERs (for
examplectieny vk aléhd ks phttrolihatrd fod dntioxitistesartinsrophislie amplgadesra fifedhyith the

preparegl lnjegtions, 3SEReR himassitical GRpReRERs Ofihe RiRIeRtdnNRAtaR aie preferably
administered parenterally. For example, the compositions may be in the d sage four% Lor Eé%c]:tlons, 66
transna%PmiW%ﬁgﬁﬁlﬁﬁ%ﬁgﬁ SR rgﬁ?&é}?%ﬁaga%ﬁ?s ratio° FoF example,
they canmseradministesipd isysteribally bistodiakyobyontravend aminjestidnminatamusoutadisedttion,
Intraperligngal IFEON . SHAHIANER-SIURCURR RN SHED, ATBIIRUANALIME RIS Gan e appropriately
selected in consideration of the patient's 5age and symp omf. The dose o harmaceutical
cotfpostigkebhaiikg aérﬁ’%r?ti@éﬁ%ﬁ&ﬁ?&?@@@@ o DA TSP XSRS B 0.0001 to 1000 mg/kg
- for eachca@mnittaticn7 Alteshativalysdhe) desemayddep forforampheititam. 0. 08 2npltd 010@damg per
patient Ligweust J1e pieseainvenlion gt IRt e smerib s siasciibsd gbove. The

d 1
doses and administration methods vary depending on the patient's weight, age, symptoms, an%lsuch.

10Thos@-EY-in The BRMRE eEeminn Gkt s Bl siar st A BASRE RS ASHErAYion of
the facterrideseribgdalfoneino acidminbedaidstedotaibedpmthaiatvindacich sedusnbeseatkiliedmesent
invgntion may be-past-translatjonall ifi . BXE t dificat) terpipal
el e e M R %@@%%?E%%%%ﬁ% Swal-known to
those 13srille@dH! MEwbe TEEHIRAHPT SO hBTE RSP RGN HOBF R st SUELEIRERIded in the
amino agish SRAUENSASHIH thaDeIent daventicmAb peids athdoeunents citdtvirdher sgerification are
incorporated herein by reference. Examples, 20 in bel t ent.ir [ il be specifically
describe%ewsl(flgspeﬁlelr%nsc%)@%%génrﬁﬁZ%, %%’ﬁ%%%t%%g@% %Cc%rn?é% afz%_)é?n%%ﬁﬁ?iéfdgi\ggreto. [Example
1] Produrstionasing caifieel adidedahtion PRFLRRA HEE iPRe BRI ATCH BTIREIBNBhabs 0B Afian 1IL-6
R@}ﬁptoicﬁﬁﬁﬁéﬁh@%ﬁ’e @eﬁmmd _'S@gmga?mﬂeg ké:ﬁ. gseﬁgle_mfﬁmmmammlb@ lteeemmatwla]dmm%/ed an
antigen, was prepared as.describe ow. cell line that consta e e human
L6 rec b CHBROAR o FerEhEa t ot abosden i o P BEEIECY EACRImRA SUEE
(GenBameid2880 psdustuistinscannbtcaniiieh asrs sisdaoasiens ohalasingHiibraEIg teAens44th
amino agjgien the.bsietpinadsidaias repariad inAdndiochenink 08616436 #6h90), 30 was produced.
SR344 was purifi 0 ure.s tan ajned from the SR344-expressing CH s using
three cofﬁﬁ@%ér@%&%ﬁ &8 :%ﬁggg%p%f%{%@%f@% ﬁsrﬁn%: Cr%%%%eéirjgopﬁﬁggﬁfﬁﬁ%?& el
chidmatbgrajivjed diog awagembiidinhice kaudeinsely bisbdiist it SR I01sTHFB IR 26dd gel

filtration golump, ghramaiegraniyed hie-fraetion that eluted as the main peak was used 35as the final
purified product. 67 Preparation of Recombinant Cynomolgus Monkey Soluble IL-6 Receptor (cIL-6R)



Oligo DNA primers Rhe6Rfl (SEQ ID NO: 16) and Rhe6Rr2 (SEQ ID NO: 17) were produced based on
the publicly-available rhesus monkey IL-6 receptor. gene sequence (Bimey et al , Ensemble 2006,
Nucleic Acids Res., 2006, Jan. 1; 34 (Database isége): D556-61). Using 5 cDNA prepared from
cynomolgus pancreas as a template, a DNA fragment encoding the entire 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 which 6xHis Iradted satiben GiteiminabdddilesseitbievetiontiMetidins363p contaniing! amsignal region

of cyno ey b0 e r \gpﬁﬂ. amplifies ipo7theRlige:DRYA primers
CynolL %ﬁ%ﬂéﬂ%ﬁ?@é{ I%ﬁ%%ﬂ{l )a%%{é&é oS MR o 1t é{%!@gﬁ e resujting DNA

. ynoIL6R C-Notgl-His (SEQ | 19). T
fragme At 4Rl ¢ gaidesa WAL BRICGHIFNBROSA dHHEs ﬁbﬂﬁé‘?&iﬁ%ﬂ%ﬁﬁ%‘éI?%?fp‘?éesrs%tﬁ!\l/%%tor, and
this wagthen dise diecprosuaarmsiatie expiéssipi Gl {inthéaymigsitbBripgodticity CpiDTctlls). A
culture medium of cyno.slilL-6R- ' . S. ifiedywi ' 15eolump (GE
He%llthc?zfrle'e‘(:)r i@g?e?é%%%gi%o%%é%%%%%ﬁ%%ﬁ%gﬁ%%ﬁg ’U(Ijtlriggte}i- Il(5_a|l%§(;gl/rl<i’i;rlh?\[;ore), and further
purifieceiiteea-BingEra e bn!pgiie B HEPAIRR RIHAFTEE MEAMEEHPBRSE BN es) to obtain the
final pugifiegtRronidai of aalublasynamalgisnnonkeyd e renapiobihéieinatiecnbidrtudo as cIL-6R).

20 Preparplion of RECOmBINANt SYIOMAMAMPURIIL RS e afMIRBRIGHS MERKEOHL-C was
prepare 48 Tonews. Anuctestide sequence encoding the 212 amino acids reglste_red und

i Lo
SWISSRROeaedEading Nelerrodafowrisiding cegorsaBHAME Ueip é%b?‘é@%wector,
ang introdused inteikdin) selisity Araduseigstaidiexpressiol agitliha(dimooi n6rpretuging@HO
cells). A culture medium of 0.lL-6-producin cell s, purif I P+ rose/FF
columna&wz%tﬁ %ésrg% &3%?%@%8%}?8%85%&%1 ggl% &,i\l?ln%%nn%i{{rﬁ ggp&lﬂ?rlg?e@i&f?h%?bore), and
then furhérstlinfier withesaSupd¥dex 19y 28B0agEErRrhivsineeiGEPHA st Bl R tes).
This was,conaeRIralemh&Ising AmieRn Wit idiitactinakd Miliparejtdiabtait atfinapplivifled product

of cyno us mopkey IL-6 (hereinafter referred to. as ells8)..3 blishyx f o
gplBO-Eﬁ%O?@s?éﬁ?{bdlglglf’ﬁ I&f’gﬂg'u ealil aminp BAF 3T gé?ﬂ?ﬁ?é e@ggs%ngg%% éggl%g&l%% avgjggn s%ggllished as
indlicatechbetovbindindenstobtin deeeishdalagnithsfifutere epBraeinngro WA Te AYRRAEAN
9p130 GRNA (Zihi Rl GEN 3996: ShiAakL 5% (@anBank 3atdiMNPaaM) A Aepified by PCR
and cloned. into the expressjon vector nCOS2Zeo, which was prepar gk}/{emq\&gg.}%en%ﬂgﬁegene
expresﬁgﬂlgﬂﬁ’ﬁaf%oﬁﬁﬁﬁf?ﬁﬁlééﬁugl[?&.,Oﬁﬁggngée'f&%g(r) f@%{i; %%92 5 lefg) and ifiserting a Zeocin
resistancety@rbesgpiessiondilg, asionsteaensS OB 2ENGo1Ba. FiflrRhigH NGHEF IUBRICDNA was
amplified by PCR and gloned ipte RRANAS Heh {1 WHaaam e aanaiisGhblkcBRIDERNABIA(E 10 mg
of &SOSZZeo/ngBO was |xed,|n?i) BaF3 cell‘i

/ 0.8 7.cell spended.in PBS, and pulsed using
a Ebne PHELY BIBRE B A0TSR HUBIRGY Bt H753 \5”5?@%]fﬁﬁé%ﬁa?%%%éé)‘bgggﬁ%%%ﬁéb’éé s%{é)\%ng
undergarfegenerintrodudtiondiyseiGetiopodiniosareituhientowmssdigiured one whole day and night in
RPMII 640 medigmy(lavitiogen). sankinipg &2 e4kaal faausssaiedankinadPeniateed)yand 10% fetal

bovine serum (hereinafter referred tg as FBS, HyClone), .and then screened hy adding RPMII 640
mediumceBHERRTRE TBOhHIRLPHIRTE i?Hg?‘Péilg‘/t?i‘F‘E%o R e AR gﬂfg%dn r?%zlltgnﬁ?el\ggﬁ?uman
interleukinigsctibiinesaptiy RED Systdmeyrahdnlibes #BE bl shahiisheattionsarigprebudsipressing
Bafss collisdirieinalieviaarario ey Rakeloptiol Alarrdis Reiged hareliaiaieain e

presence of human interfeukin-6 (R&D Systems) and SR344, it can be used.to evalua%e the growth
inhibitory ReciRy tARRIERC T FIE beEE SR RELTREIO R HERiIR Y B 4R I A e A S PR R a6
ProductiaRr@fddamanizBgafiplicd--6 Receptor Antibody In the context of the instant example and

elsewhere hereig,the term “wild typa" | Vi AN mBMild tyRe Hchain” is
abbreviated as %ﬁ)&égﬁ%\g&fm éﬁela%%%%be{%fégtgl@ %%%K%%ﬁ% the term ",Wlﬁlgt (ﬁyc ain is
abbreviaveakgaad vompairdifo thaidiagd dut rken §@%’f5§1§ <BgpH Ay thiga %%%?ﬁ?ﬁ%ﬁ Were
intgpducgsbiniddbe ramewnskseqliante RideeRR ke guahcs efthantankB b E3&KPIpH A body
described jn Cancer.Res. 1993, Feb. 15 , - ifi ipg.HBR, (@mino acid
sequené’éa:f%bpm ﬁ‘@‘?sl?ralﬁafﬁﬂ?ie( ﬁ?ﬁ:};&@&ﬁégtﬁ%&&%%g %Q%Ig&%%?gr%g rPre}odi led L chains
L28 (amfioesctRem AR 1ntdel i artEmrhanihemsobati LetprticsladE SN A More
25specifically, thengutiants Werddy adilead dsighther Qeiik GhengerSiieydinehte dMetayenbsis Kit
(Stratagene) according to the. method described.in.the ingtrucfi : L j asmid
fragmen?g greifger ?nﬁtg)elar fal eriﬁjaﬁllg(r%% I%&%%%%g%%r% %'g:l% to Bp%ﬁggggﬁgl (%%%s}?rr%?{ chaﬁﬂn

expbessiorbettdls aRer cxhianiceshs BERA-VERIONE. THEGHS SR ST SPtREBbTdined
expressigni¥ecIorsINe f deterninep usine Conveatisnalimathneaingies tkagnsde: 3dpersans skilled in
the art. Expression and Purification of Humanized Anti-IL-6 Receptor Antibody The antibodies were
expressed by the method described below. Human embryonic  kidney cancer-derived HEK293H cell
line (Invitrogen) was suspended in DMEM (Invitrogen) 35supplemented with 10% Fetal Bovine Serum
(Invitrogen). The cells were plated at 10 ml per dish in dishes for adherent cells (10 cm in diameter;
CORNING) at a cell density of 5to 6 x 105 69 cells/ml and cultured in a CO2 incubator (37C, 5%

CO2) for one whole davv and nicht Then the meditim wae removved hy acenirationon and & O ml nf



Stemperature) to remove cells, and sterilized by filtering through 0.22-p.m filter MILLEXS-GV
(Millipore) to obtain the supernatants. Antibodies were purified from the obtained culture supernatants
by a method known to those skilled in the art usin@?Protein A SepharoseTM Fast Flow (Amersham
Biosciences). To determine the concentration of the purified antibody, absorbance was measured at
280 nm using a spectrophotometer. Antibody concentrations were 10calculated from the deteimined
values using an absorbance coefficient calculated by the PACE method (Protein Science 1995;
4:2411424R38)k, [xampie?] Rradoucticn aftidsDepéngantiedildingipntivady #3plitgaivathod for
Creat'n%@g@@%&;@&l&g{&%ﬁg %&gpgxﬁelﬂ&%ﬁi%ﬁtm@almﬁﬁr Leminge WG neetderare

divalent, a Sing ecule can neutralize up to two antigen molecules when the two sites bind to
the anti@¥éinsBARGER 3l isaddeaitnpd thrdeSPifbre antigen molecules. Therefore, to maintain the
neutralizing effeai_rﬂfeaml@latraibzmgga[ttiboekyiwqxra@éﬁaimﬁ@rdm, ut islﬁeh:ass’awamd_adnrﬂnls&eér an
amount Lthe.anikary saal 1o shgreater hanbeaounalanigen.pRAGRd dusind heigeriod

Thas, there is a limitation on 20the extent to which the required dose of antibody can be reduced by
improvingsiHesraeintekphherd Pams K SrARIBYST ¢ EAfat ferd g T dtralize two or
more apigemeelasiiesyibiasingiedg&Inglecule, the same dose could improve the duration of
neutralizing effect, or alternatiyely.the e ' yed levg the ratiqn could be
reduced. 25Foférilee‘,auvt}lzfl|kzailnnga[§ry1'ﬁb)%)%-illésf_,1 (%gér}g;;}gg?vé)bqﬁ;(?és g? %%?é%%ﬁ’g%é% ?(ﬁ%?bglleg-j%gg @a’ntigens,
which a®preEdibirptaEiiE and membrane-bound antigens, which are expressed on the surface of
cells. Whenithe antigenis ameniy anszbpesd satiges, anpdyiniaieregantivody binds to the
membrane antigen on the cellular sur : apghody;is ently: i .
30endosomes V%sl‘fﬁﬁ)’ln%%g CC%CHQB%? in %Sl’n{gﬁth |on’t}c?g:;%etrtljcayrg)\’/v?%:i t%§¥r§§%%%§n%%‘sr%t%%gﬁﬂggﬁ%?8%he
antibodyit®hen, the antibody which is kept bound to the antigen moves to a lysosome where it is
dngadeg ICk;y |y3®§fé?§‘ﬁ1&%ﬁé§@{ M/Mbﬁlﬁ@fg!ﬁ@fbrfﬁgg?ﬂﬁiﬁ(l;@tm%a@ﬁﬁm%mf@ﬁhme plasma .
mediate internalization e ne antigen is referred to ntigen-dependent elimination, an
e b b it e SR e S S
81-8). Simeécd Hingi®IgG antibody molecule binds to two antigen molecules 70 when it divalently
binds to antigenﬁeév}ddﬁamep{imqm!imﬁqu%!mgngq{@y,lmqma, asmalecvslinaty 19G
antibodmannot neutralize two or more antigen molecules (Fig. 1). The reason for the long retention
(slow el ip%tion) of IgG molecules in plasma is that FcRn, known as an IgG molecule salvage
receptor, functidngiNaiR24nirRtnbl82002.365; 530 90.9-98)angad-¥olecules that have been taken

up into endosomeg L RIRAAUBSIRRIRCHLFERME RIS sebinaAcPsOMas Medatdnfiaeadqsomal acidic
conditions. |gG molecules bound to FCRn move to the c?ll %lffrfac where thteﬁij}s%qiate({r é%,FcRn
under n8%5}%}?&%%88%‘%‘??6?52%&??&?&&?&%’b?é&?ﬂa,"w ec?é%b RBIZRdES Ginabie ¥815ind T FcRn
proceec:inthiysosorEEVhER 1132 Al 0eldfdd EhPEid2) 100l gGnrholetotestddlnnola therdbrane
antigen g, iaka iy Mtesinfraceliyarsendosomag &y g@a@y@am@% b ysosemesiie bound
to the antigen, and undergo degradation. When an | ntk%:fly glz/aleni}/ Elnds to antigens, it
neutraliZ6& e st ke e ﬁﬂ?f@?@%ré%“u‘ggﬁa’a o t6g&tiBf Wi the antigens. If the IgG
antibody, when t&lken tip imtopintiadelalar enblasemBs -Gy meé‘gr@llzami@xﬁﬁcaﬁcmisﬁmi@téﬁﬁ@ﬁh;he
anggen yidey nirasadosemal sasigie.aanplinns: e dissaciaied Anitodyaay.be able (o bind to
FcRn expressed in the endosomes. Thﬁ?{?G molecule dissociated from the antigen and bound to
FcRn is transferf&d s theibell dtrfhe? 1A&h ‘d¥ociated from FcRn under neutral conditions in the
plagma, therebylr@wahmﬂhEﬂalzaISmmimdrhMgG_r_noleculg that has returned to.the plasma is able
tobind o a newypembRAGANIgeR2921; Thefenstlipn ahibisiprosess Aoy ,Rngie 10G molecule

to 20repeatedly bind to membrane antigens, thereby enabling neutralization of a multiple antigens with
a single M@ frgleenratesigelye H33n feveass sha BafiBRaBrmi§ies HR BHBBHGHUHWiNRETEd binds to
the@ntiggar#uthe plasma, and remains in the plasma in the foul' of an antigen-antibody complex.
Normally, while the retention.of antibody in plasma. i : iminagi [ ) due to
the 25function otﬂi% r%légnd%lggr%% %e\é%%’? tﬁ%‘%ﬁ%%ﬁ%@ﬁ%%éﬁ%ﬁggﬁ%%% Z?%f{t}{%%nation rate
is fast). Ptigcantitssapibedihy aithysies sh e &é’f‘éﬁﬁbm'ﬁrﬁlagrﬁ&@&%%r&m@@@ that of antibody
(eliminatippatadsiRa s Apigens ae-praducedindhedpiyaiacobiiantepiegntheantihec

absence of antibody, present in plasma at a con ration at which n 90 rate and the
antigen %’ﬁﬁ%ﬁ%sti%urlc}éag{gecaérgsﬁﬁp &Y equl U rrﬁ%ofrol %%Qeltepar%é%%ncsesgé%%%%r%%%%%%’mf%g%%#%ﬁjegéntigéns are

bodhd tdladtibodiel, redbitiglirttHb Vel soll-dlirfinbbiok-drladtigendLThud Lfé. dhtig i eoncentration
in plasma ipstsasessascampansd vwith-piat, ippimnatiseneseptantioody (Kidneys|nist208khthd, 697-703;
J. National Cancer Institute 2002, 94(19), 1484-1493; J. Allergy and Clinical Immunology 1997, 100(1),
110-121; Fur. J. Immunol. 1993, 23; 2026-2029). Even if the affinity of antibody for antigen is infinite,
antigen concentration 35elevates as antibody is slowly eliminated from the plasma, and the
neutralizing effect of antibody terminates after the concentrations of antibody and antigen become

equal Although antibodies 71 with a stronger dissociation constant (ICD) can neutralize soluble
anticnance at a lower antibodyy concentratinn antibodiee at a conceantratinn half ar lece than the



10cannot bind to new antigens in the plasma. In this case, if IgG molecules can dissociate from the
antigen under intraendosomal acidic conditions, the dissociated antigen will not be able to bind to
FeRn and thereby may be degraded by IysosomeéSOn the other hand, the 1IgG molecules can return
to the plasma again by binding to FcRn. Since the IgG molecules that have returned to the plasma
have already dissociated from the antigen in endosomes, they are 15able to bind to a new antigen
again in the plasma. The repetition of this process allows a single IgG molecule to repeatedly bind to
soluble GRUFENT T ES BNEHES, £ BipQentgGoytelcoete totretitnb izaon {fipl, Anigens {MgB4).. o4

Thus, regardle f.whe tigepis.a tiggROr 1hl i ifithe dissociation
o119 SRy o e g e e e S G ngle 19
molecuféS#@itiRY -be able to repeatedly neutralize antigens. In order for IgG antibodies to dissociate
from antigens upgeciniraepedsaadalatieic tahaitahs It recpssary that antigen-antibody binding be
considerably weaker under, acidic conditions . ondifions:1.S) mbrane antigens
onrie cell su rfjﬁrllcéee r?lellégepo—%rel rilré%tl?aﬁglllgéeﬂi é%ﬂ%ﬁ?a#é%?ﬁﬁ?ﬁ%%?%n%?ﬁﬁ%%ﬂ%ﬁ? swzlt the cell

surface pH, narkieympeferrad W%ﬁ’@%ﬁf@éﬂ@%ﬁ%?ﬂppﬁaglﬁé%ﬂg@pm@ﬂ’ Hpically pH 5.5 to
6.0 (Nat,Reve Melb&rls. Bioln 2064 dsehy b2 )inliddn3eh dnpatibagyathiaF wiesldyidinds:gooan antigen at
pH 5.5 to 6.0 is considered to dissqciate from.the antj ' idi ifjons.
More sﬁ%‘éﬁ"%eatl If&raC %ﬁ}diee ’If r%@%gg fgsfhaws%?c?n%? %LI%%S 0] éﬁ@ﬁ%&%?ﬁe@%ﬁ&ﬁ%%@ng of 7.4
and wedleytiigdidants Smtgeritds m%ﬁ%&%@%&i 98¢ 29 30l60*nidy B&Bble to neutralize 30a
muylsiple antigenprangithesunipeio\ the pbamiacokiaetias not patticgensr sitmpikateindumoteive of
interactions cpnsist of hydrophobic interaction, electrostatic interacti onding, and the
binding treridiis t)f/%pif’céﬂfﬁie%jﬁr%s%sgd%gg% %P[ﬁ?ﬁén 88”%3%%%%&%%@2%#%%@5&% ng constant
(avidity prsfedigre ranit ifibintcwBodaihetigsssanghanibrsis e et deutrEreEbRaNSAstisH 7.4)
and acidigeeadiians (i ariak, SRisHresesidamnaturalieeenitiogipraisinippaieiculateractions.

For examplg,.the abhove-mentioned binding between. IgG molecules and FcRi salvage
recepto%‘r‘h@&g a??bt?ﬂﬁ%%m’é% %né?rgo?%éusr% SF A %?(%%&}ﬁgﬁssﬁ(?ﬁ%%%%_ gf@ﬁﬁgﬁi}gﬁgébly weak
untfer nébtrahtbnditioms ks be) v obo vf-dastribe deppentEnayticraivgingt impfdisHifiteractions
are assogiatedwith hishdingasidues. Sinee dhrakmpidistitipepirsidugisdmhenisiaity of pH 6.0 to
6.5, the proton disso iati%n %tate oéhisﬁgﬁg residu%s varies between neutral conditions (pH 57.4) and
acidic c%&ﬂfﬁﬂ@( BIEIP0E ) VERLY ﬁ%,sﬁ%%faclngn}%sidues are not charged and function as
hydrogen atom @icoeptors nfdenmeistrmaititoddiionsiprny . 4 Wisikeshey bbeoieBosin&dkrged and
| funCtionaﬂaﬁe&é%?%ma%@w&%m@% SAnslions (Bkba 249 SeOinichas bernyepostaddhat the
pH-dependent binding of the abov%described I%)G-FeRn interaction is also asso ia%d \/gim{gigtidine

reditiued BHERERERYROEY (VIBTSEBII TBH 62 ARG AP eI BB AP S B s & oD A AP A G e Ear be
imparteddst proieidupeoteichntenactionbdiy substituting an amino acid residue involved in
protein-protein inferactions, witha histidine.lesidugral BYalntiesiiinaahistidingite, andnferaction site.
Such attempts have also been made in protein-protein interacti tween antibodies andlaggtilgens,
and a m%ﬂgg"t’@ﬁﬁ%Wmﬁh&ﬁﬁﬁgﬂ%ﬁmﬁﬁtﬁﬂﬁ%ﬁ%’w&gﬁg c\gi?: BhEtsR g hEen
successéuthhphouirecdey it SintrpthcinghibtdiiERinthathenCD Ristgdencd/stiadafiv-algtivhitg lysozyme
.anEQOdyC%E&TQ'rSITIS‘%%I{\fﬂa@Q%’I %}2 & R2:88 o+ 998NN Addifian AL RalinRd fhatds Hreparashby

introducing histidine into'its CDR uence and specifically binds tg an antigen at the low pH of cancer
tissues Butines el Beskie. Fribesdauiid ohahrd ﬁés%&??@ﬁg?t)eﬁ%ﬁ »00 %?%ﬂl.e fthough

methodsdasitsiadusingpibigpaendénbicifiohnitigenantbodissdactionstalier2fectategorted as
described above, a ek jzes [ Hgens Linding,to@atigens at
the body%&é%%%@%%%at%eé%%f%ﬁ ing téafl g?ftiggr]l%ﬁ a%[H {&hggntraen%s%%gp% of pH 5.521%) 6.0 has
not beerm&podtedon ﬁ@ﬁ@?%%d?ﬁé?@%?@sﬁé’&t}w&cﬁ&rﬁe RS mBificaionEfiosing an
sigrificapihieitieehrDIRdIOPRIIgsinReiic trrftiiansodbie aitfRinitg thenbingithahder neutral
condtons st Nan s copates e an-ihmaife . saaniioady, a adiiied A lRot iR imanigens
multiple BRHEs S vivo an ere%y shows improved pharmaco w%eths as well as improved duration of
the neutralizhig @ffeetiarthe SO Ndsecan be smghesizsd dueptdh-isRESE TR ERESE8Ein the foini of
either sqlubl HelboiRE@RIRTaF SN eI R Hidh s ekerioeMatvitlitheRiat teRbetofaioh BROBINOV; 2(11):

619-26). Anti-1L-6 3Qreceptor.antibodies bind.t S le IL- IL-6
receptor?%‘?‘n% &‘f‘t‘?a%i%é %e?rdblg%é’.ﬁ:%gl 310%.8@? ?gggdgﬁeﬂgl %a%%ﬁ%%%ﬁ%%rﬁg ?g@r?ém r??r%grane IL-6
receptoramrilictedeedptbetthilsdaRslare mratrbls rmbarraBbiings EnddE5ARE Y HtEmMafidiion
while bopnpdriesthe.meRtpRRe L fieseatal nhemhamavetiniedysosanas bl tietanibadies are kept
bound to the membrane IL-6 receptor, and undergo degradation by lysosomes 35together with the
membrane IL-6 receptor. In fact, it has been reported that a humanized anti-IL-6 receptor antibody
exhibits non-linear clearance, and its antigen-dependent elimination 73 greatly contributes to the
elimination of the humanized anti-IL-6 receptor antibody (The Journal of Rheumatology, 2003, 30;

71426-1435). Thus, one humanized anti-IL-6 receptor antibody binds to one or two membrane IL-6
racrentore fmononvalenthyy or divvalenth/l and ie then internalized and dearaded in hvenenmecec Tharafore



Production of pH-Dependently Binding Humanized Anti-IL-6 Receptor Antibody H3p1/L73:
Introduction of histidine into a CDR has been reported as a method for introducing pH-dependent
binding to antigen-antibody reaction (FEBS Letter%@ol. 309, No. 1, 85-88, 1992)). 15In order to find
amino acid residues exposed on the surface of the variable region of the H53/PF1L produced in
Example 1 and possible residues interacting with the antigen, a Ey region model of H53/PF1L was
created by homology modeling using MOE software (Chemical Computing Group Inc.). A
three-dimensiangbsigdahconstriciaduin -t basindhthdtsdfaende ifohdlioref M53(P¥RA) was used
10 selectHiay 131 Hidnukefib oMl ARl EOUHNREHRg: AL bkt IR LiiREAYenCeS

of Proteins o nological Interest, NI-I) as mutation sites that may infroduce pH-dependent
antigentBidin gy HEsIdTRR AT S QYRR DTS HPSEREt ﬁ{-mﬁﬁé‘f??ﬁélr%%@a&éé-amﬁ)ﬁ?ﬂm H35 in
H53 praguicadiadcsanpieclawerequbstift e Rvithubistie s thiasedesigh et BsoH3pPEEmifa acid
sequengge: SEQ ID NO: 3), and the praguct in whi rﬁ% {%931 28, L32 and L53 in PF1L
prc?djuc§§ }ﬁ% é&a‘flrnn%p e 19\/12&@5 gﬁ éﬂ?ﬁ%g{kagl%\ﬁ%%t%?%s was eg%jraated as L73 (amino acid
sequence: SEQYbenGrean st fibhemipiadsior e pisifbuRencorHBpET S EXBEREh Vector
Amino agighameifigationavam caripekouh b Ried ueerratipasliederiogifitchahthraselettedisites For
Mutations were intr. ed.into H ucleotide nce: SEQ ID.NO: 13 E eotide
sequen%‘?‘%é@ ?ﬂ%dgy%%y%r%ﬁéc%’g] i%a%efigrlﬁsﬁfz?&gt%gr%%ﬁ%aé%g%f%a%mﬁn%%(ggg gaén ﬁ%ﬁgéﬁ %%Q ID
NO: 3) dm&d&@mimmﬁeseﬁmm@dsmnmmn@tmé@ﬁ&gﬁé%wmé(bﬁw an
Siﬁ%-Dir_%@ﬁ@d\Mc?g Bﬁ%é?ééﬁ&%éa;@wzel_ X}Y\é?éoii?éﬁﬁgﬁqﬁ@w&gpﬁ@ﬂbﬁﬂﬁgih@ﬂtd%@i‘@eﬁ' d in thﬁ
instructions provided, and the resulting plasmid fra nts were inserted.into. a m ce
express?BHﬁﬂgélé’tS?a% Frodude ‘%Hg%ﬁét%/l‘ red Y éﬁlaqﬁce%(%%%@o%%%%%? Sarr\i(sz?lI ‘e ngﬁonn%gé?(égééﬁ sion vector.
The nucledtidies sequehbes gbthelrasattiity xgesssibir vadaeniersy stemmaband<itg B iHtthod known

to perS%giakiﬁeHd@dtﬁ%ﬁr& BRI A3imRich usRaHHSRL, fehutdiliec shaipansdizatty theldehain was

expressed and purified by the method descriped in Example 1. .. [Example 3] Conferri
pH-Dengdee"‘n?f%ﬁth’é ?ﬁgi%vﬁ %ﬁoﬂyb? %E%%I?ﬂrggfnlol%acll) &%IE-E% ﬁé%r llélésed%?svrﬁ%%[?gc%nology
Prosiuctiomef sclipddpleclibe obttmmiariziedskivrivahfisodhumanping tndiea piader fola ingheeoey, which is

a humagized anti:ll.-6R antibedyy GancsiiRescLa93hek 4RpR3 1 8aL), wez cnaverted into scFv.
The VH and VL regions were amplified b

PCR, and humanized.PM1 HL scFv having.the linker
sequend8 G cEBsEaEY BBy (OEks ﬁ@}@)aﬂ]&%&’ en Elen%f @Envg\}élg %g(l)o LEE .ge
SelectiomafthiistiginexnifedtibitlePeStignsobypblistilice Seatmigign of lRORES parfelerdddusing the

producegl lymaniaer RYJ Hinscr BN asrademplaaiioisanissahistinsoioraniin whicheany one
of the CDR amino acids is replaced with histidine. E)The_llgraé%portlgns W§re cons r%cted by PCR
usity primdke WWN’&E%@EBH@W%@EW’QW%%@@" B e s R A i5rary’Was replaced
with CATntiboddei moriesgpnding to histidine, and other portions were constructed by normal PCR.
These portions weie fe Ulkacbyass seala e Rutbaconsiiysiad Al anwardiasieg-uith Sfi,
inserted into a phagemide vector pELBG Tad | that was also digeste V%Ig[‘%q?tﬂ, and thenguseE?to

transfolifh Yarim ey besradifiehRy. dokirss SHASH HERhiIRS He8: SRR S G8n BirdiRg by
phage Els|$A aindiansfytfitieyseabenagiafHhtisidicPhagbibid®A was carried out using a plate
copted with SRA4 2l Tl AREAYIANGS Wil Mk RR)I902 2273 LaSRnlones thal were

found to bind to 344 were subjected to sequence analysis using specific primers. Phage titer was
deteimirisdbRaEs YSAS PR v Eda MRS T I EBE R RSP BN dVD8R ARSI SH5 8 dy (GE
Healthcarghak bisvilsiaprasdherpusediasgiect positions where substitution of the CDR residue with
histidine did not.significantly alter,the bindin ili {p[[gugf ' M ased
on the results of p aaélgl %’L%%Og{#gﬁrgi%%f%fg{e%{c%%&? go;g!t% nseare sho%v%r%%g}r%blé: (g#el\%?ﬁn 1é%ing of
each regigiieodigs Whaseartdaredningreikapatminb 8 i gTRABAY, BEAET THgMOSORRAEE I Proteins
of fmmupglogisal Tderestb ) 3A1Tabl bsiighslidist dinstHubsiidtorito nbigriticantly

Affecting.Bindi ility H31, HSQO, H54,.H56, H H , , 64, H65, H100a,
H100b, %E‘b?@ﬁqh ,"E%‘?’?’i%é"ﬂfﬁ%f‘ té‘il?ﬁtzﬁzgg %%%ﬁ%ﬁl?’g% qﬁ tﬁé%%t 927,"?94 75 A
library wAletesitebd mibeidletvdesningisendbisticpmtisiinaerHmg ddasrdymtbamhpHiéitthe
binding ghility vbrarsglbstitieswith histdine eshowesiobiallel 2:-thistisinerbododisetbieqpositions) are
their orig&gﬁaﬁa%uenc (Willﬁg;l_%&’e 1seguence) or histidine. The library was constructed based on the
sequen TBPRERT %Rd the L chain PF1L 5produced in Example 1 such that the mutated
podftions for the Whempistidinene pightateseiuamias arifssioinas iBRAB EARBTIFAMFREE TBRCBr
histidinegled for TREHIBRANY BPItIGNSVRRLEMRRITICIEchBY STER usine & iReste hatodesadesigned such
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 10in
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 library in accordance with J.

Immunological Methods 1999; 231: 119-135. In order to carry out Escherichia coil cell-free in vitro
tranclatinn an SDA ceariance (riboeome bindina cite)l and T7 nromotear ware added tno the B' 1GBeide



In order to concentrate only scFy having the ability to bind to SR344, panning was 20carried out twice
by the ribosome display method in accordance with Nature Biotechnology 2000 Dec; 18: 1287-1292.
The prepared SR344 was biotinylated using NHS-#E04-Biotin (Pierce) to obtain an antigen. Panning
was carried out using 40 nM of the biotinylated antigen. Using the resulting DNA pool as a template,
HL scFy was restored by PCR using specific primers. After digesting with Sfil, the digested HL scFy
was inserted into a phagemide 25vector pELBG lad | that was also digested with Sfil, and then used to
transfoluiskliiBine {Riralagentho acid keghecishid acibodils eammyingbthimelebiredefladsiidonaregrown
to 0.4 t19,0.6 /mL ip 2YT medium containi ' eIl 9 Ilper phage
(M lBK%?%g%(Bheg% ueve\lllgsc uded 1flglélrsee% s@tg)ttllc%%il/ﬁ%ﬁ%3?%?%%%@%%@@%33@%@%%%% cultured
30with gntikindy idersty minespasteotriawL Ry oy garerenermliseasthetissdicsh wbe, centrifuged

for 10 mifutigsah3PRAEERY resksneRsdea inaird medium containing 100 ug/mL ampicillin, 25 ug/mL
kanamycin, and 0.5 mM IPT! ngd.then incubated.pvernight at 30C turey d
overnight was prgg?ﬁrﬁ}&%an}&ﬁﬂ%gw AT and* &%%%E@f%}ne ?ﬁ%%h(ﬁﬁ?l%gs ﬁ%’ggg%ﬁ&gﬁgn a
phage libraredotinipantiodyNitPBE L PB Sleo ktsiniig oot ssdRiserAikicdnE e §8IHC 1 were added
to :hbe thﬁ%}l&?éw é@!%ﬂpﬁgﬁ%gﬁ? fjﬂﬁlrf@,.r;%@'ﬁf ?E&Qﬂ;ﬁl@?xéﬁ’_@;ﬁdn@ B&@de@%ggéﬁﬁﬂm(\]i@?mas c?rried
out by a typical panning method ysing.an . 76 antigen.immohilized .on ) a unol.
Methodg%ﬁgﬂﬁﬂf&%ﬁ‘ﬁqﬁ -@%?ﬁ%%ﬁn%ﬁ%ﬂgﬁaes @%19% ﬁa%%lfi\])% :gfg%?(.])'ﬂglfbtechnol.
Prog. 2609el M&RAp221 S§1):971 Vasrhmees speciftedlyicadisdlet bR IdbeRY RSB s added to
Qe R R Y i Fa g e gy

reptavidin-coate ads (Dynal M- %.M- ntaining 5% skim mi
wero nREERET ERAP R e ALK B B S S o R & T with both
0.5 ml ofiRBSTERBE aoraieipondid s T weeniapapsc iy mat B HCTWRT hdobakidwelid then

suspended.ip;d MbRfRE (Rlif-a) ARl G AREhiNE PhAgeas RQETes invReRiatahy The recovered
phage solution was added to 1Q mL of logarithmic-growth-phase ]é)XLl- l%Et 0D600 of 0.4 to 0.5) and

dded
allowed 10/ Stand REEORMAER ‘E@%V@? ec ﬁﬁ%‘?ﬁgqﬁget&‘éﬁl OIS R Rto a 225 mm x
225 mnmuplitedoertiginingigYiFiikujigiman budicitiraitd 2% ajtadoseviTheber Exupbwmereriabied to begin

additiongl PGS Gulike SRR BeBNGCas HIBRGHDSAARAE BRALESRCAlIiE BRIAG Bies.
15Evaluation by Phaue ELISA The above single colonleé%\ﬁliv re ingculated |%10 pl af 2YT, 100 jig/mL

206 glucSEvahdsiE ppai R Qeiind HAaLRiR e [0 APBETES 595 BF HRISLEHhur S RsEe
inoculateshinits 306hp dcleb M PhifH painiktampicitlic BNA29nghrcesenandithehcoultiatdd fegidniiours at

37C. A st aqn, (1SN MBS AAC 0.1 CIPEE DX 108 e R0t o 0

minutes at 3/ | then shaken for 30 minutes at 37C for jnfection. S bseéqueggly, the medium was
replacediitAIITOLTer 2o, SHUatlg A SBICHR CES S RILPRATTRS CRECA T S PN TS Abter
culturingpeinightat:36kndike. ceniiifugedsupaenrataaidyasdétovenrgchn86tp taofr6EMMABS (pH 7.4)

was add&zq?tpoﬂz?i{mfg @&@zitfkﬁv@%m@a?ngbgnq sibiosted10 HASAVA Sigpia¥vellSewell

microtiter plate e)'was 25coated overnight with 100 ILi of PBS containing 62.5 ng/mL of
biotin-laBele#P8R344. After removing the antigen by washing with PBST, blocking was carried out with
250 iL of 2% BSAsRBtanddbesr onanang. After camdiingiibie 2YeBS5AMBS;dheyprdpared culture
supernatant was.added and allowed to stand.fo f thody bindi f ing, 50
B P o BT o B g T 3050 seateq a
37C. AftbrewasAgnteeas s iweis cag Rt SR AN P BR R A BN AT A B ersham
ngrm a@iﬁ@f)&@@@) &Hﬂiﬁﬂ%iltbrﬁﬁ{ceh B %Es&%ﬂﬁb%dﬁtﬁi@giﬁrﬁaﬂﬁmmzxyﬁmhddwﬁd Ipuvedt byithe
addition_of sulfuric. acid tq.stop the reaction, and the measureme e.at450 nm
Howeve?,y no DIGheg éx ?%}i?{ftﬁsgﬁ)oﬁlo e%%‘%éffégﬁegﬁggn?g%oﬁﬁaga%ﬁ% E\;\;lig?(?é?agiﬁg(f %3835_this panning
using théahtigemas i bilive ovndhsmeaninatio tibedss sTdrsiinacord seh Aatterdr st inklsk
pHsgdepepgent binding,abilitywearr sukiectad desreuente dnalisisiuging specifissctbpieend. The
positions,in _theire clon&%ﬁ\h re hist'dineﬁN J)regentti&t)éi hmst%atﬁgrieorslhfgpeiq T .Ie 3. [Table 3]
Position ’3?‘11& e’ HtoRiSh PG éfﬁ?g ﬁhagesﬁﬁ:)rary? a%nel ead B anning) HSO,
H58, H61, H62, M68; #6dificahy, Haoizy, amizenss) pRin 88 abogetdgaciionl adibedgesiton of
pn-gep%ﬁg&ﬁtﬁg ﬁé@ﬁi%ﬁtﬁ%EM&qnhﬁai}m_@mgl@gd@%_{mélbﬁwwmgéi@thalgﬁeﬁlm\f_m@wgygnd e

-dependent binding ability were obtaine cal papning using. agnetic bead-immobilize
zntigeﬁ.“i*ﬁ‘? & 6@‘%&38%&%%@8& ‘énﬁeaé’éo%ghgetﬁé%gﬁ%rﬁ% e%fﬁig%érgl%%r’l%\é%ﬁgﬂr%%ﬁ%ed on
méagnetitibéadsoahespltenalephaljesdissptiatbt fromsithetonizgnehiel bpauisior pldtBariiddcatfae
conditions gr& galeetedIHUS 1hhAgRiGIONES RAVINOMRIKRRA (RReBERREesoMaEeEhinarier reduce
the likelihood that clones having strong 15pH dependency are included in the finally concentrated
clones.



Therefore, panning using a column immobilized with an antigen was examined as a more stringent
panning method (Fig. 5). There have been no previous reports on the acquisition of clones having
pH-dependent binding ability by using panning with‘an antigen-immobilized column. In the panning
using an antigen-immobilized column, when phages that have been 20bound under neutral conditions
are eluted under acidic conditions, clones having weak pH dependency rebind to the antigen within the
column and are thereby less eluted, allowing strongly pH-dependent clones that less rebind within the
columnﬂ@chec&eieistiheiﬁsehnédxfchmmhmmiﬁgms In Atiditicng atthonglofdie pitdyekahaf thave

dissoci E%Q'GH dﬁt%@&b iHions A acayREed rﬁh@&age&%yﬁm%é@weﬂemd@ﬂ%ﬁ on

magne Cc beads or a plate, the 25panning using a column immobilized with the anti enables

selectivi® tBeer/eril6f %%@h%ﬁé%ﬁ&ﬁﬁ%@@ﬂd’érﬁ%mﬁ Rty By EHORNFg A acidic buffer to
flow throgigis the) caklisanHo Hegin doenetutinorbapeokredefingontyplaiprdpriate fraotiDME!stein eFirst, a
column t e anti 4 p of SHgptayidin Sepharose
(G He tlglé;re v?/%ﬁsaf\}\%agﬁﬂ/gﬁv%gﬁ 1%%%%8%’%%9%256‘{%2&% gol%il I%gf%%éhPBS and contacted with
400 prrioRBUBRAFHIRIDEN TSTESLNET 10 WOl BF RSO RS Pa RSl osmsd &dise MNF i Ra A SEBIumn
(Amersham PharracitRiRibeinyasflled witlcile abbve sephdrose/dnanadetiec fritvasayt 3 mL of

PBS. The abevecmantioned b Grprecpae ktan Phiaes Weie dIGH o 4BML0 O SHBSA-PES

(pH 7. 43mp§ssegl?ﬁroug er, and then ad e column. After washing with about 6
mL of PB@%BH@WP%W@@ME@N@@F@F@ BRERE ISR e BRI WSS OGH AFYeBtMin to elute

antdood@ﬁlgaag %S?@&@t@f%@@itl@wéﬂﬂaﬂbgl@ﬂ@@lﬁlﬁﬁiﬁ@eﬁiuteﬂefa@&tgms swerecasidcted, and the
recover dge 78 qutlon was added tdblo mL o%arlth %\fvgﬂr g%a[ 'belugéq%ODmO of
e in

0.4t0 0. lowed (6 Btar dlf%r Minutes a %? ected E. colt were plated onto a
225 mmmeegogasplate containing 2YT, 100 u.g/mL ampicillin, and 2% glucose. These E. colt were
- used to begin agdgitons)-phrE elﬁ%&:e i W&mwmmaﬁia@gqmeﬁm@ﬂ% approppest the

panning 6 times. Ev Iuatl e res ages were ey | hage
EL1SA. S@Sﬁlé%%ff Wg?é %estrd‘%léelﬁﬁﬁ Spend ency%\ére Sub cte tg% s%% 1%rl\%):eéi:}lnalysls
usifig sfoaarﬁmpwmemumgaacregﬂbnmbevm Bigrmes sholvirrRstibedi ¢ - dépioricREBas §ais

compargg U0V WRke RRLaiRed s@&l%ﬁ%bm;ﬂﬁe@ aRIANE Gldhudd ﬁh&ﬁsthgb'ﬁnéqﬂmlrhn@Lw) (CLHS:
amino acid sequence of SE ID NO: 5, CLL5: amino acid se uence of SEg?h E}1) was found to
ug contir

exhibit pEFHEHRrly Fgrf‘él a&%%%%ﬁ%fffaﬂ%& %fsr%%en%tﬁasr%c & Wi fied that
antibodiegenbibltingsthongahtite pehdantasin dietpdins| o belsysuriablesteyberobigin &P bycical
panningJausing theRNMIgRRINMQPIZeHANQ-MagheligieAdScaRhe eﬁﬁmedahmgmwmmsmg a

column immobilized with the antigen. Therefore, panning us#a%an antlgen i ilized column was

fodRd tGBd 8%@?@6%%%6%%%Q§F83&|ﬁ R ePEREE R Bihd noéj aaﬁl%% SRS A ibrary.
The amindnadid(seqBEm 66860 Hoe donbs. Sh@wm@tpﬁadepéﬁ&éniblﬁdﬁ’r@ﬁheréfém&@édsﬂﬁd the

positiong Whets istiding Was Riese ok @é@ﬂé&rm*aﬂ'%tfbﬁ&@%@ﬁ@f@}ﬁﬁr@%ﬁ&m@%ovvn in
Table 4. [Table 4T Positjons of Histidine Substitution fog}%%li e Librar é%/‘étéjlum Pannlngng?,l

HSO, HEE1 958 cines PREENRtH DK HIHES 54142590 %, °§§telf i ZIa‘%gﬁ::mxampIe 4]
Expres&ensaﬂdx‘é’mﬁg:&tmﬁfrd:dlshd@mﬂwm&hmHummhedetBaﬁRédWM@bodﬁlenon

Express P icati t i
A?%Lodf s TR, U i e ae PRkl 3?5%%@?“@5?%3&%@ e o VH and

VL wer a8t §éﬁ?‘é‘ﬁiﬁﬁﬂe§?ﬁ?%%@&8§?é&%ﬁ%&?ﬂﬂépﬁ f SBRPTHEHEd to a
mammafiaAtesthexpksgiahivectiaradiie divsleotite degued by oheachzbDiy Ardragenentniaslsletermined

by & meled o ig peragns KRR 1O AR EHIANES, In IS GLEB A e oy he H chain

and L7360 was use In, was expressed and 35purified as 19G.

Express?éﬁlaﬁd7pWﬁ?c§(&i’ré]£%reV€é%@izéﬂtzsb‘ymg%@t@% g Qe%p’fﬁ%ié}nple 1. 79 Antibody
haying even highekpk depenadcy waspredtieé ddibeampiningaiyidticmgites. Basediog the
locations where His was con ent C fi nd the
A ﬁgg}%ﬁl 16 SRR dfuf}ﬁ}gd%%gs gjkbéesy w&'&g&&heﬁﬁy A gfaup eﬁm%eﬂga

h was o talne as an hain in Examp e 2 were

substitutéWithndirype. tawnﬂgésahﬁqqee%efe flpisdr Shassmteainteihce shqutmerriie,
respectiygbstta RrOcHER AL 7OTtREQHE IS 4)n d herigenaniprogithtiosunds tassiegoutdsingrthis
method described in Example 1. In d|t|on L8 Q:7) S uting the
28th histith n%aofF {9&% {nl%\?sggve%duc eVel 2f CE%%%E#\I agxam%vfl%%pvy %Pg@%at?%% %%Z%The variant
préductierniiemeddryi stk st ﬁ@tﬁ@ﬁﬁtﬂ%@@&@%@ﬂ%%ﬁﬁpﬂ@m% SO/ PEDLIFPRIREHIA70 was
used for e, klichain and L82 10 was used for the L chain, was expressed and purified as IgG using
the method described in Example 1. [Example 5] Evaluation of IL-6R-Neutralizing Activity of
pH-Dependent Binding Antibody Evaluation of Human IL-6 Receptor-Neutralizing Activity of Clones
Converted to IgG 15The IL-6 receptor-neutralizing activity was evaluated for four antibodies:
humanized PM1 antibody (WT) and H3p1/L73, CLH5/L73 and H170/L82 produced in Examples 2 and

4. More specifically, the IL-6 receptor-neutralizing activity was evaluated using BaF3/gpl30 exhibiting
11 _R/11 A recentor-Adeanendent arowth RaE2/Aan1 220 wace wached three timecec with RPMITAAO mediinim



the humanized PM1 antibody (WT). [Example 6] Biacore Analysis of pH-Dependently Binding Antibody
Analysis of Binding of pH-Dependently Binding Clones to Soluble IL-6 Receptor 35Kinetic analyses of
antigen-antibody reactions at pH 5.8 and pH 7.4 weéte carried out using Biacore T100 (GE Healthcare)
on the four antibodies: humanized PM1 antibody (WT) and 80 H3p1/L73, CLH5/L73, and H170/L82
produced in Examples 2 and 4 (buffer: 10 mM MES (pH 7.4 or pH 5.8), 150 mM NaC1, and 0.05%
Tween 20). Various antibodies were bound onto a sensor chip immobilized with recomb-protein A/G
(Pierce) by aminettieublingdsHsd 4<idjubten¢d Fonchmtiontesro B dodmrrpzedinebtad to the
chip as ansanalvte, AssaaiationandiRdissesialiennfihe-nbdepandent hindiag slaresdonaR344 was
observed In real time (Figs. 8 and 9). All the measur nts were carried ou at 37( Assoiciation rate
conStar s WIS PGB AR PSP RELER) EPe LoRAL L Lar oy BABRS T 100
Evaluatiad BaffiaerGEtiedtiesareysanibelssociaidnconptints D domansts cafchtarelivsrithe
bagis of 0SS YRIUGS (TalfdRl, MRIERYRD seenialinib i AiRNasahP A Sighd Rt s tuvese
calculated for ea¢h 10clone to év. !uateﬁ -dependent binding. All the meg&urements were carried out

at 37C TReaEFed Ui BE KBRS BAARGS a6 SRR S AL BH P IBF G Edhe, the
pHc;dng@Umf ohb&wﬂ@gxl(aﬁiﬂﬁgg phidGpd4orBert 2504 82 AR CL Aibikd S, BRB4dbmas prodiatth2394-fold
an -fold, respective I - I higher th
T 1a A B e S T but
weakly Bihelesah & v ue iRk 3nHEEHIS SBIREPHH of 5.5 to 6.0 have not been reported yet. In this

Etwly, antibodiesexgre:-abfainedithahietaiectbe hiotagical naltealiaatiofiact ity spuivalent to the WT

umanized IL-6 receptor antibody and the affinity at p xhibi int P at has

been sﬁggﬁggﬁ)}’ fg\%gcrlélé cr’ﬁﬁ?& efﬁﬂfS&t]i?%%gH%}F% S&tigsﬁh&%%ga%s%ﬁ%f% g%lglér% Qoilz pﬁ-ﬁ%é};ndently
c

Bindingt@iidrieshoirathedingtinsaral ob SuaRONIE FIBBIHBFHER MR EREL RIS e
kd(1/s) K RUIYDEACh M)t ke eibris) K DIWA) 4t (R BB KD okl 1) JAB S E+ARN Als0 RT-ECIR 7.6E+05
R R B BT R RO RIS o2
15 classes are further divided into several subclasses (isotypes) (for example, 1gG-1, IgG-2, IgG-3,
and TgG-4; IgA-1 and IgA-2; and such). H chains and L chains used in the present mvention to
produce antibodies are not particularly limited and may originéte from antibodies belonging to
any of these classes or subclasses; however, IgG is particularly preferred.
Herein, it is possible to modify H-chain-encoding genes and L-chain-encoding genes
20  using genetic engineering technologies. Genetically modified antibodies, such as chimeric
antibodies and humanized antibodies, which have been artificially modified for the purpose of
decreasing heterologous immunogenicity and such against humans, can be appropriately
produced for antibodies such as mouse antibodies, rat antibodies, rabbit antibodies, hamster
antibodies, sheep antibodies, and camel antibodies. Chimeric antibodies are antibodies
25 including H chain and L chain variable regions of nonhuman mammal antibody, such as mouse
antibody, and the H chain and L chain constant regions of human antibody. Chimeric
antibodies can be obtained by ligating a DNA encoding a variable region of a mouse antibody to
a DNA encoding a constant region of a human antibody, inserting this into an expression vector,
and introducing the vector into a host to produce the antibody. A humanized antibody, which 1s
30 also called a reshaped human antibody, can be synthesized by PCR using several
oligonucleotides produced so that they have overlapping portions at the ends of DNA sequences
designed to link the complementarity determining regions (CDRs) of an antibody of a nonhuman
mamma) such as a mouse. The resulting DNA can be ligated to a DNA encoding a human
antibody constant region. The ligated DNA can be inserted into an expression vector, and the
35 vector can be introduced into a host to produce the antibody (see EP 239400 and WO 96/02576).
Human antibody FRs that are ligated via the CDR are selected when the CDR forms a favorable



393.5 CLH5/L73 7.1 E+05 7.9E-04 1.1 E-09 3.8E+05 2.8E-02 7.4E-08 661 25Analysis of Binding of
pH-Dependently Binding Clones to Membrane IL-6 Receptor Antigen-antibody reactions to
membrane IL-6 receptor at pH 5.8 and pH 7.4 wer&observed for the above produced pH-dependent
binding clones, using Biacore T100 (GE Healthcare). The binding to membrane 1L-6 receptor was
evaluated by evaluating the binding to the 1L-6 receptor immobilized onto a sensor chip. SR344 was
biotinylated according to a 30method known to persons skilled in the art, and the biotinylated SR344
\t/)v_as ima?fﬂigﬁﬂeﬂrﬁmgﬁgtsen@nmm stnépdandidinibyhetifrzingvthek affinity daweeibstie priabin and
iotin. All the measur. carr t ' tained 10 mM
MES (p]ﬁglg f g}gglgg%%rlﬁh{?lﬁ?ﬁgg{i%gr%%%g%%%vgﬁ %%é.gﬂr#é&é%eﬁg %%%?% }g\&?ﬁsc%?ones were
injectedBREPERAI RIS EATc I BhaESHEd DN AR Qmﬁﬁb}ﬁa%oﬁh@ﬂl@#@c fon sample buffer:
1|O mM MES (pﬁﬁid@iﬁibﬁ@dml&é Nafahi06%d damésea] 20)vanarthisopids depebeentdifssbeiation of each
clope at the mohile phase.pH of 5.8 Q (Rig: ol [ |atio atpH 5.8
s oA TR B R BBt (o S iR D acociaton
phase aByHE8, svhbrawiBickiams emhe aahmedbadsdinds mdoah i ES R Y LTRE HRFNaCy,
gnd_?-?@%ﬁﬁéﬁf@@,&;ﬂm (dsﬁémbata@b.im&amww B&.(pH4 8), 480, MURNa@hganesB,05% Tween 20.
imilarly, the dissociation rate (1Q(1/s)).at pH 7. [ ] ation
Softwar%éiffgelrﬁq??egg ft %:lg're)?gf fi %ﬁ%’ ()g(llnlllf/%ﬁea Iﬁggg és? i%%gé%ﬁggﬂ%@%@ﬁ@ \{vg ﬁgr%egg%% %%#m L of the

sample iwgsoedsion 2@ BMMESIECE Apmaogsn rParI Ml e, 0590 nesdiebe I dissociated in
10 M MESHEBE Zoh) A0 NaGhernehe:QhdtelavBesn20 ol higini (dapendert dssocistighaate
o it DU gEh B e ORI TSeta S S ] T e R " k.
ratio pH il 5egiph5. S, devTne Samolp ZyI B on sing iy ia Jedinedas he wteefemipg o
H170/L82d +£0ffé t%ﬁ%?e‘@grﬁf)@ogous (same residue) or similar (amino acid residues classified into
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, if necessary. In general, natural amino acid residues are
classified into groups based on the characteristics of their side chains as follows:
(1) hydrophobic: alanine, isoleucine, valine, methionine, and leucine;
(2) neutral hydrophilic: asparagine, glutamine, cysteine, threonine, and serine;
20 (3) acidic: aspartic acid and glutamic acid;
- (4) basic: arginine, histidine, and lysine;
(5) residues that affect the orientation of the chain: glycine, and proline; and
(6) aromatic: tyrosine, tryptophan, and phenylalanine.
In general, a total of six complementarity determining regions (CDRs; hypervariable
25 regions) present on the H chain and L chain variable regions interact with each other to form an
antigen-binding site of an antibody. A variable region alone is also known to be capable of
recognizing and binding to an antigen, although its affinity is lower than the affinity of the whole
binding site. Thus, antibody genes encoding the H chain and L chain of the present invention
may encode fragments each including the H chain or L chain antigen-binding site, as long as the
30 polypeptide encoded by the gene retains the activity of binding to the desired antigen.
As described above, the heavy chain variable region is in general constituted by three
CDRs and four FRs. In a preferred embodiment of the present invention, amino acid residues
to be “modified” can be appropriately selected from amino acid residues, for example, in a CDR
or FR. In general, modifications of amino acid residues in the CDRs may reduce the
35  antigen-binding ability. Thus, appropriate amino acid residues to be “modified” in the present

invention are preferably selected from amino acid residues in the FRs, but are not limited thereto.



CLH5/L73 1.04E-03 5.67E-03 5.5 The highest pH dependency of the dissociation ratio was observed
in H3p1/L73 20followed by CLH5/L73 and H170/L82 in descending order, and each clone
demonstrated higher pH-dependent dissociation frét the membrane IL-6 receptor than WT. However,
the rank of pH-dependent association/dissociation was different between the soluble IL-6 receptor and
membrane IL-6 receptor. It was revealed that HI 70/L82, which exhibited the highest pH-dependent
binding in the analysis of binding to soluble IL-6 receptor, showed the lowest 25pH-dependent binding
in the analysisobleindiag:todnenmeribrane (DR sedepgors thegendifitaiids knoheethamvhiled oGt

molecules monoyalently bind.ta a sq 0 nity, ivalently hind to menibiane,antigens
(avidity)tf) Iﬁs%ﬁé%%gfrelg;?ﬁa%gt%? dif%&r{égnm;aglrn %ge% ﬂ%%}”g%%%ﬁgdtg{e%%gﬁ%%é antigens and
membrakrasheryerl Tl aRprepd A Hrds pe b AR RRMEdrHR TOh Errsh gy varalle FrsietiBEd in
Examplgy2rpiidepsndentihindingrantiaedies may be able to bind to antigens multiple times.
Specifically, a pH-dependent binding .antibady that k d to ﬁp&'ge i < ifically taken
up into endosopn%%é)ﬁ(gi%gégig]feeﬁ%%%ﬁé&éoﬁ%.éggsgh ggﬁs S%ﬁ%@t e_|nt¢r{z};11:!a‘ﬁh)§(§sgcs)?nﬂ§tlﬁagcidic
conditiapresemtidnaptibey bihdLeFererding theniPediery (e IaENEN SR Ceathefibody that

has retyned thihe Rlarnmag aahaund dcaniigenniliszable da:bikel to a new antigen again. The
repetition of th|SE;Brr?nl%ci,ésgsar :agr};g%g}g eI—rll-to;? g&goennél%g%g% é?erét b(% clf‘%%%é)[ﬁ'sn?tﬁgt gns Joudtiple times.

However, for Ig 0 not have pH-c ndent binding abili ot afl antigens are
dissociate fronT Hechasitisbdiers untipirtialmabndissomalineiede doharisma cThu At YhtEdies that

hayg begR-retmrd tCTHE%?é@éQﬂ@ é(&lpsbﬁ@&a,rﬁmaaa' ﬂﬂﬁ_léﬁldst@ %aﬁg?uml?@ytmr@f@@mmglbind to
new antigens. Consequently, in nearly all cases, each single malecule o antibodi able to
neutrali%p6ﬁ§§/%ﬁoa%%ﬁ%e‘ﬁg?#r:&}ﬁgr8§%% %[%Vgllgé(?élht Pngfr’%)?@hlgrgz%ﬂg,r?ﬁv%égg\f _%%artge§ Whether the
three pHvddpeiedentiy!ireginde antbodios (8P 73 C S/ TG PEEFIOROHSN e FHRdREY in
Examp'%?a?n;&q ANsE AP RANIRbakRRMIgRM SRS ImyeEmes as compared to the

humanized PM1 antibody (V\{ld gype, T). Biacore GEHHeaIfh arﬁ) was u§ed to ev, élélﬁlge tpa{ the
antibodies bindiﬁ@%%‘ill“;i.c& L?nt YiSEHRMATG 4T PRI WATE %‘gﬁé 5 Bid o the antigen rruftiple times.
Thies antifetidyztei ferevhkated Wasowastoel vdcombupnetein wIB. (PressaMenfobiRZddsenddedhip by
the amineqequpkaggRgthed gk mabite-phaseioheH7I& s allawedeiliaw (sten 1) -aRSédsolution
20adjusted to pH 7.4 was then aIIoweg to flow as a \? lyte 50 Elnd S@%%A{ t%pe a§t§) y at.pH 7.4
(step 2)ETRIEHHURTY TsM 27 A HhRHe %‘ésaqﬁ?%??glrﬁ%fiﬁ pIASHE Sg s%que’n%r’,“ fj% (*adjusted to
pH 5.8 algne (it containiR SRB4And 45 AddEH B RAHN A0 10 ¥ XpBs € e astiger Ho et ad the
antibody, tq agidic cenditiansc(stsR Rhed MsdRsociRtion Al o.3 MipiesdhiaRingling, stateohg

antiaen-antibody complexes in enndosomes. Su se@rl%egltl , Step 2 was 25repeated. This mimics the
b

reBihdingpbrakibisdl facrRs BeearHstimlPIS A SRER S Rigen “E0BsEEUENtly, step
2 was repeafiedddiexpbse thilaftbadyahtipercadomplehisrheidio:ctudridhE AR efrsatingrigtapls to step

3 multiple ANRS.ah R ASRRIBE ROVR SABJOHRIG NN Siaked e R AR TGS Atk
repeatedly taken upfrom the plasma into endosomes by pinocytosis and returned to the plasma by
FcRn (N&Pﬁé@‘?‘ﬁﬁiﬁ@ﬁéﬁ-zom Sep; 307(9): 715-25). The produced pH-dependent binding
clones describe# ghoym wekmaralyzfed ¢isimg1Bjatore k00 kEkiéalthehre) fomthdircabitied to bind to
the antigen 5R344 multipe times : spesificall analysi jed out
s o R B B e e e e
above wsis 35pBUE O AR tBediThpBEaA0E DierieRimReHNEad Bhssbrelip' By ¥ MMe ¥ Bupling,
where thesnabils Rhasebuftanhvsas: 4A gV ES {pidre8)mpba cold hiagetnasd0i0set Fwveemdo (step
1). 83 SR344 adjusted to a cancentration of a 0 as.inj te for. inutes at
ot 7.4 A B R e S A R e
and 0.03%Twleeen0y (vedy 2J1s (Bisdisefiirr GE4hEEON of BRS4AN S HEHFHRIENEHd% mobile
phage O{;ﬁjd&@m@@ﬁ%ﬁﬁ@g $0 Howrfeeaheuéntdaeconds to expose the antibody/SR344 Scomplex
under acidic congditions (step 3). Ten sets of this hinding (step 2)/acidi 0 SS
ore contimoud TR FSR S B e e e Rk e GIER e ar Y SrooMeB iR HRMEESS
showed ¢ells, gisshiciavioRysfcBR 34 g Griad s dridaax sBsureihasii @ BrideBrsiigtientysisas
proportieR;igh antibadiccanrblereibindingreyiew abligeesiadhe sebaemyant siepadias erteemely low.
In contrast, It was found that the pH-dependent binding 10clones, particularly H170/L82 and
CLH5/L 5 EEMBREARY so strong dissociation during the acidic exposure in step 3 that most of the
bodhd SR344 was dissociated, and therefore nearly all antibodies were able to bind to new antigens in
the subsggé@ggiﬁg&gthggghe 10-set repetition of the binding (step 2) and acidic exposure (step 3),
almost all H170/L82 and CLH5/L73 antibodies were able to bind to new antigens in each set. 15The
obtained sensorgrams were used to calculate the binding amount of 5R344 in each set for each
sample using Biacore T100 Evaluation Software (GE Healthcare). The integrated values in the time
course of the 10 sets are shown in Fig. 12. The integrated RU values obtained at the 10th set are

equivalent to the total amount of antigens bound during the ten cycles. The pH-dependent binding
cloneae narticiilarlvi H170/1 Q2 and C1 HE/1 72 chowed the laraeact



20 total amounts of bound antigens in comparison with WT, and were demonstrated to be able to
repeatedly bind to roughly four times the amount of antigens bound by WT. Accordingly, it was
revealed that by conferring pH-dependent binding‘]afbility to WT, such antibodies can repeatedly bind to
antigens and thereby neutralize multiple antigens. 25[Example 8] PIC/PD Test of
pH-Dependently-Binding Antibody Using Human IL-6 Receptor Transgenic Mice IL-6 receptors are
present in the body in both soluble 1L-6 receptor form and membrane-type IL-6 receptor form (Nat.
din. Pract. RheUmRajobs2806:NaoR (1dyidil In2Bjodnii Kerbete agftoraatifibodiesiinditdesolable 1L-6
receptofs and “%?”é‘;?.%aﬂ%ﬁgp%&v'—ﬁ@ 1FE8 %95&1319&} JsHiilizs thelt Riglagical pglign. s believed
that an ant-iL-6 cepfor a tﬁ)Ody INds to & membrane-type IL-6 receptor, is subsequently taken up

into an BdotemdspipRY deen Bhaftafrmsarg fomime serahindbes ok sotihr i the
membranapalll-KireespialiprdifigamRoVES prasiadaoane mhilesspitb kiiek bocthddodhe

membrane-type |L-6 receptor where it is degraded by lysgsom Wt m e-type IL-6
recgpto??ﬁ?ﬁglﬁyf_ﬂ%??%gﬁ-@/ﬁ ,%Eﬁglu{i?ﬁv gﬂ_%zefr\%{v I ﬁ%%%?%%%%b%%%%%inﬁﬁﬁ receptor
antibodizssevainsgetian #samplddss arethasls of yeramine PrarnirrroRYag RedditcdPaissociation
under ‘s acigdiccongiionsayitin endesenasiing-antibodiasthat Mavepietumechianthe pleasma can

bind to antigens again, This enables.neutralization of.multiple membrane- IL- rs;with a
single a?fﬁb%%? m@@ﬁﬁé’?\%‘iﬁ%et %ng?rn%nt ?ﬁtégr%rfgu?%l%énﬁwggg%umeam[\l/?zéigég&n astoaargeéﬁtggﬁ%édsociation
under aitiegorditiviesawithinehrdesakl bachisided (Vs a5 torsauéesa-5sefagpenddft-binding

antiyIL-81ecapiptantiRodi s s R Seisrninedby.aualualing mhgheriBmhannaetkingties of these
antibodies are{cg ﬁ)ved a .compared with that of WTF rth Thus, g}g rgaégtiacokineticsl in
human-1RE2H & 3 A SRR BRRE B 5 Ritce B TRISHS ALRH S (SR8 Ray 23;
92(11): 4B6RIG) meetbcelsaiiiateckfiong ier foigypbmeinguiobetivkss tihids aneinianerde P vseantdsay (wild
type: W.and 5i3phi-L3u Sl ++fad 10 H170/L82 constructed in Examples 2 and 4. WT,
H3p1/L73, CLH5/L73, or H170/82 was administered by single-dose intravenous administration to
hIL-6R tg mice SPEEHiaG Beer %ﬁ%‘&d%ﬂ%mm@}%%é‘ﬁ%@r%%ﬁ %e%%ﬁeetéla%rl}%sﬂla 5h %hﬂ Over time.
Cdlfectedditoottwadichmediatetytoestrifsiged for 15 minutes at 15,000 rpm and 4C to obtain plasma.
Separatgd plasma, Fﬁm%tgﬁﬁgéﬂﬁiﬁ@ﬁg%é@t%f?a‘il%ﬁfé@{\-@{nﬁﬁ{g SREHIE RSP WaLEERTied out.
15The meéasurement of concentration in mouse plasma was carried out by ELISA. Samples for
calibratibh®urve were prepared at plasma concentrations of 6.4, 3.2, 1.6, 0.8, 0.4, 0.2 and 0.1 ug/mL.
The caliwatioersiinesshmplaganciniogse:plasnd treasigememdsampideculerss didpehsedinte an
immuno ate (Nunc-Immuno Plate, MaxiSorp (Nalge Nunc International)) immobilized with anti-human
lgG (7-chain specific) F(ab")2 (Sigma), and allowed 20 to stand undisturped fo ogg hOLE[ %r om
tedfberdtireelestag shpigran s esioealsIhess BWHH&S@@&%%W;&%B% tops 10.01s
streptavigintatkhlinenphasgbatisdiagnicgadte {RedHelDisgHdstics) were sequentially allowed to react,
and a chromogqpig (eaglignwas.satie:ont hi.using AlHeBnoRMisIouel AlasRkaage Pukstates

[

System (Kirkegaard & Perry ) as substrate. Absorbanceat 650 nm was measured with a

microplaigsadipdiHerpeiserleaibhe 250 0L ip RRIRA YR BRI (PR 938 WBBbance of the
calibratigRigdrveinging ibevanalyiioal sofivaneBOFTamayRRON(MdlesuwaeDiviershplie courses of

pl a concentrations of W.I as we H 1 CLE j .13.

T B s R R R i
WT. In pafiienths, mesciiafeeconitienedBSATE vy dharcantissn i e 2suiviiaVel donsiderably. A
wild typeramtied th@ raceptopiantiaosyi (WTdhnundigembmblanartyaa it «f pEceptar eitaker uptinto an

endosome within a,cell by internalization, maves t0.a Jyso while ' is ke nd to the
antigen,P:;Ellﬁt(l}c H%ﬁny }“erﬁ}t@f(?/éas;tfﬁ%geafgo%el,s |%%g§§%%§%?#gﬁs%d§e%@é }):\r%]geilr‘?ﬁ‘%e& S/Itgpég a. %lﬁc%%tr}gi since
the pharfriacokimeteer ofome: prriie sanetancsinuisgrabindiog relisitor satmsERs MfE it
congiderallyr{ne3Rekiependgsit-binding anitid phereceptatiprtibpeinsgvers thoght to return to the
plasma again 85 \ﬁ'a FcRn as n}ra?flglgof diﬁsg)giation from the antigen, membrane-type IL-6 receptor,
under a&iHETBRUEBIARHIN Endiosomes. " = Although the pharmacokinetics was improved for all of
H3p1/L73, CLHIh 3xtagrp-fardiesRtad trorhparat sorhindinthadfedeseprotchiag prkshva
perfiSt?H‘;@%@L‘% ° B%ﬁl@&h%ge@iv@%wg%h%ﬁlaml iﬂf}hf@th&'gﬁrﬂ%ﬁ mw&&w_ap‘ér'@ﬁ@ﬂ%
molecules are thought to noymally, bi ivalently to. membrane-bound aptigen,.it is thought that
anti-IL-6dreé‘E‘@b%?d;?ﬁiébO&Fe§{(gl}§ Bﬁﬁ%‘?aﬁ%eﬁ ﬁ%g%ﬁﬁ%? %(?Fﬁlgr% %‘é‘ﬁ%ﬂgﬁﬁg ?Et}@?ré—cgé%%%% and then
aré intemaligede Amihdicetedeh 4 xasspladoniveraiay SisUsitrp Biatchesesiaitad onsteptones2tapidly
dissociajedfre ipedkiPHaCapioL AlREA iR WhaR AiNdIE Yo aRIHDIS) | labsiRRE POk AR Conk@Rks 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 H170/L82 is thought to be that the antibody was unable to adequately dissociate
within endosornes after having been internalized due to its slow dissociation at pH 5.8 when binding to

membrane-type IL-6 receptor. Namely, 15 as for the case relating to membrane antigens, it was
AdAetermined that in arder for a cinnale 1aC molaciile to natitralize miiltinle memhrane antinrene the nH



25have returned to the plasma can bind to membrane-type IL-6 receptors again, neutralization of an
antigen, the membrane-type IL-6 receptor, by pH-dependently-binding anti-IL-6 receptor antibodies is
thought to persist longer than that by the WiId-type%ti-lL-G receptor antibody, at the same dosage. In
addition, since the soluble IL-6 receptor is also present among IL-6 receptors, the duration of
neutralization is thought to be longer for the same dosage with respect 30to the soluble IL-6 receptor
as well. The pharmacokinetics in cynomolgus monkeys was evaluated for WT and H3p1/L73. WT

or H3p /G Wasasimiaisietedhieds knomolgubssosikdyd by thingte-tossdmphyenouysBidriristiBtion at 1

mg/kg, nc? IOO(j %\es W cé%d before administration and over time. Collected blood was
immedi:ﬁl‘f"é1 ;E/ cen r’i?l?;gé ?(r)(fi %%?gtk}%s at 15,000 rpm and 4C to 350btain plasma. The separated

plasma was storiEif-a e &1 detelsciicep apiger G R asirere HGrRRtEs B ERE 86 The
measurgment af SENEENY DN tyBRMelghds henkeyplasmaasseamied autdy &hiGhaFitse

anti-human IgG (7-chain specific) F(ab"2 fr ent.of anti SI [ |

Nuéc-lrrrg}} u%%ﬁ%fg f%%ﬁ&?ﬁé}ae”&%ﬁg %g%??ngﬁg%%%hgggy éﬁ%fv%fey(g t)‘g@?fdﬁ lﬁzﬁrﬁﬁi&gmig ht
at 4C toprapertpidies anphbbifi Ze@WitR-8nti-human 1gG. Calibration 5curve samples having plasma
concentrations ¢f,3 2#t8n Sl ReQdiang B moietvandigmemalgpt mookey Masmat

measur nt les diluted 100Q-fold or more were prepared;.200.pi of us
monkoy IL-BR 65 AL LU OPIAG ot T e ne oA R e
sampled{dhid giesictitean\ilisreabtblved tortahd.u nH%Wdtb@raéﬁé%W&%é?ﬁ%ﬁd?%@ré fo
qusetgymtb(o hesappleswriesisRanse thintopaecAmiyheman &g admenabitiaed plaie and allowed
to stand undisturbed for another one hour at oon]gerglgergt%% Baiptiﬁyiaégg Aﬁlf%-lgluman IL-6R
Antibod?ff%?&%?w SRS FEE TP P 68 et At room temperature, and then ™
Streptavidin-PoFHREBO(S threpsserifin Detiootid roTeedsiogielbp draef aftseagd®eact for one hour. A

chromogﬁ@é%ﬂgﬁﬁgm m@&g@g&gqﬁ%%lﬁmT}Mlis’t@%fgomponent HRP Microwell Substrate (BioFX
Laboratori%s_) s substrate, then, 15the re@ction Was.stoplpesﬁjewith 1N sulfulgic}?%iq {Sh %g,hemical)
11 10 . ?ttll\i .

and the @hEBIHARGL ARVET T RS AR SR TS FaadEe concentrations in
cyhbmofpusimonkidy pheiserabision g aloléatéd tharhaheddbsbebatiasop fiie) caklsratiomeiirve ety the
analyticalsof @S?tQIETmax PRO (Molecular Devices). The time courses of plasma concentrations of
WT and H3pl/L73 after the intravenous admipistration are shown in FIG. 14. As a.result, the 20
pharma&@ﬁh@iﬁ?ﬁfmﬁ%m%ﬁ‘l%‘é ecéﬁé@é?%‘l%}? Bg%bég?s%%n%ﬁﬁﬁﬁ%y%té%o gus
monkeys.in the same manner as in human IL-6 receptor transgenic mice. Since the pharmacokinetics

of a pH'depe”dﬁ{“ézi?iﬂﬂlﬂ,gtﬁé‘ﬂfgséﬁtrﬁﬁ%ﬁiﬁfnaﬂE@gﬂ%ﬁ@%@%’d%@%&f@%&\@%ﬁonsiderably,

H3p1/L73 was thought to return to the plasma via FCRn as a result of dissociation from the antigen,
mébrahegsp B gdBsigt S nBich GRS diHERYBhin 25endosomes. In order to evaluate
the degyag seashichasymoimaldiisdinenkeicmentlradestype bin6 teceptaigstnendealizenh diyithe !
intraven s4§)dtr(‘51i i ggtion of WT and H3p1/L73, the effects of sample antibodies on plasma
C-reacti egroteié ECR[—”) induced by cynomolgus monkey IL-6 were studied. Since CRP i creted

when IL(B) biadEng Bespiggad @GIFéElﬁﬁﬁl&‘ft@li@(§b£‘é?€}ég§]5§c§ﬁ”ﬂﬁj§’?bﬁf&ngft}?éh?%' ation of

membrage-ypel lLlo@raaeptors. Cynomolgus monkey IL-6 (cyno.IL-6 prepared in Example 1)

coptaining 1% inactiyated,c 0lg- in into lower
patks ol e B e o L 75,
Blood s&mpteBRvEtd collected from the saphenous vein immediately before the start of crtomolgus
monkey IL-6 administrating, (@aypRxahandafien heoadminisiratitnas 28shmeningeivals (day 4 to day
11), then were separated into,plasma, The CRP ntrations of individual animals were measured
with Ciaasnﬂ%%’u%a]f%{%%f% l&%é%rl%g ‘fj%rfirpgr%%tg%tg(fﬁgt%% analyzer (TBA-120FR, Toshiba Medical
Systemsp Phelihgercanises-bindme melistarsreopsrniradetiv Fntiiey s pdIgus e Wit respect to
WiE@nd 1A SREQSHOWLIA TG rlS cABcakestdiuibeciicadiaizet GRE) suppressioditiasqfigdionged
ConSideE?Egob%%gﬁl/US in comparison with WT. On the basis of this finding, a

5pH-depe &R -biiiding anti-IL-6 receptor antibody, H3p1IL73, was thought to return to the plasma via
FeRn ad@ rdtainiog dissotigtorbindingtmelssalathat dintnaintedymier thesendigen whast 4ddEbnditions

within egdosomes; and neutralize the membrane-type IL-6 receptor by re-binding thereto; and thereby

suppres roduction of CRP for a lan erjod of time than.WT. In other words, H3p1/L73 was shown
to be ab?ggtsnﬂ)? M) ﬁgﬁ‘?rgﬁ%%%ﬂg%n%arﬁg eﬁé-F)r}%lé}%Glﬁi?gurr&?e}%tto}sﬁr?g}%%%éﬁngnce, as a single
anfibody(eholeeizgSivcdtied dutigtinrhsiisupprelssiva of CRP production by H3p1/L73 is prolonged in
comparison to that by WT, the duration of time where an antigen, the membrane-type IL-6 receptor, is
bound by antibodies was indicated to be prolonged for H3pl/L73 than WT. In order to evaluate the
degree to which cynomolgus monkey soluble IL-6 receptor is 15neutralized by the intravenous
administration of WT and H3p1/73, the concentration of unbound cynomolgus monkey soluble IL-6
receptor in cynomolgus monkey plasma was measured. All IgG-type antibodies (cynomolgus monkey

IgG, anti-human IL-6 receptor antibody, and a complex of anti-human-1L-6 receptor antibody and
cvvnomolarnie monkev enlithle Il cA recentor) nrecent in the Nnlaema ware adenrbed tn Protein A hyv



88 analytical software, SOFTmax PRO (Molecular Devices). The time courses of concentrations of
unbound cynomolgus monkey soluble IL-6 receptor for WT and H3pl/L73 are shown in FIG. 16. As a
result, the duration of neutralization of cynomolgusﬂanonkey soluble IL-6 receptor by H3pl/L73 was
considerably prolonged as compared to that by WT. On the basis of this finding, 5the
pH-dependent-binding anti-1L-6 receptor antibody H3pl/L73 was thought to dissociate from its antigen,
soluble IL-6 receptor, under acidic conditions in endosomes; and return to the plasma via FeRn; and
bind to and neutiglizejthefyalublédirtiydeaptentgainiSincertire dukatiobisuppression of unbound
YoM AUEEAMRNEY: 86 RS kel R RIS EhiR s Brelon 'Ek%m@g@.ggégqﬂ%@x YT, the

duration of time where an antigen, the soluble IL-6 receptor, is 10 bound by antibodies was indicated
to be prGloRJEN THICRSPIOTS R W The numbrs fpifereHRAMGSIERS tinie ﬁ%ﬁﬁiﬁ%ﬂgﬁnbocjy
disappeass fnsr Heplasnawsvete ihesthebiime iwhererablehlerded membrane-type IL-6 receptors are
bound by the antibody in the hody were found to, be '

pH%dependent-E[%rEﬁﬁéngﬁ%- ; %%%%t%rv gllrf]% o%&%ﬁ%ﬁ%%ﬁ%%%&gﬁgg%ﬁy to the antigen at
pH 7.4, aRksm iBinddng i andessplisheoBOE BRI %o the antigen at pH 5.8, which is the pH
within epgesemes aseampabadiadhewidiéhet aotslhdd backptanantigosynThia nakiésoih pbssible to
reduce t a ] frequency of administration to patients, and in consequence, the total
adminidtration d sage.’ Therefore, the pH-dependent-binding anti-IL-6 receptor antibody is thought to
be partifulhindagdatarjigsusbirdinghepraate satentedinéd 42 ahentisaindamsosbipeeimble 10]
Immovqnq@tlgi phigDependent Binding to Membrane-Type IL-6 Receptor by Optimization of Variable
Region Optimization of Variable Regions H3p1/L 73 and,CLK5/L82 Antibodies havi H endent
binding@&ﬁllﬁ% X %‘esﬁ%\?}\%‘?% i mploc §u831?i3%? e e%?sﬁ%ﬁ%r%%%%ﬁ %rﬁcglr(g}g?g,ot%% urther
improvedtheogrtdégendent binding abilities, mutations were introduced into the CDR sequence of
CLHS opfningshin EXaReRien3 iSRS MricASANSERJIRANQ 1 iand iR gl (SEQ ID NO:
22). In addition, mutations were introguc‘]{ed into thelframework sequence and CDR sequence of H3p1l
to cons c%oi\%c%%%éhﬁeé?@%ev 3% EY'fD NO: 23) and VH4-1gG1 (SEQ ID NO: 24).
Muifations were B@irstapdwééa) irtddhs G DR rspepiehteicor PBENENER toldshsiiadrthenodified L

chains Yl s SEQIR MO ML BCKUSERIR NRngEh AHMLBSGK (BRERABINGIc3Tpdiare
specifically, the mutants were constrygted usin %he uﬂg[Chaiglge Slte-%gi%e I\{Iutagene&s Kit
(Stratadéhts) %@é&&?&ﬁﬁ%‘fﬁ%‘%ﬁqomswké% AtHE SBPEndEd TSRO Hna Ihe resulting
plasmidifzegmierits wetediisestedintbeantmizen i aliganesil éxpradsion vector to construct the 35desired
H chain expressjpg.yeciars aRe:L-6 iR, xR GSsioR vRcterseding Aealeatidemeguaraesm 89wfihe
resultln% expression vectors were determjned by methods known 'fﬁjrsons%/lth ordi ar¥§klll in the
art)  ErACRASORIRED S PG ST LR T RIE ooy KATS TOATRHR G ?Zli)f(asqlg@ NO: 26) as
L chain wagslidenatphassFv1-1gGl, the antibody having VHI-IgG1 (SEQ ID NO: 21) 5 as H chain and

L82 as | chain s, denaled s isloGhihi anibodrhsing Widddateh. (RERUDDN:A4)AS fchain
and VL1-CK (SEQ ID NO: 25) as L chain was denoted as Fv

{ : ﬁ-l Gl, and the antibod Ea ing.VH3-1gG1
(SEQ IDNigenmeidecaraif rdP01% e FEE0 BRI PI7HR R Rks @58@&% e&)&ﬂb"@. of
these, Ry2iigGitiaas FinditgGiowent exdréssadigadnpayifiedaiThd expbessiotrating pordficatomivtkre
casried Qut.by t SCIi [ [ is.of Bingdi - ipding
o B e e G0l ot 7 were
carried s E U gHes ésfléfﬁ'ﬂ%‘é‘?@é,h?@@‘?ﬁé’ﬁﬁ%ﬁéﬁﬁ%ﬁﬁﬁ‘f%%ﬁ@kﬁ/ﬂ%&%.W and WT,
H3p1/L 1324064 cdbld2olgy G @itakbnds| 66 laadnsirusteshiipEndainpies 2 @nddlOiny abingBiacore 1100
(GE Healthcarel.(byffer. 10 VL MES (317 4y 150 TV NBCHef,0806 TRer 2P Fach antibody was

| ain sp

bound on a sensor chip on'w an anti-lgG 7 chaj ecific g](r?b)z (Pierce) was immobilized by
amine coufiirgbidingar] SR hefahind e 2 ebribentiatien BHoss e AW fliecrsitfdteto as
angnalyieidheagsieiationdgsatd dissociation from SR344 were 20observed on a real-time basis for
the pH- ndent-binding clones. All the measurements jied oyt at 30G . ARsQaiatieg.fate
constan(isg{ljé‘ﬁ}ﬁ\ﬁsa)naa’rrll(ill %gs%g?laslﬁgnmr% %:L?gr?gtgl}lfslﬂﬁgéﬁl S Irrv%é{‘}r%i%gag?cuIate%f us?neg Biacore 1100
Evaluatiohadufidie (GE Healthcare), and dissociation constants KD (M) were calculated on the basis

of those yalkias{d allane2bblale; 7hSerupatison-aiddisrbaiationdRatm Gomstantspdf from the

gglggp%g u%%%ggrl e%!{g)n ltslgrrloo ass%gjol%lglgﬁ?arﬁe(?ceptor, SR344 Sample k,(1/Ms) kd(1/s) KD(M) 4.

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



1. 1E-03 2. 7E-09 H3p1/L73 4.1E+05 5,9E-'04 1.4E-09 Fv2-1gG1 3. 9E+05 7. 7E-04 2. OE-09
Fv4-1gG1 7.2E+05 1. OE-03 1.4E'-09 As a result of calculating the affinity at pH 7.4 for each
clone, the dissociation constants 30(affinity, 1CD value) of WT, H3p1/L73-IgGl, Fv2-IgGl, and
Fv4-1gG1 to SR344 were, respectively, 2.7 nM, 1.4 nM, 2.0 nM, and 1.4 nM, and they are nearly
equivalent. Fv2-IgGl 90 and Fv4-IgG1 were demonstrated to have binding ability to the soluble IL-6
receptor that is equal to or greater than that of WT. Analysis of Binding of pH-Dependent-Binding
Clones to MemBratherhype thefRegeptorbimntigen-pnotbbayreactsnd sorpsaindiane-type IL-6 receptor

were ol ﬁ’@é@%%&k%%%x@@ﬂ&%ﬂp‘éé%ﬁﬁhﬁ pest Al sRostisted AlenasnWiki Hantlond-19G!,
Fv2-1gGl, and Fv4-1gGl by using Biacore T100 (GE Healthcare). Binding to the membrane-type IL-6

recepto? iva¥uLRoRtBE IS, siRstRYg binding to the IL-6 receptor immobilized on a sensor chip.
SR344 psasiniinylasad denssicalic g moel avithe shroettiosh kmtigenamorid ibersord withuadingry skill 10in
thesart, %Ql%irt%ent())ipgw@ .SR344 was immobilized on the sensor chip via streptavidin using the

affinity between streptavidin and biotin. All the measuremen%so(\évere %arrled out 1{ 37C. Tthe &?blle

phase Bberligadnegharnieeshpdisanoseiniialserdiatecnsss R 5. cppygon 1o step

pH-dependent:hindingnelgnesindre mjcetedetbelieitedrinéb conditidnsipt7tdctooaligvethe to bind to
SR344 &iﬁry’ge@iog&sg}rgple buffer: 10 mM MES (pH 7.4), 150 mM NaCl1, 0.05% Tween 20), 15then,
pH-depen ent disSociation of each clone was observed at the pH of the mobile phase of 5.8 (FIG. 17).

Sample ébplgintat drrsanéserapindies e oo oBMdm i SY WRHERSER (%10 mM MES (pH 7.4),
15@ mM NaC1l,mnrehe-25%, Twgess26: iDispaciatinn wasidasriectiotsiol@muiddES (pH 5.8), 150 mM
NaCl, and.0.05% Tween 20. For this case,.the di iat] . S).Alpbhd ere
calculatae%}%ye/ng?tlllﬁgl%vt e@c’i%s?s%%?ﬁﬁ?ﬁngh%gsgggﬁ %%%é%%é%%%%%gf&ﬂg%ua%on Softl\%g’\:e (GE
Healthcateyhipoansimsildhhitmsed: sample concentrations were adjusted to 0.25 ug/mL, binding was

carried pytimda e MESHPhdidd SR M NaG ] tand HORS6-Thiveesi2@;ddishoniatingenhs carried out
in 10 mM MES (pltzl 7 4gt 0 InM NacCl, and 0.05% Tween 20, and the dissociation rate constants
(Icd(l/s)PRBEP? AREFS R alculated by fitting only the dissociation phase at pH 7.4 using Biacore
T160 EvluhtioneSoftevaigeichib fipamelseafe fraanghedepenasndaidis sanbt ae esheeaftBlor each

clone arg shevimd aleéhe enbhahie BLCRmpatiseeobREsociAtienuRa@Constants of
pH-Depigegd?}nti-gin ggg %Iﬁegies [rom %‘_aé%mbr ne-T_ype IL -6 Receptor, SR344 Sample pH7.4 kd (1/s)
pH 5.8 KV A7 17B8 B8 Fel e B B R )ﬂ%ﬁ%‘ﬁﬂ) WT 2.5E-04 2.5E-04 1.00

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

invention provides the methods described above further including the step of repeating the steps
20 of (a) to {c) twice or more times. The number for repeating the steps of (a) to (¢) is not
particularly limited; however, the number is in general ten or less.

In the present invention, each of the first and second pHs may be any pH, as long as
they are not identical. In a preferred combination of the first and second pHs, for example, the
first pH is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and pH 6.5; ina

25 more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the second pH is
between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH is pH 7.4 and
the second pH is pH 5.8 or pHS5.5. ' ‘

In another preferred combination of the first and second pHs, for example, the first pH 1s
between pH 4.0 and pH 6.5, and the second pH is between pH 6.7 and pH 10.0; in a more

30  preferred combination, the first pH is between pH 5.5 and pH 6.5, and the second pH is between
pH 7.0 and pH 8.0; and in a still more preferred combination, the first pH is pH 5.8 or pHS.5 and
the second pH is pH 7.4

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

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

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



H3 pl/L 73 2.6E-04 6.7E-04 2.59 Fv2-1gG1 3.4E-04 2.4E-03 7.18 Fv4-lgG1 4.7E-04 2.6E-03 5.56 91
As a result of calculating pH dependency for each clone, the pH dependencies of binding to the
membrane-type IL-6 receptor of the four clones, \/\7419 H3pl/L73-IgGl, Fv2-1gGl, and Fv4-1gG1 with
respect to SR344 were 1.0-fold, 2.59-fold, 7.18-fold, and 5.56-fold, respectively. Fv2-1gGl and
Fv4-IgG | demonstrated higher pH-dependency in dissociation 5from the membrane-type IL-6 receptor
than H3p1/L73-1gGl. On the basis of the above, Fv2-IgG1 and Fv4-1gGl were shown to
demonstreteistpomgimo plidlspprdent witidingstitiHerme nibefmrestypeifec vacbpgon thernlegipall 73-1gG 1
while m@i@&%}%ﬁ}ﬁ&hﬁ alipidar eselihie bl ReeRio AQuAldRarSKaRIShNBR A UM A0
[Example 11] PK/PD Test of pH-Dependent-Binding Antipodies wjth Optimized Va |at\)ﬁ1Re ions Using
Human[Aa% PasEpteR aF4HS JuRid iRd with Wﬁ&%ﬁﬁ&%ﬁh@%éﬁ?@é}ﬁ&@@iﬂgﬁé FvA9 §&1%s well
as WT angbiapibh 681G mreanéd indoe vaduated innexaaptalid wereted,audtedyuising the human
-4 .“?%%@}ggl%gﬁ [Uce Han i EXamole e WhuaRU (3:1aGk Y B9 BL BbudclaGlonas

IC
administere 1%gsg|h%lsé-dose Intravenous administration to hlL-6R tg mice at 25 mg{ﬁlfg and the
concenfi&ficH BRERHHMBEEY M the prdema Was mEudhroa st damtd AMRABIARS Example 8. The
time couwisksWkinBplasmacandentiationseat Went3p 1Lildd gfet, xuhilgGintégech fiddigs 1 are shown
in FIG. 18 Tk&&g@gg{n@]@g%ﬁgg&f %%8& 711%?:5%?1@ roved in comparison with WT in the same 20

mannerné%l?ﬁ xample 8 while the phamiacokinetics 6f Fv2-1gG1 and Fv4-lgG1 was further improved

than H3p1/L73-fytiemdardingmelead ¢ B yssemsacd by BeapthadsiddhfRimSE! B FhESRured in
cynpmalguispankeysei EXaTeRie: Sntas tandad: oublisviie Mir@Rdgimick Msthitntesihygingdhe same
method. As a result ngatign of. the duration. of.newutralizafi f the soluble IL-6 receptor was
confirm&d'for El\%lﬁgagcagjaf%ﬁ \S/%?Fgéof i) %néale £r@331rsit?§ﬁtlr%§’tc%?g 43p1/L73-1gG1 (data not shown). As
indicated in Exahpfe the serecpiacdaptheds of Basairryeel iREGHER BRaNAUEIPE toBpEse s stHRS mproved
for Fv2-{gtatianch Ewiiae baseompasrt Witk itk ASnded 4 brkefiere: il Watdndicateddhakfarther
improv m%Pt in E}he.@hann c&kinepcs a_gd %L}J}raitli}%n gfﬂneutralization of the soluble IL-6 receptor over
those of @ p(ﬂf SHgeT R %os%laﬁ’lé e? in%m\%ng %ﬁe pfﬁ-dependent binding to the membrane-type IL-6-
ret&ptor. 30 [Exarfiplect®nmprocidntsnihe HroendnderiBineingRes e sbrzhactypaal bg résdeptor

by Optimjigatign ofiGerstantiRegipnOntipizatianRtiiaistantiRediotfdrtdoReskeplacing teenerally,

binding tg membrane-hound antﬁgfgs has been reported to vary depending on 35the constant region

of the aRBBYEPEF RS RS: DOBPAYTH 55! P08(£)* 67-72). The constant regions of the
pH-dependent-Bifdirgy entibodissprepartetodb o ¢hweresorftiney gt IRysoRher conrassrbesisiudy

was mage, fanapipization R dheconsian eaiemingqideas.to improve the pH-dependent binding to the
membrane-type IL-6 receptor. A mutation was introgrtégce into a natural%— cé‘cougérigé:ons ant
t

regfbn, i.e., con St HBFR T E L RS ST R G S 85 R B Pt e S C bR EIRRTSGISR 1§ RSEQ ID
NO: 29)ir5s ¢aniotherambrtatiepavedd jntrodmetiebihto floe comsbntitéyionsifE2AGK poecotistiet constant
region MagHREQ. @e’-\é%é@-l_fﬂf&@@@{%ﬁx redhiRekiiaduses inlgdhe consiamiaeions 962 and
M58 to construct constant regions M7 S(r%:}[Q ID NO: 31) an%ﬁM?%ﬁ&Eg I%N(%:. 3%2&‘ .
VH3-IgGHRERY SRS PR E) REE0 RIS By & AT LB etane FBB S 319G |
prepareahimEbanmplieod Gavithl IGE2AE Kbkt BAEeh (8 EIQctDthiOo Bl tadiscl Ororrstraicad dpyisu bstituting
the consfapt regionWith MRBAPEMHFMESER AR NP AR PRjCANBIUFediRY, substilting the

constant region with M73. More specifically, expression vectors in which the constant region portion of
VH3 us@EeRRISSR R aer /a8 BIThEHRG IO AY P ues et MIHEL ARG BH D KRR I GidEstion and
ligation vterecciustibedehtibhéi auatddiitderkaqamheeswf the resulting expression vectors were

detetmined using a.metl 0 r vith-ardinany: skill:| - Kgssion and
purification Weregé%llglézld%c%%%rﬂ%%%%}%f%gﬁf%g\%{%%%g%ég K%%UE%E%S NO: 33) for the

H chain S0V 30¢ke (SEnsion M@yt ORIHIRC PYAIMBEGENG eBse’ (SR B TYNO: 34) for

thadH chairesichVL31EK (SEQEN@MRNdor tHehk phaumt anctitid: M Bbaesing! \SAABS EQ ID NO:

35) for trr}?eéﬁ'o%lgafigr %anining antigen-binding molecules that are superior in the retention in plasma.
Furthermore, antigen-binding molecules that can bind to the antigen two or more times
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention. Thus, the screening methods of the present

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

bind to the antigen two or more times.



20 VL3-CK (SEQ ID NO: 27) for the L chain. Expression and purification were carried out using the
method described in Example 1. Analysis of Binding of Fv4 Having Optimized Constant Region to
Soluble IL-6 Receptor The association with and dliociation from SR344 were observed on a real-time
basis 25using the same method as Example 10 for thus-prepared Fv4-IgGl, Fv4-1g62, Fv4-M58, and
Fv4-M73 as well as WT. The association rate constants ka (1/Ms) and dissociation rate constants kd
(1/s) were calculated after analysis in the same manner, and then, dissociation constants KD (M) were
calculated on trm;hasfmofd,mg@iﬁluﬁéi@abtﬁe&)ﬂwﬂahie Gpa@dmplirisdmgft®issociatimerRate

C f
Constayts o LA RGeSl Bpa.clones . Selutln b ereaion RFBAIRIR a (L) ko

+05 1.0E-03 1.4E-09 G2 9.6E+05 1.2E-03 1.3E-09 Fv4-M58
8. 3E+OS‘EHBESO@11?€‘4EI(§©OPWWB begphizineq bthg Sff&@é@ wgthods RE the BERFHFRRRANRNG the
affinity gkl thé Jacedah elomedihs dismaﬂommﬁﬁmm(l&ffmﬁ;l ol Benahie)y of Shddigfar, Fv4-1gG2,

VA NSSh ARG G P IR HEIES 0 My ;B% &;%1%4 % ot Esectuaipaandghey are

alniost equiva 1S in ent- ing clones to the soluble

IL-6 rec@}ﬁ@ﬁ%ﬂﬂ%@é@%@ﬁ%@@éﬁ%sﬁén @ﬁ?ﬁ%ﬁ?ﬂ'ﬁn‘@h‘?fét 6ﬁ§f§¥ﬂdﬁé@8ﬁe@fﬁ4%%a5|s of this
finding, hevineing a&*&émﬁcgtﬁ@tﬁaasbietneﬁreseﬁpi&wm@ﬂh@mgbmmm sheage fanditbds\iay and Fv3

even f e consiant rion (s STl MOCed o ARNTRSLRIG ALEYA (g Opimized

ConstafC Reyi eceptor ntl enantibody reactions to the
membravebgpeithe @é@émé?laﬂlﬁgl Bl @ﬁﬂlﬁﬁnﬁ&ew@%d%% W6# thus-prepared Fv4-IgGl,

FudrlgG2, Fva- M@%&HQ%V%B@%%%% asoWdulén the m@lﬁmn@aﬁsda&mm& wsihg Biacore
1100 (GE Healthcare

uIt obtained.b ctl de ent hindin I der the
conditio 81’8@8%"20@5 ?S\Rf %Bn SilAe en&*%@ﬁ %ef‘e%g%?%*ﬁfga?ﬁeuﬁh a(ﬁ(?ic])qen%jegnt e%s%?:latlon of
each clomenieiseptbs @t‘aml@déﬂplﬂ%@ramlsﬁmﬂﬁl@%@ﬂ!@%ﬁmhé?@ﬁﬁ%es%ﬁe%nducted in the
same WL%@&% ﬁ&@&é&f&ﬁ*ﬁqé%@eﬂt%%&Hdﬁ%ﬂdﬂme@%@@@aﬂag@ﬁeﬁlfmse‘aﬁbb@m@@re shown in

Table 10. 10 C%m arison of DISS Rate cons s of Degendently Binding
Clones %1#8% %r‘gﬂ C‘l’@?f S?E érﬁg%%ap% %i%f 13488 WHE 3806 %ependency Sample kd (1/s)
15  extracellularly-bound antigen.

Furthermore, antigen-binding molecules that are bound to an antigen and internalized
into a cell, and released to the outside of the cell in an antigen-free form when administered to
animals such as humans, mice, or monkeys can be obtained by the screening methods of the
present invention. Thus, the screening methods of the present invention can be used as

20  screening methods for obtaining antigen-binding molecules that are bound to an antigen and
internalized into a cell, and released to the outside of the cell in an antigen-free form.

Furthermore, antigen-binding molecules that can rapidly eliminate antigens in plasma
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention.  Thus, the screening methods of the present

25  invention can be used as screening methods for obtaining antigen-binding molecules with
increased (high) ability to eliminate antigens in plasma.

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

30  invention can be used as methods of screening for antigen-binding molecules for use as
pharmaceutical compositions.

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

35  production methods described hereinafier.



kd (1/s) kd(pH5.8)/kd(pH7.4) Fv4-lgG1 4.7E-04 2.6E-03 5.56 Fv4-IgG2 1.0E-03 1.8E-02 16.99
Fv4-M58 5.4E-04 9.5E-03 17.64 Fv4-M73 5.1E-04 5.1E-03 10.06 As a result of calculating the pH
dependency for each clone, the pH dependencies%lf Fv4-IgGl, Fv4-1gG2, Fv4-M58, and Fv4-M73 to
SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and 2510.1-fold, respectively; thus, Fv4-IgG2, Fv4-M58, and
Fv4-M73 all demonstrated higher pH-dependent dissociation from the membrane-type IL-6 receptor
than Fv4-IgGl. Based on the results of analyzing binding to the soluble IL-6 receptor and binding
to the membranghyprdbyGirecaptoedisingdihe aariablexebioprefdEed biy wathfolarkadehat substitution of

the congfant y %9'%] 6&%&2%&% 19955, Mnwah MA3sould Bripye dheipiddensnadent binding 30to the

membrane-ty&; L-6 receptor, without causing a change in the affinity to the soluble IL-6 r%ceptor. This
was cofSiaBeiap s ahimseAd RBROBIRYL DI PSS SAgh AP TRIEIB O FRETGY When
pH-DepgndenthnBinding Anfitodipschtavin g @atinbiy e GomsikotiRegiothddsihdiduiah P0E Reteptor
Transgepic,Mice The pl ackinetics of Fy4-lgGl Eva. d;Ev4-Mad prepared,ipbsample 13
5Wa£re é%\?a%zligﬁ'ulg%g?@gﬂun%r? fggﬁe%gé%%%%%gﬁe%%ﬁgeﬂ{@iBFQJ\t% mice) used inOExa ple 8 to
examindQtesief erdnerisids s eavelasbatBhthe PHEMTACSRMCHCRISARN R B SE IgrsCs,
Fv4-M5@was mehiistered terthectlbyGRetgasiigecthy minglesdase irtisnéinous astinipisiratibrnad @5
mg/kg, and then asurement.of the. plas on ratj Ihady was carried out in the
same ni: r?ﬁénrpgge%‘g )t?éerr{ﬁ eag?nf%g |Hn§%a€%%§%nsoogg%£§r§g§f%%§§§§n% at%%lgsl%bf WT, Fv4-1gGl,
Fv4-1gG2, and Fv4-M58 are shown in FIG. 20. Similar to Example 11, the pharmacokinetics of

F%Ig%ﬂg@@ﬂpﬁ;@fﬁmﬂ&ﬁ%mﬂ@g@mﬁﬁlﬂg\ﬂﬁaﬁm@m pharmacokinetics of Fv4-1IgG2 and Fv4-M58
was further imprgved in comparison with Fv4-1gGl asurement as:to IL- r '
concentrations, er%%ﬁ%%?rlen REhBMo %Ejssl%e%hrﬂ?égl\ﬁgﬁr? @gg%%%e%%\?éﬁﬁ%dﬂgﬁf %rLllt Sre%&lmﬁi-ggR tg
mice in thiteesteisdingmytivg sarteceisthemaA PH isdereprbioribativrilst rirsmaiion BrnBifg zation of
the soluble.f6hrace ek Was remlian est iab fvdrlg @#iasd FivdiMba dieaepansar tababofFv4-1gG1
(data not shown). As indicated in Exam e.lOét e plﬁ-depg‘g gsnrtnké'tﬁggg%o the r%%nbrane-type IL-6
receptof WAL THEFORE P@M-@é@rgsnénf—’%- g8 4’ edmpared with v -fg}g?d? erefore, it was
shibwn thatdempbovEngenoinaiesphhoepenpenalbingietioive RecdsrpbraacEBEcd oravsHterand

improvement iné?@cﬁﬁ‘@a‘i@?ﬁ&'ﬁ%@é&% and-deraienRkhawiatizatianrfdhamolble-H-ten@agptor are

possible by substituting the constant region from IgG1 to IgG2 or M58. On the basis of this finding, it
was thoﬁ‘@iﬁ%ﬁfﬂﬂ@‘ﬁ%éﬁﬁ%ﬁﬁ%‘?iﬁ@%@duration of neutralization of the soluble IL-6 receptor, not
only in the éasenohimgdhbuantismbitdegasesitf PR gnebiBng arlssiapiared-ddephhpared to
19G | by;gufstituting the 25constant region from IgG1 to IgG2 or M58. [Example 14] Construction of

pH-Dependeéntly-Binding Antibodies Having Qptimized Variable and Constant Re VH2-M71 (SEQ
DO 5o) SRR PO MO A g o P D70 50 TR SRt e b
VH2-1gGt) aeid dvibig al ZiktGE QiHIihOn S8 anovlibhe- Mg ¢S BQdiDeNCIVEY) ahpllitg’ M7aFand My 3 for
the con Q[Jle&iaﬁptﬂﬁt\éﬁp‘ﬁ%é"t canstructed using the same method as described above.
Fv1-M7T using VH2-M71or the H chain’and VL2-CK for the Hcth, FV’J§-5M7'3 Ilﬁing VH2-M73 for the
H chain (dhatiainingdhs 2ane Encpding BN #TRINGRABAFM SoFIFESS S5 Uha and VL1-CK for the L

chain, ags freddding tiringtided-iddnfonibieddlehaingghd Mine©ktained in (d).

25 The present invention also provides methods for producing antigen-binding molecules,
which comprise the steps of:
(a) binding an antigen-binding molecule to an antigen at pH 6.7 to pH 10.0;
(b) allowing the antigen-binding molecule bound to the antigen of (a) to stand under the
condition of pH 4.0 to pH 6.5;

30 (c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5;
(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and
{e) producing the antigen-binding molecule using the gene obtained in (d).

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

35  molecules, which comprise the steps of:



95 for the L chain, were expressed and purified. Expression and purification were carried out using the
method described in Example I.  Analyses of Binding of pH-Dependent-Binding Antibodies Having
Optimized Variable and 5Constant Regions to Sofifble IL-6 Receptor The association to and
dissociation from SR344 were observed on a real-time basis using the same method as Example 10
for the eleven types of antibodies, humanized PM1 antibody (wild type: WT) and H3p1/L73-IgGl,
Fv1l-M71, Fyl-M73, Fv2-1gGl, Fy3-M71, Fv3-M73, Fv4-1gGl, Fv4-IgG2, Fv4-M58, and Fv4-M73,
construgtee Rstigsaribedsahaiadhhenblassodiatidoeratet dondtantsclantighis)aivd tissoriation ehte
constanrl_s1 ﬁ%gg}wge calculated by analysis in the same manner, and the dissociation constants KB
(M) wefe calcUldied 6ri the basis of those values (Table 11). gable 11] Corr_%gr'son of Dissociation

Rate Cénditinsths-priesanadsnihareadigeishes fshinw3didiithemLees Al€Hiple
ke(L/Ms)isaéd/s) (6B(M) WT 4. OE+05 1. 1E-03 2. 7E-09 H3p1/L73 4. 1E+05 5.9E-04 1.4E-09

Fvl-M71.5.5E+05 5.4E-04 9. 7E- - + - . 1E- -] aGh3- -
2 éE-OéH%'fﬁﬁng#’gﬁEB%egé%- OﬁgFl\%]-lfEﬂ%}%\%ﬁ%%@s%g%ﬁ%@&%ﬁ%%%%%% s
1. OE-08.1 taBEOY0RNA4-1 gG2
(d) obtaining the gene encoding the antigen-binding molecule collected in (c); and
(¢) producing the antigen-binding molecule using the gene obtained in (d).
In addition, the present invention provides methods for producing antigen-binding
10 molecules, which comprise the steps of:
(2) binding an antigen-binding molecule to an antigen under the condition of pH 6.7 to 10.0;
(b) allowing the antigen-binding molecule that bound to the antigen in (a) to stand under the
condition of pH 4.0 to pH 6.5;
(c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
15  6.5;
(d) amplifying the gene encoding the dissociated antigen-binding molecule;
(e) collecting the eluted antigen-binding molecule;
(f) obtaining the gene encoding the antigen-binding molecule collected in (e); and
() producing the antigen-binding molecule using the gene obtained in (f).
20 Steps (a) to (d) may be repeated twice or more times. Thus, the present invention
provides the methods described above, which further comprise the step of repeating steps (a) to
(d) twice or more times. The number of times steps (a) to (d) is repeated is not particularly
Hmited; however, it is generally ten times or less.
Furthermore, the present invention provides methods of screening for antigen-binding
25  molecules, which comprise the steps of:
(a) selecting an antigen-binding molecule that does not bind to the antigen under the condition of
pH 4.0 to pH 6.5;
(b) binding the antigen under the condition of pH 6.7 to pH 10.0 to the antigen-binding molecule
selected in (a);
30 (c) collecting the antigen-binding molecule that bound to the antigen under the condition of pH
6.7 to pH 10.0;
(d) amplifying the gene encoding the dissociated antigen-binding molecule;
(e) collecting the eluted antigen-binding molecule;
(f) obtaining the gene encoding the antigen-binding molecule collected in (e); and

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



9.6E+05 1.2E-03 1. 3E-09 Fv4-M58 8. 3E+05 1. 1E-03 1. 4E-09 Fv4-M73 7. 5E+05 1. OE-03 1. 4E-09
All of the resulting ten types of pH-dependent-binding clones were found to have dissociation
constants (affinity, KD values) to the soluble IL-6 ré%eptor equal to or stronger than 20 that of WT. Anal
ses of Bindin of H-De endent Bindin Antibodies Hay Ostimized Variable and Constant Regions to
Membrane-Type IL-6 Receptor Antigen-antibody reactions to the membrane-type IL-6 receptor at pH
5.8 and pH 7.4 25were observed in the same manner as in Example 10 using Biacore 1100 (GE
Healthcare) for Shgeleyan(typesydiantioaditsytvarmamizediRMd. arffiedihpilcsepperwipand

H3pL/L (3ol @Xﬁ%ﬁgﬁ%{ﬁ&d@%@%iEH%ﬁWJPc%\r&%'%é%hg%ﬂ%@}eﬁyﬁfﬁ%%ﬂ -58, and

Fv4-M73, prepare ( d above. The pH-dependently-hind I ted 96 und
the condBHE! PP erifow HEABTHEl WSRO APtIS Ik HE 6FeHab RN D iadon of

each clgagtad thewntdef thie peabildlphaserpkid. Bswas observed. The results are shown in FIG. 21

(regults for FV1 eyt 42 %’s%lg'%eﬂﬁ&%\fﬁd}ﬁggﬁﬂé?n%@fﬂ} [RddGirlaipils- sl for other

clones are shown in FIGs.’1 '19). Analyses were carried out in the 5same manner as in Example
10 and _l’ﬁé‘fﬁﬂ’-ﬂ@Fe‘ﬁb@ﬁféﬁ@@%ﬁ%ﬁé%s%é@éﬁd?ﬁéﬁé%@t% BRLA SRR of clones are
shown igyhabie: iz flepblerl2] pH Dependencies of Dissociation Rate Constants of

pH-Dependently-Binding Clones from Membrane- - - A kd (1/
e R e e S VLR S W
6.7E-04PL5omEtioM 71 6.1E-04 6.9E-03 11.29 Fv1-M73 3.7E-04 3.2E-03

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) collecting the eluted antigen-binding molecule;

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

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

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

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

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

(d) collecting the eluted antigen-binding molecule; _

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

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

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

30  the step of amplifying the gene encoding the antigen-binding molecule may be the step of
amplifying phages.

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

35  prepared from hybridomas obtained by immunizing animals or from B cells of immunized

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



8.80 Fv2-1gG1 3.4E-04 2.4E-03 7.18 Fv3-M71 9.1E-04 9.7E-03 10.74 Fv3- M73 4.9E-04 5.3E-03
10.88 Fv4-1gG1 4.7E-04 2.6E-03 5.56 Fv4-1gG2 1.0E-03 1.8E-02 16.99 Fv4- M58 5.4E-04 9.5E-03
17.64 Fv4-M73 5.1E-04 5.1E-03 10.06 The ten tyf)%s of obtained pH-dependently-binding clones
demonstrated pH-dependent binding ability to the membrane-type IL-6 receptor. Moreover, all of
Fv1l-M71, Fv1-M73, Fv2-IgGl, Fv3-M71, Fv3-M73, Fv4-IgGl, Fv4-1gG2, Fv4-M58, and Fv4-M73 were
found to demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in
comparisah) TBattbs Hapithas gl fotidinchr thentimeuah tihthe antibadpdisappées abihethsglasma as
well as é@%%ﬁ%@gggﬁﬁ%&ﬂ@iﬁgIﬂr‘i@{?dlhé(?nﬁ%%ﬁB&rﬁ%@ﬂﬂﬁmﬁ%jﬁ@&ﬂd—ﬁﬁﬁ%&@%t@%@0Und by the
BRIsCrHiR

antibod y were found to be prolonged considerably in comparison with WT, as shown in
cynomaigeis” ek antihedissiand. BUREESMPRSYSIPK/PD Test of pH-Dependently-Binding
Antibodies HaviagHe ptinvizeddtiable ahai@anstantReioastigsinbiGimpansigis M drikeys

Cogstrugion et KBTI ARG LD SRS ARHBAdy i TRIRIANGE! oxpression

vector wasconstruc express the affinity anti receptor antibody. VQ8F11-21 higG1

[

describaetigey8ingog A2B004S ?&Pﬁ@@gébﬁwméiyﬁ?‘é%w&id SebfiEHERS 19 and 27), as a
knOV\tI)n am{g@{f%‘iﬁﬁiagudﬁvﬁye@&mtammmwm aRtibOhni ailibBle, regiomwasrefistadcted by PCR
combining. synthetic oligo-DNA e PCR . iQn i R from the
express%l(l)qulg\%{gc EJI}d&I%%é%l%vE%é?ﬁé%S% %%%ﬁtib%%%ﬁé%%@é%%ﬁ%%%%ﬁ%&s ]c(i:f‘(/)?r[%tpayrﬂgigion were

97 ligaterttsgrsautmgiynplcriierid R54rHed Ml Ve BOmaER b HBHIRI rABIARGHS Bhe resulting H
chain apgdeGhaindaNAdRapaNtsENETe iFSRsteddnisammalidh sl expredsionivectors to construct

b B 30 0L P RSO VL Nl sy saueneso
antigen-binding activity is that at pH 5.8 or pH 5.5.

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

15 determined by those skilled in the art.

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

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

25 In the production methods described above, the antigen-binding molecule may be bound
to the antigen under any condition, and the condition is not particularly limited. For example,
the antigen-binding molecule may be bound to the antigen by contacting the antigen with the
immobilized antigen-binding molecule, or by contacting the antigen-binding molecule with the
immobilized antigen. Alternatively, the antigen-binding molecule may be bound to the antigen

30 by contacting the antigen and antigen-binding molecule in a solution.

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

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

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



5among persons with ordinary skill in the art. Expression and purification were carried out using the
constructed expression vectors. Expression and purification were carried out using the method
described in Example 1 to obtain the high-affinity anti-1L-6 receptor antibody (high affinity Ab). 10
PK/PD Test in Cynomolgus Monkeys The pharmacokinetics and pharmacological efficacy were
evaluated in cynomolgus monkeys for the pH-dependently-binding antibodies H3p1/L73-IgG1 and Fvl
-M71, Fv1-M73, Fv2-1gGl, Fv3-M73, and Fv4-M73 and the known high-affinity anti-IL-6 receptor
antibody (high affimitytlibprtf3ptd/Siaiehatyh-MTHes Fydt MidBsEad:d/ANSs, doFendadvi?8, xsast pH
administe I e ' ggﬁq ' S0OMS inistrati S49/kg, while
the higﬁtsa#ﬁ%ﬁ%/)eﬁé@vgg]s@ é%ﬁﬁgeée%?g?/xsels r%g%?ldose i%rtl])rgaé\%nous a%m%?gg%rgﬁ% g/kg. Blood
sampleBifisrece snsebirrbtoFacdistinid dsbie ssrblerithe PHhe piasthi e seramdontfish 5 EsEh
antibodypvas mepsHred;iadiensostitl marneefsrid Camiipteidn The firepEbis pEls5of ptgshas
cor%centra i%ps of H%plf_lrzs&ig%h Fyl-M71, Fvl -M73, Fv2-1gG1, Fv3-M73, 20and Fv4-M73, as well as

the higha% |nﬁys?§ "are shotn in FIG. 21. In order to evaluate the pharmacological effic,acgcin terms of

the degree to whiheaichiydiamatplestiss kehr erasussd Bygha Preduciondr sthnds feitRfdcynomolgus
monkey:Herfo Wiy 86 minisienes sicu@neousiieintonhtdewtihacstoidneaninalddaiylads figkg
fom day 3 today 10.(19m ey & 1 dav. 30 WHD(ESRECH 9,015 ioh NI AR) e e arkpinstaton

. j11} T
of antlboéﬂl/, nethe same manner as in Example concentration of each animal was

measuretiae bepe s distidiachas dernisiratieh. Theetiie thensaechbhRPRORESHIPREARIRHSE

administtalippefieaeh pnlbedyatasiovuiif e cddt pider travakiatetheiphaimaceiagiaal
efficacy in terms of heeéiegree of[ neutra%lj‘izoagpirl glfecg{pcgmolgus monkey soluble IL-6 receptor, the
concentiiiorn 3P 8 HitB St RAG o digUis Ronkay Soltible 1L-6 receptor in cynomolgus monke
plasma was 30 TeastheprinthbosamhpdnmehadEsarhiecotion @ﬂﬁhﬁlﬁbﬁfr%@ﬂﬂﬁﬁé}\ﬁ%@mﬁ
cynomolgys:imankay Ralble Urbnessatar soRceatrabinas\YlbeuRdwini sialinneafreasinantiody are
shown i{1 FIG. 23. ... Asaresult, the antibody concentrations in plasma were maintained high for
each of EStOFANEding A0 ARG PR R S BhE Fva-M73 in comparison with H3p1/L73-IgGl,
35ifhile the conbetitegtiodiectdTREant tHehenesar iwysbtitolguesrekelasobhsis B1REdEbtor were
maintainggat lewdevalrdamelyinbistesull ShrueH thatiiisitine abase thecAf saspbeaneipe and
soluble IL-6 receptors, are our,]lgl by thﬁéantibod%gfr in other words, the duration of neutralization) was

prolong 8t BYIKE RABEBORTE LIRCR SESBRAHEN ﬁﬁﬂ%ﬂwi In addition, these
pH-dependentlyFbitigingcantii la® teoeptdodintibudibs weigecdifidingdiioiotudss Hukedipativeastfects
and susfained efficagy LOMAl Sl ALABIRT Ha: hrhriie<nowR e gl RN AifeiEaeeptor

antibody (high affinity Ab) administered at 1.0 mg/kg, at only half the dosage thereof, i.e.,.at 0.5 mg/kg.
Th@refo?%?lﬂﬁéwagm-ﬁﬁ@%%fﬁ%aﬁs WerE eI & %%Véqﬂ%%%%?%l SERSn effects

and sustaent effieacysmpgiorborthoseid e lsoapnaf migfkatigithantiillo 8adseptortdadyody. Those
antibodiggngmwl% jn,Jable 12 for which P1C/PD tests were not carried out using 10cynomolgus
monkeys as In this test, have also been confirmed to demonstrate im ﬁioved pH-%ﬁgeggg{\t binding to
the membrane-type MLEFPaRisgine m%%@@hﬁﬁﬁﬂ?—%ﬁiﬂ G BTOT R AR RRE M &G uring which
the menpbssne typetndse kipleil-tréeaptentive hqindry thEhantibogiesi{otiin othdodorlg)the
dusation lizatl ' (zati - ale nged for the
o O S e il he
antibody#R§EppERIRefFaientine f1d'8s well as the time where the soluble IL-6 receptor and
membrane-typeRirthéaaepiomare:-Hoind hyHadeaniitb paydin-tideh b ety {subtetivedmdutdalization effects)

were found t olan consi npar ' Fv1-MZ71, Byl V2~
M Y B B e o e
neutraliZ868 R EHEBE 2ORCEI3p MoPBayG |, Bhewrbrarsrdurbuymetsadavd FeeamemyrspHOveEn
sustainesk newtralizatinnde fects s campaigehwithdWd molccllecontrast sapabte b bindbeptoriantibodies,
the pH-de%end?nt-bindié]r%l%inti-lL-6 receptor antibodies that are made to strongly bind to the antigen at
the pH if th e%lavg(ﬁ%o p TXbut only weakly bind to the antigen at the pH in endosomes of pH 5.8,
make it possiblefierfeamese o psabintansuyecalvd HadnarstRiBr reylishey priiedstf-ihes receptor
antibody,-ang s veresul b @psaadcRsiderably: irtice thadotatadmipist aticorapacsito THerefore, the

pH-dependently-binding anti-1L.-6 yeceptor antibodies are t% ught to,be extremely supetior as a
pharma@élﬁg%%l?/ g#gl%reggg%:ﬁl Ilfﬂlrg{ lélrgtgegt%sn?é 3 x‘é‘%ﬁ%FS %ﬂ%élﬁg%ﬁus&%na% Bﬁ léé;:IJ?(lelrb%l’eghlsjtIy Binding
AntSIL-evamiibpely Bhavre dutancshistibariiictsis of Ramesarnntpoign can he psethapresthedtson plurality
of humanized anti-IL-6 receptor antibodies that pH-dependently bind to the IL-6 receptor were
successfully created by imparting the dependency through introducing histidine substitutions and the
like into the variable region, in particular, the 35CDR sequences of the humanized anti-IL-6 receptor
antibodies. It was found that all of these 99 antibodies repeatedly bind to the IL-6 receptor and
demonstrate a considerable improvement in PK/PD.  Therefore, it was confirmed that the

pH-dependent ability of an antibody to bind to an antigen could be confered to another antibody that
hinde t0 an antinen nthar than the |l A Bracantor 11einAa 2 ecimilar method Hitman |l -A wAac calectead ac



a method known to a skilled person. Anti-1L6 wild type was expressed and purified by the method
described in Example I. 15Construction of_pH-Dependent Anti-IL-6 Antibody To confer the
pH-dependent ability of the antibody to bind to IL-65,6histidine substitutions were introduced into the
amino acids in CDR of the anti-IL-6 antibody (Anti-1L6 wild type) including the H chain (WT) (amino
acid sequence: SEQ ID NO: 62) and L chain (WT) (amino acid sequence: SEQ ID NO: 63). By
substituting histidine in the CDR amino acids and 20subsequently screening, several clones that
demonstradeding piliglepeindant hindindewere ebtaimpetickifdbiduiagatptd su5igeas signifiparsdy reduced

as compoa&?ed n%i%épSﬁg}%r&%%ﬁﬂ%&tﬁng%egpsitions of histidine substif[ution _in the pH-dependent
clones are shown in Table 13. The examples include "Anti-1L6 clone 1" including th I—iglsg‘%%n (c1)

(amino acid sedishcEngEGIHIROPBAIRE M iR RO Eshmo e Rr edefiisnoacde 65), and
'('Aznti(-lLp@e@kmeg%ﬁﬁiﬁdtwémgemed%dmm;(ﬂﬂh@ﬁﬂmmam&wﬂbimcémtmaNO: 64) and L chain

c2) (amino acid.seguence: SEQ 1D : I= i-ll-6 clor essed
an purelﬁ%rg C@%aeﬁie?ﬁgg %%%%?b‘gé\% a@)%%%%ﬁ%% gﬁl%%l%a%%?]l %ﬁ%ﬁgo%%f%g’r%%%%ﬁution in
pH-dep&hueribeprdscton et of e MewnEsveRien ¢ bouskhayemsiiiRg St PrEDependent
Clones {geBmdia moleclfifetia analypislf ehtigeniaritipodihiractidhf@hpil 5.5 and pH 7.4 was
carried gu{t éjsif? 33; iacore T100 (GE Healthcare) for the three types of antibodies prepared as

mentiorféd above: AntioLL6 Wi &%}'pe., Anti-1L6 clone 1, and Anti-IL-6 clone 2 (buffer: DPBS(-) (pH 7.4
or pH 5.5), 100FuShenneNaBheThbindnscarle W RInEtS vike REdudipon simen 2E8mb-protein

A (Pigreeinvas ixHpRalized butantine: capiRg fanghihesuhdmoain kafiddony] adinsitidddiarn a

appropriate concentration was injected on the chip as an.analyte. All the S ents were carried
out at 3 aﬁs‘gé‘l i%%ig%lnétree g%sr?été% S %u{i%‘fﬁs_(;}laarlﬁc ?gé%%{%% %nt“e@ggr@s%glﬁt%{% fII‘(%ﬂ (1/s) Swere
calculatedinisistyBiscoreiMaB R AU S ofRS O GRTHER thcAl, Sirarsistionairtisdsahts KD

(lﬂ) ﬁ%@@l@ﬁ&ﬁ%ﬁﬁ%ﬁ %ﬁ%m@g&&&blﬁ#@e&mﬁ aféﬁg@qmmw affinitytiad pke 5.5 and
pH 7.4 was calcuylated for each clone.to evaluate the. pH-dependgnt hinding. 10 [T 4 [
o1 Binc 6 B A A - S e W B8 A DS 7 i o s
1.52E+07 thelZell inGRER0ZepHES RIOBE+06 pH7.4 8.96E+06 pH5.5 2.76E+06

kd(1/s)KD(M) K%@l@r@é@ﬁﬁh%eﬂ%ﬁa@ﬁ%‘%l%&l@%%&& 24 3ECOH Tk GAEP I ATRE B4 REHE- 10

10.3 9.26E-03 4.52E-09 2.63E-03 2. - 1 - .98E-09. [
the present invention are ejcipec’u%r tl%) %g c?'a%zﬁ)ilé ]69 Ea&%l?x gl?r%u?a%mg antqlgoerr]ieslfrom plasma

when administered to animals such as humans, mice, or monkeys. Thus, the production
methods of the present invention can be used as method for producing antigen-binding molecules

20  with increased (high) ability to eliminate antigens in plasma.

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

25 Genes obtained by the production methods of the present invention are typically carried
by (inserted into) appropriate vectors, and then introduced into host cells.  The vectors are not
particularly limited as long as they stably retain the inserted nucleic acids.  For example, when
Escherichia coli (E. coli) is used as the host, preferred cloning vectors include pBluescript vector
(Stratagene); however, various commercially available vectors may be used.  When using

30 vectors to produce the éntigembinding molecules of the present invention, expression vectors are
particularly useful. The expression vectors are not particularly limited as long as the vectors
express the antigen-binding molecules in vitro, in E. coli, in culture cells, or in a body of an
organism. For example, pBEST vector (Promega) is preferred for in vifro expression; pET
vector (Invitrogen) is preferred for E. coli; pME18S-FL3 vector (GenBank Accession No.

35  AB009864) is preferred for culture cells; and pME18S vector (Mol Cell Biol. 8:466-472 (1988))

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



clone2 The ratio of affinity at pH 5.5 and pH 7.4 ((ICD)(pH 5.5)410)(pH 7.4)) calculated,
which indicates the pH-dependent binding to human IL-6, was 0.8, 10.3, and 13.5 for Anti-1L6 wild
15type, Anti-1L6 clone 1, and Anti-1L6 clone 2, reéﬂectively. That is, the pH-dependent binding ability
of each clone is more than 10 times greater than that of WT. The sensorgrams of Anti-IL-6 clone 2 at
pH 7.4 and pH 5.5 are shown in FIG. 26. Thus, it was shown that, as in the case of the anti-IL-6
receptor antibodies, pH-dependently binding anti-IL-6 antibodies that bind to the antigen strongly
under plasma BPrentkal contitietwds fovealdypim derlipttasndo sgmatrididic amydigorsscan be
construgiad by inipdusing istidine shaiiytions. andibe ke meidhrniastia CRR.amig acid

es. Asin slto

sequences. dicated in Example 5, an anti-IL-6 receptor antibody that has the
pH-depapifefestitging -4nifty Fepeatedly binds to the IL-6 receptor and PK/PD is remarkably improved.
That is, it was sTiggeissed ibat Atllti-die 6@l paeidubnty Aintitkd Gaotbnai2pwiish deliventhebetisddpendent
binding 25ability, repeatedly bind tg. mor I ith. signifi ' ared
it A e ble 7 ey B e
Antibod e dsster sl (FHRbaER ST At R ICI O REMSp IR Yo E??éﬁﬁ@?%ﬁci%, a
plurality,of HamBnizech@n: buBreoapiaiantibadiesibas pH-eapentdnty bifidsoithedi c8eseptor were
successfully created by conferring the 101 d t [ el kstichn bstitutions
and thefike ﬁisi%p?ﬁ%eﬁl\%%% ég*%gé% AT %gbr%icu %Irig&%agg%{ﬁgshe%ggﬁgg %ﬁ?%ﬁﬁ%dﬁi-mﬁ
receptoP HIiJBHIE29 3 wnssRowise iHatndmsy ¢rbsk andipaaiesiepe Xednrbina b5 thedusstdeisdtor and
gqmond%@!%gg}_wﬂf' esrﬁM@tﬁa@gp%g_@?aﬁ}%?dﬂa&n@m%mm@ﬂfm%@mﬁsmli@ﬁmat the th i
ependent ability of an antibody, to bind to an, anti co e .con r anti that binds
to gn arftigeI RS RER %%%ﬁ_(aéurrer%%p {)(??ﬂ%?rllsgné %}ﬁoﬂﬁ% %e%%%%?(/%?s’é I %%1% irt.g?:f=§?)g;irQW s selected
as the dhiigish, Jotch ARibtiRISB1sSeelitorahtde jinethstintymsepiernn MAETYIRiRSHE avithedduence:
SEQ ID NO: 67ygagdsichaid b Eﬁﬁﬁ%ﬂ}%%jMHMb&Qﬂ& l?i@ﬁ@&),, Mi&ﬁfhﬁinﬁgisrf@%le mouse
IL-31 10receptor. as | | 007 325, (*Anti-IL31R wild type" SC ted. Using a
methodcﬁi}ﬁ\ﬁ%%8%@§MM%W§M&£%%§M§%rgﬁ&% iﬁéeiﬂ%glz%ﬁi%%yaé?ﬁréeg}{ﬁ%hces of ’
infetest Thereninsdrtadddte ithaemmalnmdethexisrastion F/B@t@i‘gfttﬁ}c@ﬂ§ﬂ¢l@ﬂﬂ5¢-ﬁbha@ﬂ’é>@ﬁp§ssion
vector gpd b chain expression esteuRfipierephe Theraclentide v enses®iHhe frssiting expression
vectors were determined using a m%gg)od knovglto %8%"'390&139@0% 1%\??0]#}% |lg%)vxﬁc’ld txggd}/i\ﬂ%s
express%ﬁ%ﬂgpuﬁﬂﬁ??’ﬂﬁ}%ésrﬁ% HESFIBEY A EXEMple 1. Cohgtiction of pH-Dépendent
Anti-1L- 3 eRelceptal, Aatibadyr agifiedorsferthespii-dependent ability of the antibody to bind to the
IL-31 receptor, tziﬁgég%gﬁae@é&@aﬁ@mg&%{@ﬁ%@@ﬁ%@ﬁm@aﬁé@@@w iR ob R 6f hiermatite -31

receptor antibody nti-IL31R wild type) including the H chainé .T? ﬁlmi’lno acid_sequence: SEQ ID

NGV 67%H8%'WWW%WE?&S§§%§\% ?gn‘é%{eﬁéeﬁﬁ??% CBY Wit flﬁgnsﬂtjs ftutions in the

CDR awidopheitscand sibsequenb sorephingiseparal @l onodhhaxtemmbnkt st ttvapkbtependent

binding were 9%@4{5%%} e Biading AkrblBonassignlinanhoIaducesassempaiggwith the binding
0

at pH 7.4. The position of histidine substitution in the pH-dependent clones is shown 25in Table 15. An
exampl&sEralegIrSTE @sne 1" including the H chain (c1) (amino acid sequence: SEQ ID NO: 69) and
L chain (WT). Adi- its3diReelongl lfvvas explegsedwandpsyifiedusing themastivo ¢ldesoribeddn Example
| o [Table 151 Pasil i5lid oy in RA-depeRsisnl-Rones Jaka3Analsinalinding of
pl—%—?)ep‘féﬁhe ;ar?tsg%%gg?%%a%%%%%w&%?g tor Kineti,%laanalysis 0 ntige}ég@ntib dy reactions at
pH 5.5 W@ BHARIING £ ekl d e RppPEILES s s (eseHBaRREY 8&9%8%’6‘?’ ntibodies

prepareghas sopatiened Bho¥ists” of the present invention include such animals and plants.
The production system using animals include those using mammals or insects. It is
possible to use mammals such as goats, pigs, sheep, mice, and bovines (Vicki Glaser
30  SPECTRUM Biotechnology Applications (1993)). The mammals may be transgenic animals.
For example, a polynucleotide encoding an antigen-binding molecule of the present
invention is prepared as a fusion gene with a gene encoding a polypeptide specifically produced
in milk, such as the goat B-casein. Next, goat embryos are injected with polynucleotide
fragments containing the fusion gene, and then transplanted to female goats. Desired
35  antigen-binding molecules can be obtained from milk produced by the transgenic goats, which

are born from the goats that received the embryos, or from their offspring. Hormones may be



35Anti-1L3 IR wild type and Anti-1L3 1Rclone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM NacCl,
0.01% Tween 20, 0.02% NaN3). The antibodies were bound to a sensor chip on which 102
recomb-protein A/G (Pierce) was immobilized by atfiine coupling, and then the soluble mouse IL-31
receptor (prepared according to the method described in WO 2007/142325) adjusted to an appropriate
concentration was injected therein as an analyte. All the measurements were carried out at 25C.
A;sociation rate constants ka (1/Ms) and dissociation rate constants kd (1/s) Swere calculated using
Biacorexdih@drrallatigpopitaene (Gickealtbcatel antinisositiomgshs rriigaChrdnavere

calculate | T . ; . |
as caltISE @?&Eﬁoﬁ%ﬁ%%&%%?ﬁ%&EE%‘?EEE&E??%H%&%@%L@M pH 556008 pH 7.4

l
Binding of pH-BRp&HiRiR R BRI NTT8E e SrRIEHs Ay Ha T ﬁ%ﬁé&@@%ﬁ% ?f
KD(pHp Ry t#i#on pPHFAhADKwOEI S40F:03 220R108 ¥ ddyyeng a2l ypiid & 8dtaEe@EB20E-03
7A9E_O§n a%ﬁg?éﬁ—l]ﬁZ%%éﬁgglgcl%%%ﬂ%t%fgsq %éﬂ%ecﬁ%gg ko iﬂ@QPsﬁk%&%é, LPEEQR: gen-binding
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 polynucleotide
encoding an antigen-binding molecule of interest is inserted into a plant expression vector, for

10 example, pMON 53(}; and then the vector is introduced into bacteria, such as Agrobacterium
tumefuciens. The bacteria are then allowed to infect tobacco such as Nicotiana tabacum, and
the desired antigen-binding molecules can be collected from their leaves (Ma et /., Eur. J.
Immunol. (1994) 24: 131-138).  Alternatively, it is possible to infect duckweed (Lemna minor)
with similar bacteria. After cloning, the desired antigen-binding molecules can be obtained

15  from the duckweed cells (Cox KM er al., Nat. Biotechnol. 2006 Dec; 24(12):1591-1597).

The thus obtained antigen-binding molecules may be isolated from the inside or outside
(such as the medium and milk) of host cells, and purified as substantially pure and homogenous
antigen-binding molecules. The methods for isolating and purifying antigen-binding molecules
are not particularly limited, and isolation and purification methods usually used for polypeptide

20  purification can be used. Antigen-binding molecules may be isolated and purified, by
appropriately selecting and combining, for example, chromatographic columns, filtration,
ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoress, isoelectric focusing, dialysis, and
recrystallization.

25 Chromatography includes, for example, affinity chromatography, ion exchange
chromatograbhy, hydrophobic chromatography, gel filtration, reverse-phase chromatography,
and adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R. Marshak et al., (1996) Cold Spring Harbor Laboratory
Press). Such chromatographic methods can be conducted using liquid phase chromatography

30  such as HPLC and FPLC. Columns used for affinity chromatography include, protein A
columns and protein G columns. Columns using protein A include, for example, Hyper D,
POROS, and Sepharose F. F. (Pharmacia).

If needed, an antigen-binding molecule can be modified arbitrarily, and peptides can be
partially deleted by allowing an appropriate protein modification enzyme to act before or after

35  purification of the antigen-binding molecule. ~Such protein modification enzymes include, for

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



2.40E-02 2.20E-05 The ratio of affinity at pH 5.5 and pH 7.4 ((K,D)(pH 5.5)/(1(13)(pH 7.4))
calculated, which indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000
for 15 Anti-1L31R wild type and Anti-1L3 1R cIoneS%, respectively. That is, the pH-dependent binding
ability of Anti-1L3 | R clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-1L3 1R clone | at pH 7.4 and pH 5.5 are shown in FIG. 27. Thus, it was shown that, as in the
cases of the anti-IL-6 receptor antibodies and anti-IL-6 antibodies, pH-dependent binding anti-IL-31
receptor antibodies that bind to the antigen strongly 20under plasma neutral conditions, but weakly

under i'ltﬁ%?ﬂﬂﬁ%o%é?o‘ij%ﬁ%ﬁ%@”s can be constructed by introducing histidine substitutions and
the like mainly into the CDR amino acid sequences, As indicated in Examples Jﬁé%l%gn anti-1L-6

receptor antiboby RIS tHS PrYBhENERRbIAME SR LaRtsFBIRtE PR %6 Wd8ptor and
PK/PD ismiessiakkably improved. That is, it was suggested that Anti-IL31R clone 1, which has the

pH:dependent 25binding ability, r e . : gt : With, Signifi | ech PKIPD,
e S
Binding"tibahpEkpre s8idr et Pt atioN B APTSEHR i ' es of
humanized i 6 ia6aBIOr AtiROstiesice soribedbptaiviwess, WeparedsitistHd @ntiliotiesthasidomot
pH-dependently bind to the IL-6 rece -lgG 1. ing-H.+1 T j \d; ence: SEQ
ID NO: g§1 Zﬁg@: Mo(g%(?nsoe%%? Cge%tuge%n(z\gﬁsl%% }g%gg%%é%ggééﬁ}%ég%%%ﬁﬁ g:li Ej%ﬁn%] H54
(amino welll Bisgquence: SEQ ID NO: 70) and L28 (amino acid sequence: SEQ ID NO: 12) were
em{jesa%qldﬁlﬁxﬁgéugeﬂmﬂgab@s metaod Gﬁﬁiﬁajﬁﬁhm&&gm?@ﬁpailiﬂvﬁlgmhl ihadies bt ]
pH-dependently bind to,the IL-6 recept 170/L.82- E i HNg: [no aci
sequente’s ’I‘B%?l}lh)legn%t Egﬁt@y&?ﬁbﬁéﬁ? 5 %Sﬁlgﬁ\%é?sgéa@ééo%ﬁgg%ﬂa%%@g? Example
10 incluatiigsetySalye i $ERANNAOH #33 hrrrivhis CrRqSHRVIDPRRD sphytitsd wikbldssed and purified
using t thegindieated i Examie 1. cheAnalsisolBiodnghidkacinlypedd Adilkacy, to Soluble
IL-6 Rekkc(:%):)%ﬁr ] ngli?:etic a yiis of an'% en-gptitgodxtrggjcggn% tfﬁzf O%QEO@\I;{FS.Q Was carried out
using Bl‘“f% TGO RESE R t’nc%?ea)t%orsf%gnfouf ypes 8P antibodies reéare PWT2gG|, H54/L28-1gGl,
H1B0/L§2sigiGnl5%afdrfydgiGanGhiffad TormintosiEen(ps Tnaler $pIB) @):,uigmﬁwma%ﬁﬁ@d@%

Surfactagt;PRA)sThe,AHIP dies VeI RUAd 81 8RASRIEHRsON Which 15recomb-protein A/G (Pierce)
was immgbilized_by amine cgugllng and SR344 ad'uisted to al@?;?é}g%griate concentrati%n was injected
258 m 4.

therein 59 4R GHROHY PAk! & DA A AT SRR / ?lngfaélaacrﬁl{lfp%cb antibody were
observegqreaceeal-timetbigistAbtHomEadsemaestiverdlcdiied posiHe3 28. Rosdaisivrate

constants.lca (Ls)angd disspciatiand ate sansianisduditles) wensalsstaiesiringdBiagorasT 100
Evaluation Software (GE Healthcareé,GZ and d'ssom_a(i’on%to{} an(tf 0 %Ié/l were ¢ llglléflis'l[:?g gased on
théSe vAREY (Task SR aBiP? 7P SASERSGF KEESE kiR RMtes A ,CBISSOCIE_I ioR Rates (kd),
and DissaisigtiondGonsTants tfBatholypeé saeimoSEGRIRsNSH UINRSA verREEESPISR344) pH7.4
pH5.8 F’Gﬁﬁ%ﬁﬂHg%ﬁx%m%éﬂ%ﬁwﬁ%ﬁ%ﬁ%\@ @Q/Mw?/)ﬂgiﬂ{%]@{wd seguence, in
k(pH5.8)/k6H7,4)10 (pH5.8)/KinH7.4) / ‘7-18Gé 4.9E+ 5.9.4%-% 1.9;-09@.95685 > 2,7£-03 3.1E-09
2.91.6 HS#ABSPAGOB D5 THEIRSTIAE.-0b 2RI 9E DS L TRIF920g 7% ¢ 1T
position 108 in the amino acid sequence of SEQ 1D NO: 1 (H53 variable region} have been
25  substituted with His;
(f) an antibody that includes 2 heavy chain variable region (CLHS) having an amino acid
sequence, in which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106,
and Tyr at position 108 have been substituted with His, and in which Ser at position 99 has been
substituted with Phe and Thr at position 103 has been substituted with Ile in the amino acid
30  sequence of SEQ ID NO: 1 (H53 variable region);
(g) an antibody that includes a Jight chain variable region having an amino acid sequence, in
which at least one of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at position 56,
and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable region) has
been substituted with His;



1-1170/L82-1gG1 6.7E+05 1.1E-03 1.6E-09 1.2E+05 12E-02 1.0E-07 11.461.9 Fv4-IgG1 9.8E+05
9.5E-04 9.7E-10 14E+06 3.7E-02 2.6E-08 38.827.3 25  The ratio of affinity (ICD) at pH 5.8 and pH
7.4 for each antibody was calculated. The ICD ratﬁ)(,) which indicates the pH-dependent binding to
SR344, was 1.6, 0.7, 61.9, and 27.3 for WT-IgGl, H54/L28-1gGl, HI 70/L82-IgGl, and Fv4-1gGl,
respectively. In addition, the ratio of dissociation rate (kd) at pH 5.8 and pH 7.4 for each antibody was
calculated. The kd ratio, 30which indicates the pH-dependent dissociation rate for SR344, was 2.9,
2.0, 11 @&, anch3& B8R0 thAf TntgGaits d BidH: 2B 4gGhridbk0kEan §G13 phal glaig@ijre spectis@ignc®hus, it

firmed t 704l . aengdeniobisging, while th
Z”S‘&Z%”Pé‘ﬁr%?&nﬂ%é5%&%@%%?%@5‘%5%?{%%@%@%%E??ﬁﬁ%@gﬂpiu%. ﬁ%ﬁ?g 104 since

a
the affirsfgHaies) BrTRESEINEh iBE At 1HIF0H RReons AV STREFESHiE B Bid to SR344 in the
plasma(yyas thebghy b henetidvatenthintMio\Rhiaiametkingtiy ﬁa?e@hglsmgmﬁio@tﬁﬂ lequence,
Phamacolinelias ol Ssda, s ihe ANfhURARILSS IPqcpiaiapibRiciRie cunbitesialoning
adminigtration 0 gﬁéﬁ%t uman [L-6 receptor, prepared in Example 1) only or simultaneous
adminidirforrEri8REEI08hBarRbERE AT HISE BB EEStor antibody to mice that do not express the
human {}y-g.receRiay (eh TR the @ntitiimeni b6 regeptr Bhfipbdiamda notibindid the:enoase IL-6
receptor). An 44 solution (5 ligimL) or a.mixed soluti ini t I-human
IL-6 rec p\%rlcg?n i%%typ fg 1&8 mg I?’a@igl él) T %g?%ﬂ@fefge%tﬁ/%ﬁ %2? ’%rﬁ%%ﬁ%gﬁ %{ggnabga%rgg?vein by

single-dusinadpidewmen af IBQTDRYBIACRIRE wirhlsHHRL S5 Rpt8sUPRHBIR WAL SHSsent in an
adequate)excasamount falalie ReRBAhasiapughibibatofenyyndltiof ipptSR3d4 matdeules were
bound by the aptibody. Blood samples were collected at 15 minutes, 2 hours, 8 hours, 1 day, 2 days, 3
days, 4%55%1, s, 14 15days, 21 days, and 28 days after administration. The collected blood
sample€invereritimédibat ipdedesiigdwdor thamirnaiedlaresionolishaaddudiediehem wéplasma. The

plasma gepalates) wag stored in a freezer set to -20C or lower until the time of measurement.
e

4

Above- ibed WT-1gGI, H54/L28-1gGl, H170/82-19Gl, and Fv4-lgG1 . t ih
o e S A S T S A g

CancentegtimabyHELISA The concentration of human IL-6 receptor antibody in mouse plasma was

measured by Ek],54q ARLERWRARAE héathainapesiiel S felbiZhantipody Sagoend igmakwas

dispensed onto a Nunc-ImmunoPlate MaxiSorp (Nalge .Nunc International llowed to.sta
250vern‘i§ﬁ‘f}éfﬁ4léa’?6(5’r%§é 'ﬁ&@ﬂ%%%% @8%%88 %Fatégr.)&?aﬂ%srla?ﬁggié?ui} g 5D telg%%gflng
plasma tegneepmisiiions 1ofA3:8 a0pds i@y 691 56108 p0:0R®: A0 2PBokHML! ¥hdnddusabrasiian

samples gilyted 100:f0d 08 magrewets BERPAERRO0HE DL R980/MiSR 344 veas addaditedl00 pi of
the calibration_curve samples and plér%n'%% samplﬁ]s, and then the%%éamgles were allowed to stand for |

hot at FEERFSHIEEI e SRRy KRG ARAGE SHaYR HERRITSEE $0into the anti-human
|gG-immohilized, pledasy ameb gz testan théomlihoaridisrgomtembRraluie e, (Bitrhylated
Anti-Humapy L -6 Aptibady, (RER) was added imisactiond estalrap tenusratyre78Hbsequently,
Streptavidin-PolyHRP80 (Stereospecific Detection, Technolo |es% w%@g é{P (eﬁél Hﬁfl 59 hour at
room temperERtrE R ERIBHTTGEIE hexitp o ARIRAARY BRI o gonen HRP
Microwell SubstgpieifBiekXdbosdthrdéohashaisubstahte ra5Altbn siap pingrthe reittiomrwits N
sufiric are(SRug Ghetpisal e ahsphancs Al dRAOM YA MaRsHiRl Py gucipligseader. The

concentration in mouse plasn s calcula rom 105 the absorbance of the,cq Iibratjo&&urve using
the analfikAISGHREFE SORTRMBE BROQHMBISAATISR 0L The e olse BT s g eontEntration
after intigyanaustaeRinistaton aswiedsursdhylthherfothodig SabiwhiinRi@ids: Sieasurement of
e P CACRRSTIAN, By Bl AL RUINMDSRRENen R SBOFRIKRYAD @FERAGE 1 Mouse

plasma was measure elect emiluminescence. SR344 calibration curve samples adjusted to

~ .

concentratidighbelEon0anede rseoriryinptheaminoprbeae el S SRdhblse’ fima samples
dilgted 50-faidiprmene weraPreparathvietsampies avktesnieedewifls BGGtEN: 6f KIbh6glonal
Anti-human IL-6R Antibody (R&D) 10ruthenium;l I - . ( le
Discovery), Biot%?aafrélclln Rr%ﬁ(lﬁg r%%trllo S—%‘I?;?1 %%@%}%i%é%ﬁgyﬁg%&}%gﬁﬁgg %%%?é%% react
overnighf3pBYC7t-Hel fhal %&d&ﬁréﬁéﬂéﬁ%ﬂ/@t@@m%@%l?@?mE,Mhi@h%%@x?:@és of the
concentiajiongf arfishewabaledtoicgribantinadyrintained in the samples, for the purpose of
binding nearly all of the SR344 molecules in the samples to WT-1gGl. Subsequently, the samples
were 15dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed to react
for3® hod ablkoblm temperature, and washing was performed Immediately after Read Buffer T (x4)
(Meso Scale Discovery) was dispensed, the measurement was performed by the Sector PR 400
Reader (Meso Scale Discovery). The SR344 concentration was calculated based on the



response of the calibration curve using the analytical software SOFTmax PRO (Molecular 20Devices).
The time course of 5R344 plasma concentration after intravenous administration as measured by this
method is shown in FIG. 29. Effects of pH-Depen(fént Binding With respect to the time course of
antibody concentration of WT-IgG1 and H54/L28-IgGl, 25which do not demonstrate the pH-dependent
binding, and H170/L82-1gG1 and Fv4-IgGl, which demonstrate the pH-dependent binding, the time
course of concentration was roughly identical for WT-IgG |, 1-154/L28-1gG1 and Fv4-1gG I, while

1-1170/E S L W s: ! a5 eTyanere BAEY] desgds 9otp Bae[gedse of plasma
concentrafig WHEanglyZeq Ny e phatinacoKmetics analysi§ sofiware WirfNonlin (Pharsight). The
half-liveg E%ﬁ DIASIMA [Of HAGI, He4/L2B40G], Fvatigglhang H170/L2841gG1 were 21.0, 28.8,

- 26.2, arfdq,. pedays, respeciively. Asdescribed in Exaiple 2, Whenithe antigen is a soluble antigen, an
administered antibody binds to the antigen in the plasma, and is retained in the plasma in the Rhin of
an antigdep=swibady eoima ez Genksalssinapraeas4o extremely long plasma retention time of an
35antibody fthe leliminatien| rate is extremely low) duelto the function of FcRn, the plasma retention
time of an pEgigen ig shprt (the eliminblionirate is lhigh). Thus, an antigen that is 106 bound to an
antibody 4% prolonged plasmat reténtivn timersimilar to that of an antibody (the elimination rate is
extremely | imilarly, when the.antigen of.-humanize -6, I t ' ble
murman 1L WokeBoH, S T s don d ST s e ) SR SL R o o e
half-life: 0.2 days). However, in the case of concurrent 5administration of SR344 with a conventional

antibody, WT-IgGd sretdatih28rine bivbiess dagssmntdempnsiiatathaptidependabt bindingsithe
elimination rate. of SR344 was consi bly.reduced, and the plasma rgtention time of was
prolongSPTEHERTS Agie é,?éba. H%f/%d@r flé‘é%,né?@%%sygofoqp @f@%&%éﬁg%&s Eﬁé@gﬁgg nearly
all of therSR@H4smbibe presenisre timdalsp tneladtipodhediss ramBtevad tohemBaf the$Br344
bound hy.the satibediesilhat apralonges Rlasmaraeniiamtime simlariedha oftiee taniibiady, due

to the funpctiop of FcRn as described above. . . In the case of concurrent administration of SR344 with
the H17‘g€7ff§£‘?ﬂé}i"5? E@?ﬂ é%%l)anéﬂ'ﬁﬁﬁf’, i é?ﬁ%%’r?% rg?lé%fthénpﬁr?&&?%%‘éﬁbn%‘{b%%?ﬁd?i%
eliminatiorj pirSR34Awas sighificabtijstipid dplasonadditiohe: nd efpsesion 17 61 8PURGICY.6 days for
F%lg%%&u%ﬁéﬁﬁf@?ﬁ?ﬁﬂé@m‘? case of concurrent administration with WT-IgG1 or H54/L28-IgGl.
This tendency was particularly prominent for Fv4-lgGl. Since %h aginit qf Fv4-.{% 1 at ] 704 is
equivalent to or%fffﬁ@@?‘fﬁaﬂ’ﬁﬁgﬂfeé?%}ﬁﬁ%lf%%)% %Ef?%afdcf{"l fg(t)é%ﬁéﬁﬂha lﬁgga(l)r@_glfof the
5R344 mélestites:were bound to Fv4-IgGl. Even though Fv4-IgG1 demonstrates equivalent or slightly
longer Rl?ﬁmﬂa%%}%ﬁ%ﬁm%@hwueammmégwwa@@mwa@y%{gqaa,vmg
elimination of SR344 bound to Fv4-1gG | was extremel g gﬁs ﬁ:ﬁ’%@?@ ned by the concept of
the pre<BARIBERMBLAF ARG fromiecs t?‘?ﬂ%é%é%@fﬂfé%@ hhotid ahfiboaies tat do not
dersonstraten theipbtid dpe notdod ditdingaan crtib vdsiabbiuibisaniigdl-templexiidiakesion hareng
endosores,y BAROREID e AlBsHR. AN bind 0B exwsessad imendosomes under

intraendosomal acidic conditions. Since the antibody-soluble 25%@? n complex bound tq FCRn
transferé%ﬁ@@@H%ﬁé&@@é‘%&ﬁhﬁﬁﬁ%@aﬁ%&ﬁ?ﬁ@qg’ﬁ?glﬁfég ' ,'ﬁ%é?érﬁ?é’é?ﬁiﬁéfﬁ}a‘{ Ci1t%‘fé%ntibody
has a prglongec plagmayietentimiiposisimildr tolttatroS B@ Bhiod33((Véidlitainblion is extremely
slow). Qn e aiferavd, e Lane ALANHAdCH DA CRBIATIAI RGRNFRRRALE VARG, the

antigen di Sodiates from the anti ody under intraendosomal acidic conditions, and thus only the

anifbodyhsigaEng FiRis e AiPHs RHiens Bitd pastha Bt Ahfifeketibiociated from the
antibody 43 degrasledihiysecemssiwithouttaivrringti theiptatvial,-tie eliribiatiopi of drtigen tis:
extreme%g%g 'grci”‘fs%%ﬂgﬁgﬁfrjo%? g;%%iﬁgﬁ? Ol A iPedigs1hatde et Aemopgirate the pH-dependent

binding. Namely, in the case of concurrent administration of SR344 with the WT-IgG1 or H54/|.28-IgG |
antibodySwichdessy tertdaehstestthed s PhainspEARISTEBIPRING el Bl PP BRI P &Bfow to

the similan3hdrgresqastbemntiiediisiscaSRI44 BQIIONDT IgGIIA-E2/L28-1gG1 both in plasma

angd.endqsomes,.In contrast, in the. ca. f concurre inistrati f I

HI70/L -Iﬁ?ﬂﬁcl)r @4%8%&%%]{%% ‘f/ﬁ \%gﬁdé%r‘ﬁaglr?géfate@%m%%ﬁe‘ngggrﬁéb%%%??%ﬁéé%%irt#ienation
of SR34anignextrishseipeapidrempeTRea4 thsk¥tiatsE R e antdddy ii<the intraendosomal low-pH
environmignia ThatdayiPee e H iR is2Brie Gihanek iy dhig e tentbotignnwfich) deinbasigate the
pH-dependent bi.n%n%, dissog:@e from SR344 in the 5intraendosomal low-pH environment, the
majority%’laf—lfl g5 %%ﬂfl(?r 4-1gG1 that has returned again to the plasma with FeRn is thought to
be not btitirg enSRALLFThieGas bhvwalw e e hervabriavemiablarsgioy dfissbandinyshorhan
anggen inihe InHReRARSAMAHE Wik aRMreRma- 3T BRUmINGioTtiesplasma with FCcRn without
binding to the antigen, an antibody that demonstrates the pH-dependent binding can again bind to an
antigen in the plasma. It was 10also shown that, by repeating this process, the antibody that
demonstrates the pH-dependent binding can repeatedly bind to multiple antigens. This is consistent
with the Biacore data shown in Example 7, demonstrating that pH-dependent antibodies can
repeatedly bind to antigens. Thus, by enhancing the pH-dependent binding of an antibody to an

anticen the niimheaer of tfimec of reneatitivie antinen bindinAa fcan bhe increaced 1B5\When the antinen ic a




the plasma with FcRn, the antibody can again bind to an antigen under plasma neutral conditions.
Thus, an antibody that has the ability to dissociate from an antigen under intraendosomal acidic
conditions can bind to antigens multiple times. As @%mpared to when an antigen bound to an
20antibody does not dissociate from the antibody in endosomes (i.e., the antigen bound to the
antibody returns to the plasma), if an antigen bound to an antibody dissociates from the antibody in
endosomes, the plasma elimination rate of the antigen is increased, since the antigen is transported to
lysosomes andrgradad: 3 Thas, thephdnketiainationhaie eiiabantigemceiHendde: sightn index to
determiri]%ivg%%h%ﬁ an antib?qgglcan bind to the antigen multiple times. 25Determination of the plasma

.. apleregion o . .. . .
eliminafion rate of an tigen can be perfoilned, for example, by administering an antigen and an

antibod§} i eiventEmd HERIesdu ik inlisissihs Bemtgeth eBnesibltiBie it uhilisdidtion, as
shown niheaxapiplegidhnbarmbody that demonstrates the pH-dependent binding can repeatedly bind
to multi antigens i tr case pf.a conventignal antiho - strate
e 30p B b L e e R Ay
reducedf fdXitle Bidhidistration intervals can be greatly prolonged.  The repetitive binding to
multiple entigensebiRisvreches s m isihasedsantehi-depsndentantigenmansinodyseqaatienoThus,
regard| g oﬁgﬁéygﬁ,of antigen, if an antibody demonstrating the pH-dependent binding that binds to
an anti§ Qa .4 of plasma but dissociates from the 35antigen at intraendosomal acidi¢c pH can be

construttébatramtisedh QHAnMTad heainliskeate GRaRRh sénrhaTimec i wgEms 228 SeRUFIYS Ofhe present
teghnolggy)isrusgiuikia that it can be 108 applied not only to antibodies to the IL-6 receptor, IL-6, and

the IL-31 receptor, but generally ta any antibady to any antigen, re ess.of the type of antigen. 109
CLAIMézﬁ)W%%yﬁfgfﬁ?émé?@aw%ﬁﬁ@gge§ %iﬁﬁagg%parilggs ﬁgegsatré%g it t(g %gt.{éar‘r{r}i}ll ing the
antigenthirmingeastivispmeantiob SE @ IPHNE7 26 pH-36L8:)tb) determining the antigen-binding activity of
the amifﬁ%ﬁ%&f} e PHBsR) and ikeharleatingeanantiody whosa antigardbindingiagtivity at pH
6.7 to pH 10.0 is greater tha i nﬁg(é}riﬁng %\(ity at pH 4.0 to pH 6.5, wherein the antibody is
used a?ﬁl’ﬁﬁaatﬁfé‘é‘l}f?é’cﬂeég:ﬁtgg)sT#oggn is ary one’of the following (i) to (vi): (i) an antibody that is

- sugeriof liffretentibody (FTadrivi] Jijlan antivssyhhheiscapriblefd firmiitg tebichmmdey ingdlsr more

times when, MegsuEsddn.e feabamananimaheeRpising a cell expressing FCRn; (i) an antibody that
is capable of binding to more anti C%%? as.compared to the nﬁmeer of its antiggn-binding %iées when
t

measured Ifa HRdHaFEmha DRSPS CRAEXN, SR, @Vfﬂﬁf\;ﬁ? AR ARUBOHS issociates
an extragie(uiBryddamndvVaitiy€nl ithin a cell; (v) an antibody that is bound to an antigen and
'”t?ma"(zl%ﬁ Il ppaselprsad oie.autside o the.aelldDiAR RRUEARTIREIR-RE W an
antlbodé%@at has increased ability to eliminate an antigen in plasma. 2. The screening method of
cldfn 1, é@éﬂ@fpﬁs@é}{ﬁ%@ of selecting an antibody whose antigen-binding activity at pH 6.7 to
pH 10.0x)jwicentibhiyh@rHHa Tl b antigedebiatirg actisityhat g thOdmipk 8:8. s@1usnwettiod of
screeni ' odly, \YhieR paprises the steps of: (a) binding an antibody to an antigen under a
conditio%%c{\?g)ﬁ%@ t% p(H 10.0; éb’ lacing the antibody bound to the antigen of (a) under a condition of

pH 4.0 13 PHsantiady (O] bht¥hiighan BASEHS et kS8 AR LEERFAHBBIOAE CORMERIT 6F pH 4.0 to
pH 653\1&:@@@\1@3 ﬁ](i‘bﬁdygjs?&)‘;ed asa pharmaceytical compgsition and is any one of the following
()10 (), 6) 20 anuBadyDRNE Sy REHG L EClaRIaRI0,PlasRR kanariiBody High icapahle of
binding to an anjugen%r 0 or more times when measured in a nonhuman animal comprising a cell
expressHfIFciH W%%%@@tﬁéﬁ@b%éﬁl%%@ﬁﬁding to more antigens as compared to the
number @B itsaatigenrpimding sitgshvhierinRashiedimachaniu e andmal dardprising angetc
expressing FcRn; 110 (iv) a ' i i an extracellularly-bound antigen within a cell;
(v) an aﬁ?%%%ﬁﬁasﬁ‘%ug%ﬁgnﬁt%qaﬁgﬁ&gg? gdrgﬁ%elén lized into a cell, and released to the outside of
the cell [Rrmaatgbed BT bt (ha) s ladandinhempiriaimeld3deansizhs dnkifard g ntigen in
plagma. ghifcaeines oS eesipg oy Roapiilody witdse binding activity at a first pH is greater than
that at a second p. ich.c ises the steps of: (a) hindin i igen-immobilized
e B TUE Qe 56 1 e ofefe) Binfing 2 PRLbRdhele A ARG B

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
(VL1-CK);

35  (27) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 26
(VL2-CK); and



(b) eluting the antibody bound to the column at the first pH from the column under the condition of a
second pH; and (c) collecting the eluted antibody, wherein the first pH is 6.7 to 10.0 and the second
pH is 4.0 to 6.5, and wherein the antibody is used & a pharmaceutical composition and is any one of

. the following (i) to (vi): (1)an antibody that is superior in retention in plasma; (ii)an antibody that is
capable of binding to an antigen two or more times when measured in a nonhuman animal comprising
a cell expressing FeRn; (in)an antibody that is capable of binding to more antigens as compared to the
numbe(2#)its antigedyhindinglaites athdn cheiasureid grite noriho pvath ssqiradcohidiiHg B eel’
exprbes(il{yzﬁslféﬁ ; (iv) an antibody that dissociates an extracellularly-bound antigen within a cell; (v) an
antibo

atis bound to an antigen and internalized into a cell, an ﬁ@%sﬁe@io tgﬁ ETSid'e of the cell
in an antigen-frEATBeRMGE (IS RFFSERIBBESIHNR MY RS EisbB S IMhitfAt8 SR 8ftffen in plasma.
5. A methaeRafasreeningdoRANESEDHY Whose binding attivity at a first pH is greater than that at a
second which ¢ ri the %ﬁg @)Qf j antibody library to an antigen-immobilized
co%mn(gﬁélgrﬁﬁ%vg%?|on%§&aoff|r%s£%p ; %ﬁlut&?é%ﬂg%htibody from the column under the condition
of a se¢ehdpbearz)chmpifRg HiSHEhBNEbdih§ R Bluted antibody; and (d) obtaining the eluted
antibodyg)wihereiR-hadistpik i58.3HQ 10.Miend3tig’ Hepond pH is 4.0 to 6.5, and wherein the antibody
is used harmaceuti nyagg" i ag;ylﬂn of the following (i) to (vi): an antibody that is
superio@it%?%%aﬁgncﬁlm&@n%g BN arﬁ%%ﬁhgﬁi capable of binding to an antigen two or more times

bt

when m8atbereeriry ghvomRlRArPAREAAI AN EIHY Hoethexpressing FcRn; 111 (iii) an antibody that is
cq@ablq@f@@pj&ggﬁgmgrpmn@ggg@qg comp@ edra thg number of its antigen-binding sites when

measured in a nonhuma im rsing xpressing FeRn; (iv) an antibody that dissociates
an extr%if%?%?ﬂ%oﬁﬁ@g%ri}ggn%v%wrﬁ aﬁchlﬁv an éﬁgfbody that is bound to an antigen and
internalizethértteranceliziarfRAd44EQ 1B IO otitdiMElbf Ihé. @Il in an antigen-free foiin; or (vi) an
antibod}?)tlagg H@@?gﬁg@pﬁﬁ@ﬁl@g@@iﬁ@ﬂg eyrantigen in plasma. 6. The screening method of any
one of claims |to 5, wherein, at | 0 f jno acids of the antibody has been substituted with
histidin&%ﬂ‘&h@%@f %ﬁ%ﬂfﬁﬁg@g@ ?r%g{eiteg |2to the antibody. JPCANILD0001-seq
SEQUENGIE bisTiNG:xnlARS HBG AP SEYAKYKABUSHIKI KAISHA <120> ANTIGEN-BINDING

MOLEC#IIE@E REREATEPLYPINRFOMUILTIPLE ANTIGEN MOLECULES <130>
C1-A0801

2P <150> JP 2008-10 <151> -04-11 <150> JP 2008-247713 <151> 2008-09-26
<150> JB) 3o b6 EhAR Q%EéMQﬁfégﬁgﬁﬁw Patentin version 3.4 <210> 1 <211> 119
<212> PR et MdificiidRP2OSEQ BN aftificlially synthesized peptide sequence <400> 1 Gin Val
Gin Leu Gin, SliReiGl Erkerken\pl ks Psqwer,Glus);
20 (q) the light chain CDR2 of SEQ ID NO: 56 (VL2);
(r) the light chain CDR3 of SEQ ID NO: 57 (VL1, 2, 3);
(s) the light chain FR1 of SEQ ID NO: 58 (VL1, 2, 3);
(t) the light chain FR2 of SEQ ID NO: 59 (VLI, 2, 3);
(u) the light chain FR3 of SEQ ID NO: 60 (VLI, 2, 3); and
25 (v) the light chain FR4 of SEQ ID NO: 61 (VL1, 2, 3).
The respective sequences of the above (a) to (v) are shown in Fig. 25.  Furthermore,
the present invention provides polypeptides including any one of the FRs and CDRs of the above
(a) to (v).
The anti-IL-6 receptor antibodies of the present invention also include fragments and
30  modified products of antibodies including any of the amine acid substitutions described above.
Such antibody fragments include, for example, Fab, F(ab")2, Fv, single chain Fv (scFv) in which
Fv of H and L chains are linked together via an appropriate linker, single domain H chain and
single domain L chain (for example, Nat. Biotechnol. 2005 Sep;23(9):1 126-36), Unibody (WO
2007059782 A1), and SMIP (WO 2007014278 A2). The origin of antibodies is not particularly
35  limited. The antibodijes include human, mouse, rat, and rabbit antibodies. The antibodies of

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



151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp 202530 His Ala Trp Ser Trp
val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn
Pro Ser Leu 505560 Lys Gly Arg val Thr lle Ser Ar64Asp Thr Ser Lys Asn Gin Phe ser 65707580 Leu
Lys Leu ser Ser val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr
Ala met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr Val Ser Ser 115 IPDXMLDO0001-seq|
<210> 2 <211> 107 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
\S/etll L_:_?]FIC? <4:]008p209&&ﬂ?, @lehMetifdlyGlncbenRraSastSerd by SetiAtpaBSebdddGlytil 520%bBcAsp Ser
al Thr lle Thr Cys Gln Ala Ser GIn I T Trn.: | s Pro Gl
Lys Alagﬁrrgﬁﬁp &d ?:_pea&n] Ioer § g%%ﬁ*s%%% %?%%@%%% ééﬁljggeal?‘ ;ILg-Iglls}C g g%%hv%%lli’%ﬁgga rg 115)%6 Ser GK/
505560iS6H B Bep P ERPESH ek PHE T e syt the @13 es¥6 798b°8 18 A Ala Ala
Igr ngﬂ%@%&\{ﬁg@yclﬁ!mmg A ArgrheuRio(TyH858093 8- Bive ;GGG [ Therksysz VAl Blu lle Glu
<210>3<211>119 < 3 Artific 0% <&23> rtificl thesized
pe tidehéga%{?grslc% £¥005° 0@%@?2&%&%@%@%@%@ y Pirc') %ﬁfﬁ\%&l%@%?@er Glu 151015
Thr LeuBBeyeloThi 1§ AR\ Bet Glyapieysdi-IM abpisidntay vooksy (i28Kh! Als Serof val Arg

Gln ProgRras G SIH SlyiLaue@Bid 1P Enzymology (1989) 121, 663-66; Bird, R. E. ef 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 comprise the step of culturing a host cell comprising a vector
into which a polynucleotide encoding the polypeptide of the present invention is introduced.

More specifically, the present invention provides methods of producing a polypeptide of
the present invention, which comprise the steps of!

15 (a) culturing a host cell comprising a vector into which a gene encoding the polypeptide of the
present invention is introduced; and
{(b) obtaining the polypeptide encoded by the gene.
scFv is obtained by linking the V regions of antibody H and L chains. In such scFv,
the H chain V region is linked to the L chain V region via a linker, preferably a peptide linker
20  (Huston, J. 8. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 10.0, 5879-5883). The H chain and L
chain V regions in an scFv may be derived from any of the antibodies described above. The
peptide linker to link the V regions includes, for example, arbitrary single chain peptides of 12 to
19 amino acid restdues.
When an anti-IL-6 receptor antibody of the present invention includes a constant region,
25  the constant region may be of any type, for example, 1gG1, 1gG2, or 1gG4 may be used. The
constant region is preferably a human antibody constant region.  Alternatively, the constant
region may be a modified form including substitution, deletion, addition, and/or insertion in the
amino acid sequence of human IgG1, human IgG2, or human IgG4 constant regions.
Preferred TL-6 receptor to which an anti-IL-6 receptor antibody of the present invention
30  binds is human IL-6 receptor.

The anti-IL-6 receptor antibodies of the present invention are superior in the retention in
plasma, and they exist for a prolonged period in the plasma in a form capable of binding to the
antigen, i.e., soluble or membrane-associated IL-6 receptors. Thus, the anti-IL-6 receptor
antibodies bind in vivo to soluble or membrane-associated [L-6 receptors for a prolonged period.

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

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



354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr ASn Pro Ser Leu 505560 3PDXMLDO0001-seq|
Lys Gly Arg val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val
Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 AR Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp
Gly Glu Gly 100105110 Thr Leu Val Thr val Ser ser 115 <210> 4 <211> 119 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 4 Gin Val Gin Leu Gin Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle
Ser His His 202530 His Ala His Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly

Tyr lle gfhz%ggﬁﬁ%m ggnq' s Lyr Asn Pro His Leu 50SS60 Lys Gly Arg val Thr lle Ser Arg Asp Thr
Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser val Thr Ala Ala Asp Thr Alg Ala Tyr Tyr Cys

859005 Ala ArgT&Irese yarfing alp rlatrrde RS IMASTHACEy BINER PO 0183448 %hr Leu Val Thr
Val Serapepdilbirdih@nbleadits dftfei?dnt PR B3 Ak HiclahdROxmIcDO0’ selegiddd2he <223> An
artificially synthesized peptide se <400> 1 Vah Gla ly Leu Val
Lysgpros\ée%‘&‘iﬁ metik %:?f ﬁ%@&%@ﬁ%ﬁ%ﬁ%ﬁgk&@lgﬁﬁ %%gé%l' rylégéé%r%ig%é% 202530 His
Ala Trp Beduaipy aothgds pf e mreseaiipvsiicny LebCRIteR-35%Has Meleny &isi b SuEyH ser Gly lle
Thr AsnifydnAsh S0 issbebinding molecules produced by the production methods of the present

invention are superior in the retention in plasma, and thus, expected to reduce the administration
frequency of the anfigen-binding molecules, and are therefore useful as pharmaceutical

10 compositions. The pharmaceutical composition of the present invention may include

| pharmaceutically acceptable carriers.

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

15  methods known to those skilled in the art.  For example, they can be used parenterally, in the
form of injections of sterile solutions or suspensions including water or other pharmaceutically
acceptable iquid.  For example, such compositions may be formulated by mixing in the form of
unit dose required in the generally approved medicine manufacturing practice by appropriately
combining with pharmaceutically acceptable carriers or media, specifically with sterile water,

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

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

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

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

35 The pharmaceutical compositions of the present invention are preferably administered

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



505560 Lys Gly Arg Val Thr lle ser Arg Asp Thr ser Lys Asn GIn Phe Ser 65707580 Leu Lys Leu Ser
Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp
His Trp Gly Glu Gly 100105110 Thr Leu val Thr vdl®er Ser 115 <210> 6 <211> 107 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 6 Asp lle GIn met Thr
GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser val Thr lle Thr Cys GIn Ala Ser GIn His
lle Ser Ser His 202530 Leu Asn Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr
Tyr GlytSesHisl inHizSeiot yrvaiiRioSerpadithsBeios)p 506560 Pad edn BRDXIMLD0OBO1-seql Ser

Gly Ser, r 1l - I { Ik Asip.Ala Ala Thr Tyr Tyr
e o B B o Ly Vel o e Gl 100105

<210> TOERIISCYRY BHCHOTR Rirapr Ranaghind el o8 ol LB 3RO R IISHIARIY Sithesized peptide
sequence <400xdmAgpitie &almMesEhnt e SgrBpa Sely Seetied BawatalSetivtab Gle 1B1O15sAsp Ser

‘e T S R BRSO R R T O
505560molecule may be, for example, from 0.0001 to 1000 mg/kg for each admimistration.
Alternatively, the dose may be, for example, from 0.001 to 100,000 mg per patient. However,
the present invention is not limited by the numeric values described above. The doses and
administration methods vary depending on the patient’s weight, age, symptoms, and such.
10 Those skilled in the art can set appropriate doses and administration methods in consideration of
the factors described above.

Amino acids contained in the amino acid sequences of the present invention may be
post-translationally modified. For example, the modification of an N-terminal glutamine (Gln)
residue into a pyroglutamic acid (pGlu) residue by pyroglutamylation is well-known to those

15  skilled in the art.  Naturally, such post-translationally modified amino acids are included in the

amino acid sequences in the present invention.

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

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

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

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

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

30 was produced.

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

35  as the final purified product.



Ser Gly Ser Gl_y Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr
Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105
<210> 8 <211> 107 <212> PRT <213> Artificial <920> <223> An artificially synthesized peptide
sequence <400> 8 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Page 5
JPOXMLDOCQl-squ Asp Ser val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser His 202530 Leu Asn
Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser His Leu His His Gly
Val PropaiArip P hERsetebiafb66005er Gy enl@ly St e il PO R TiepRhécTinble Ser Ser Leu Glu Ala
65707580 Glu AR AN INCTEINIGY SSaly SnNely i 0A5PNER i
o . 1SR J > Thy e Gly Gin
Gly _T_hr Lys Va é%} lle G% 100105 <21_0>i9 <211> 448 <§a > PRT <g}3> Artificial <W,O> <2§3> An
art|f|C|aR?é?ﬁ@ﬁé@ﬁ@&ﬁébﬁ@é@%ﬁ‘éﬁé@a@%@ﬁS@WW "q_}é?f@fﬂr@ﬁ?%%erq&wcﬁr@gﬁf 8u Val
Arg PraSaticdmB b6, Thidey Seidk usT100fs TEr VabSEp@iparyriserclidIPhd Sé- Adpsa2530 His
A'%Trpcé?\f&g%e"a' é r%%ﬂ'“caﬁ’é%%%%' ﬁ&%%'%ﬁ%ﬁ%%ﬁ&{%ﬁ%%ﬁéé&%&6&§ﬂeHEi&r Gly lle
Thf Thr'TyrASnPro Ser Le Lys Ser Arg val Thr met Leu Arg Asp Thr Ser ) (ﬁin Phe
Ser 6570mmBET cynomolgus monkey IL-6 receptor gene was prepared by PCR using primer: e&
and Rhe6Rr2. Using the resulting DNA fragment as a template, a 1131 bp DNA fragment
(SEQ ID NO: 20) encoding a protein in which 6xHis is added to the C terminal of the soluble
region (Met1-Pro363) containing a signal region of cynomolgus monkey IL-6 receptor gene, was
10 amplified by PCR using the oligo DNA primers CynolL6R N-EcoRI (SEQ ID NO: 18) and
Cynoll.6R C-Notl-His (SEQ ID NO: 19).  The resulting DNA fragment was digested with

EcoR] and Notl and inserted into a mammalian cell expression vector, and this was then used to

produce a stable expression CHO line (cyno.sIL-6R-producing CHO cells).
A culture medium of cyno.sIL-6R-producing CHO cells was purified with a HisTrap
15  column (GE Healthcare Biosciences), concentrated using Amicon Ultra-15 Ultracel-10k
(Millipore), and further purified with a Superdex 200 pg 16/60 gel filtration column (GE
Healthcare Biosciences) to obtain the final purified product of soluble cynomolgus monkey IL-6

receptor (hereinafter referred to as ¢IL-6R).

20  Preparation of Recombinant Cynomolgus Monkey IL-6 (cil-6)

Cynomolgus monkey IL-6 was prepared as follows. A nucleotide sequence encoding
the 212 amino acids registered under SWISSPROT Accession No. P79341 was produced, cloned
into a mammalian cell expression vector, and introduced into CHO cells to produce a stable
expression cell line (cyno.IL-6-producing CHO cells). A culture medium of

25 cyno.IL-6-producing CHO cells was purified with an SP-Sepharose/FF column (GE Healthcare
Biosciences), concentrated using Amicon Ultra-15 Ultracel-5k (Millipore), and then further
purified with a Superdex 75 pg 26/60 gel filtration column (GE Healthcare Biosciences). This
was concentrated using Amicon Ultra-15 Ultracel-5k (Millipore) to obtain a final purified
product of cynomolgus monkey IL-6 (hereinafter referred to as cIL-6).

30
Establishment of Human gp130-Expressing BaF3 Cell Line

A BaF3 cell line expressing human gp130 was established as indicated below in order to
obtain a cell line exhibiting IL-6-dependent growth.
Full-length human gp130 ¢cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBank
35  #NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo, which
was prepared by removing the DHFR gene expression site from pCHOI (Hirata, et al., FEBS



Leu Arg Leu Ser Ser val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg ser Leu Ala Arg Thr
Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 Page 6 3POxMLDOc01-seql Ser Leu val Thr val Ser
ser Ala ser Thr Lys Ely Pro Ser val Phe 115120128%r0 Leu Ala Pro Ser Ser Lys Ser Thr Ser Ely Ely
Thr Ala Ala Leu 130135140 Ely cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr Val ser Trp
145150155160 Asn ser Gly Ala Leu Thr ser Gly val His Thr Phe Pro Ala val Leu 165170175 GIn ser
Ser Gly Leu Tyr ser Leu ser Ser val Val Thr Val Pro Ser 180185190 Ser ser Leu Ely Thr GIn Thr Tyr lle
Cys Ash.dtiet AStuHIS & yBAR 48 D520 0R0BBe r Ksnclinresimanat AspolypptapsivalsGutP ronsgigiser Cys

Asp LV%%&%%%%%%%M HiS TN YS: RIRWRRA CYRISONMRIO Gl ek %9@@1&&&/&59&%&%30235240
ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Ar%;' r Pro Glu Val Thr
P

cys val RPN A VAINSEFISRE GRISREFTPEDRES SR EPNG R Vdl Lyd PHE AfHp? FALS By val
Glu valirise8snte To28Q285 (B8 k)9 ThullkysuRpended BINES UG Tiped\ssiBer GhmeTYmlsey val

290295300 val i i
oo g o AR sl s S RIS

_ | / Glu Lys 325330335 Thr lle Ser Lys Ala Lys Ely Eli Pro
Arg Glugeie B chipi i Serpssaipp P PRePLY & AHgRd es Rl $1 B8 AEH &in val Ser Leu

Thr 35536036548 agelilidR BxmkEADdoaeqhiBy D Rerpial LydnilysP hecFyukiro S@epspctie)Atal val Glu
Trp Glu, 30372380, REA%h Al QIR RLe- G AF AT R by hE T B PrioF teraldisy 3aig0395400
RPMI1640 medium containing 100 ng/mL of human interleukin-6 (R&D Systems), 100 ng/mL
10 of human interleukin-6 soluble receptor (R&D Systems) and 10% FBS to establish a human
opl30-expressing BaF3 cell line (hereinafter referred to as BaF3/gp130).  Since this
BaF3/gp130 proliferates in the presence of human interleukin-6 (R&D Systems) and SR344, it
can be used to evaluate the growth inhibitory activity (namely, IL-6 receptor-neutralizing
activity) of anti-IL-6 receptor antibody.
15
Production of Humanized Anti-IL-6 Receptor Antibody

In the context of the instant example and elsewhere herein, the term “wild type™ is

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

20  sequence: SEQ ID NO. 10). In this context, mutations were introduced into the framework
sequence and CDR sequence of humanized mouse PM1 antibody described in Cancer Res. 1993,
Feb. 15; 53(4): 851-6, to produce modified H chains H53 (amino acid sequence: SEQ ID NO: 1)
and PF1H (amino acid sequence: SEQ ID NO: 11), and modified L chains 1.28 (amino acid
sequence; SEQ ID NO: 12) and PF1L (amino acid sequence: SEQ ID NO: 2).  More

25  specifically, the mutants were produced using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the instructions provided, and the resulting
plasmid fragments were inserted into a mammalian cell expression vector to produce the desired
H chain expression vectors and L chain expression vectors. The nucleotide sequences of the
obtained expression vectors were determined using conventional methodologies known to

30  persons skilled in the art.

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

The antibodies were expressed by the method described below.  Human embryonic
kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen)
35  supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 ml per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5to 6 x 10°



Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin
Gly Asn val Phe Ser Cys Ser val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro Gly 435440445 <210> 10 <211> %14 <2125 PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 10 Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser
Ala Ser Val Gly 151015 Asp Arg val Thr lle Thr Cys Arg Ala ser Gin Asp lle Ser ser Tyr 202530 Leu
Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Tyr Thr Ser Arg Leu His Ser
Gly val Ri/SenAdgRhe8 6t GEBAnbEMGe GRESENGIQTHosp: PiwEhiaPhedmelle SEk®er Leu Gin
Pro 65 (A7 RAR G AR IR AR HVaTME RN CYR(RID G CORR. TR eI BRAOSRT N Ne Cly
Gin Gly Thr Lys Val Glu lle L)(s rg Thr val Ala Ala 100105110 Pro ser Val Phe lle.Phe Plr Pro ser
Asp GlaWR L el s prasrdiplaasioyie ntnspsefiniots éﬂi’f’i’ﬁ'@ﬁ{’iﬁ%‘?ﬁ\‘?ﬁﬁféﬁl&s Lgﬁ Leu Asn

ésn grﬁiiﬂfif%@m&lmpéd@ﬁa&&l\%ﬂd&)uy&édab@iﬁiﬁrgeﬂjspmbﬁsﬁak@ 2018 Gin,SerrGly Asn

e 5150155160 Glu Ser,Val Th | - Thr F:165170175
So Thr:t?_“efﬁ‘?’iaﬁlr“i? RSARY ﬁgSAas‘% fé?%%u%%ﬁ% L@é Lii/yal%f _ rel%egl%% %%éﬁ?lél}%%%ﬁ%ﬁ Thr His

GIn Gly(MillisaeBerabrain/dieThpepatas 195900985 PHe %\’ﬂz : QUG SBHBE 11 <011>

119 <2125:RREF26432 Asiifisiakr20 0 Waslnariificialysysitpesinadipepphaanuatidest400> 11
Gn Val c!gv l(ﬂf'n%'s%a%%%%&%&e@ 0 9‘18 &&gr%?lllel‘%se E{Egcég{rgﬁléh]&]tgéguﬁﬁed antibody,
absorbance was measured at 280 nm using a spectrophotometer. Antibody concentrations were

10  calculated from the determined values using an absorbance coefficient calculated by the PACE
method (Protein Science 1995; 4:2411-2423).

[Example 2] Production of pH-Dependently-Binding Antibody H3pI/L73
Method for Creating Antibody Capable of Neutralizing Antigen Multiple Times

15 Since IgG molecules are divalent, a single IgG molecule can neutralize up to two
antigen molecules when the two sites bind to the antigens; however, it cannot neutralize three or
more antigen molecules.  Therefore, to maintain the neutralizing effect of a neutralizing
antibody over a certain period, it is necessary to administer an amount of the antibody equal to or
greater than the amount of antigen produced during the period.  Thus, there is a limitation on

20  the extent to which the required dose of antibody can be reduced by improving the
pharmacokinetics or affinity of antibody. Therefore, if it were possible to neutralize two or
more antigen molecules with a single lgG molecule, the same dose could improve the duration of
neutralizing effect, or alternatively the dose of antibody required to achieve the same duration
could be reduced.

25 For neutralizing antibodies, there are two types of target antigens: soluble-type antigens,
which are present in plasma, and membrane-bound antigens, which are expressed on the surface
of celis.

When the antigen is 2 membrane-bound antigen, an administered antibody binds to the
membrane antigen on the cellular surface, and the antibody is subsequently taken up into

30  endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a lysosome where it
is degraded by lysosome together with the antigen. The elimination of antibody from the
plasma mediated by internalization by membrane antigen is referred to as antigen-dependent
elimination, and this has been reported for numerous antibody molecules (Drug Discov. Today,

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



Thr Leu Ser Leu Thr Cys Ala val Ser Gly Tyr Ser lle Ser Asp Asp 202530 His Ala Trp Ser Trp val Arg
GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle ser Tyr ser Gly lle Thr Asn Tyr Asn Pro ser
Leu 505560 Lys Gly Arg Val'Thr lle ser Arg Asp T Oser Lys Asn GIn Phe Ser 65707580 Leu Lys Leu
Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr cys 859095 Ala Arg Val Leu Ala Arg lle Thr Ala met
Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu val Thr Val ser Ser 115 <210> 12 <211> 107 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 12 Asp lle Gin Met
Thr GinvagimRdiSelesey biadsSernilader aal 6 habihtdbAspdSad ity e ghdel b xdsetuSer Gin

Ash le Set, ST, T 202030 LaASI IR LGRS RIBSIbYS AR RIGlkgul eu lle 354045
Tyr Tyr Gly Ser Glu Leu™is Ser Gly Val Pro Ser Arg Phe Ser Gl 5560 Ser Gly Ser Gly Thr Asp
Phe Thr Phe ThFhfresepaér e lang migiondriss %‘fﬂ%@ﬂfﬂé’é@qu rEDEEIR %ﬂ%a&ly Asn

Ser Lewrbre, Reo8aPR9Mm THG BhedGlyeGaivedy oeitys Yah@GlniENaIURO0 10600ad02AF <2p1> 1404
e N s iearete et anadlaely syailesiedand soinasmist 400 13
atgggatg gctgta E:at gftccaac%gc aggagagcgg tgcgcce t%ctggcta(;tc cctgg{a%aag gtcttgagtg ccatctctca
aaggcabelin expEersed %@8@@%@@%‘&‘&&‘6@%@&%@5& ks sepdyions. 1l molcoules botnd to
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 FeRn proceed into
lysosomes where they are degraded (Fig. 2).
10 JgG molecules bound to a membrane antigen are taken up into intracellular endosomes
by internalization, move into lysosomes while bound to the antigen, and undergo degradation.
When an IgG antibody divalently binds to antigens, it neutralizes two antigen molecules and
undergoes degradation together with the antigens. If the IgG antibody, when taken up into
intracellular endosomes by internalization, can dissociate from the antigen under intraendosomal
15  acidic conditions, the dissociated antibody may be able to bind to FcRn expressed in the
endosomes. The IgG molecule dissociated from the antigen and bound to FcRa is transferred to
the cell surface and then dissociated from FcRn under neutral conditions in the plasma, thereby
return to the plasma again. The IgG molecule that has returned to the plasma is able to bind to
a new membrane antigen again. The repetition of this process allows a single 1gG molecule to
20  repeatedly bind to membrane antigens, thereby enabling neutralization of a multipie antigens
with a single IgG molecule (Fig. 3).

In the case of a soluble antigen, an antibody administered binds to the antigen in the
plasma, and remains in the plasma in the form of an antigen-antibody complex. Normally,
while the retention of antibody in plasma is very long (elimination rate is very slow) due to the

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

30  antibody, most of the antigens are bound to antibodies, resulting in the very slow elimination of
antigens. Thus, the antigen concentration in plasma increases as compared with that in the
absence of antibody (Kidney Int. 2003, 64, 697-703; J. National Cancer Institute 2002, 94(19),
1484-1493; J. Allergy and Clinical Immunology 1997, 100(1), 110-121; Eur. 1. Immunol. 1993,
23: 2026-2029). Even if the affinity of antibody for antigen is infinite, antigen concentration

35  elevates as antibody is slowly eliminated from the plasma, and the neutralizing effect of antibody

terminates after the concentrations of antibody and antigen become equal.  Although antibodies



gtagcaacag gtgaaaccta gatcatgcct attagttata agagacacca gcggcttatt Page ctacaggtgt gcgagaccct
ggagctgggt gtggaatcac gcaagaacca attgtgcaag 10_ ccactcccag60 gagcctgaccl120 tcgeccagecal80
aaactataat240 gttcagcctg300 atccctagct360 cggaZtlacgg accaagggcc gcggcecctgg tcaggcgcecc
tactccctca tgcaacgtga tgtgacaaaa gtcttcctct acatgcgtgg gacggegtgg taccgtgtgg aagtgcaagg
aaagggcagc aagaaccagg gagtgggaga tccgacggct gggaacgtct agcctctccc ctcacacatg cccaccgtgc
tcccecccaaa acccaaggac tggtggacgt gagccacgaa aggtgcataa tgccaagaca tcagcgtcct caccgtectg
tctccaacdth agereigecd seogayaannsieagiiacacagutjae stdothy gutigoeaat gdragcoghagsiac
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7PDXMEDDoDEssey| <Spgs the 3eS mplerarsizmys) ks aetiophte cRaBEE Y Gly Gly
GhySerdaidobifaloGbnSakicdsGiyKalplasiyi Ser In this case, if IgG molecules can dissociate from

the antigen under intraendosomal acidic conditions, the dissociated antigen will not be able to
bind to FcRn and thereby may be degraded by lysosomes.  On the other hand, the 1gG
molecules can return to the plasma again by binding to FcRn.  Since the IgG molecules that
have returned to the plasma have already dissociated from the antigen in endosomes, they are

15  able to bind to a new antigen again in the plasma. The repetition of this process allows a single
TG molecule to repeatedly bind to soluble antigens.  This enables a single IgG molecule to
neutralize multiple antigens (Fig. 4).

Thus, regardless of whether the antigen is a membrane antigen or soluble antigen, if the

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

20  a single IgG molecule would be able to repeatedly neutralize antigens.  In order for IgG
antibodies to dissociate from antigens under intraendosomal acidic conditions, it is necessary that
antigen-antibody binding be considerably weaker under acidic conditions than under neutral
conditions. Since membrane antigens on the cell surface need to be neutralized, antibodies
have to strongly bind to antigens at the cell surface pH, namely pH 7.4.  Since the

25 intraendosomal pH has been reported to be typically pH 5.5 to 6.0 (Nat. Rev. Mol. Cell. Biol.
2004 Feb; 5(2): 121-32), an antibody that weakly binds to an antigen at pH 5.5 t0 6.0 1s
considered to dissociate from the antigen under intraendosomal acidic conditions. More
specifically, a single IgG molecule that strongly binds to an antibody at the cell surface pH of 7.4
and weakly binds to the antigen at the intraendosomal pH of 5.5 to 6.0 may be able to neutralize

30 amultiple antigens and thereby improve the pharmacokinetics.

In general, protein-protein interactions consist of hydrophobic interaction, electrostatic
interaction and hydrogen bonding, and the binding strength is typically expressed as a binding
constant (affinity) or apparent binding constant (avidity). pH-dependent binding, whose
binding strength varies between neutral conditions (pH 7.4) and acidic conditions (pH 5.5 to 6.0),

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

above-mentioned binding between IgG molecules and FeRn known as a salvage receptor for IgG
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is also associated with gistidme residues present in IgG (Mol. Cell. 2001 Apr; 7(4): 867-77).

10 Therefore, pH-dependence can be imparted to protein-protein interactions by
substituting an amino acid residue involved in protein-protein interactions with a histidine
residue, or by introducing a histidine into an interaction site. Such attempts have also been
made in protein-protein interactions between antibodies and antigens, and a mutant antibody
with antigen-binding ability decreased under acidic conditions has been successfully acquired by

15  introducing histidine into the CDR sequence of an anti-egg white lysozyme antibody (FEBS
Letter (vol. 309, No, 1, 85-88, 1992)). In addition, an antibody that is prepared by mtroducing
histidine into its CDR sequence and specifically binds to an antigen at the low pH of cancer
tissues but weakly binds under neutral conditions has been reported (WO 2003-105757).

Although methods for introducing pH dependency into antigen-antibody reactions have

20 been reported as described above, an IgG molecule that neutralizes multiple antigens by strongly
binding to antigens at the body fluid pH of 7.4 but weakly binding to antigens at the
intraendosomal pH of pH 5.5 to 6.0 has not been reported.  In other words, there have been no
reports relating to modifications that significantly reduce the binding under acidic conditions
while maintaining the binding under neutral conditions such that, as compared to an unmodified

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

The IL-6 receptor is present in the body in the form of either soluble [L-6 receptor or
membrane IL-6 receptor (Nat, Clin. Pract. Rheumatol. 2006 Nov; 2(11): 619-26).  Anti-IL-6

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

35  together with the membrane I1-6 receptor. In fact, it has been reported that a humanized

anti-IL-6 receptor antibody exhibits non-linear clearance, and its antigen-dependent elimination
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ser His @M&m&@%@ﬁ@?& anti-1L-6 receptor antibody), multiple IL-6 receptors can be neutralized

with a single humanized anti-IL-6 receptor antibody. Thus, in comparison with wild type
humanized anti-IL-6 receptor antibodies, pH-dependent binding anti-IL-6 receptor antibodies

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

Production of pH-Dependently Binding Humanized Anti-IL-6 Receptor Antibody H3pl/L73;

Introduction of histidine into a CDR has been reported as a method for introducing

pH-dependent binding to antigen-antibody reaction (FEBS Letter (vol. 309, No. 1, 85-88, 1992)).

15  In order to find amino acid residues exposed on the surface of the variable region of the
H53/PF1L produced in Example T and possible residues interacting with the antigen, a Fv region
mode] of H53/PF1L was created by homology modéling using MOE software (Chemical
Computing Group Inc.). A three-dimensional model constructed on the basis of the sequence
information of H53/PF1L was used to select H27, H31, H35, 1.28, 1.32 and 153 (Kabat

20  numbering, Kabat, E.A. et al., 1991, Sequences of Proteins of Immunological Interest, NTH) as
mutation sites that may introduce pH-dependent antigen-binding by histidine introduction. The
product in which the residues at H27, H31 and H35 in H53 produced in Example 1 were
substituted with histidines was designated as H3pl (amino acid sequence: SEQ ID NO: 3}, and
the product in which the residues at L28, L.32 and L53 in PFIL produced in Example 1 were

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

Production, Expression and Purification of H3pl/L73 Expression Vector

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

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

sequence: SEQ ID NO: 3) and L73 (amino acid sequence: SEQ ID NO: 6). More specifically,

the QuikChange Site-Directed Mutagenesis Kit (Stratagene) was used according to the method

described in the instructions provided, and the resulting plasmid fragments were inserted into a

mammalian cell expression vector to produce the desired H chain expression vector and L chain
35  expression vector. The nucleotide sequences of the resulting expression vectors were

determined using a method known to persons skilled in the art.  H3pl/L73 which uses H3pl for
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The humanized PM]1 antlbody, which is a humanized anti-IL-6R antibody (Cancer Res.

1993 Feb 15; 53(4): 851-6), was converted into scFv.  The VH and VL regions were amplified
by PCR, and humanized PM1 HL scFv having the linker sequence GGGGSGGGGSGGGGS
10 (SEQ ID NO. 15) between VH and VL was produced.

Selection of Histidine-Introducible Positions by Histidine Scanning

PCR was performed using the produced humanized PM1 HL scFv DNA as a template to

produce a histidine library in which any one of the CDR amino acids is replaced with histidine.

15  The library portions were constructed by PCR using primers in which the codon of an amino

acid desired to be mutated for the library was replaced with CAT, a codon corresponding to

histidine, and other portions were constructed by normal PCR.  These portions were then linked

by assemble PCR.  The constructed library was digested with Sfil, inserted into a phagemide
vector pELBG lacl that was also digested with Sfil, and then used to transform XLI-Blue

20  (Stratagene). The resulting colonies were used to evaluate antigen binding by phage ELISA

and analyze the sequence of HL scFv. Phage ELISA was carried out using a plate coated with
SR344 at 1 pg/mL in accordance with J. Mol. Biol. 1992; 227: 381-388.  Clones that were

found to bind to SR344 were subjected to sequence analysis using specific primers.

Phage titer was determined by ELISA with an anti-Etag antibody (GE Healthcare) and

25  anti-M13 antibody (GE Healthcare). This value was then used to select positions where

substitution of the CDR residue with histidine did not significantly alter the binding ability as
compared to humanized PM1 HL scFv, based on the results of phage ELISA for SR344. The

selected positions are shown in Table 2.  Numbering of each residue was in accordance with the

Kabat numbering (Kabat, et al., 1991, Sequences of Proteins of Immunological Interest, NIH).

30

[Table 2] Positions of Histidine Substitution Not Significantly Affecting Binding Ability
H31, H50, H54, H56, H57, H58, 159, H60, H61, H62, H63, H64, H65, H100a, HI00b, H102
124, 126, 127, 1.28, L30, L31, L32, 152, L53, L54, .56, 1.90, 1.92, 193, 1.94

35  Construction of Histidine-Modified CDR Library
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val Ser Ser Ala Ser Thr Lys Gly Pro ser Val Phe 115120125 Pro Leu Ala Pro ser ser Lys ser Thr ser
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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 library in accordance with J.
Immunological Methods 1999; 231: 119-135.  In order to carry out Escherichia coli cell-free in
vitro translation, an SDA sequence (ribosome binding site) and T7 promoter were added fo the 5'
15  side, and a gene3 partial sequence serving as a linker for ribosome display was ligated to the 3'

side using Sfil.

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

In order to concentrate only scFv having the ability to bind to SR344, panning was
20  carried out twice by the ribosome display method in accordance with Nature Biotechnology 2000
Dec; 18: 1287-1292. The prepared SR344 was biotinylated using NHS-PEO4-Biotin (Pierce)
to obtain an antigen. Panning was carried out using 40 nM of the biotinylated antigen.
Using the resulting DNA pool as a template, HL scFv was restored by PCR using
specific primers.  After digesting with Sfil, the digested HL scFv was inserted into a phagemide
25 vector pELBG lacl that was also digested with Sfil, and then used to transform XL1-Blue
(Stratagene).
Escherichia coli cells carrying the desired plasmid were grown to 0.4 t0 0.6 O.D./mL in
2YT medium containing 100 ug/ml. ampicillin and 2% glucose. A helper phage (M13K0O7,
4.5 x 10" pfu) was added thereto, statically cultured for 30 minutes at 37°C, and then cultured
30  with shaking for 30 minutes at 37°C. The culture was transferred to a 50 mL Falcon tube,
centrifuged for 10 minutes at 3000 rpm, resuspended in 2YT medium containing 100 pg/mL |
ampicillin, 25 pg/mL kanamycin, and 0.5 mM IPTG, and then incubated overnight at 30°C.
The culture incubated overnight was precipitated with 2.5 M NaCl and 10% PEG, and
then diluted with PBS to obtain a phage library solution. 10% M-PBS (PBS containing 10%
35  skim milk) and 1 M Tris-HCI were added to the phage library solution to the final concentration
of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an



435440445 Lys <210> 23 <211> 449 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 23 GIn Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser
Glu 151015 Thr Leu Ser Leu Thr Cys Ala val Ser é?y His Ser lle Ser His Asp 202530 His Ala Trp Ser
Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 Page 17 JPDXMLDO0001-seql lle Gly Phe lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser
Lys Asn Thr Let.] Tyr 65707580 Leu Gin Met Asn Ser Let..] Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
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val Ser Al r v Pro ah Phe BEal Leu val T
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Ser GlyliseaT ¥hdeHelestsernaechahval Thitlydl Praigen TR0ABEIS0Sart SErCeu Gly Thr Gin Thr Tyr lle
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ser Val il vegrridd wranp idloyePiohiyd fs) TRinEes et T sel 2ABSatBE A NAHIRFEGIu Val Thr
Cys valiMatoatspma Seil P GRTAPB260RGEARE Pio:Qlwual-RsiPhe Asmd REBypHal Asp Gly val
Gluval hlés b%?l szuzgréqggnsgssuspended in 1 mL of PBS (pH 5.5) at 37°C, and the phage was recovered
immediately. The recovered phage solution was added to 10 mL of logarithmic-growth-phase
10 XL1-Blue (OD600 of 0.4 to 0.5) and allowed to stand for 30 minutes at 37°C for infection. The
infected E. coli were plated onto a 225 mm x 225 mm plate containing 2 YT, 100 pg/mL
ampicillin and 2% ghucose. These E. coli were used to begin additional phage culture in the

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

15  Evaluation by Phage ELISA
The above single colonies were inoculated in 100 pL of 2YT, 100 pug/mL ampicillin,

2% glucose and 12.5 pg/mL tetracycline and cultured overnight at 30°C. 2 uL of this culture
was inoculated into 300 pL of 2YT, 100 pg/mL ampicillin and 2% glucose, and then cultured for
4 hours at 37°C. A helper phage (M13K07) was added to the culture at 9 x 10% pfu, allowed to
20 stand for 30 minutes at 37°C and then shaken for 30 minutes at 37°C for infection.
Subsequently, the medium was replaced with 300 uL of 2 YT, 100 pg/mL ampicillin, 25 ug/mL
kanamyecin, and 0.5 mM IPTG.  After culturing overnight at 30°C, the centrifuged supernatant
was recovered. 360 uL of 50 mM PBS (pH 7.4) was added to 40 pL of the centrifuged
supernatant and subjected to ELISA. A StreptaWell 96-well microtiter plate (Roche} was
25  coated overnight with 100 pL of PBS containing 62.5 ng/mL of biotin-labeled SR344.  After
removing the antigen by washing with PBST, blocking was carried out with 250 pL of 2%
BSA-PBS for 1 hour or more. After removing the 2% BSA-PBS, the prepared culture
supernatant was added and allowed to stand for 1 hour at 37°C for antibody binding. After
washing, 50 mM PBS (pH 7.4) or 50 mM PBS (pH 5.5} was added and incubated by standing for
30 30 minutes at 37°C.  After washing, detection was carried out with an HRP-conjugated
anti-M13 antibody {Amersham Pharmacia Biotech) diluted with 2% BSA-PBS and TMB single
solution (Zymed), followed by the addition of sulfuric acid to stop the reaction, and the
measurement of absorbance at 450 nm.
However, no clones exhibiting potent pH-dependent binding ability were obtained by
35  this panning using the antigen immobilized on the magnetic beads. Clones that were found to

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



3PDXMLDOc01-seql 290295300 Val ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
305310315320 Tyr Lys Cys Lys Val ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle
Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Girl val TW Thr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu
Thr Lys ASn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu
Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu 385390395400
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys 405410415 Ser Arg Trp Gin Gin
Gly Asmuaidrhe Sae pysthas intideat diis s wid20 425430 Alaseaskhs Asrhigis e aFasIGwILYS Ser Leu
Ser Le Sb(:ﬁr Pro Gly 435440445 Lys <210> 24 <211> 449 <212> PRT <213> Artificial <220> <223>
An artifici ally synthesized peptide sequence <400> 24 Gin val Gin Leu Gin Glu ser Gly Pro Gly Leu Val
Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His ser lle ser His Asp 202530 His
Ala Trp3ewitm; Va@cAkpfin FaafimRykstin@hnleeteled TUpidp 24P dyend A N RGxmdt BEG01-seql lle
Gly, Ph%)lle ser.Tyr ser Gly lle Thr Asn Tyr Asn Pro Thr Leu 505560 Gin Gly Arg val Thr lle ser Arg Asp
Asn ser Lys %)n Thr Leu Tyr 65707580 Leu Gin Met Asn ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr
cys 859966, MéSA@éeHﬁéJwa Heg TAe STAE QA Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu val
Thr val Sg1 ser-Aleeser Thitlass Gy, Ramsepyal Phe 115120125

Acquisition of pH-Dependently Binding scFv from Library by Column Panning

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 following reasons. In
the panning using an antigen immobilized on magnetic beads or a plate, all phages dissociated
from the magnetic beads or plate under acidic conditions are collected. Thus, phage clones
having weak pH dependency recovered together reduce the likelihood that clones having strong

15 pH dependency are included in the finally concentrated clones.

Therefore, panning using a column immobilized with an antigen was examined as a
more stringent panning method (Fig. 5). There have been no previous reports on the acquisition
of clones having pH-dependent binding ability by using panning with an antigen-immobilized
column. In the panning using an antigen-immobilized column, when phages that have been

20 bound under neutral conditions are eluted under acidic conditions, clones having weak pH
dependency rebind to the antigen within the column and are thereby less eluted, allowing
strongly pH-dependent clones that less rebind within the column to be selectively eluted from the
column. In addition, although "all" phages that have dissociated under acidic conditions are
recovered in the panning using the antigen immobilized on magnetic beads or a plate, the

25  panning using a column immobilized with the antigen enables selective recovery of phages
having strong pH-dependent binding ability by allowing an acidic buffer to flow through the
column to begin the elution and recovering only "appropriate fractions”.

First, a column to which the antigen SR344 was immobilized was prepared. 200 pl of
Streptavidin Sepharose (GE Healthcare) was washed with 1 ml of PBS, suspended in 500 uL of

30  PBS, and contacted with 400 pmol of biotin-labeled SR344 for 1 hour at room temperature.
Subsequently, an empty column (Amersham Pharmacia Biotech) was filled with the above
sepharose and washed with about 3 mL of PBS. The above-mentioned PEG-precipitated
library phages were diluted to 1/25 with 0.5% BSA-PBS (pH 7.4), passed through a 0.45 nm
filter, and then added to the column. After washing with about 6 mL of PBS (pH 7.4), 50 mM

35  MES-NaCl (pH5.5) was allowed to flow through the column to clute antibodies that dissociate

under low pH. The appropriate eluted fractions were collected, and the recovered phage
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strong pH dependency were subjected to sequence analysis using specific primers.  As a result,

10 several clones showing strong pH-dependent binding as compared to WT were obtained. As
shown in Fig. 6, clbne CLS5 (H chain: CLHS, L chain: CLL5) (CLHS: amino acid sequence of
SEQ ID NO: 5, CLL5: amino acid sequence of SEQ ID NO: 8) was found to exhibit particularly
strong pH-dependent binding as compared to WT. It was thus confirmed that antibodies
exhibiting strong pH-dependent binding, while being unable to be obtained by typical panning

15  using the antigen immobilized onto magnetic beads, can be obtained by panning using a column
immobilized with the antigen. Therefore, panning using an antigen-immobilized column was
found to be a highly effective method for obtaining pH-dependently binding antibodies from a
library. The amino acid sequences of the clones showing pH-dependent binding were analyzed,
and the positions where histidine was present at a high probability in the concentrated clones are

2¢  shown in Table 4.

[Table 4] Positions of Histidine Substitution found by Phage Library (Column Panning)
H31, H50, H58, H62, H63, H6S, H100b, H102
L24, 1.27,1.28, 132, L33, L56, 1.90, 1.92, L.94

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

30 In order to convert clones showing strong pH dependency in phage ELISA to 1gG, VH
and VL were respectively amplified by PCR, digested with Xhol/Nhel and EcoRl, and inserted
to 2 mammalian cell expression vector. The nucleotide sequence of each DNA fragment was
determined by a method known to Iﬁersons skilled in the art. CLHS5/1.73, in which CLHS was

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

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

Example 1.



<400> 25 Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle
Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His 202530 Leu Asn Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro
Glu Leu Leu lle 354045 Page 21 JPOXmLD0001-¢ gl Tyr Tyr Gly Ser His Leu Leu ser Gly val Pro Ser
Arg Phe ser Gly 505560 ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle ser Ser Leu Glu Ala 65707580
Glu Asp Ala Ala Thr Tyr Tyr cys Gly Gin Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys
val Glu lle Glu Arg Thr val Ala Ala 100105110 Pro Ser val Phe lle Phe Pro Pro ser Asp Glu GIn Leu

Lys ser Gly 1154y ThviddeeGer MahaapiCdsHeaddney wen predup¢ebFyaoRTbinng Glfien130135140
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20253@@&@%%%?@&?” using the method described in Example 1. g 1tPon, L 5 (

ID NO: 7) was produced by substituting the 28th histidine of L73, which was produced as an L

chain in Example 2, with aspartic acid. The variant production was carried out using the

method described in Example 1. H170/1.82, in which H170 was used for the H chain and .82

10 was used for the L chain, was expressed and purified as IgG using the method described n

Example 1.

[Example 5] Evaluation of IL-6R-Neutralizing Activity of pH-Dependent Binding Antibody
Evaluation of Human 1L-6 Receptor-Neutralizing Activity of Clones Converted to [gG

15 The IL-6 receptor-neutralizing activity was evaluated for four antibodies: humanized

PM1 antibody (WT) and H3pl/L.73, CLH5/L73 and H170/L82 produced in Examples 2 and 4.
More specifically, the I1.-6 receptor-neutralizing activity was evaluated using
BaF3/gpl130 exhibiting IL-6/11.-6 receptor-dependent growth. BaF3/gp130 was washed three

times with RPMI1640 medium containing 10% FBS, then suspended at 5 x 10* cells/mL in

20  RPMI1640 medium containing 60 ng/mL of human interleukin-6 (Toray), 60 ng/mL of
recombinant soluble human IL-6 receptor (SR344) and 10% FBS. 50 pL of the suspension was
dispensed into each of the wells of a 96-well plate (Corning). Next, the purified antibody was
diluted with RMPI1640 containing 10% FBS, and 50 pl of the antibody was mixed into each
well. After culturing for 3 days at 37°C and 5% CO,, WST-8 reagent (Cell Counting Kit-8,

25  Dojindo Laboratories) diluted two-fold with PBS was added at 20 ul/well, and then immediately
measured for absorbance at 450 nm (reference wavelength: 620 nm) using the Sunrise Classic
(Tecan). After culturing for 2 hours, absorbance at 450 nm was measured again (reference
wavelength: 620 nm). The IL-6 receptor-neutralizing activity was evaluated based on the
change in absorbance after 2 hours.  As aresult, as shown in Fig. 7, H3pI/L73, CLH5/L73 and

30 H170/L82 were shown to have equivalent biological neutralization activity in comparison with
the humanized PM1 antibody (WT).

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

35 Kinetic analyses of antigen-antibody reactions at pH 5.8 and pH 7.4 were carried out
using Biacore T100 (GE Healthcare) on the four antibodies: humanized PM1 antibody (WT) and
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(Table 5). Morcover, the ratio of the affinities at pH 5.8 and pH 7.4 were calculated for each
10 clone to evaluate pH-dependent binding.  All the measurements were carried out at 37°C.

As a result of calculating the affinity ratio between pH 5.8 and pH 7.4 for each clone,
the pH-dependent binding (affinity) of H3pl/L73, H170/L82 and CLH5/L73 to SR344 was
41-fold, 394-fold and 66-fold, respectively, each 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 the plasma pH of 7.4
but weakly bind to the antigen at the intraendosomal pH of 5.5 to 6.0 have not been reported yet.
In this study, antibodies were obtained that retain the biological neutralization activity equivalent
to the WT humanized IL-6 receptor antibody and the affinity at pH 7.4, but exhibit the affinity at
pH 5.8 that has been specifically lowered more than 10 times.

20
[Table 5] Comparison of Binding of pH-Dependently Binding Clones Directed Against SR344
to Soluble IL-6 Receptor

pH7.4 pH5.8
ka(1/Ms) kd(1/s) KD(M) ka(1/Ms) kd(1/s) KD(M) KD(pH5.8/KD(pH7 4)
WT 51E405 10F-08 21E-09 76E+05 3BE-03 5OE-08 2.4
H3plL73 54E+05 74E-04 14508 17EH05 OJE-03 57E-08 413
H170/L82 6BEHS 1.1E-03 16E09 26E04 17E-02 64E-07 3935
CLH5/LT3 T7{E+05 79E-04 11E-03 3BE+05 28E-02 74E-08 66.1

25 Analysis of Binding of pH-Dependently Binding Clones to Membrane 11.-6 Receptor

Antigen-antibody reactions to membrane [L-6 receptor at pH 5.8 and pH 7.4 were
observed for the above produced pH-dependent binding clones, using Biacore T100 (GE
Healthcare). The binding to membrane IL-6 receptor was evaluated by evaluating the binding
to the IL-6 receptor immobilized onto a sensor chip.  SR344 was biotinylated according to a

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

measurements were carried out at 37°C, and the mobile phase buffer contained 10 mM MES (pH
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dissociation rate (kq(1/s)) at pH 7.4 was calculated using Biacore T100 Evaluation Software (GE
10 Healthcare) by fitting only the dissociation phase at pH 7.4, where 0.5 pg/mL of the sample was
bound in 10 mM MES (pH 7.4), 150 mM NaCl, and 0.05% Tween 20, and dissociated in 10 mM

MES (pH 7.4), 150 mM NaCl, 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 Dissociation of pH-Dependent Binding Clones
directed against SR344 from Membrane IL-6 Receptor

kd(ifs) kd ratio
pH7.4 pHAa.8 pH5.B/pH7.4
WT 4 B4E-04 7.15E-04 1.5
H3plL73 3.44E-04 3.78E-03 11.0
H17DA 82 7.70E-D4 1.44E-03 1.8
CLHAAT3 1.04E-03 5.67E-03 5.5

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

20 followed by CLHS/L73 and H170/L82 in descending order, and each clone demonstrated higher
pH-dependent dissociation from the membrane IL-6 receptor than WT. However, the rank of
pH-dependent association/dissociation was different between the soluble IL-6 receptor and
membrane IL-6 receptor. It was revealed that H170/L.82, which exhibited the highest
pH-dependent binding in the analysis of binding to soluble IL-6 receptor, showed the lowest

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

30
[Example 7] Confirmation of Multiple Binding to Antigen by pH-Dependent Binding Antibody
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pH-dependent binding ability, not all antigens are dissociated from the antibodies under the

intraecndosomal acidic conditions. Thus, such antibodies that have been returned to the plasma
10 by FcRn remain bound to antigen, and therefore cannot bind to new antigens. Consequently, in
nearly all cases, each single molecule of IgG antibodies is able to neutralize only two antigens
(in the case of divalent binding).
Therefore, it was evaluated whether the three pH-dependently binding antibodies
(H3pl/L.73, CLH5/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 antibody (wild type, WT).
Biacore (GE Healthcare) was used to evaluate that the antibodies binding at pH 7.4 and
dissociating at pH 5.8 were able to bind to the antigen multiple times. The antibody to be
evaluated was bound to a recomb-protein A/G (Pierce)-immobilized sensor chip by the amine
coupling method, and a mobile phase of pH 7.4 was allowed to flow (step 1). SR344 solution
20 adjusted to pH 7.4 was then allowed to flow as an analyte to bind SR344 to the antibody at pH
7.4 (step 2). This binding at pH 7.4 mimics the antigen binding in plasma. Subsequently,
buffer adjusted to pH 5.8 alone (not containing SR344) was added as an analyte to expose the
antigen bound to the antibody to acidic conditions (step 3). This dissociation at pH 5.8 mimics
the binding state of antigen-antibody complexes in endosomes. Subsequently, step 2 was
25  repeated. This mimics the rebinding of antibody that has been returned to plasma by FeRn to a
new antigen. Subsequently, step 2 was repeated to expose the antibody-antigen complex to
acidic conditions. Repeating “step 2 to step 37 multiple times at 37°C as described above can
mimic the in vivo state in which antibodies are repeatedly taken up from the plasma into
endosomes by pinocytosis and returned to the plasma by FcRn (Nat. Rev. Immunol. 2007 Sep;
30 7(9): 715-25).
The produced pH-dependent binding clones described above were analyzed using
Biacore T100 (GE Healthcare) for their ability to bind to the antigen SR344 multipe times at pH
5.8 and pH 7.4, More specifically, the analysis was carried out as follows. All the
measurements were carried out at 37°C.  First, the sample antibodies described above were
35  bound onto a recomb-protein A/G (Pierce)-immobilized sensor chip by amine-coupling, where
the mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20 (step I).
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and consequently the proportion of antibody capable of binding to new antigens in the
subsequent step 2 was extremely low. In contrast, it was found that the pH-dependent binding
clones, particularly H170/L.82 and CLHS/L73, demonstrated so strong dissociation during the
acidic exposure in step 3 that most of the bound SR344 was dissociated, and therefore nearly all
antibodies were able to bind to new antigens in the subsequent step 2. In the 10-set repetition
of the binding (step 2) and acidic exposure (step 3), almost all H170/1.82 and CLH5/L73
antibodies were able to bind to new antigens in each set.

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

repeatedly bind to antigens and thereby neutralize multiple antigens.

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

I1-6 receptors are present in the body in both soluble IL-6 receptor form and
membrane-type IL-6 receptor form (Nat. Clin. Pract, Rheumatol. 2006 Nov; 2(11): 619-26).
Anti-IL-6 receptor antibodies bind to soluble IL-6 receptors and membrane-type IL-6 receptors
and neutralize their biological action. It is believed that an anti-IL-6 receptor antibody binds to
a membrane-type IL-6 receptor, is subsequently taken up into an endosome within a cell by
internalization while the antibody is kept bound to the membrane-type IL-6 receptor, and then
moves to a lysosome while still kept bound to the membrane-type IL-6 receptor where it is
degraded by lysosome together with the membrane-type IL-6 receptor.  If H3pl/L73,
CLH5/L73, and H170/L82, which are the pH-dependent-binding IL-6 receptor antibodies

evaluated in Example 6, are able to return to plasma via FcRn as a result of dissociation under
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antibodies, that is, humanized PM1 antibody (wild type: WT) and H3pI/L73, CLHS/L.73, and
10 H170/182 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, before administration and over time.  Collected blood was
immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to obtain plasma. Separated
plasma was stored in a freezer set to -20°C or lower until measurements were carried out.
15 The measurement of concentration in mouse plasma was carried out by ELISA.
Samples for calibration curve were prepared at plasma concentrations of 6.4, 3.2, 1.6, 6.8, 0.4,
0.2 and 0.1 ug/mL. The calibration curve samples and mouse plasma measurement samples
were dispensed into an immunoplate (Nunc-Immuno Plate, MaxiSorp (Nalge Nunc
International)) immobilized with anti-human IgG (y-chain specific) F(ab')2 (Sigma), and allowed
20 to stand undisturbed for one hour at room temperature.  Goat anti-human IgG-BIOT (Southern
Biotechnology Associates) and streptavidin-alkaline phosphatase conjugate (Roche Diagnostics)
were sequentially allowed to react, and a chromogenic reaction was carried out by using
BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as
substrate. Absorbance at 650 nm was measured with a microplate reader. The concentrations
25  in mouse plasma were calculated from the absorbance of the calibration curve using the
analytical software SOFTmax PRO (Molecular Devices). Time courses of plasma
concentrations of WT as well as H3pl/L.73, CLH5/L73, and H170/L82 are shown in FIG. 13.
The pharmacokinetics was improved for all of H3pl/L73, CLH5/L73, and H170/L82 as
compared with WT. In particular, the pharmacokinetics of H3pl/L.73 and CLHS5/L73 were
30  improved considerably. A wild type anti-IL-6 receptor antibody (WT) bound to
membrane-type IL-6 receptor is taken up into an endosome within a cell by internalization,
moves to a lysosome while the antibody is kept bound to the antigen, and then degraded;
therefore, it has a short residence time in the plasma. In contrast, since the pharmacokinetics of
the pH-dependent-binding anti-IL-6 receptor antibodies were improved considerably, the

35  pH-dependent-binding anti-IL-6 receptor antibodies were thought to return to the plasma again
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antibodies also bind divalently (avidity) to membrane-type IL-6 receptors and then are
internalized. As indicated in Example 6, the analysis using Biacore revealed that H170/L82
rapidly dissociated from the IL-6 receptor at pH 5.8 when binding to soluble IL-6 receptor (FIG.

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 H170/L82 is thought to be that the
antibody was unable to adequately dissociate within endosomes afier having been internalized
due to its slow dissociation at pH 5.8 when binding to membrane-type IL-6 receptor. Namely,

5  as for the case relating to membrane antigens, it was determined that in order for a single IgG
molecule to neutralize multiple membrane antigens, the pH dependency of dissociation from
divalent binding (avidity) is more important than the pH dependency of monovalent binding
(affinity).

20 [Example 9] PK/PD Test of pH-Dependently-Binding Antibody Using Cynomolgus Monkeys
Since the pharmacokinetics of the pH-dependently-binding anti-IL-6 receptor antibodies
were improved considerably in Example 8, the pH-dependently-binding anti-IL-6 receptor
antibodies were thought to return to plasma via FcRn as a result of dissociation from the antigen,
membrane-type IL-6 receptor, under acidic conditions within endosomes. If antibodies that
25 have returned to the plasma can bind to membrane-type IL-6 receptors again, neutralization of an
antigen, the membrane-type IL-6 receptor, by pH-dependentiy-binding anti-1L-6 receptor
antibodies is thought to persist longer than that by the wild-type anti-IL-6 receptor antibody, at
the same dosage. In addition, since the soluble IL-6 receptor is also present among IL-6
receptors, the duration of neutralization is thought to be longer for the same dosage with respect
30 to the soluble TL-6 receptor as well.
The pharmacokinetics in cynomolgus monkeys was evaluated for WT and H3pl/L73.
WT or H3pI/L73 was administered to cynomolgus monkeys by single-dose intravenous
administration at 1 mg/kg, and blood samples were collected, before administration and over
time. Collected blood was immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to
35  obtain plasma. The separated plasma was stored in a freezer set to -20°C or lower until

measurements were carried out.
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samples and plasma measurement samples; and then, they were allowed to stand undisturbed for
one hour at room temperature.  Subsequently, the samples were dispensed into the anti-human

10 IgG-immobilized plate and allowed to stand undisturbed for another one hour at room
temperature. Biotinylated Anti-Human IL-6R Antibody (R&D) was allowed to react for one
hour at room temperature, and then Streptavidin-PolyHRP80 (Stereospeeific. Detection
Technologies) was allowed to react for one hour. A chromogenic reaction was carried out by
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as substrate, then,

15  the reaction was stopped with IN sulfuric acid (Showa Chemical) and the absorbance at 450 nm
was measured with a microplate reader.  The concentrations in cynomolgus monkey plasma
were calculated from the absorbance of the calibration curve using the analytical software
SOFTmax PRO (Molecular Devices). The time courses of plasma concentrations of WT and
H3pl/L73 after the intravenous administration are shown in FIG. 14.  As aresult, the

20  pharmacokinetics of H3pl/L73 was improved considerably in comparison with WT in
cynomolgus monkeys in the same manner as in human IL-6 receptor transgenic mice.  Since the
pharmacokinetics of a pH-dependent-binding anti-IL-6 receptor antibody, H3pl/L'73, was
improved considerably, H3pl/IL73 was thought to return to the plasma via FcRn as a result of
dissociation from the antigen, membrane-type IL-6 receptor, under acidic conditions within

25  endosomes.

In order to evaluate the degree to which cynomolgus monkey membrane-type 1L-6
receptor is neutralized by the intravenous administration of WT and H3pl/L73, the effects of
sample antibodies on plasma C-reactive protein (CRP) induced by cynomolgus monkey -6
were studied. Since CRP is secreted when [L-6 binds to membrane-type IL-6 receptors, CRP

30  serves as an indicator of neutralization of membrane-type IL-6 receptors. Cynomolgus monkey
11.-6 (cyno.IL-6 prepared in Example 1) containing 1% inactivated cynomolgus monkey plasma
was administered subcutaneously into lower backs of the animals daily at 5 pg/kg from day 3 to
day 10 after the administration of WT or H3pl/L73. Blood samples were collected from the
saphenous vein immediately before the start of cynomolgus monkey IL-6 administration (day 3)

35  and after the administration at 24-hour intervals (day 4 to day 11), then were separated into

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



His Ala Trp ser Trp val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser
Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Gin Gly Arg Val Thr lle ser Arg Asp Asn ser Lys Asn Thr
Leu Tyr 65707580 Leu Gin met Asn ser Leu Arg A4 Glu Asp Thr Ala val Tyr Tyr Cys 859095 Ala Arg
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu val Thr val Ser ser Ala
ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala
Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160
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In other words, H3pI/L.73 was shown to be able to bind to and neutralize the membrane-type
10 IL-6 receptor more than once, as a single antibody molecule.  Since the duration of suppression
of CRP production by H3pl/L73 is prolonged in comparison to that by W'T, the duration of time
where an antigen, the membrane-type IL-6 receptor, is bound by antibodies was indicated to be
prolonged for H3pl/L.73 than WT.
In order to evaluate the degree to which cynomolgus monkey soluble IL-6 receptor is
15  neutralized by the intravenous administration of WT and H3pI/L73, the concentration of
unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was
measured.  All IgG-type antibodies (cynomolgus monkey IgG, anti-human IL-6 receptor
antibody, and a complex of anti-human-IL-6 receptor antibody and cynomolgus monkey soluble
[L-6 receptor) present in the plasma were adsorbed to Protein A by adding 30 uL of cynomolgus
20  monkey plasma to an appropriate amount of rProtein A Sepharose Fast Flow (GE Healthcare)
resin dried in a 0.22 um filter cup (Millipore). ~ After spinning down with 2 high-speed
centrifuge, the solution that passed through (hereinafter referred to as “pass solution™) was
recovered. Since the pass solution does not contain the complex of anti-human IL-6 receptor
antibody and cynomolgus monkey soluble IL-6 receptor which is bound to protein A, the
25 concentration of unbound soluble IL-6 receptor can be measured by measuring the concentration
of cynomolgus monkey soluble IL-6 receptor in the pass solution. Monoclonal Anti-human
IL-6R Antibody (R&D) that was ruthenium-labeled with Sulfo-Tag NHS Ester (Meso Scale
Discovery) and Biotinylated Anti-human I1-6R Antibody (R&D) were mixed with cynomolgus
monkey IL-6 receptor calibration curve samples adjusted to concentrations of 4000, 2000, 1060,
30 500, 250, 125, and 62.5 pg/mL and the plasma samples treated with Protein A as described
above. The mixtures were allowed to react for one hour at room temperature.  Subsequently,
the mixtures were dispensed into an SA-Coated Standard MA2400 96-well plate (Meso Scale
Discovery). After allowing to react for another one hour and washing, Read Buffer T (x4)
(Meso Scale Discovery) was dispensed. Immediately thereafter, the measurement with Sector
35 Imager 2400 (Meso Scale Discovery) was conducted. The concentrations of cynomolgus

monkey IL-6 receptor were calculated from the response of the calibration curve by using the
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y suppression of unbound cynomolgus monkey soluble IL-6 receptor by H3pl/L73 is prolonged in

comparison to that by WT, the duration of time where an antigen, the soluble IL-6 receptor, is
10 bound by antibodies was indicated to be prolonged for H3pl/L'73 than WT.

From these findings, the time until the antibody disappears from the plasma as well as
the time where soluble and membrane-type IL-6 receptors are bound by the antibody-in the body
were found to be considerably elongated for the pH-dependent-binding anti-IL-6 receptor
antibodies that were made to bind strongly to the antigen at pH 7.4, which is the pH in the

15 plasma, but bind weakly to the antigen at pH 5.8, which is the pH within endosomes, as
compared to the wild-type anti-1L-6 receptor antibody. This makes it possible to reduce the
dosage and frequency of administration to patients, and in consequence, the total administration
dosage. Therefore, the pH-dependent-binding anti-IL-6 receptor antibody is thought to be
particularly advantageous as a pharmaceutical for use as an IL-6 antagonist.

20
[Example 10} Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Variable Region
Optimization of Variable Regions H3pl/L73 and CLH5/1.82

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

25  effects in Example 9. Therefore, to further improve the pH-dependent binding abilities,
mutations were introduced into the CDR sequence of CLHS obtained i Example 3 to construct
VH1-IgGt (SEQ ID NO: 21) and VH2-IgG1 (SEQ ID NO: 22).  In addition, mutations were
introduced into the framework sequence and CDR sequence of H3pl to construct the modified H
chains VH3-1gG1 (SEQ ID NO: 23) and VH4-IgG1 (SEQ ID NO: 24). Mutations were

30  introduced into the CDR sequences of 173 and 182 to construct the modified L chains VLI-CK
(SEQ ID NO: 25), VL2-CK (SEQ ID NO: 26), and VL3-CK (SEQ ID NO: 27). More
specifically, the mutants were constructed using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the appended instructions, and the resulting
plasmid fragments were inserted into an mammalian cell expression vector to construct the

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



210215220 Cys Pro Pro Cys Pro Ala Pro Pro val Ala Gly Pro Ser val Phe La 225230235240 Phe Pro
Pro Lys Pro Lys Asp Thr Lea met lle ser Arg Thr Pro Glu 245250255 Val Thr Cys Val val Val Asp val
Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe #&n Trp Tyr val Asp Gly val Glu val His Asn Ala Lys
Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn ser Thr Phe Arg val Val Ser Val Lea 290295300 Thr
val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys cys Lys 305310315320 Val Ser Asn Lys Gly Lea
Pro Ala Pro lle Glu Lys Thr lle ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
Leu Pro e $eud4034835QiGin GG uemetctiniysiAymGthods ISerire@ PrrsGysvtiaowdiniys

355360%?& Gly Phe Tyr Pro ser Asp lle Ala val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn

Asn Tyr ysnﬁ' r'1Thr Pro Pro Met Lea Asp ser Asp Gly 385390395400 Ser Phe P Tyr SerL
Leu Thr val Aspf h?ﬁ@@ﬂ@@%&;‘ﬂﬁ@%b@%&jpm EW%P%&%@%@@% hreé;ir?/ SLys
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Thr AsnpbyiAsB R RS8EEeYRRRSEOSEQ ID NO: 23) as H chain and VL3-CK (SEQ ID NO: 27) as

L chain was denoted as Fv4-IgGG1. Of these, Fv2-IgG1 and Fv4-IgG1 were expressed and

purified. The expression and purification were carried out by the method described in Example

10 1.

Analysis of Binding of pH-Dependent-Binding Clones to Soluble 1L.-6 Receptor
Kinetic analyses of antigen-antibody reactions at pH 7.4 were carried out on the four
types of antibodies, i.e., the humanized PM1 antibody (wild type: WT), and WT, H3pl/L73-1gG1,
15 Fv2-IgGl, and Fv4-IgG1 constructed in Examples 2 and 10, by using Biacore T100 (GE
Healthcare) (buffer: 10 mM MES (pH 7.4), 150 mM NaCl, 0.05% Tween 20). Each antibody

was bound on a sensor chip on which an anti-IgG v chain specific F(ab), (Pierce) was

immobilized by amine coupling, and then, SR344 adjusted to a concentration 0f 9.8 to 40 nM
was injected thereto as an analyte. The association to and dissociation from SR344 were

20  observed on a real-time basis for the pH-dependent-binding clones. ~All the measurements were
carried out at 37°C.  Association rate constants k, (1/Ms) and dissociation rate constants kq (1/s)
were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation

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

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

Sample k. (1/Ms) ke (1/s) KD (W)

WT 4. OE+05 1. 1E-03 2. 7E-09
H3pl/L73 4. 1E+05 5. 9F-04 1. 4E-09
Fv2-1gGl 3. 9E+05 7. 7E-04 2. 0E-09
Fv4d-1gGl 7. 2E+05 1. 0E-03 1. 4E-09

As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants
30 (affinity, KD value) of WT, H3pl/L73-IgG1, Fv2-1gGl, and Fv4-IgG1 to SR344 were,
respectively, 2.7 nM, 1.4 nM, 2.0 oM, and 1.4 oM, and they are nearly equivalent. Fv2-I1gGi



Gin Gly Arg Val Thr lle ser Arg Asp Asn ser Lys Asn Thr Leu Tyr 65707580 Leu Gin met Asn Ser Leo
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SR344 was biotmyiated in accordance with a method known among persons with ordinary skill

10 in the art, and the biotinylated SR344 was immobilized on the sensor chip via streptavidin using
the affinity between streptavidin and biotin. ~ All the measurements were carried out at 37°C.
The mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl and 0.05% Tween 20. The
pH-dependent-binding clones were injected therein under conditions of pH 7.4 to allow them to
bind to SR344 (injection sample buffer: 10 mM MES (pH 7.4), 150 mM NaC(l, 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).

Sample concentrations were adjusted to 0.25 pg/mL. Binding was carried out in 10

mM MES (pH 7.4), 150 mM NaCl, and 0.05% Tween 20.  Dissociation was carried out in 10
mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20.  For this case, the dissociation rate

20 constants (ka(1/s)) at pH 5.8 were calculated by fitting only the dissociation phase at pH 5.8
using Biacore T100 Evaluation Software (GE Healthcare). In a similar manner, sample
concentrations were adjusted to 0.25 ug/mL, binding was carried out in 10 mM MES (pH 7.4),
150 mM NaCl, and 0.05% Tween 20, dissociation was carried out in 10 mM MES (pH 7.4), 150
mM NaCl, and 0.05% Tween 20, and the dissociation rate constants (ka(1/s)) at pH 7.4 were

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

shown in Table 8.

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

pH7.4 pH5.8 pH Dependency
Sample kd (1/s) kd (1/s)  kd(pH5.8)/kd(pH7.4)
WT 2.5E-04 2.5E-04 1.00
H3pl/L73 2 6E-04 6.7E-04 2.58
Fv2-1gG1 3.4E-04 2.4E-03 7.18

Fvd-IgG1 4.7E-04 2.6E-03 9.96




Ser Phe Phe Leu Tyr ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn val Phe
ser Cys ser Val met His Glu Ala Leu His Ala 420425430 His Tyr Thr Gin Lys Ser Leu ser Leu ser Pro
Page 37 JPOXmLDO0001-seql 435440 <210> 36 <3h1> 445 <212> PRT <213> Artificial <220> <223>
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maintaining the affinity for the soluble IL-6 receptor equal to or stronger than that of WT.

10 [Example 117 PK/PD Test of pH-Dependent-Binding Antibodies with Optimized Variable

Regions Using Human IL-6 Receptor Transgenic Mice
The pharmacokinetics of Fv2-IgG1 and Fv4-IgGl, as well as WT and H3pl/L73-IgG1

prepared and evaluated in Example 10 were evaluated using the human IL-6 receptor transgenic
mice used in Example 8. WT, H3pl/L.73-1gGl, Fv2-IgG1, or Fv4-lIgG1 was administered by

15 single—dose intravenous administration to hIL-6R tg mice at 25 mg/kg, and the concentration of
cach 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-IgG1, Fv2-1gG1, and Fv4-IgG1 are
shown in FIG. 18.

The pharmacokinetics of H3pl/L73-IgG1 improved in comparison with WT in the same

20  manner as in Example 8, while the pharmacokinetics of Fv2-1gG1 and Fv4-IgG1 was further
improved than H3pl/L73-IgGl. Measurement as to the unbound IL-6 receptor concentrations,
as measured in cynomolgus monkeys in Example 9, was carried out in the hIL-6R tg mice in this
test using the same method.  As a result, prolongation of the duration of neutralization of the
soluble IL-6 receptor was confirmed for Fv2-IgG1 and Fv4-IgG1 in comparison to that for

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

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

Optimization of Constant Region of Fv4-1gG1

Generally, binding to membrane-bound antigens has been reported to vary depending on
35  the constant region of the antibody (J. Immunol. Methods 1997 Jun 23; 205(1): 67-72). The

constant regions of the pH-dependent-binding antibodies prepared above were of the IgG1l
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of VH3-1gG1 prepared in Example 10 with IgG2AGK, VH3-M58 (SEQ ID NO: 34) was
10 constructed by substituting the constant region with M58, and VH3-M73 (SEQ ID NO: 35} was
constructed by substituting the constant region with M73.  More specifically, expression
vectors in which the constant region portion of VH3 used in Example 10 was substituted by a
desired constant region by Nhel/Notl digestion and ligation were constructed. The nucleotide
sequences of the resulting expression vectors were determined using a method known among
15  persons with ordinary skill in the art.
Expression and purification were carried out for the following: Fv4-IgG2 using
VH3-I1gG2AGK (SEQ ID NO: 33) for the H chain and VL3-CK (SEQ ID NO: 27) for the L
chain; Fv4-M58 using VH3-M58 (SEQ ID NO: 34) for the H chain and VL3-CK (SEQ ID NO:
27) for the L chain; and Fv4-M73 using VH3-M73 (SEQ ID NO: 35) for the H chain and
20 VL3-CK (SEQ ID NO: 27) for the L chain. Expression and purification were carried out using
the method described in Example 1.

Analysis of Binding of Fv4 Having Optimized Constant Region to Soluble IL-6 Receptor

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

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

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

Sample ka (1/Ms) kd (1/s) KD (M)
Fvd-IgG1 71.2E+05 1.CE-03 1.4E-09
Fvd-1gG2 9.6E+05 1.2E-03 1.3E-09
Fvd—b8 8.3E+05 1.1E-03 1.4E-09

Fv4—-M73 1.5E+03 1.0E-03 1.4E-09




859095 Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp His Trp Gly Glu Gly 100105110 Thr Leu val Thr
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LyslS Glyc 1l § r%vi?rga funﬁ?rdc?%’lﬂ rﬁ\)/{gfafﬁlgllﬁr}tlfg%%lr% P(Ijr% ”Sggi%%fgﬁé%’# EGdI%% EYQ(SB%@%% Thr Lys tAsn
GIn val &eélitysa ThsdybledL-0arts 3553609886y PHe HRe0 Ao Iar AERHEMIE VAP HEBGIu Ser

Asn Gchgijgtggqgglglg%Eggnﬁyiﬁ%ﬁg@cﬂ'yr Lys Thr Thr Pro Pro met Leu Asp ser Asp Gly
385390395400 ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp GIn 405410415 Glu Gly

Asn val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
Analysis of Binding of Fv4 Having Optimized Constant Region to Membrane-Type IL-6

10 Receptor
Antigen-antibody reactions to the membrane-type IL-6 receptor at pH 5.8 and pH 7.4
were observed for thus-prepared Fv4-1gG1, Fv4-1gG2, Fv4-M58, and Fv4-M73 as well as WT,

in the same manner as in Example 10 using Biacore T100 (GE Healthcare). The results

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

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

[Table 10] Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones
20  from Membrane-Type IL-6 Receptor, SR344

pH7.4 pH58 pH Dependency
Sample kd (1/8) kd (1/s)  kd(pH5.8)/kd(pH7.4)
Fvd-IgG1 4.7E-04 2.66-03 556
Fv4-1gG2 1.0E-03 1.8E-02 - 16.98
Fv4-M58 5.4E-04 9.5E-03 17.64
Fv4-M73 5.1E-04 5.1E-03 10.06

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

Fv4-1gG1, Fv4-1gG2, Fv4-M58, and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and
25 10.1-fold, respectively; thus, Fv4-1gG2, Fv4-M58, and Fv4-M73 all demonstrated higher
pH-dependent dissociation from the membrane-type IL-6 receptor than Fv4-IgGl.

Based on the results of analyzing binding to the soluble I1-6 receptor and binding to the
membrane-type IL-6 receptor using the variable region of Fv4, it was found that substitution of
the constant region from IgG1 to 1gG2, M58, or M73 could improve the pH-dependent binding

30 to the membrane-type IL-6 receptor, without causing a change in the affinity to the soluble IL-6

receptor. This was considered to similarly hold for Fvi, Fv2, and Fv3.



420425430 His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro 435440 <210> 38 <211> 445 <212> PRT
<213> Artificial JPDXMLDO0001-seql <220> <223> An artificially synthesized peptide sequence <400>
38 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu vat Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys
Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala Trp Ser Trp val Arg Gin Pro Pro Gly Glu Gly
Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Thr Leu 505560 Gin Gly
Arg val Thr lie Ser Arg Asp Asn ser Lys Asn Thr Leu Tyr 65707580 Leu Gin met Asn Ser Leu Arg Ala
Glu Aspehandla Vgl FRIPTY ey BHA095:Ald ety Sintizig Alatibrglith ETihing|@MetiAshClnsErp Gly Glu
Gly 10 0511 Thr U vaI IS aI Sgor%]et ,%I r? r]\;[l% Lys Gly Pro Ser val Phe 115120125 Pro Leu
Ala Pro ST Ser Thr & af’ §Ia Leu 130135140 Gly Cys Leu Val Lys Asp Tyr
Phe Pro Glu Pro VaI Thr val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe

Pro Ala Val Leur§ 34444 ikt RE1SBULly G EUFTYZED | a1l For 365 d/picyalelitin FxlaRnol SEY

180185190 Ser. Asn Pile Gly Thr Gin Thy T rThr s Asn Val A 205 S
Thr LysWFAF RERI-G S AT ££ 669/ af%_gpn 21%)(‘21 IO% I(%i/{ %Ege%’%%)% Pro A(?I:aplgsrrc])

Pro Valixan®ly Pto Semit th@ﬁ_eqiszz?sh@@;z%@zw%”e%@hsﬂ’bﬂmagéﬁmﬂgéq| Pro Pro Lys

Pro LyspRgnddyr ey %@jl%ﬁﬁﬁwﬁhﬁa@r&aﬁim%ﬁ%&a%ﬁé Mal 3t Cyisoed)Vah yial dse val ser His

Glu Asp Pro Glu Val G
Fgntr:avenous a m1mstrat10n at 25 mg/kg, and then, measurement of the plasma concentrations of

cach antibody was carried out in the same manner as in Example 8. The time courses of plasma
10 concentrations of WT, Fv4-I1gG1, Fv4-1gG2, and Fv4-M58 are shown in FIG. 20.

Similar to Example 11, the pharmacokinetics of Fv4-IgG1 was improved in comparison
with WT, and the pharmacokinetics of Fv4-I1gG2 and Fv4-M58 was further improved in
comparison with Fv4-IgG1. Measurement as to the unbound IL.-6 receptor concentrations, as
measured in cynomolgus monkeys in Example 9, was carried out in the hIL-6R tg mice in this

15 test using the same method.  As a result, prolongation of the duration of neutralization of the
soluble IL-6 receptor was confirmed for Fv4-1gG2 and Fv4-M58 in comparison to that of
Fv4-1gG1 (data not shown).  As indicated in Example 10, the pH-dependent binding to the
membrane-type IL-6 receptor was improved for Fv4-IgG2 and Fv4-M358 as compared with
Fv4-1gGl. Therefore, it was shown that improvement in the pH-dependent binding to the

20  membrane-type IL-6 receptor and improvement in the pharmacokinetics and duration of
neutralization of the soluble IL-6 receptor are possible by substituting the constant region from
IgG1 to IgG2 or M58.  On the basis of this finding, it was thought that the pharmacokinetics
and duration of neutralization of the soluble IL-6 receptor, not only in the case of Fv4, but also in
the cases of Fv1, Fv2, and Fv3, can be improved as compared to IgG1 by substituting the

25 constant region from IgG1 to IgG2 or M358,

[Example 14] Construction of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions
VH2-M71 (SEQ ID NO: 36) and VH2-M73 (SEQ ID NO: 37), having M71 and M73
30  for the constant region of VH2-IgG1, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID
NO: 39), having M71 and M73 for the constant region of VH4-IgG1, were constructed using the
same method as described above.
Fv1-M71 using VH2-M71 for the H chain and VL2-CK for the L chain, Fv1-M73 using
VH?2-M73 for the H chain and VL2-CK for the H chain, Fv3-M71 using VH4-M71 for the H
35 chain and VLI-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL.1-CK



260265270 Phe Asn Trp Tyr Val Asp Gly val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
Glu Gin Phe Asn Ser Thr Phe Arg Val Val ser Val Leu 290295300 Thr Val Val His Gin AS Trp Leu Asn
Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val S&t Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle
Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg
Glu Glu Met Thr Lys Asn Gin val ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle
Ala val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro met Leu
Asp SefAspcGlyi3Bh 398335408 Senkheriiied e UEkprSeioh yad purifhratah Aspd ge18erditg Trp Gin
49541%1% (%f'lr% %Q{ ﬁrhgsaél_%gg lﬁq-frx X%ﬁq( val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr
Gin Lys 8ef Leu Ser Leu Ser Pro G y LyS 435440445 <210> 39 <211> 443 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 39 JPOxmLDO0001-seql Gin Val Gin
Leu Ginnginser BRI &Y peDalchisPmiGen Ghnibddits Mivihe Dienied Varifys Ak val Ser Gly
His.ser lle Ser His Asp 20 is, Ala,Tr Trp val Arg Gin Pro Pro Gly Glu Gly Leu Glu Tr
352045 e CasE er bl . ?g{b\sn Tyr Asn Pro Thr Leu 505560 Gin Gly Arg VaFI) Thr lle
Ser Arg Asp AshiSestagianien trrndelisTr e s soSRad G QPASH S P RGP ER Asp Thr
Ala Val Juyh d HeGy 18290983 FAIEhSRE 18 Yol As:-dar T hesA famsts Alses ThurmTapi£5ty FGAL Gly

antibody (wild type: WT) and H3pl/L.73-IgG1, Fvl-M71, FvI-M73, Fv2-IgGl, Fv3-MT71,
Fv3-M73, Fvd-IgG1, Fv4-1gG2, Fv4-M58, and Fv4-M73, constructed as described above. The

10 association rate constants k, (1/Ms) and dissociation rate constants kq (1/s) were calculated by

analysis in the same manner, and the dissociation constants KD (M) were calculated on the basis
of those values (Table 11).

[Table 11] - Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones
15  from Soluble IL-6 Receptor, SR344

Sample ka (1/Msy kg (1/8) KD (W
Wi 4 0E+05 - 1.1E-03 2.76-09
H3pl/L73 4, 1E+05 5
Fvi-71 5.5E+05 5. 4E-04 9. 7E-10
Fvi-M73 6. 1E+05 5.5r-04 9. 1E-10
Fv2-IgG1 3. BE+05 7. 7E-04 2. 0E-08

8

8

i

1

1

1

. 9E-04 1. 4E-09

Fv3-MT71 1. 8E+05 . 2E-04 1. 1E-09
Fv3-M73 8. BE+05 . TE-04 1. 0E-09
Fvd-IgGl  7.2E+05 . OE-03 1. 4E-09
Fvd-1gG2 9. 6E+05 . 2E-03 1. 3E~09
Fv4-#58 8. 3E+05 .1E-03 1. 4£-09
Fvd-#73 1. 5E+05 . OE-03 1. 4£-09

All of the resulting ten types of pH-dependent-binding clones were found to have
dissociation constants (affinity, KD values) to the soluble IL-6 receptor equal to or stronger than
20 that of WT.

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

Constant Regions to Membrane-Tvpe 1L-6 Receptor

Antigen-antibody reactions to the membrane-type IL~6 receptor at pH 5.8 and pH 7.4
25  were observed in the same manner as in Example 10 using Biacore T100 (GE Healthcare) for the
eleven types of antibodies, humanized PM1 antibody (wild type: WT) and H3pV/L73-1gG1,
Fvl-M71, Fvl-M73, Ev2-1gG1, Fv3-M71, Fv3-M73, Fv4-IgG1, Fv4-IgG2, Fv4-MS58, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected



100105110 Thr Leu val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala
Pro ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser Trp 145150155160 Asn sngIy Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val val Thr val Pro Ser 180185190 Ser
Asn Phe Gly Thr Gin Thr Tyr Thr cys Asn val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp
Lys Thr val Glu Arg Lys Ser cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro
Ser val\iderlbe 223230235240 Rhe MrowPienyte BralllySR3IP4Thnd érembtdietBdeptngdr Pro Glu

245250 55P e 44. 3POXMI DOAO ; Glu Val
Gin 26 Af &Ch # QB’GJPIS%M?%\%B %@ﬁ&éﬁﬁ% L\(f/gsk%?ré Sn%%%&%ﬂ?{g& rouArs;1
p

Glu Guﬁ@WIPWeFA@n@eﬁrqsthF% Rrg- lygziiv veevar F&dr Wdz%é@d%ﬁﬁ?aﬁf\%ﬁ Ip Leu
Asn Glystye celinityfd: sty sl biss a%ai&&iﬁagmansend\m)wsxﬁdwm édeiRtoteGhelys Thr

IIe er Lys 325330335. T L s G ro Tyr T 340345350
Gld’ é‘u § METRA i Xal |n va bLéﬁif %h éﬁgrﬁ%%é'\'%ﬁ&ig 3%%%%6§J%§Jgsr%%%ryr Pr(f)1 ser Asp

IIe Ala véltﬁ@lwsfﬂ}{ﬁ@érf/&kﬁl@I?GHOS’?‘DHV@;Q@G 0 Glu Asn Asn Tyr Lys Thr Thr Pro Pro met Leu
Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin

05410415311 AR Bhe 261 R AR5 VARSI ES R HH B IR RSB i Tvr T
Clones from Membrane Type IL-6 Receptor, SR344

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

WT 2 5E-04 2.5E~04 1,00
H3pl/1.73 2.8E-04 6.7E-04 259
Fvi=-MT71 6.1E-04 6.9E-03 11.29
Fvl-M73 3.76-04 3.2E-03 8.80
Fv2-IgGl 34E-04 2.4E-03 7.18
Fv3-MT71 9.1E-04 8.7E-03 10.74
Fv3—-M73 4 8E-04 5.3E-03 10.88
Fvd-IgGl 4.7E-04 2.6E-03 5.56
Fvd—1gG2 1.0E-03 1.8E~02 16.99
Fv4-M58 5.4E-04 8.5E-03 17.64
Fvd—M73 5.1E-04 51E-03 10.06

10

The ten types of obtained pH-dependently-binding clones demonstrated pH-dependent
binding ability to the membrane-type IL-6 receptor. Moreover, all of Fv1-M71, Fv1-M73,
Fyv2-IgG1, Fv3-M71, Fv3-M73, Fv4-1gG1, Fv4-1gG2, Fv4-M358, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison

15  with H3pI/L73-IgG1, for which the time until the antibody disappears from the plasma as well as
the time where the soluble IL-6 receptor and membrane-type IL-6 receptor are bound by the
antibody in the body were found to be prolonged considerably in comparison with WT, as shown

in cynomolgus monkeys in Example 9.

20 [Example 15] PK/PD Test of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions Using Cynomolgus Monkeys
Construction of Known High-Affinity Anti-IL-6 Receptor Antibody
A mammalian cell expression vector was constructed to express the high-affinity
anti-IL-6 receptor antibody VQ8F11-21 higG1 described in US 2007/0280945 A1 (US
25 2007/0280945 Al, amino acid sequences 19 and 27), as a known high-affinity anti-IL-6 receptor
antibody. An antibody variable region was constructed by PCR combining synthetic

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

vector used in Example 1. The antibody variable region and antibody constant region were



435440 <210> 40 <211> 6 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 40 His Asp His Ala Trp Ser 15 7POXMLDOCO01-seql <210> 41 <211> 16 <212> PRT
<213> Atrtificial <220> <223> An artificially syntheé%ed peptide sequence <400> 41 His lle Ser Tyr Ser
Gly lle Thr Asn Tyr Asn Pro His Leu GIn Asp 151015 <210> 42 <211> 16 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide sequence <400> 42 Phe lle Ser Tyr Ser Gly lle Thr
Asn Tyr Asn Pro Ser Leu GIn Gly 151015 <210> 43 <211> 16 <212> PRT <213> Atrtificial <220>

<223> figaastificialiysynithesiRetpeptidedoencetsd 43 Bhierlo SentiyriSer Gy tesatapgAsn Tyr
AST PG THh oM 7l é%ynléﬁgggggwe;@%s&g SRt anmRIimA L3N Alffidabr220ms 223> A

i Cilal
artificially syn{lhesme epti ce <400> 44 Phe Leu Ala Arg lle Thr Ala His His 1510
<210> 43narpettholkohss PRPSPPICHPRRIANIF0 IPERI Bt 8&F¥‘é§3ﬁ§§ artificially
synthesizetpepiskesaaue 0cehs40QHi4b SarésibAledgsTherd dettaMet Bpp fpthod known

5 among persons with ordinary skill in the art. Expression and purification were carried out using
the constructed expression vectors. Expression and purification were carried out using the
method described in Example 1 to obtain the high-affinity anti-IL-6 receptor antibody (high
affinity Ab).

10 PK/PD Test in Cynomolgus Monkeys
The pharmacokinetics and pharmacological efficacy were evaluated in cynomolgus
monkeys for the pH-dependently-binding antibodies H3pI/L73-IgG1 and Fv1-M71, Fv1-M73,
Fv2-1gG1, Fv3-M73, and Fv4-M73 and the known high-affinity anti-]1.-6 receptor antibody
(high affinity Ab). H3pl/L73-IgG1, Fvl-M71, FvI-M73, Fv2-1gG1, Fv3-MT73, or Fv4-M73

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

mg/kg, while the high affinity Ab was administered by single-dose intravenous administration at
1.0 mg/kg. Blood samples were collected before administration and over time.  The plasma
concentration of cach antibody was measured in the same manner as in Example 9. The time
courses of plasma concentrations of H3plL73-1gG1, Fvl-M71, Fvi-M73, Fv2-1gGl, Fv3-MT73,

20  and Fv4-M73, as well as the high affinity Ab are shown in FIG. 21.  In order to evaluate the
pharmacological efficacy in terms of the degree to which the cynomolgus monkey
membrane-type IL-6 receptor is neutralized, cynomolgus monkey 1L-6 was administered
subcutaneously into the lower backs of the animals daily at 5 pg/kg from day 3 to day 10 (from
day 6 to day 10 with respect to the high affinity Ab) after the administration of antibody, in the

75  same manner as in Example 9. The CRP concentration of each animal was measured 24 hours
after each administration. The time courses of CRP concentrations with the administration of
each antibody are shown in FIG. 22. In order to evaluate the pharmacological efficacy m terms
of the degree of neutralization of cynomolgus monkey soluble IL-6 receptor, the concentration of
the unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was

30  measured in the same manner as Example 9.  The time courses of the unbound cynomolgus
monkey soluble IL-6 receptor concentrations with the administration of each antibody are shown
in FIG. 23.

As a result, the antibody concentrations in plasma were maintained high for each of

Fvi-M71, Fv1-M73, Fv2-IgG1, Fv3-M73 and Fv4-M73 in comparison with H3pl/L73-1gG1,

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

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



1510 <210> 46 <211> 30 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 46 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu
Ser Leu Thr Cys Ala val Ser Gly Tyr Ser lle Ser 209530 <210> 47 <211> 30 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 47 Gin Val Gin Leu Gin Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle
Ser 202530 <210> 48 <211> 14 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized

pg gtlld er%@%ﬁﬁf@:&ﬁﬂél@ﬂ 481k MakAegepitrLice Brmtaly GleGhyibedy Ghu ifirpthler @hrds 18:<210> 49
<211> 32 <212> PRT <213> Artifici PQx 01- < > : ifiet N ized
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Leu Ser Ser valmhiditwn ghaspirgentadttysh %%B‘?&@WS@Q%@%%B@&W&@@Z12>
PRT <243mAtificiakt220m <PR3z M aitificiallySiiothesiged peptigeserthencbat 600w 50y Val Thr

S R SR SR I A gl T e
half the dosage thereof, i.e., at 0.5 mg/kg. Therefore, the pH-dependently-binding antibodies
were elucidated to have the neutralization effects and sustained efficacy superior to those of the
known high-affinity anti-IL-6 receptor antibody.

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

10 cynomolgus monkeys as in this test, have also been confirmed to demonstrate improved
pH-dependent binding to the membrane-type 1L.-6 receptor in comparison with H3pl/L73-1gG1.
Therefore, the time during which the membrane-type and soluble IL-6 receptor are bound by the
antibodies (or in other words, the duration of neutralization and sustained neutralization effects)
are also thought to be prolonged for the antibodies in comparison with H3pl/L73-IgGL.

15 In Example 9, for H3pl/L73-1gG1, the time until the antibody disappears from the
plasma as well as the time where the soluble IL-6 receptor and membrane-type IL-6 receptor are
bound by the antibody in the body (sustained neutralization effects) were found to be prolonged
considerably as compared with WT. Fv1-M71, Fv1-M73, Fv2-IgG1, Fv3-MT71, Fv3-M73,
Fv4-1gG1, Fv4-1gG2, Fv4-M58, and Fv4-M73, having superior sustained neutralization effects

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

In contrast to anti-IL-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor
antibodies that are made to strongly bind to the antigen at the pH in the plasma of pH 7.4 but
only weakly bind to the antigen at the pH in endosomes of pH 5.8, make it possible to reduce the

25  patient dosage and administration frequency of the anti-IL-6 receptor antibody, and as a result,
they can considerably reduce the total administration amount. Therefore, the
pH-dependently-binding anti-IL-6 receptor antibodies are thought to be extremely superior as a

pharmaceutical for use as an IL-6 antagonist.

30  [Example 16] Construction of pH-Dependently Binding Anti-IL-6 Antibody
Expression and Purification of Anti-IL-6 Antibody

In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that
pH-dependently bind to the IL-6 receptor were successfully created by imparting the dependency
through introducing histidine substitutions and the like into the variable region, in particular, the

35  CDR sequences of the humanized anti-1L-6 receptor antibodies. It was found that all of these



<223> An artificially synthesized peptide sequence <400> 51 Arg Val Thr lle Ser Arg Asp Asn Ser Lys
Asn Thr Leu Tyr Leu GIn 151015 Met Asn ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys Ala Arg
202530 <210> 52 <211> 11 <212> PRT <213> Arfificial <220> <223> An artificially synthesized
peptide sequence <400> 52 Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser 1510 iPoxmLooc01-seq|
<210> 53 <211> 11 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 53 Gin Ala Ser Arg Asp lle Ser Ser His Leu Asn 1510 <210> 54 <211> 11 <212>
PRT <23 AtiiciplesRA0> i@ Bt TBriificiallyos ynthésizens peptideoseiieertie sdB0scb:Gin Ala Ser
Thr Asﬁll’ r Ser His Leu Asn 1510 <210> 55 <211> 7 <212> PRT <213> Artificial <220> <223> An

artificially synthesized peptide sequence <400> 55 Tyr Gly Ser His Leu Leu Ser 15 <210> 56 <211> 7
<212> 'Rl <21 bsrefprticiapas posfirmed that the pH-dependent ability of an antibody to bind to an

antigen could be confered to another antibody that binds to an antigen other than the IL-6
5  receptor using a similar method. Human IL-6 was selected as the antigen, and an anti-IL-6

antibody including the H chain (WT) (amino acid sequence: SEQ ID NO: 62) and L chain (WT)
(amino acid sequence: SEQ ID NO: 63), which binds to IL-6 as described in WO 2004/039826,
(“Anti-IL6 wild type™) was constructed. Using a method known to those skilled in the art, gene
fragments encoding the antibody amino acid sequences of interest were inserted into mammalian

10 cell expression vectors to construct the H chain expression vector and L. chain expression vector
of interest. The nucleotide sequences of the resulting expression vectors were determined using
a method known to a skilled person.  Anti-IL6 wild type was expressed and purified by the

method described in Example 1.

15 Construction of pH-Dependent Anti-1L-6 Antibody .

To confer the pH-dependent ability of the antibody to bind to IL-6, histidine substitutions
were introduced into the amino acids in CDR of the anti-IL-6 antibody (Anti-IL6 wild type)
including the H chain (WT) (amino acid sequence: SEQ 1D NO: 62) and L chain {WT) (amino
acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR amino acids and

20  subsequently screening, several clones that demonstrate the pH-dependent binding were obtained.
The binding at pH 5.5 was significantly reduced as compared with the binding at pH 7.4.  The
positions of histidine substitution in the pH-dependent clones are shown in Table 13.  The
examples include “Anti-IL6 clone 17 including the H chain (c1) (amino acid sequence: SEQ ID
NO: 64) and L chain (c1) (amino acid sequence: SEQ ID NO: 65), and “Anti-IL-6 clone 27

25  including the H chain (c1) (amino acid sequence: SEQ ID NO: 64) and L chain (¢2} (amino acid
sequence: SEQ ID NO: 66).  Anti-IL6 clone 1 and Anti-IL-6 clone 2 were expressed and
purified by the method described in Example 1.

[Table 13] Positions of Histidine Substitution in pH-dependent clones
30 H32, H59, H61, H99

153, L54, 190, L94

Analysis of Binding of pH-Dependent Clones to Human IL-6

Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
35 Biacore T100 (GE Healthcare) for the three types of antibodies prepared as mentioned above:
Anti-IL6 wild type, Anti-IL6 clone 1, and Anti-IL-6 clone 2 (buffer: DPBS(-) (pH 7.4 or pH 5.9),



<223> An artificially synthesized peptide sequence <400> 56 Tyr Gly Ser His Leu Glu Ser 15 <210>
57 <211> 9 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized peptide sequence
Page 49 JPOXmLDO0001-seql <400> 57 Gly Gin éWAsn Arg Leu Pro Tyr Thr 15 <210> 58 <211> 23
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 58 Asp
lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys 20
<210> 59 <211> 15 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequencmﬁﬂEDNeﬁﬂ)TrpI“ﬁyra@tiib@iﬁsbysﬁmxﬁﬂ/tb)esséztao?lcdn'@ IumL*&hﬁﬁemctl@ﬂ@pMﬂl@@le 60

<211> [ 2 iallyrs guence
<400> 50 %ﬁ/‘é Pro é’i’ﬁzﬁf P éﬁ ?ér é?%@réc;f;f&%ﬁ%% ﬁ%ﬁ ghe 1%?19 151015 P%]ﬁe Thr lle Ser

Ser LeFRBRe A HAIKEpIAIP A NP RRITHE BRtIPRhdcs1 LS PESYFREBRYES 13>
Artificiaks72287ud E’CE?;XHU_DQ@Qa&@ﬂbﬁzaﬁkdhmant@ma(lly}\ﬂy}\ﬂndsimdqmp:ttdeasaemmm&s%@%)61 Phe

GI%Ginw%l.)é -(I:-QEuLIX&:X %Is%!guﬂ1ac%rg %?&(9 Evaluation Software (GE Healthcare), and dissociation
constants KD (M) were calculated based on those values (Table 14).  Furthermore, the ratio of
affinity at pH 5.5 and pH 7.4 was calculated for each clone to evaluate the pH-dependent
binding.

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

Sample| pH ka(1/Ms) | kd(1/s) KD{M) KD{pH5.5)/KD{pH7.4}
Wild type pH7.4 {2 05E+07 :3.91E-04, 1.91E-11
pH5.5 | 1.62E+07 2.45E-04: 1.61E~11
pH7.4 | 1.07E+07 4.71E-03: 4.38E-10

clone 10.3
pH5.5 | 2.05E+06 19.26E-03 4.52E-09

08

cione? pH7.4 ' 8.96E+06:2.63FE-03 2.84E-10 125

pH5.5 | 2. 76E+06 :1.10E-02 398E-09

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 human IL-6, was 0.8, 10.3, and 13.5 for Anti-1L6 wild
15 type, Anti-IL6 clone 1, and Anti-IL6 clone 2, respectively. That is, the pH-dependent binding
ability of each clone is more than 10 times greater than that of WT. The sensorgrams of
Anti-IL-6 clone 2 at pH 7.4 and pH 5.5 are shown in FIG. 26.
Thus, it was shown that, as in the case of the anti-IL-6 receptor antibodies,
pH-dependently binding anti-IL-6 antibodies that bind to the antigen strongly under plasma
20 neutral conditions, but weakly under-intraendosomal acidic conditions can be constructed by
introducing histidine substitutions and the like mainly into the CDR amino acid sequences.  As
indicated in Examples 1 to 15, an anti-IL-6 receptor antibody that has the f)Hmdependent binding
ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably improved. That is, it was
suggested that Anti-IL-6 clone 1 and Anti-IL-6 clone 2, which have the pH-dependent binding
25  ability, repeatedly bind to more antigens with significantly improved PK/PD, as compared with
Anti-IL6 wild type.

[Example 17] Construction of pH-Dependently Binding Anti-IL-31 Receptor Antibody
Expression and Purification of Anti-IL-31 Receptor Antibody

30 In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that
pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH



<210> 62 <211> 449 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 62 Glu Val Gin Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly 151015 Ser
Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phé&Ber Ser Phe 202530 Ala met Ser Trp Phe Arg Gin
Ser Pro Glu Lys Arg Leu Glu Trp Val 354045 Ala Glu lle ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp
Thr val 505560 Thr Gly Arg Phe Thr lle ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 65707580 Leu Glu
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and L chain (WT) (amino acid sequence: SEQ ID NO: 68), which binds to the mouse IL-31

10 receptor as described in WO 2007/142325, (“Anti-IL31R wild type”™) was constructed. Usinga

method known to those skilled in the art, gene fragments encoding the amino acid sequences of

interest were inserted into mammalian cell expression vectors to construct the H chain

expression vector and L chain expression vector of interest. The nucleotide sequences of the

resulting expression vectors were determined using 2 method known to a skilled person.

15 Anti-IL31R 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-31 receptor, histidine
substitutions were introduced into the amino acids of CDR of the anti-IL-31 receptor antibody
20 (Anti-IL31R wild type) including the H chain (WT) (amino acid sequence: SEQ ID NO: 67) and
L chain (WT) (amino acid sequence: SEQ ID NO: 68). By histidine substitutions in the CDR
amino acids and subsequent screening, several clones that demonstrate the pH-dependent
binding were obtained. The binding at pH 5.5 was significantly reduced as compared with the
binding at pH 7.4.  The position of histidine substitution in the pH-dependent clones is shown
25 in Table 15.  An example is “Anti-IL31R clone 17 including the H chain (c1) (amino acid
sequence: SEQ ID NO: 69) and L chain (WT). Anti-IL31R clone 1 was expressed and purified

using the method described in Example 1.

[Table 15] Position of Histidine Substitution in pH-dependent clones
30 H33

Analysis of Binding of pH-Dependent Clones to Soluble IL-31 Receptor
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was cartied out using

Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
35  Anti-IL31R wild type and Anti-IL31R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM
NaCl, 0.01% Tween 20, 0.02% NaN3). The antibodies were bound to a sensor chip on which



Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys
Gly Gin Pro Arg Glu Pro Gin val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys ASI1
Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys @3’7 Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin Gly Asn
Val Phe Ser Cys Ser Val Met His Glu 420425430 7P0OXmLDO0001-seqgl Ala Lea His Asn His Tyr Thr
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Lea Alaé&rt 36 e% buval B;‘Q;‘é?'ﬂ&%&&tﬁﬁ%t%lﬁﬁn@ﬁiﬁ%ﬁb/aﬁ@ﬁ@éﬁ&ﬁtﬁoﬁ%ﬁﬂoﬁﬁﬁﬁi@&ﬂl‘]rslje Ser
me u r.T r.Gly. Th
005 B ‘i%lf‘%@?%i‘ PI3S e @f at“’ SO RrVS val(%@ %&nl c%r%Oa%SdiElXé A;Eggo\%lrphé lle

Phe Pre®gants K@p(MILM@m taé@Lajst@ﬁQﬂlyW&qs@ze&@% I6er VErharmpse) B Fe 850 Asn

Phe Tyra%&@Sl FakysH 3U I4AVALGINTF RN MBI ASR AT koM Gisheaddaly Asn Ser Gin

Glu 14515 mg 0 Ser val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Lea Ser Ser 165170175

10 [Table 16] Comparison of Binding of pH-Dependent Clones to Mouse IL-31 Receptor

Sample | pH | ka(l/Ms) | kd(t/s) | KD(M) | KD(pH5.5)/KD(pHT.4)

. H7.4 | 1.40E+ ADE~ 30E~
Wild type p 1.40E+05 (| 3.40E~03, 2.30E-08 19

pH5.5 B.10E+05 3.80E-03! 740E-08

pH74 | 170E+05 3.30E-03! 2.20E-08
clone 1000.0
pHB5 11.10E+03 2.40E-02: 2.20E-05 :

The ratio of affinity at pH 5.5 and pH 7.4 (KD)(pH 5.5)/(KD)(pH 7.4)) calculated, which
indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000 for
15  Anti-IL31R wild type and Anti-IL31R clone 1, respectively. That is, the pH-dependent binding
ability of Anti-IL31IR clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-IL31R clone 1 at pH 7.4 and pH 5.5 are shown in FIG. 27.
Thus, it was shown that, as in the cases of the anti-IL-6 receptor antibodies and anti-IL-6
antibodies, pH-dependent binding anti-1L-31 receptor antibodies that bind to the antigen strongly
20 under plasma neutral conditions, but weakly under intraendosomal acidic conditions can be
constructed by introducing histidine substitutions and the like mainly into the CDR amino acid
sequences. As indicated in Examples 1 to 15, an anti-IL-6 receptor antibody that has the
pH-dependent binding ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably
improved. That is, it was suggested that Anti-TL31R clone 1, which has the pH-dependent
25 binding ability, repeatedly binds to more antigens with significantly improved PK/PD, as
compared with Anti-IL31R wild type.

[Example 18] Repetitive Binding to Antigen by pH-Dependently Binding Antibody

Expression and Purification of Antibodv Administered to Mice

30 The four types of humanized IL-6 receptor antibodies described below were prepared.
As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-IgG1 including H
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Example 1.

10 Analysis of Binding of Each Type of Antibody to Soluble IL-6 Receptor

Kinetic analysis of antigen-antibody reactions at pH 7.4 and pH 5.8 was carried out using
Biacore T100 (GE Healthcare) for the four types of antibodies prepared: WT-1gGl,
H54/L28-1gG1, H170/1.82-1gG1, and Fv4-IgG1 (buffer: 10 mM MES (pH 7.4 or pH 5.8), 150
mM NaCl, 0.05% Surfactant-P20).

recomb-protein A/G (Pierce) was immobilized by amine coupling, and SR344 adjusted to an

The antibodies were bound to a sensor chip on which

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

All the

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

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

rate constants kg (1/8) were calculated using Biacore T100 Evaluation Software (GE Healthcare),
20  and dissociation constants KD (M) were calculated based on those values (Table 17).
[Table 17]
Constants of Each Type of Antibody Against Soluble IL-6 Receptor (SR344)
pH7.4 pH5.8 pH Dependency

Comparison of Association Rates (k;), Dissociation Rates (kq), and Dissociation

Sample

ka{1/Ms) kd{1/s) KDIM)

ka(l/Ms) kd(l/s) KDIM)

kdp5 8)/klpHT 4 KD{pH5 8)/KDEHT 4)

WT-igG1
Hy4/L28-1aCG1
H170/182-1gG1
Fud-{eGl

4.9E+05 94E-04 1.9E-09
§3F+05 142-03 1.7E-02
6.7E+G5 1.1E-Q3 1.8E-08
9 8E+05 §5E-04 9.7E-10

89E+05 2.7E-03 3.1E-09
24E+06 2.7E-03 1.1E-08
1.2E+05 13E-02 1.0e-G7

14E+06 3.7E-02 2.6E-08

2.9
2.0
11.4
38.8

1.6
4.7
61.9
27.3

25

The ratio of affinity (KD) at pH 5.8 and pH 7.4 for each antibody was calculated. The
KD ratio, which indicates the pH-dependent binding to SR344, was 1.6, 0.7, 61.9, and 27.3 for

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

In addition, the ratio

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

30

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

WT-1gG1, H54/L.28-1gG1, H170/L.82-IgG1, and Fv4-IgGl, respectively. Thus, it was
confirmed that H170/L82-IgG1 and Fv4-IgG1 demonstrate the pH-dependent binding, while the

conventional antibodies WT-1gG1 and H54/1.28-IgG1 hardly exhibit the ability.

In addition,



Arg Thr Pro Glu val Thr cys va val Val Asp Val ser His Glu Asp 260265270 Pro Glu val Lys Phe Asn
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bind to the mouse IL-6 receptor). An SR344 soltution (5 pg/mL) or a mixed solution containing

10 SR344 and the anti-human IL-6 receptor antibody (5 pg/mL and 0.1 mg/mL, respectively) was
administered into a candal vein by single-dose administration at 10 mL/kg. Since the
anti-human IL-6 receptor antibody was present in an adequate excess amount relative to SR344,
it was thought that nearly all of the SR344 molecules were bound by the antibody. Blood
samples were collected at 15 minutes, 2 hours, 8 hours, 1 day, 2 days, 3 days, 4 days, 7 days, 14

15  days, 21 days, and 28 days after administration. The collected blood samples were immediately
centrifuged for 15 minutes at 15,000 rpm and 4°C to obtain the plasma. The plasma separated
was stored in a freezer set to -20°C or lower until the time of measurement. Above-described
WT-IeG1, H54/L28-IgG1, H170/1.82-1gG1, and Fv4-IgG1 were used as the anti-human IL-6
receptor antibodies.

20

" Measurement of Anti-Human IL-6 Receptor Antibody Plasma Concentration by ELISA

The concentration of human IL-6 receptor antibody in mouse plasma was measured by

ELISA. Anti-human IgG (y-chain specific) F(ab')2 antibody fragment (Sigma) was dispensed
onto a Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand

25  overnight at 4°C to prepare anti-human IgG-immobilized plates. ~Calibration curve samples
having plasma concentrations of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, and 0.0125 pg/mL, and mouse
plasma samples diluted 100-fold or more were prepared. 200 pL of 20 ng/mL SR344 was
added to 100 pL of the calibration curve samples and plasma samples, and then the samples were
allowed to stand for 1 hour at room temperature. Subsequently, the samples were dispensed

30 into the anti-human IgG-immobilized plates, and allowed to stand for 1 hour at room temperature.
Then, Biotinylated Anti-Human IL-6R Antibody (R&D) was added to react for 1 hour at room
temperature.  Subsequently, Streptavidin-PolyHRP8O (Stereospecific Detection Technologies)
was added to react for 1 hour at room temperature, and chromogenic reaction was carried out
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as a substrate.

35  After stopping the reaction with 1 N sulfuric acid (Showa Chemical), the absorbance at 450 nm

was measured by a microplate reader. The concentration in mouse plasma was calculated from



115120125 Ala Ser val Val cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 val Gin Trp
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and 31.25 pg/mL, and mouse plasma samples diluted 50-fold or more were prepared. The

samples were mixed with a solution of Monoclonal Anti-human IL-6R Antibody (R&D)

10 ruthenium-labeled with Sulfo-Tag NHS Ester (Meso Scale Discovery), Biotinylated Anti-human
IL-6R Antibody (R&D), and WT-IgG1, and then allowed to react overnight at 37°C.  The final
concentration of WT-IgG1 was 333 pg/mL, which is in excess of the concentration of
anti-human J1-6 receptor antibody contained in the samples, for the purpose of binding nearly all
of the SR344 molecules in the samples to WT-1gG1.  Subsequently, the samples were

15  dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed to react
for 1 hour at room temperature, and washing was performed. Immediately after Read Buffer T
(x4) (Meso Scale Discovery) was dispensed, the measurement was performed by the Sector PR
400 Reader (Meso Scale Discovery). The SR344 concentration was calculated based on the
response of the calibration curve using the analytical software SOFTmax PRO (Molecular

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

measured by this method is shown in FIG. 29.

Effects of pH-Dependent Binding
With respect to the time course of antibody concentration of WT-1gG1 and H54/L28 IgGl,
25  which do not demonstrate the pH-dependent binding, and H170/1.82-IgG1 and Fv4-IgG1l, which
demonstrate the pH-dependent binding, the time course of concentration was roughly identical
for WT-IgG1, H54/L28-1gG1 and Fv4-1gG1l, while H170/L82-IgG1 was eliminated slightly

more rapidly. The data of the time course of plasma concentration was analyzed by the

pharmacokinetics analysis software WinNonlin (Pharsight). The half-lives in the plasma of
30 WT-IgG1, H54/1.28-1gG1, Fv4-IgGl, and H170/1.28-1gG1 were 21.0, 28.8, 26.2, and 7.5 days,
respectively.

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

35  antibody (the elimination rate is extremely low) due to the function of FcRn, the plasma

retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is



180185190 Cys Glu Val T 195 hr His Gin Gly Leu ser Ser Pro Val Thr Lys ser Phe 200205 Asn Arg
Gly Glu Cys 210 <210> 67 <211> 456 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 67 Gin val G# Leu Val Gin ser Gly Ala Glu val Lys Lys 1510 Pro
Gly Ala 15 Ser Val Lys Val ser Cys Lys Ala ser Gly Tyr Thr Phe Tim Gly Tyr 202530 Tyr met His Trp
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Tyr Ala Gin Lys Phe 505560 Gin Gly Arg val Thr met Thr Arg Asp Thr Ser lle ser Thr Ala Tyr 65707580
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reduced, and the plasma retention time of SR344 was prolonged (plasma half-life: 5.3 days for
WT-IgGl, 6.3 days for H54/L.28-IgG1). This is because nearly all of the SR344 molecules
were bound by the antibodies administered together, and thus SR344 bound by the antibodies
10 had a prolonged plasma retention time similar to that of the antibody, due to the function of
FcRn as described above.

In the case of concurrent administration of SR344 with the H170/L82-]1gG1 or Fv4-IgGl
antibody, which demonstrates the pH-dependent binding, the elimination of SR344 was
significantly rapid (plasma half-life: 1.3 days for H170/L82-1gG1, 0.6 days for Fv4-1gG1), as

15 compared to the case of concurrent administration with WT-IgG1 or H54/L.28-1gG1. This
tendency was particularly prominent for Fv4-IgG1.  Since the affinity of Fv4-IgG1 at pH 7.4 1s
equivalent to or stonger than that of WT-1gG1 and H54/L28-1gG1, it is thought that nearly all of
the SR344 molecules were bound to Fv4-IgG1. Even though Fv4-IgGl demonstrates
equivalent or slightly longer plasma retention and slower climination compared to WT-IgG1 and

20  H54/L28-IgG1, the elimination of SR344 bound to Fv4-IgG1 was extremely rapid.  This can be
explained by the concept of the present technology shown in FIG. 4. In the case of
conventional antibodies that do not demonstrate the pH-dependent binding, an antibody-soluble
antigen complex is taken up into endosomes by pinocytosis in the plasma, and binds to FcRn
expressed in endosomes under intraendosomal acidic conditions.  Since the antibody-soluble

25  antigen complex bound to FcRn transfers to the cell surface as it is, and again returns to the
plasma, the antigen bound to the antibody has a prolonged plasma retention time similar to that
of the antibody (the elimination is extremely slow). On the other hand, in the case of antibodies
that demonstrate the pH-dependent binding, the antigen dissociates from the antibody under
intraendosomal acidic conditions, and thus only the antibody binds to FcRn and returns agai to

30 the plasma. Since the antigen dissociated from the antibody is degraded in lysosomes without
returning to the plasma, the elimination of antigen is extremely rapid as compared to the case of
antibodies that do not demonstrate the pH-dependent binding. Namely, in the case of
concurrent administration of SR344 with the WT-IgG1 or H54/L28-1gG1 antibody, which does
not demonstrate the pH-dependent binding, the elimination of SR344 is slow to the similar

35  degree as the antibody, since SR344 binds to WT-IgG1 or H54/L28-1gG1 both in plasma and

endosomes. In contrast, in the case of concurrent administration of SR344 with the
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that demonstrates the pH-dependent binding can again bind to an antigen in the plasma. It was
10 also shown that, by repeating this process, the antibody that demonstrates the pH-dependent
binding can repeatedly bind to multiple antigens. This is consistent with the Biacore data
shown in Example 7, demonstrating that pH-dependent antibodies can repeatedly bind to
antigens. Thus, by enhancing the pH-dependent binding of an antibody to an antigen, the
number of times of repetitive antigen binding can be increased.
15 When the antigen is a soluble antigen, and the antigen binds to an antibody under plasma
neutral conditions, but dissociates from the antibody in endosomes and the antibody retums to
the plasma with FcRan, the antibody can again bind to an antigen under plasma neutral conditions.
Thus, an antibody that has the ability to dissociate from an antigen under intraendosomal acidic
conditions can bind to antigens multiple times.  As compared to when an antigen bound to an
20  antibody does not dissociate from the antibody in endosomes (i.e., the antigen bound to the
antibody returns to the plasma), if an antigen bound to an antibody dissociates from the antibody
in endosomes, the plasma elimination rate of the antigen is increased, since the antigen 1s
transported to lysosomes and degraded. Thus, the plasma climination 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



Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Thr Asp His 859095 Gly Val Phe Gly Gly Gly
Thr Lys Leu Thr Val Leu Gly Gin Pro Lys 100105110 Ala Asn Pro Thr val Thr Leu Phe Pro Pro Ser Ser
Glu Glu Leu GIn 115120125 Ala Asn Lys Ala Thr L&8 val cys Leu lle Ser Asp Phe Tyr Pro Gly
130135140 7P0OxmLDO0001-seql Ala Val Thr Val Ala Trp Lys Ala Asp Gly Ser Pro Val Lys Ala Gly
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PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 69 GIn Val Gin
Leu VaPBi¥ éﬁ%ﬂ@ﬁt\ggﬁﬁg NeifeRei ﬁfgelqsfsf@iﬁ er Val Lys Val Ser Cys Lys Ala Ser Gly
Tyr Thr Phe Thr Gly Tyr 202530 His met His Trp val Arg GIn Ala Pro Gly GIn Gly Leu Glu Trp Met
354045 Gly Trp lle Asn Pro Asn ser Gly Gly Thr Asn Tyr Ala GIn Lys Phe 505560 GIn Gly Arg val Thr
Met Thr Arg Asp Thr ser lle Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr
Ala Val Tyr Tyr cys 859095 Ala Arg Glu Asp val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly met
100105110 Asp val Trp Gly Arg Gly Thr Leu val Thr val Ser ser Ala ser Thr 115120125
7POXmLDO0c01-segl 130135140 Gly Gly Thr Ala Ala Leu Gly cys Leu val Lys Asp Tyr Phe Pro Glu
145150155160 Pro val Thr val Ser Trp Asn ser Gly Ala Leu Thr Ser Gly Val His
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<211> anBgepipsdpR patyiyatmtifitid e pY0d 223> An artificially synthesized peptide sequence
<400> 3 ik Gitlibedy Gin aduSe pRinRteEbal somyalskyenPiel SexslontSFAiS following (1)
to (vi):
(i) an antibody that is superior in retention in plasma;
(ii) an antibody that is capable of binding to an antigen two or more times when measured in
a nonhuman animal comprising a cell expressing FcRn;
(i)  an antibody that is capable of binding to more antigens as compared to the number of its
antigen-binding sites when measured in a nonhuman animal comprising a cell expressing
FcRn; '
(iv) - an antibody that dissociates an extracellularly-bound antigen within a cell;
(v) an antibody that is bound to an antigen and internalized into a cell, and released to the
outside of the cell in an antigen-free form; or

{vi)  an antibody that has increased ability to eliminate an antigen in plasma.

2. The screening method of claim 1, which comprises the step of selecting an antibody whose
antigen-binding activity at pH 6.7 to pH 10.0 is twice or higher that of the antigen-binding
activity at pH 4.0 to pH 6.5.

3. A method of screening for antibody, which comprises the steps of:

(a) binding an antibody to an antigen under a condition of pH 6.7 to pH 10.0;

(b) placing the antibody bound to the antigen of (a) under a condition of pH 4.0 to pH 6.5; and

(c) obtaining an antibody that has dissociated under the condition of pH 4.0 to pH 6.5,

wherein the antibody is used as a pharmaceutical composition and is any one of the following (1)

to (vi):

(i) an antibody that is superior in retention in plasma;

(ii) an antibody that is capable of binding to an antigen two or more times when measured in
a nonhuman animal comprising a cell expressing FcRn;

(iii)  an antibody that is capable of binding to more antigens as compared to the number of its
antigen-binding sites when measured in a nonhuman animal comprising a cell expressing
FeRn;
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Thriys (ﬁ‘f&&}ggvﬁlesﬁﬁi&)ggy-r@uﬁg%% 038R umn at the first pH from the column under the condition
of a second pH; and '
(¢) collecting the eluted antibody,
wherein the first pH is 6.7 to 10.0 and the second pH is 4.0 to 6.5, and wherein the antibody is
used as a pharmaceutical composition and is any one of the following (1) to (vi):
(i) an antibody that is superior in retention in plasma;
(ii) an antibody that is capable of binding to an antigen two or more times when measured in
a nonhuman animal comprising a cell expressing FcRn;
(iii)  an antibody that is capable of binding to more antigens as compared to the number of its
antigen-binding sites when measured in a nonhuman animal comprising a cell expressing
FcRn,
{(iv)  an antibody that dissociates an extracellularly-bound antigen within a cell;
(v) an antibody that is bound to an antigen and internalized into a cell, and released to the
outside of the cell in an antigen-free form; or

(vi)  an antibody that has increased ability to eliminate an antigen in plasma.

5. A method of screening for an antibody whose binding activity at a first pH is greater than that
at a second pH, which comprises the steps of:

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

{b) eluting the antibody from the column under the condition of a second pH;

(c) amplifying the gene encoding the eluted antibody; and

(d) obtaining the eluted antibody,

wherein the first pH is 6.7 to 10.0 and the second pH is 4.0 to 6.5, and wherein the antibody is
used as a pharmaceutical composition and is any one of the following (i) to (vi):

(i) an antibody that is superior in retention in plasma;

(it} an antibody that is capable of binding to an antigen two or more times when measured in

a nonhuman animal comprising a cell expressing FcRn;



Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala val Glu Trp Glu 370375380 JPOxmLDOc01-segl ser
Asn Gly Gin Pro Glu ASn Asn Tyr Lys Thr Thr Pro Pro val Leu 385390395400 Asp Ser Asp Gly ser
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Cys ser val met His Glu 420425430 Ala Leu His Asn His Tyr Thr Gin Lys ser Leu ser Leu ser Pro Gly
435440445 Lys

(ifi)  an antibody that is capable of binding to more antigens as compared to the number of its
antigen-binding sites when measured in a nonhuman animal comprising a cell expressing
FcRn;

(iv)  an antibody that dissociates an extracellularly-bound antigen within a cell;

(v) an antibody that is bound to an antigen and internalized into a cell, and released to the
outside of the cell in an antigen-free form; or

(vi)  an antibody that has increased ability to eliminate an antigen in plasma.

6. The screening method of any one of claims 1 to 5, wherein at least one or more amino acids of
the antibody has been substituted with histidine, or at least one histidine has been inserted into

the antibody.



