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1 DESCRIPTION IMPROVED ANTIBODY MOLECULES 5 Technical
Field The present invention relates to pharmaceutical compositions
comprising an anti-IL-6 receptor antibbdy as an active ingredient,
methods for producing the compositions, and such. Background Art
Antibodies are drawing attention as pharmaceuticals as they are highly
stable in plasma 10 and have few adverse effects. Among them, a
number of IgG-type antibody phafimagepiigaly are available on the market
and many antibody pharmaceuticals are currently under development
(Non-Patent Documents 1 and 2). IL-6 is a cytokine involved in various
autoimmune diseasBdPRENE i atginy B{3Ba5d4OAIHHARS tumors, and so
on (Non-Patent Document 3). TOCILIZUMAB, a humanized anti-IL-6

receptor 1gGl antibody, specifically binds to the IL-6 15 receptor. It is
Mbﬁ%ﬁ@éﬁﬂhat TOCILIZUMAB can be used as a therapeutic agent for

|L-Bhagsesiatenvaisbéasadsectn @ﬁsd‘nmtmatoﬁd auﬁ@pi@lﬁ’tishimeampﬁsﬁtmglhzemi IL-6
recept&%ﬁ%@@%lﬂiC5MEWe L%I{l/? (‘E é %hé'&g 0%1{3 g such.
z een ap rov

Documerit 4). TOCILI a thera eutic agent
Backergupd, Mbman's disease and rheumatoid arthritis in Japan (Non-Patent

DQ@ﬂtﬁﬁﬁié)ar%@ifdwﬂagrﬂﬂeﬂi@mhqﬂimumtﬁﬁﬁ@Qliel}ZéJMiﬁ@]E}f stable in plasma
t
and haf{fes k&ﬁ Q&{}@H;%’%ﬁ@é@o MQ%%%%? l%'ﬁ%er % n%; i:/?y%?ﬁag %i?]a%ceuﬁcals

armaceutlca S are currently’ bein e ng
are ?V%’é%h}éﬁ’éﬁ&fl’éﬂ@%@% SIS &ﬂéﬁ@%@@%ﬁﬁm@a@@mm@der deveiopment

(Non- Naemda@he@dpg@mam am-a@pbl@@bcbﬁm $ecORdURNRIRENAMIBAEN e diseases,

Ima, utlcalsae be eveI nolggies renha g
mﬂam%\}fae ‘%unacst?(s)nmgr% genrt) 8|ngar%ef?y, g@ ar?ﬁgwgaco?ne ICS, an?i
TOCI%%&HMABsWM%éde%mm%% anehisky ofipsifigaby binidityo the T1-6
receptbﬂVerﬁQﬁd@gm'ﬂ%i ?@anqmgﬂmgrc%ﬂ%ngeg arugreitisaey cidadysing

osa e, technoloqi enh e antibod dependen cell-
IL-6-a350 V16 %)?% %Lc:?as?y &% W?y?lgr%rmpﬁres;{nné’ﬁtﬁdé%% Ha&ht %ﬁ@?@mal activity
of IL- @&’iwﬁﬁw@D@Ia@nwywﬁrm@mmiqmammmn i PelIHZIEioB bhis been
appro@?ﬂ G ﬁi&'ﬂ%@ﬁﬁ@%g gnbegruanenad (NQRRaGR MO Shritis in Japan
in

on-F; fﬁé ore, 30 ity maturation has been reported as a technology for
(Non- %d’%ﬁb -binding ability or antigen-neutralizing ability

(NHﬁIﬁmgﬁd BoicordestsayhiTsid MM&HW aitelsreingeteriharogbody
phm@é@ﬁﬁ!&i@'n@@%ﬁﬁtﬁ’éﬂe@fﬁﬂ@ﬁ% FHRIRG AL AL R EQS IR BEing developed
b com%%e%%&gnty determiping (CDR) regi Fg;of avarlable%‘?i%on or such

y ImEFRY! RSt GPRVRURIF BiRkAr S ShBiI Ry TasTTaLGR YRS ibpRrRRCeuticals.
Variowcipeityao gedubesado sppjésabhatiusthendigee énapirovaesiodivpl3bneflicatyals are

being @é‘mo%@&em@g%%%?&@o&%&%ﬂ ClicR) SRS Qﬁf Ifgﬂgﬂ% aq)itﬁ

assess Motavi (produced by afflnlty maturation), which is ex cte
phann?&cp.}%% %&Bgﬁ@,bg%@n as technologies for reducmg the risk of i zmmunogemclty

have been reported.  As methods for enhancing drug efficacy or reducing dosage, technologies
that enhance antibody-dependent cell-mediated cytotoxic activity (ADCC activity) or
complement-dependent cytotoxic activity (CDC activity) through amino acid substitution in the
Fc region of an IgG antibody have been reported (Non-Patent Document 6).  Furthermore,
affinity maturation has been reported as a technology for enhancing antigen-binding ability or
antigen-neutralizing ability (Non-Patent Document 7).  This technology enables one to enhance
antigen-binding activity by introducing amino acid mutations into the complementarity
determining (CDR) region of a variable region or such. The enhancement of antigen-binding
ability improves in vitro biological activity or reduces dosage, and furthermore improves in vivo
efficacy (Non-Patent Document 8). Currently, clinical trials are being conducted to assess

Motavizumab (produced by affinity maturation), which is expected to have a superior efficacy
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than Palivizumab, a first-generation anti-RSV antibody pharmaceutical
(Non-Patent Document 9). An anti-IL-6 receptor antibody with an affinity
of about 0.05 nM (i.e., greater affinity than that of TOCILIZUMAB) has
been reported (Patent Document 4). However, there is no report
describing a human, humanized, or chimeric antibody having an affinity
greater than 0.05 nM. 5 A problem encountered with current antibody

than Fahiaimacey tichistigdiedigh proREvcntitogdyassesiatediwith i l:ﬁl»f’aterﬁ Document
ini i e tities of protein. FqQr.example, t .

0 R S & Bty than

that 0,49 M bestbrpR iepetied RrjAaRrsime hiravénoershfbetiors no report

descritienaMatent, Dosumesd 4x: &ﬁrﬁi&ﬂ&%ﬁﬁ@&@jﬂ@ﬂﬁ% BRI FAHORY 10é,~|'ater than ol.os nM.

f lation.in chronic autoimmune diseases. n.genera .
S SRRy R A s il production
cost agsppigirdinnd: Uy efminisiselispadtiverotsiapiigeoruentticshd imiefor  For example,
the dolg@etyﬁe@a%memB\,tﬁq;mﬁlﬁpseiﬁﬁrﬁi%giaeéﬁt&pfg@gé%w(?ﬂ RABAL
. ent 1 ow:cost, convenient second-generation antibody

estma e B D BRIt e LTS Tolgpment 4). i

preferiateivamsdadbinjntidedsiybeotaasing trebidfitifelnhronittibooiynimtne diseases.

e B A e Ee ke A MM ations.
rotein administered, an conferrin : bility,

From e SN0 o S By L G ER A A Bae ons s

geﬂer&ﬂﬁ@i@mﬁé@@mﬁﬁmﬂh@mﬁ’ataﬁﬂe@ﬂmﬁﬂ@dy idatypesstlgGihandelgG2 are

seconKRONEIQNANR SURLHRIRIasmA Nakflife. than. Iﬂﬁﬁrﬂﬁgréggﬂbgﬂ%ﬁx ﬁ%.gf?g% longer

. ocument 11). As a method for further improving 20 the plasma ha )
mter RS L S R 0 AT FRACARY RAPRRLgSma o prolong s
therapeubistitilitiorod therely acitisdrtithernonstafipregionadiichsenednedsbineonferring the
antiboRiNAHE ARLFGRAilIAS been reported (Non-Patent Documents 12 and 13).

From the viewpoint of innnunogenicity, further improvement of the plasma

h 'ﬁ%ﬁ"ﬁi

alfeiTa 18 PerrriRe By S Hbdh sr¥dachrsterabihireased tudifBieences in
the plasgiomittierntfanindydsoosiaipepiond (Ba@aidocwnasta)cHopenehlasma

half-ﬁftl%%ﬁgr@a%é&%%@r& Efbgﬁtﬁa%?ﬁ?f?m%%‘ﬁrfp?”tﬁ %.hnb

e plas If:life.of .
IL-6 receptor antibodies through _alteration of the varia %?‘é{g%r?ﬁ%%t_hmepmvmg
the plasmabrlfiiifs sbilgh bardlefiraptihadissaubish hrsrorErsnarmabalitices,
substifstiimoilmogenicitys. ilntievefslatb e vmunoge Bigitn el IRUSR ARERO Wigsihas been
| izatiQn. Itis assumed that immunogenicity .
o et B ULl & S b e AT CaABe e, frter
ImproyneRt Afghie madatblinnenioanen irenbsétemamoimmanidsayeferably in the
variabld ey hagwenbAt alinhid rea e {elyiby m&ﬁﬂwﬁﬁéﬁtﬁpdﬁ&bw?ﬁ%ﬁm is no
gh- ney (13% to 179s) immun icity, e therapeutic effe
ero I LS A RSO K e
alteratipgopf st atiehledrsions 15 and 16). T-cell epitopes may be present even

in the;GERmduman ssIthosiesuRBr desgeT deol SRNARLSRi SRR AR Rticals is
ossiblc-f\ cauyse of 351i muno%(lggnc:lal/. In S%IICO and in %ltr meth%ds for
e

mmu por%ea}gﬁ r‘?(f; T8 e%f:zéeprlztx dpe% UDEHOoE %ﬁy of mouse antibodies 1s reduced by antibody
humanization. It is assumed that immunogenicity risk can be further reduced by using a

germline framework sequence as a template in antibody humanization (Non-Patent document 14).
However, even Adalimumab, a fully human anti-TNF antibody, showed high-frequency (13% to
17%) immunogenicity, and the therapeutic effect was found to be reduced in patients who
showed immunogenicity (Non-Patent documents 15 and 16). T-cell epitopes may be present
even i the CDR of human antibodies, and these T-cell epitopes in CDR are a possible cause of

immunogenicity. In silico and in virro methods for predicting T-cell epitopes have been
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reported (Non-Patent documents 17 and 18). It is assumed that

immunogenicity risk can be reduced by removing T-cell epitopes

predicted using such methods (Non- -Patent document 19). TOCILIZUMAB,

a humanized anti-IL-6 receptor IgG1 antibody, is an IgGl antibody

obtained by humanizing mouse antibody PM1. CDR grafting is carried out

using human NEW 5 and REI sequences as template framework for H
report@h(Nog/Faitest ﬂespeetﬁvem nelvedrer, five mmaiselstquenceraginicagidsk can be

f
reducfl Y SRR AMAN S A s el SN A58 o PRl Wument 19),
Ohh e e TR SRR A0 Ao Jetabantibody

obtainbd! B}aﬂtﬁﬁﬂlﬁnﬂ@ﬁﬂmﬂ@{ﬁﬂd@dPMB W@mutgﬁaﬁﬁ%ﬁg dheieCivityising human NEW
and REPFIh%EQC%%eaStQ%eHIL%S EF uenC %c %9 Il %%M_’?ﬁ%étﬁ AL vmlgr Eowev%r five

sequ nce, and |mum5 atnmay ave eplt es Inthé
MOUSeGESRENS] émmew@wers@#eﬁﬁan ﬁhm@ﬁ@gei%t@sﬁﬁenﬂaém%av frrads &pr
maintat & khé \dbiAMBy @abnTiRfeh: @b&%&wnpodﬁeﬂege@@m‘f@e@tﬁ@@& gt fully
ffec ve dose of 8 mag/kg, but they were observed tedos
humar e R b o e R M R SR PR by

TOC%%MErmtbwrﬂ@hmgﬂhe avtiiiiogéhithyrofors ﬁ@@iﬂ&wece of
TOCIHIOVYAR ti@erelbas% BeQRAR 'eRPTHAR IRAUSHHhenaNT RQGERIGHYTISI Rbitopes

) ILIZU id,substituti T ty f TO UMAB
inthe (RRIHEDMAL by aming add substtuion, The lspune of TOCILIZUAL

- TOCIisbyjudhtB. SiticEaldgnsvanbregitodisyrencaiis desoterbet thheliectitrodgse of 8

mg/kg! VH{HE%HSF wa-thaeffecion Mpkeas QFQWR@@H@@%@W é‘%@éxﬁ @Béﬁﬁ?&t 6).
and so on, selection af 20 the constant re yence Is v rtant
These Fiogrs  da0eIBBIE U ARTb U, PR e LA (BTUBRER b hment
TOCILI) UnLAds e ntiroarss thbesatety feantibogbp piver mdeentichisimasibegematy risk of
TOCIEfﬁE%@BfWa&Y&%%@%QﬁtW%n the antibody Fc portion and Fcy
e

receptor % ctor functlonﬂqj1 have caused serious_adverse effects in
phA8eFepmeal Qs o AEMA R 12 18ddn- PAie MBGEIHERNFDIG TRigHs to difference in
the coasttihoggiphampaceaticamcetig medmmeegnahmqubmﬂmgxsmlnzﬁ achwity strong

1&ue@%§ﬂyg%cm8&@gg}9 ﬁﬂalfx(f}éégﬁﬁ‘f%rt?{s \%ﬁﬂe i ding %t E?lrdesféetﬁjiogelectlon of

functions such as ADCC,'Is unnecessar to Fcy receptor

the CORSRERFEHPBSIMERFGISDIETT BRPERENYER HisiioF iRs REoE BRI Rhafmgeuticals
(Non-FataedDoingatie bindirg tecEsyviecaplar isftoyadieaiiiecdsatypenatanitgds has become

of greﬁqg?é? dy.from | cée]raccﬁ!gl% tg\regh e%%fﬁﬁ%?t 8%{1%% jtlcs gt%ﬂieffector

mor avorable an 1gG4 e viewpol harmaco
functioad BB DRVRFAHGBIFINBheP sEE R Bhetnie phay T ribesel 2imi 2B 16 41
(Non-HatereDeptaieneninaliZing @ﬂﬂhﬁiﬂ&pk@ﬁ&ﬁé‘eﬂm@pedﬁggéﬂko'ﬁau&alikwﬂw biological

aCtIVItEI?tPe pOttent%labltr}?Sdéu qg]l?l eEtS I a\%ﬁ eferl}%n{%%yg?ﬁc or(ieunctlons such

ector ndt nee ed eanw

as AD@&éwmgoaﬁmbdy%bméﬁmﬁe, 1ePSRfebBIS RIEA lmep&webiﬁ fffun the
wewp@fmtemxiema@ut@r homegeagty Add DI LMEINERS FiCiRkdbdASs to alter the

o BSERSEEAL L0 SR P RE R S IR . 12
more m@mﬁat@mlligﬁ@ riteny 8 )ikwpeint eﬁeﬁmmtm@ andrecgostgntor I binding
(Non-Patent Document 11). TOCILIZUMARB is an I1L.-6 receptor-neutralizing antibody, and its
isotype is IgG1. Thus, in view of the potential adverse effects, IgG2 may be a preferred isotype
since effector functions such as ADCC are not needed.

Meanwhile, when developing antibody pharmaceuticals, physicochemical properties of
the proteins, in particular, homogeneity and stability are very crucial. It has been reported that
for the 1gG2 isotype, there is significant heterogeneity derived from the disulfide bonds in the

hinge region (Non-Patent Document 23). It is not easy and would be more costly to



10 -

15

20

25

30

35

4 manufacture them as pharmaceutical in large-scale while maintaining
the objective substances/related substances related heterogeneity
derived from disulfide bonds between 4productions. Thus, single
substances are desirable as much as possible. Furthermore, for
heterogeneity of the H-chain C-terminal sequences of an antibody,
deletion of C-terminal amino 5 acid lysine residue, and amidation of the

manufbci@Ringh 68 Leupdie e delelirnah Roihptihen fwe: GHRuRRAl
substa g S R el AR S RTce BBids berween
produgifranadéusicsitegle spefwesisiee depadbiseasushchasgergdneity lapthermore, for
hetero@%%lﬂ@tiﬁf% Eﬁl @%ﬁﬂh&ﬂ?xﬁf&%%&t%ﬁ%@!@Bf%ﬁ_aﬁ%@@y%@i&gﬁﬂ@??&%l%%ﬂ amino
. Supbcutaneously-a. Injster ormulauons, ILIS prerera a only .
ecid I R G GNLEP GRS s TR He o S SBSBHAP (S THARpY both of the
two Cig@nwhichmmdrridotgheiof TOCHsIZL) bAB bedowepeatsdr@lenidatont Document 24).
In dev@r@e@g UEQPLANTBTELeH ORSeRAYencen Jof AbRdiERWiRdiGe such
IgG2-isotype constant region.that have reduced heterogeneity, high )
hetem%?é‘ﬁiﬁi’ﬁ%’a“%lﬂﬁéﬁ%%%lé Sl PTG OB A %"Concemraﬂon»
subcuﬁmuﬁyp;i;cﬂdm'nﬁmemgidnnﬁmleﬁms,dpmmeiatabblmedrm thdyptteessability is high, but
also tl%@ﬁ%ﬂ&%‘t@i?-ﬁf&qw]@%w{o%ﬁai%@?%f‘&ﬁ&ﬂ%%é%&? BF PORYMERIRhAB.

atent Document 1] WO 92/19759 [Patent Document 2] WO 96/11020
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[PatenRDebinaiel. 23006 Mer;18¢01):619-26. [Non-Patent Document 4] Maini RN,

lor PC %z [ iz?? avelka K, Broll J, Balint G, Emery P, Raemen
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[Non-Patent Documents]
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(2005).
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familyCAtetriinabamited® mat ap(kyGiibegavy chain. Anal Biochem. 2007 Jan 1,
./5-83. Disglosure Invention,25 [Pr ms S
o e o i o e s DS,
Plant N HemldeaRebs YaPeerbengkit 5 (hepresBaiWimsistion Betlgstdvidiondarenko PV,
StructphbdmpaeidticakCeRRaSH 'maﬁdﬁ@nf@%mm&ﬁsgﬁﬁmggs}egalﬂ% Hg@%ﬂ?%ﬂ&?ass. 3
. hat erior. , ized anti-1L-6 receptor IgGl antibody
Biol ijr%[)‘rbaﬁi@%ﬁﬂg %%ﬁ?é:ﬁlé}%?gmmo acid sequences of the variable and
[Non-Rederitdincan pagidhls’ ooz Brisks-f0 angedn c € ahgaamtige b, Rettwalidifpuse JC.
Cation@BIMARAHPDONR] RRasHRealRRiSS N DRRIRRGRINGIAPEHYEG1 heavy
hai ffe %is e[;l(erteii0 Jlt? alle_ %{)r Y of administration, and
chain. |mr%un18§eenri%ity,§la éﬁl a? g?ysggg%yhemical properties (stability and

homogeneity) are improved (hereinbelow, these pharmaceutical

DiscloS@inppgitigpsdmaysalso be referred to as the "agents” or the

[Pmm;}‘gsr %Ué%tg)g]%é)d ﬁy%gﬁv%g %:I%ve is to provide methods for

The present invention was achieved in view of the above circumstances. An objective
of the present invention is to provide pharmaceutical compositions that comprise
second-generation molecules that are superior than the humanized anti-IL-6 receptor IgG1
antibody TOCILIZUMARB, by altering the amino acid sequences of the variable and constant
regions of TOCILIZUMARB to enhance the antigen-neutralizing ability and improve
pharmacokinetics, such that prolonged therapeutic effect is exerted with a less frequency of
administration, and immunogenicity, safety, and physicochemical properties (stability and
homogeneity) are improved (hereinbelow, these pharmaceutical compositions may also be
referred to as the “agents” or the “formulations™). Another objective is to provide methods for
producing such pharmaceutical compositions.

[Means for Solving the Problems]
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35 producing such pharmaceutical compositions. [Means for Solving the
Problems] 7 The present inventors conducted dedicated studies to
generate second-generation molecule? that are superior than the
first-generation humanized anti-IL-6 receptor IgGl antibody
TOCILIZUMAB, by altering the amino acid sequences of the variable and
constant regions of TOCILIZUMAB to enhance the efficacy and improve

th_@ﬂ@?fé@é&ﬁ%iﬂﬁﬂ&?s SRR ARARNGANE Hn SHR S RUE S ration

ith a lower frequency of administration, and immunogenicity, saféty, an )
moleeylee oS AE AT St B 10 ROTOREFOAY) b RAGRGUGR e antibody
TOCTE 73 SMA Bheypridsing thventors aisbenpredenulfifie GHiRblautationsimthegions of
TOCIVE/ 18RIR FCQICARALDCURCIVAR hakbvp Eﬁgﬁﬁgﬁrﬁg&ﬂ%ﬁﬁ”% that \})erglonged

(affinity) to the antigen. The present inventors thus successfully improved |
therapgl Gy SigRshed i sl dBABSYION BfiBiRis TRy PRy BRdoAYNRREERICity,
safety,mmphﬁmtmhmm:cglqg@ﬁrdeemmtmmhmmmpﬁ@ hefesvey. As a result,
the prdfEFRAMENG, MOHGAHONS i 1&9&6&‘&%&@8&%‘1{'&8%\% qhihe variate

region sequence. The present inventors also succee ecfln improving
TOCTLJE TMAR KRt ey sibkiigdine BRI gaBiHE Itcstheeraigen anfige aes e
inventqud itlepemndendfiddy thap@ sidgle affiiiody sadfkeuieycampelstaismibien of such

-antig iple.ti rther -present inventors successfully . .
L el b GREty y E R Rl e 8 introducing
modifigigioss Batilrvees Siuishelestitapotneinln wadabimiegionscegnence.  The present
inventdr© &1kl EddbAandiresticing thamumkienalckBehRRIOPSOBRITELS iH therr -6

' regi predicted.in silico. Furthermore,. the pgresent inventor.
e e B R R Rl e
antigen: BHEtENE fEgfon of THEmZBINDEBreFetrayantothsusitrsifalty reacéyhe risk of
Immu ey as, Qﬁ%ﬁ%ﬁﬁ%{é@ziﬂﬁﬂé Eﬁg(%%@f@g?@ﬁfgéﬁ%gﬁ&%mﬁtﬂﬂﬁnain in the framework

r etics as mpared to nd.reduce eterogene i
o T e R Ren gL To PRl o e VRt regons
predicisdtiétsEneityt Hribemnbrs, fhe hapseat tanenters withoucahesfasitigestabiityovel
constariflegRIeSEIIAMANMS SheUer8RFHIB, RFOFETES IELR0NDEN R iuce the binding to
the Fo rr%g(lzecFL%IesSthat are ﬁ%ur(‘p rlg than TOCILIZUMAB by a}gpercggnately Lo

eHERR G RESRARNAD 'S L HRINYS S Raihr Y SrBcoBRIicakRtcs as
comperegione(shdwbristeen teylotero2siTite grese ttdnliertivle beladesntthe hinge region of
IgG2 ABAFNBCRHWIEH SRR ARILOMATISNG-ARUNRNZET ARIAGRAESERIY  The

LGantlbod havgjkﬁfr%p%nor ntlgga (IL-6 receptor)-binding ability,
preser Y hiS HEFATSE QrROEC S FerBr cERPARR PISSElA e euperior than
TOCIIEfABiIy I hy dmpropgenejtydomhihifigrtheseradiroe doich seq negenitityarisks by the CDR,

Varj_ab@pgggglgpﬁlgrmgg@ﬁigeéﬁgggnces of variable and constant regions of the
anized anti-IL-6 receptor 1gGl antibody TOCILIZUMAB; and 30

h
m YO PROGOLRY SR PhabassHES Lermpmasiians omspsising a humanized
anti-ILspeethptilyl gbepribsdnthamirantigreiioe vides 1] la-p ety peplipbindiagubiliey, superior
pharm kA EONRRPI IR, SRMBIIRTR AT RINNA IR PROMSIES ), and
SEQ ID NO: 1 (CDRI.of ‘ ,
further reduced immunogenicity risk, by altering the amino acid sequences of variable and
constant regions of the humanized anti-IL-6 receptor IgG1 antibody TOCILIZUMAB; and
methods for producing such pharmaceutical compositions. More specifically, the present
invention provides:
[1] a polypeptide of any one of:
(a) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: I (CDRI of
VH4-M73), CDR2 comprising the sequence of SEQ ID NO: 2 (CDR2 of VH4-M73), and CDR3

comprising the sequence of SEQ ID NO: 3 (CDR3 of VH4-M73);
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VH4-M73), CDR2 comprising the sequence of SEQ ID NO: 2 (CDR2 of
VH4-M73), and CDR3 35 comprising the sequence of SEQ ID NO: 3
(CDR3 of VH4-M73); 8 (b) a polypeptide that comprises CDRI comprising
the sequence of SEQ ID NO: 4 (CDRI of VH3-M73), CDR2 comprising the
sequence of SEQ ID NO: 5 (CDR2 of VH3-M73), and CDR3 comprising
the sequence of SEQ ID NO: 6 (CDRS3 of VH3 M73) (c) a polypeptide that

co s,CDRI co r|5| sequence ID NQ,
b R R B R IR B Res O e R QR (CDR 1 of
VH3 -NHB. D5 spicDRS thopaprensg the kg hde: 6f(CPBIDNGI B NEBRad CDR3
compr@;ﬁﬁé’iﬁe"!@ﬁh@cﬁﬂmﬂgﬁp}@ gggg%%?fﬂg%% comprising the
se nc 0 com
© BRI RG: L SRS VIR e A R L Sh BNOi 1 (CDR of
VHS- Mééhéﬁﬂ@&bﬁ@@@mmm &@masf&mmm%? 4FORDepldeSthas3), and CDR3
compd\ﬁ_ﬂ@i%fé%@& 598%212@@6@@99&@%@%@&2 TO 13 (CDRI of
omprisin uence o
@3 R R R LR R Y S PG R By V0] (CDRI of
VL), ﬂiﬂP@)c@xppWe@mhi@sﬁmmnm&%@ ODROcAMPTBRG did/dduentEBR3
compréﬁl%cel%k %%(QQ@/L St)ﬁ/lk@ C% %éﬁ@@pvwg thfhsequence of SEQ
o] comprising the
(e) qrsqkp@ea%deé PRAE: C?ﬁ SFYRABSEG %WB%%P?E%mﬁ}féédg%DRi of
VL3), Whisk compriseg i eaueotait SRI@H]EN@Q@A thaRboiprisgs GHRIDR3
comprREHINHS NG, tRR SRAUSNS S 19NT- Q4 M%&g gfyH4-M73), CDR2

comprising the sequence of SEQ ID NO: 2 (CDR2 of VH4-M73

(D aslpeRtTiei i mRrses (iRE %ﬁf@ﬁ@%ﬁﬁ e BRSO i‘x\-ﬁ% a{CDR1 of |
VL35), &R lighteisig varisdoecregiof SEQ BdNpPrisks(CDR2 «OWipfjsg tHOR3
comp Hgﬁ{écé‘e %EEQO%%E}!\% 9:&9%3@51%'&% comprising the

ence 11 (CDR?Z of VLI), and CDR3 comprising the
[2] aﬂ%ﬂh@%@f&‘@@@ﬁ NO: 12 (CDR3 of VL1); (b) an antibody which

(2) moanpibses aliickvyaptieyatiehls hglarvitiabboregitaekL0iRipates CDRI

o SR B A RN Ny g o
seque@misgg&?{aﬁﬁg%@@g&@n\% BHNEED) an ﬁ@Ré FODRBBRVERsRARS)ce of SEQ
D Ncamd(amgbtm}mmmm@ﬂ@glg@ﬂhamﬁ gatiges PR Benprgifigeth €DR 1

comm EACEASER RHOUS TN T SONE ORI o concor
SEQ IEbHQedde(GD@@QﬂBIN@ ang @@Bﬁ@owmmgglyeéﬁwm%‘gﬁ@o@m 12 (CDR3

ofvu\)hich comprises a heavy chain variable region that comprises CDRI

b) SOMPAING. the seduence of % '%NO: TiERREOf %%@”83 iSgS §6R1
compnsw% the sequenceé of %% B\lofia:k (o1h]2: ?‘ (18
compr@m@gmg@f@&@@@e%f@ﬂ@ of VH3-M73), CDR2 co*npmsmg the
sequence of SEQ ID NO: 5 (CDR2 of VH3-M73), and CDR3 comprising the sequence of SEQ
ID NO: 6 (CDR3 of VH3-M73), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 13 (CDR1 of VL.3), CDR2 comprising the sequence of
SEQ ID NO: 14 (CDR2 of VL3), and CDR3 comprising the sequence of SEQ ID NO: 15 (CDR3
of VL3); and

(c) an antibody which comprises a heavy chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 7 (CDRI of VH5-M83), CDR2 comprising the
sequence of SEQ ID NO: 8 (CDR2 of VH5-M83), and CDR3 comprising the sequence of SEQ
ID NO: 9 (CDR3 of VH5-M83), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ IID NO: 16 (CDR1 of VL5), CDR2 comprising the sequence of
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ID NO: 9 (CDR3 of VH5-M83), and a light chain variable region that
comprises CDRI 35 comprising the sequence of SEQ ID NO: 16 (CDRI of
VL5), CDR2 comprising the sequencegof 9 SEQ ID NO: 17 (CDR2 of
VL5), and CDR3 comprising the sequence of SEQ ID NO: 18 (CDRS3 of
VL5); [3] a variable region of any one of: (a) a heavy chain variable region
comprising the sequence of SEQ ID NO: 19 (variable region 5 of
VE3)¢ chaj ' ' ising.th f
S N e e S A B P B S PO 18 coms
OfVL%gion comprising the sequence of SEQ ID NO: 21 (variable region of
13] a WitiM83)pd 0f(ehadighd£hain variable region comprising the sequence of
EQ 1D ;.22 (vari region .of VL): light i rigble region .
@ S e S S, A e ST B RS e region
of VHRMAght chain variable region comprising the sequence of SEQ ID NO:
(b) 2Aariahin kegigile opaiidmipidding @ptibgained angROIDING) 20 (variable region
of VH?%S} ly that comprises a heavy chain variable region comprising the
Sequerice of SEQ ID NO: 19 (variable region of VH4-M73) and a light
(c) hedvyekrb eeredloreomprisinyities SugirancacsfiSBEAUDINGD22! (variable region
of VHEaKEle region of VL1); 20 (b) an antibody that comprises a heavy chain

vari region comprising the sequence of SE : iable | .
(@) OB B TN TS) e A Ve SEEr o RO a P b region
of VLEgquence of SEQ ID NO: 23 (variable region of VL3); and (c) an antibody

AR QRIPHISES B ReAVLRRBINNNIAD I8 d RHI0R CRBPHSINI TR 6299]VEE Bl e regi
of(‘j'ii;g%ﬂm NO: 21 (Va?%ble reg%{ﬁ{)ﬁ?VHS-%B) and a Iiggt chain vaérilabléez1 ¢ Tegion

comprising the 25 sequence of SEQ ID NO: 24 (variable region of
(f) MiB); cfBlmvheabie chgionordighti sihgithofequenercd S F4) Hhb&yy2dHanriable region
of VL§ ,mprising the sequence of SEQ ID NO: 25 (VH4-M73); (b) a heavy
chain comprising the sequence of SEQ ID NO: 26 (VH3-M73); (c) a
[4] aﬂﬁ&&bg%géh%ﬁpﬁ%’o‘?ﬁﬁﬁ’ ing the sequence of SEQ ID NO: 27 (VH5-M83): 30
(a) {d patilghtychairn@omprisiaddieysdgirenaeabfeSEGoDCN@p28rihE) sd¢g)amce of SEQ

1D NG at@m@aﬁ?;?fgwgﬁ%a oA e e

seque%ﬂfo%@(b;% yariable region of VL1);

(b) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 20 (variabie region of VH3-M73) and a light chain variable region comprising the
sequence of SEQ 1D NO: 23 (variable region of VL3); and

(c) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 21 (vartable region of VH5-M83) and a light chain variable region comprising the
sequence of SEQ ID NO: 24 (variable region of VL5);

[5] a heavy chain or light chain of any one of:

(a) a heavy chain comprising the sequence of SEQ 1D NO: 25 (VH4-M73);

{(b) a heavy chain comprising the sequence of SEQ 1D NO: 26 (VH3-M73);

(é) a heavy chain comprising the sequence of SEQ ID NO: 27 (VH5-M83);

(d) a light chain comprising the sequence of SEQ ID NO: 28 (VLI1);

(e) a light chain comprising the sequence of SEQ ID NO: 29 (VL3); and

(f) a light chain comprising the sequence of SEQ 1D NO: 30 (VL5);,

[6] an antibody of any one of:

(a) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 25

(VH4-M73) and a light chain comprising the sequence of SEQ ID NO: 28 (VL1);
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IL-6 rereRsot Z OB R R EREeRsS

(a) an antibody that comprises a heavy chain comprising the sequence of
SEQ ID NO: 25 35 (VH4-M73) and a light chain comprising the sequence
of SEQ ID NO: 28 (VL1); 10 (b) an antibody that comprises a heavy chain
comprising the sequence of SEQ ID NO: 26 (VH3-M73) and a light chain
comprising the sequence of SEQ ID NO: 29 (VL3); and (c) an antibody
that comprises a heavy chain comprising the sequence of SEQ ID NO: 27

7 )t . . S 181 fe SEVH :
® ?é% i Rpi A e oiﬁj#o’r, Bio:26
(VH3 A28 rpd iy isg ra e b s e S s Reeenssl BN @46V &R s Ea 0]
(c) anraetbodyfdizpradusizgsth @ ety peatide obairingneeakitida el HyEultDiNg: 27

(s epie oAy GREol 110 [ &b TS 30 ST e
[7] 2 sensppereina theerhaeeatitant anventsH]ihe rﬁﬁﬁnanized anti-1L-6 receptor
[8] a vigloaritbeidieholtained [@pcording to the present invention have

n effi and improvyed pharmacokinetics; thus, they can exert a
o)ah gﬂ%@%ﬁ%ﬁ@?ﬁa‘ﬁ%ﬂ ic e#é t with a less administration frequency. Brief

[10] a petesibfnperdne mriwiprjymepiideislany g of Mltation kiteslthrng the host cell of

[9]; arinprove the affinity of TOCILIZUMAB for the IL-6 receptor. The HCDR2
seguence of TOCILIZUMAB is shown.in SEQ ID.NO: 81: the 20

[11) 0 R S Th S ICSREWRERUSERY NG 851 1hep 10 ora

polypaptifsmprodagedhréhammsthodefid®](lower line) is shown in SEQ ID NO: 83;

[EffectetHteDR2sg614ence of TOCILIZUMAB is shown in SEQ ID NO: 84; the

H sequence after mutation (upper line). is shawn.in SEQ ID NO: 85;
e p R e A e R ST
invent8n hawe @R tedaglierneant TR VIEUMAB dsdtiovitintBBQHEY NOx &t a
prolonbifl kieRBL AR SSRUEASH aTelMuialaR-AHBREIRRRIS Shown in SEQ ID
NO: 88; the L CDRI sequence after mutation (lowerline) is shown in SEQ
ID NO: 89; the
Brief I FECTH0 i ¢
IDyNOF 85 By
inS

LCDR3 sequence of TOCILIZUMAB is shown in SEQ ID
; sgrgsence after mutation (upper line) is shown in SEQ

: G SSAN R AEVE B U QN DM AIOME for the
Q ID.NQ: 92. Fig. 2is a graﬁh showmg/é{lge neutralizing activities of

{;%Hl Elbs showan g D NO: 81; the

HCDRAutapiensitgcthat canrdpes the:jSostestrid pSHQADYAiaB2;régidfCDR2 sequence
" . reduc g of TOC! 5

after recﬁ?%gg%&q%s the dr%v??@?&@?é%%’?}gtigﬁlat Eas‘{%%%ggnce

TOCTHARM I Bt h St Bt Wt hrdiABiR Topddnnveraliss mieagion (upper line)
is showninefEs@ gDaMCe 8T had HRDBRSqugneace bt QXGhut £ i ABvig shawyRsishown in SEQ

ID NO: 86; the LCDR1 sequence of TOCILIZUMARB is shown in SEQ ID NO: 87; the LCDR1
sequence after mutation (upper line) is shown in SEQ ID NO: 88; the LCDRI sequence after
mutation (lower line) is shown in SEQ ID NO: 89; the LCDR3 sequence of TOCILIZUMARB is
shown in SEQ ID NO: 90; the LCDR3 sequence after mutation (upper line) is shown in SEQ ID
NO: 91; and the LCDR3 sequence after mutation (lower line) is shown in SEQ ID NO: 92.

Fig. 2 is a graph showing the neutralizing activities of TOCILIZUMAB and RDC-23 in
BaF/gp130.

Fig. 3 is a listing of mutation sites that can reduce the isoelectric point of variable region
without significantly reducing the binding of TOCILIZUMAB to the IL-6 receptor.  Asterisk in

the drawing represents a site that has no influence on the isoelectric point but which was mutated

for conversion into a human sequence. The HFR1 sequence of TOCILIZUMAB is shown in
SEQ ID NO: 93; the HFR] sequence after mutation is shown in SEQ ID NO: 94; the HCDR1
sequence of TOCILIZUMARB is shown in SEQ ID NO: 95; the HCDR1 sequence after mutation
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NO: 94; the HCDR1 sequence of TOCILIZUMAB is shown in SEQ ID NO:

95; the HCDR1 sequence after mutatian 11 is shown in SEQ ID NO: 96;

the HFR2 sequence of TOCILIZUMAB is shown in SEQ ID NO: 97; the

HFR2 sequence after mutation is shown in SEQ ID NO: 98; the HCDR2
sequence of TOCILIZUMAB is shown in SEQ ID NO: 81; the HCDR2 :

is shox?;f? ‘_i?_%@u ﬁtﬁrdngé"ﬁ%%ﬁb%@'éll&cg ggf@d}lﬁ%% ggﬁo&vﬁ%ﬂ%%) NO:

LIZUMAB is shown in SEQ ID NO: 100; the 5 HFR4&3€33uence
97; thesHERM StaHeRcRasifo My RISES Yoo N B R NER Y& dhuélceibt sequence of
TOCIIQUMIXB) M ARy iersiha8A0I IEEEQ: I8 Nk HOZ)Riestqidicsedueragafteris shown in

iy | i | - 103 - 1en.
S0 0 RABACUN. SEQURIOCICH UARRAIIESERTh o on e
HFR4 gequgmss idtshawitiioss Sy -SEA T Pr Dl sthaehiBé efquence of
TOCITMQCMIXE M A isnshdBOINCEEQ: N @icI0BR the: kiR 2-satenegtaftels shown in

tiqn is sh in, 10 SEQ | : ot DR2 sequ Com
s5Q ISR T 5 PR Seeonce o I 7oA R RS Thavg; 87 e
LCDR pravercasdtehawiiosE chepmp s HOSLA MO 94iHbe IHRE sequrnseclof
TOCINIZCMKR) M%ﬁ)ﬁﬂﬁ@sﬂg EII%IEI? 124N @iemRFﬂRlﬁé%&%%\ﬁﬁtﬁﬁﬁfs shown in

] . ; sequence
SEQ I D e e S e o R VA By SEQARNO: 107: the
LCDRZfteavwnnst oftis shitwainSEm W RGEQ BD1ISGy1 MBisral d A% thsHaRAgequence
of TO@IEFZQ}M@[@%E&M@?SE@%K?@QEZM WA %@U@@t{h&&%ﬁ@%ﬁ%@% is shown in

| | a owin e asma conc r
SEQ Iy R A e AL S T i TS NGE, s an the
LFR4 eeigrangradfteshovstignirestiovendo WEES 16 ids i concentration for
TQCIUZUMAR 2GS0 £/ k&8RRI 2O RURAUIRREPYS UMAB and HS3/L28 in

Inistration. Fig. 7 is a schematic illustration showing that an IgG
cule can bind again to another antigen by dissociating from a
méngb faive: iypplasitigangrithérea dosmese fikpsts catistincpodmiotafioC ILIZUMAB

and HS¥ES AT R canfer R dependanaktodag binding of TOCILIZUMAB to
the IL-6 receptor (binding at pH 7.4 and dissqciation at pH 5.8). The 25

HERE Qb feeR I PE R DR RISHS R sres apr Rt fre YRE IZUMAB
and HS®fu8nceratierfivutabontisshewdnnnsEe@idn NO: 114; the HCDR1

SEAIEnCs 9 E&Q&Aﬁ&ﬁ%&ﬁ%ﬁl%BW%g%%E% g@@él@éﬂw@aﬁlggﬁgan to another

sequence after mutation is shown in : 115; the LCDRI

antigen by Qs iSRRI 2AUMRB B hRF Rt gsndn BadesPate LCDRL
seBigeBde afternpuibtioamtis:skicwnhian SnQJIRN QHIdGHierdcg BRAe binding of

oo MR B RAY
HFR1 @%ﬁﬁ@ﬁ&gm%%%ﬂé@iﬁ@w&@w TBAWIAIME Hilt 1epianes after
mutatith BafHgpi3th B 10 SG: grap ihe1opR lthedime €00IRec BIPIMMAE is shown in
SEQ Iﬁoﬁ@@_@ %)MDRi sequence after mutation is shown in SEQ ID NO: 115; the LCDR1
sequence of TOCILIZUMARB is shown in SEQ ID NO: 87; the LCDR1 sequence after mutation
1s shown in SEQ ID NO: 116; the LCDR2 sequence of TOCILIZUMAB is shown in SEQ ID
NO: 107; and the LCDR2 sequence after mutation is shown in SEQ ID NO: 117.

Fig. 9 is a graph showing the neutralizing activities of TOCILIZUMAB and H3pI/1.73
in BaF/gp130.

Fig. 10 is a graph showing the time courses of plasma concentration for
TOCILIZUMARB and H3pI/L73 in cynomolgus monkeys after intravenous administration.

BaF/
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TOCILIZUMAB and H3pl/L73 in cynomolgus monkeys after intravenous
administration. 12 Fig. 11 is a graph showing the time courses of plasma
concentration for TOCILIZUMAB and t#3pl/L73 in human IL-6 receptor
transgenic mice after intravenous administration. Fig. 12 is a diagram
showing the result of assessment of the C-terminus-derived 5
heterogeneity of TOCILIZUMAB, TOCILIZUMABAK, and

TQRILEUMABAS B 1A ChBNMe O amaladaRily, £i0. e's a

Q&am showing the result of assessment 0 rived
TOCI TR rnma [Ech1rereptar roMaBR B2, aisd intravenous
admmi’sﬁﬁibiiUMAB SKSC by cation exchange chromatography. 10 Fig. 14 is

nat tlon es for TOCIL) AB-| Gl
(%g L%ﬁ%\%@% iﬁgg SRILL otb({alne((jlyI ereﬁ? gl"r‘?d
heterog@ﬁﬁﬁ&’r@f E%M%EFW@% @pﬁﬁdﬂ{&w&ﬁ@@@mr@@mu M@ﬁcﬁ@.ﬁsmg cation
excha@ls}@(@ﬁawgﬁ@ﬁwmg the time courses of plasma concentration for

T IL Gl, TOCILIZUMAB-M 4 TOCILIZ A
g cga%% E%Win %cﬁaha AR A ggff: $ﬁ‘l’t‘§§ff&8ﬁ% derived

heteroaamfﬁrsqfa%ElkiélfMAéSai@GépH @ﬁ‘dMﬁ@M@xBeiﬂ@eﬂ;m BOGIBY BYAB-SKSC
by cat{[,@@;tlg}gh@ééﬁom b Fv5-M83 in BaF/gpl30. Fig. 17 is a graph

show eutrallz actlv ies of TOCILIZUMA

S I AN B0 o6 SRR QMO O AR 1
TOCIHME@@U&Q@WQ@LWMBIBWS dsmitred, FSvaHRTS) tal 4ehtizdng
calomﬁ@ﬁlﬂﬁswﬁ%ﬂa HOMQLILS IONKSYSBitRIviftfavenous administration.

ra f}a owmg\j}f e time courses of CRP concentration for

T dﬁL ésw%égp § RATPS, GBYRSHY PS PASECRS 8el oMol gus
TOCIM8hRdyFalpts inreEhdls 0B\ Raviis T Qo IZighRoBsNa Gramid showing
TOCIE@EUM%E%?’?%}QI{B%%E@Qﬁﬁs@&%éﬁﬂ&lgﬁ%r@n@%ws g!imlmsl\tﬁf&tﬁm

?gus monkeys after ntravenous administration of TOCIL
cohtfoll #5378 S0 i RBIFEE A58V S 195 S IRIGOVHNE ertrol. and
Fv5- MﬁﬁmquF@‘pda& by TOCILIZUMAB and Fv4-M73 on 30 MCP-1

‘?@%CPP{M{ RAvRatian:AsY, QCWR%@%@@W Fy3-M73, and

showm%t e |nh|b|tory effects by CILIZU
n from human RA patient-derived synovial cells. Mode for
Ca‘fhgu n§ Gutghplinkenting (86 Tine presesbifykiiionprovitesithe for

TOCHE’%EI@,%R&&@I{%(%?!%#M?3, and Fv5-M83 in cynomolgus monkeys after
intravenous administration.

Fig. 19 is a graph showing the time courses of CRP concentration for TOCILIZUMAR,
control, Fv3-M73, Fv4-M73, or Fv5-M83 in cynomolgus monkeys after intravenous

Fvd.

administration.

Fig. 20 is a graph showing the time courses of percentage of free soluble IL-6 receptbr
in cynomolgus monkeys after intravenous administration of TOCILIZUMAB, control, Fv3-M73,
Fv4-MT73, or Fv5-M83.

Fig. 21 is a graph showing the inhibitory effects by TOCILIZUMARB and Fv4-M73 on
MCP-1I production from human RA patient-derived synovial cells.

Fig. 22 is a graph showing the inhibitory effects by TOCILIZUMARB and Fv4-M73 on
VEGF production from human RA patient-derived synovial cells.

Mode for Carrving Qut the Invention

The present invention provides the polypeptides of (a) to (f) below:
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13 (a) a polypeptide that comprises CDR1 comprising the sequence of
SEQ ID NO: 1 (CDR1 of VH4-M73), CDR2 comprising the sequence of
SEQ ID NO: 2 (CDR2 of VH4-M73), a8d CDR3 comprising the sequence
of SEQ ID NO: 3 (CDR3 of VH4-M73); (b) a polypeptide that comprises
CDR1 comprising the sequence of SEQ ID NO: 4 (CDR1 of 5 VH3-M73),
CDR2 comprising the sequence of SEQ ID NO: 5 (CDR2 of VH3-M73),

(2) a@ﬂﬂﬁ%ﬁﬁe CRMPLSING R SREENGS S mER! é&@m@ HﬁNo 1 (CDRI1 of

(c) a polypeptide that co T§)rlses CDR1 com risin

VHA-ME3 LB D SRBHNGS SFempe1obP HUEMES), %SE ‘%ﬁ g e 2nd CDR3
compriaguerce@icbfd I8 INDIIBNODRZ OfRARE-WIS3)VErid; CDR3 Comprlsmg

o PSR RIS SR it o
VH3-M7 RGP &ﬁiﬁgiéh@?g?%’é@%aﬂﬁﬁ JSEG MWP%B@%%@W CDR3
compriifk G2 B eansishrie sEnueCRRS SEQHDM@),’LZ (CDR3 of VL1);

( tide that DR:L h

o BN I AR s T o o
VHS-MANcORBZgompyisng @@murgcmﬁ‘ép r{@th@séci &f BED NS end CDR3
compr%}%é@%%@%ﬂ%)gé@ﬂ@ﬁ@ NQVPQQ%ﬂs%tbfﬂm%ﬂMéﬁS; 2C DRI comp rlsrl]ng

the.,seque 0

@ Bl ST L R Vi SR B S g (CPRI of
VL1), Eéé&%ﬁ@@misajhﬁ)mem (CBRR B W) 1Tﬁ6%89y9é&1d@saéﬁtﬁ@m
comprRi8 Qﬁébﬂéﬁﬁéﬁ@(ﬁb ¢ I@N@P%'@@@D@S]ﬂ%@ \h%/yevetr tthey are 20

rerera en-nindin ances. navi e acuvi (0]

) E RN PR e IR aFoB i B e eI A R O 13 (CDRI of
VL3), (iBaecfopesiaeie seaninsdy FOEQIERIRAHUPRR i SHS sy, CDR3
compr%mgjﬂﬁi'ysg IQ%%FS{%QZI@N@%!m enE ik, cﬁﬁ%f}@?}é%ﬁ(@aVy chains, antibody

S,.and anunodi e 1aes o1 (a
TR B CA B8 R ARRS oS ST P L, iy (CDRI of
VLS) EHARD vanighisingglonsiqvrite thieSEEhBEpie5/dITRD (f)\dré ) pratdr 8ie
comprifAMRIER QlERUIRADEPND shein ¥t woians. These variable regions

can be used as a paqrtion of an antl -human IL-6 receptor, antibod

iR fra e e aﬂaﬁw?&@y SiRygever, they are
preferaifeditayen-Sipdrigrsubistaingsdetivity texeetleity pidimbicp kinativan dkee fecdptor.

Such SN YRAUEE &mggmxi PRUQESG RSN PIYRIERED ETUCR c hain variable

_ properties, Inthe present invention, excellent pharmacokinetics or
regmﬁﬁbpﬁ& Rrhrehaworarahicsrerans ( LonBHeody betresheis, antibody light
chains','@lz&ﬁ&aﬂbedx@sl.) increase in the "area under the curve (AUC)", increase

in ;- ' t] t

Q?Eﬁi%?i% O B e R bR AR PPl e
examps S EBACE RGO RRVRSH R rimsi- & hilaihrspetsrentidahalseblp (D are
preferﬂwemplﬁeﬂﬁEﬁﬁbﬂhyﬁigﬁtﬁmﬁn&&lrmfﬂp%gimfslmproved

phﬁe%% hd?%? %%E%angge@e%?a? g&)@r@gﬁ l&'ﬂ]&? gntglhmna.n I1.-6 receptor antibody.

Anti-human IL-6 receptor antibodies in which such a variable region is used have superior

binding activity, excellent pharmacokinetics, excellent safety, reduced immunogenicity, and/or
superior physicochemical properties. In the present invention, excellent pharmacokinetics or
improvement of pharmacokinetics refers to any one of: decrease in “clearance (CL)”, increase in
the “area under the curve (AUC)”, increase in “mean residence time”, and increase in “plasma
haif-life (t1/2)”, which are pharmacokinetic parameters calculated from the time course of
plasma concentration when an antibody is administered into the body. Herein, superior
physicochemical property or improved physicochemical property refers to, but is not limited to,
improved stability, decreased heterogeneity, or the like.
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improved stability, decreased heterogeneity, or the like. 14 Human
antibody framework regions (FRs) to be linked with CDR are selected so
that the CDR forms a favorable antigea-binding site. FRs to be used for
the variable regions of the present invention are not particularly limited
and any FR may be used; however, human-derived FRs are preferably
used It is possible to use human-derived FRs having a natural sequence.

5 Almetalvsd esdad, subsioRR eletan, AAAN AOLIDSERIN o tha

oneo more amino acl e Intr uce nto the

the COFs Freworkaefisil naviggrabirdinariequERed e bamaedrer thp Rafbipizraaions of the
presenfiggHaR &Hiﬂ@ﬁb@iﬂdﬁwiﬁﬁﬁn%ﬂaﬂ@ E&&H{] WeACES bading ades|iednan-derived

rrs o REIN 3P SSlecied JoraamAle. by measuring S0 QYo AN 8 ence
tIVIty fo an antigen OI’ an an y wit WITtIT amino acl

Altemgﬁmmuf@ﬁ@d@aﬁebmeﬁam, dEhahicas miditionogr) g3nsegigs pewEh of one or more
amino M@&@%@ﬂb@ﬁﬁtﬂfdﬁwﬁﬁm ine AsidewBaYBeisHbsNuEd n@@ieﬁeséqa&@&dso that the
CDR fand/or in erte R se utencgvﬁieian d above. | refer ed that ot

DR EEGHEN “*r su’8§ tiat65; déletion, ad%"'%%%“"aeﬁ Oriisertion o oY
can be@n@@ﬁdn&eﬂammmbwmmn@ waiewah@m@th@ mgdmm@@exgyjmme antigen for

an antiBBHY Q AHRIRHRNWIR LIREIB'ELIE RipEinaiastiviydeUEAIZINg ACHY Rés, ;1 993) 53,
g51- 85:\ériblllty, 15 immunogenicity, and/or pharmacokinetics. The number o

ino acids to be substituted, deleted, added, and/or inserted is not
pavfioiglerty, limited nhoweanoitisdsratorablsuibreaiadide ctedidsidedessd/or inserted

in the G@I@s@&%@f%é&ﬁa@ﬂﬂ&v@c'dﬁ %fﬂf‘é@n@@ drakilh OPR ﬁcﬁi@ﬁé@ L)ﬁ@ﬂ@ubsntutlon
aming acid per CDR. Methods for Substituting ogﬁgr more amino acid

deletioqn, el wﬂ B SPSEHHIRD HSUE S PG RBS AAERI B85 FIFBRATARRSVILY to the
CDR ssiteedive btfdrmaitangivesis i{HaghidiotbiGioghy cTivivlizoeay dlizOg asiahiay astability,
mun\sgemiwamw Mr6LoRRLAR ohgﬁ@%M@%}ﬁ%qa@gre%@wmmd

amber_method for site-directed mutagenesis, Gene 152, 271-275; Zoller,
deletedyaddaty aRR lmﬂeﬁégeyoe?@gﬁmmtaﬁ&wﬁ%@e Redralp Ngee amino
acids dragmenitsecioafedhiritotMd anvieotacsd e thead sl nzyimobrd pefd@BHH0as amino acid

per Cﬁ%{amer W, Drutsa, V, Jansen, HW, Kramer, B, Pflugfelder, M, and 25
Fritz, HJ (1984) .The gapped duplex DNA approach to

OlYISARRYIE SOIEIE IR EPIERE RR B SPOTEIRIRA AR T RIS AT ASheleaine acids of
interes94k1u84 Sor Krxample\Witendikdotitd Hdte}B8ak) s QHgsiiualentitredirgctdilzuno, T,

o T M B o
methOﬁw@Faﬁjémé%@t%Wa@ﬁeﬁ&t?ﬁeesbﬁ c%%h%?e@ﬂlé&{ Abqaastoonit, K. (1983)
Ohgorﬁﬁief&ﬁﬁéa&};c?élalmgeﬁdswMﬁdg@&&mbeawiet@m@deamt@owethods

[ Wlth [ m| CIdS 0 ur
Enzymocl ?}?())U; sn thqeg%ﬁla?méwd szn ﬁ]s caifﬂb Jtedeftg ﬁéider M, and
Fritz, Hb&%ﬁh@ewﬁé&leﬁ%ﬁhBque!éﬁhmge}@e%@féamémwmm
constrebstHiNguiyied. ArsraiRes. 20004 Apg 44 Knim2@49-60)1 and QDR 1gmir (US

Ohgox%zu%?%/o&fiz %?rEZt)edTpoen&res grtllo muga?%ﬂaslsv?apéggfj%ceisd{%? %mdﬁstﬁoés)]inzymol.
154, 350-367, Kunkel TA (1985) Rapid and efficient site-specific mutagenesis without
phenotypic selection. Proc Natl Acad Sci U, S. A. 82, 488-492). This method can be used to
substitute desired amino acids in an antibody with other amino acids of interest. Furthermore,
amino acids in the frameworks and CDRs can be substituted to other appropriate amino acids
using library techniques such as framework shuffling (Mol. Immunol. 2007 Apr; 44(11):
3049-60) and CDR repair (US 2006/0122377).
The present invention also provides the antibodies of (a) to (c) below:

(a) an antibody which comprises a heavy chain variable region that comprises CDR1

comprising the sequence of SEQ ID NO: 1 (CDR1 of VH4-M73), CDR2 comprising the
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35 (a) an antibody which comprises a heavy chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 1 (CDR1 of
VH4-M73), CDR2 comprising the 15 sgquence of SEQ ID NO: 2 (CDR2
of VH4-M73), and CDR3 comprising the sequence of SEQ ID NO: 3
(CDR3 of VH4-M73), and a light chain variable region that comprises
CDR1 comprising the sequence of SEQ ID NO: 10 (CDRI of VLI), CDR2

com e 2 of VL d CDR
TIPSR SONOA5E 1,850 B0 ERRE N SRR
ID N%rﬁt&@ﬁwc‘ﬁf%ﬁﬂﬁﬁée@é nbammwvanbbléeae@ndmmr@mﬁwi .
comprizsR theaeypEsinorsRauence 1of @ER 1B NG A (@Dﬁc@frﬂﬁ'ﬁ 483 sequence of

s A Ry G St Bt e[s)éé@‘ﬁ 1Nb: 12 cor3

of VL)H3-M73), and a light chain variable region that comprises CDRI 10
(b) &Qmm@gmﬁ l&m&%@@g@ﬁ%b R#s CDR1

RGeS L8 O CRe D BECORE

sequennstiboBH QAN Qo MBS afiéHIyNA3InavdriGHIB Tegiopribagdberedsesce of SEQ
D Nd:@ Dmmpwm%%ﬁa%n%%@mmamr &Pﬂﬁé@e‘o\éﬁsﬁé@!@ébm

comy3E NS U COIE Uiy He-Leh o o Sl Fres i dispepuence of

SEQ IpfNESHMEPRihdfaVlight mhréﬁﬁ%ﬁlabiemegmg\ﬁtwsteqammﬂsﬂ§mm NO: 15 (CDR3
of VLEPERISING the sequence of SEQ ID NO: 16 (CDRI of VLS5), CDR2
compyrising the sequeng:e of SEQ ID NO: 17 (CDR2 of VL5), and CDR3
() P AHRSMG WRE B EGUEE ot B I N A RS REOB R S9ass e DR 1
comprwmgeimhesc;ieaca bédBOAVENGN D INRU &S\AHE-MBBITCIDRE regepiBing the

- seq uer?c%t Iﬁ%@gw 0?"091@9\/?8% V'&X&%‘B@ﬁ?%ﬂé@ﬁ%@%ﬁgl&%%ﬁbe of SEQ

DN excellent safe 312! reduced immunogenicity, and/or Superior

propeied ﬂw%%mm&bﬁﬁ%wk%@wﬁme@m
comprl!flkgdi*Wlihqﬁ&BleﬂBE(DlEﬁSN@ iNGELDR 1o € %Eﬂ@p(@ﬁl@dbh&bﬁk&x@ﬂﬂ sequence of

SEQ 19RQS: é}ﬁ\tﬁﬁ@%ﬁ% N RNEHRSiG,ERS tEpartl %?1 I?é i for %'}es l%Rozfisazbm

regions of the present ivention are no ted, an
0 VL?ﬁay be used; however, human-derived FR is preferably used. It |s

possibigtibadieshismadderned ERbbavIha AaluiahseUUGeeeptor antibodies
tivielV,.i ed, su i0 delet n, addition or sertl
having e S B LA SR
IMMURESHHCHY ARG/ A AP SRR RECHI HAREREWER forms an adequate

ankmsmbmﬁmg@temwﬂt @ﬁzﬁﬁﬂt@ﬁ@ﬁﬁmmlfﬁ%q;ﬁ@ﬁﬂﬁ@emwn are
seiecté:cfl not.)ig %fp ! exaar?grofa me@sgllr_lgglgﬂl%ﬂg\éaluaﬁﬁg oh'getl)i%ddl}gr the variable
O an an

. acuvi Igen OI’ an anti avin Wth amino al
fegmnémsf,hme%sew%@ralnqt:aﬁé@iulaég h(ng%)aeg 2851858y be used; however,

humarMeaRWNIR thereanatniedionieshrdiagd fornanmmibedyAfdh eIy eseMy a natural
sc~:q;uer|1g2~’:/enElﬁpe:ll‘%atgzVelyﬁ if needed, substitution, deletion, addition and/or insertion or such of
one or more amino acids may be introduced into the framework region having a natural sequence
so that the CDR forms an adequate antigen-binding site. Mutant FR sequences having a desired
property can be selected, for example, by measuring and evaluating the binding activity to an
antigen for an antibody having an FR with amino acid substitutions (Sato, K. et al., Cancer Res.
(1993) 53, 851-836).

Meanwhile, the constant region to be used for an antibody of the present invention is not
particularly limited, and any constant region may be used. Preferred constant regions to be
used for the antibodies of the present invention include, for example, human-derived constant

regions (constant regions derived from IgG1, IgG2, IgG3, 1gG4, Ck, CA, and such). One or
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particularly limited, and any constant region may be used. Preferred
constant regions to be 35 used for the antibodies of the present invention
include, for example, human-derived ggnstant regions (constant regions
derived from IgGl, 19G2, IgG3, 1gG4, Cic, Ck, and such). One or 16 more
amino acids may be substituted, deleted, added, and/or inserted in the
human-derived constant regions. The preferred human-derived heavy

more Chlarig 58835 tzfalzgt %%Qb H lm%h(# Sgé%%?g? R%n % ﬁ?or}shas@t r%qlorhs ?1 mprlsdnlqved
€ amino acld sequence o COI”IS ant region o
constayHagnrs), dosREHtredibRscompisddieasyarhiie %@F@éq@@%é BcBEQ for
exampl, h@sﬁﬁt@e(%@%@%ﬁ;ﬁﬁgiﬁfg ME SN @scheens ITEY @DS!\;@*BFW@H}Qtant
id sequence.of SEQ ID NO; 33 (constal tre ion 0
reon LR VTR A IR BTN AT EARGGR o 1D NO: 2

(constaagieaw b iddevIfGh beach pleston seamnegiomnersors phis myiteeaitisngetiek of SEQ

ID NGEIRRas af ég&lpﬁvﬂs%éﬂmg ﬁ%@ﬂ&f&%ﬁﬁlﬁ%ﬁ@ﬁwmgm chain
ce of SEQ ID NO:; 35, L3 and constant region

amino acid
conste 8L RN N St HERP o EBNER 7 e sy agacd sequence of
SEQ méi@oﬁér(‘ﬁnb)mtangmsammmﬂym@muﬂad weletack o0SEQ, ID NO: 35

(VL3)a%@omﬁ{f@ggiﬁhé%ﬁ%lﬁé%gQﬁﬁr@e&?&'@ 2hAves §E§2ﬁ’i§fﬁf§egé Q’tLS
Rse uence after substitution, del tlon addition, and/or in tlon})
on ﬂw"c??e%ﬁi‘&%"&ﬁi@%@ VIR Séﬁ\bﬁf}%%éi%fﬁg éﬁér?&@ or inserted
in the béJBrecgiteratideswitiededard:to Binslimgfactiditiane ORI zmmastivitiier substitution,
deleticHaM Yo MRYBPERBISILY, ARSHerPRANARRKINGHSS hEQ%dﬁ&'GQR%E 9&%&% the

acids to bé substituted, 15 deleted, added, and/or inserted is not

CDR S5aRROGE PG 7 ALEFAHOW QU E TSR terBiHRR AT ¥ B rakriRg Aoy, stability,
immumogeaiprigferality pheraminbiastids. or Tess)uanisesbilf andre predenatily sutstituted,

delete@@m@%gwe? sbRa Aﬁl&%é& gﬁ;&ﬂ‘{? ﬂﬁ?eﬁetﬁ}{k’é?ﬁfﬂﬁ‘?sg% tz%%i three amino

added, and/or inserted by the methods described above. 2 sent
acids op estiBPma SEe B C thevaRAsId T a5 5S %‘F‘%a?}iibl‘{ﬁlﬁéﬁfﬁféé’}%%éfwmo acid
per CIBRain variable region comprising the sequence of SEQ ID NO: 19

(V%@B{S 5 ?Qanoglywe Mé@%%%gi%%qgt\%’(% de c@%lelﬁggjt% by the methods

comprising t e sequence arlé e region 0
descrikadahgva): 25 (c) a heavy chain variable region comprising the sequence

of ﬁmjﬂ@eﬂﬁn%htmarm@fsgi@% @b VeS8 Bgishsaf gi)tt@f(aj makiable
0 S ID NO: 22
o %?%%%%‘%%%@ﬁ’afﬁ R o R B S g reon

»(variable region 30 of VL3) and (f) a light chain variable region

(b) @@Wanaﬁh@mue@améws@g\k@s 24 heariabies Ry Nab ViYvariable region
of VH3-M73);

(¢) a heavy chain variable region comprising the sequence of SEQ ID NO: 21 {variable region
of VH5-M83); |

(d) a light chain variable region comprising the sequence of SEQ 1D NO: 22 (variable region
of VL1);

(e) a light chain variable region comprising the sequence of SEQ ID NO: 23 (variable region
of VL3); and

(f) a light chain variable region comprising the sequence of SEQ ID NO: 24 (variable region
of VL5).

The variable regions described above can be used as part of an anti-human [L.-6 receptor
antibody. Anti-human IL-6 receptor antibodies in which such variable regions are used have
superior binding activity, excellent pharmacokinetics, excellent safety, reduced immunogenicity,
and/or superior physicochemical properties.
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The variable regions described above can be used as part of an
anti-human IL-6 receptor antibody. Anti-human IL-6 receptor antibodies in
which such variable regions are used pyave 35 superior binding activity,
excellent pharmacokinetics, excellent safety, reduced immunogenicity,
and/or superior physicochemical properties. 17 The variable regions
described above may also comprise substitutions, deletions, additions,

an%/hor |ns |ons of one or. mlno acids (for exa H&? five amg
e R B R e S P L8, oy S Stk B s, Qeletons,
additieui Stlitin Grems ans mopecarn mvola@dlm@m@%(ﬁmthmmmeaﬁﬂnaramdaaﬁs or less,
prefer%ﬂ?{rﬁtﬁké@&%ﬁﬁ@ a@ﬂféfﬁ%be th&fﬁ@&'@?@'ﬁs%mﬁﬁgth @QQ\’S&T nﬁﬁ@ﬁxﬁff?ﬁeﬁ! M residues
vention alsp, pravides po es compyising the variable r
with ol NN B0y O B T G S S A EReE TG 2bove.
anfibogieseof {(ayduti@) ﬂemwpmﬁwpahmpdﬂdha@mmngmmm regions

desmg@@gbg@giable region comprising the sequence of SEQ ID NO: 19

E’E&f region of VH4-M73) and a light chain variable region comprising
ZF EG0En CRSOIEIER 1B RSO 2T 4HEbY %er@aﬁamﬁ % faXi) e below:
(a) anabmblgdghﬁiatonwm a heawycthairvadatdblegegianepniyngithg tequence of SEQ

ID N@e@uﬁ@ﬁ;ﬁf% %Q);ﬂ& N’QZI%Q'fg?Qﬁ@ ?1@9& eR0f Vﬂ%’tg{y@%\lﬂﬁdcgrﬂgﬁgmg the

chain variable region comﬁpleilsmgt e seguence of SEQ ID

sequeRgs ALBeLh) 5\1{3@#@@}&% LEFHALREBSY: that comprises a heavy chain
(b) wariatitedeghan conpprisingtitegsehuenceiahls E@l&&&ﬁ&l@tﬁt%@b@ce of SEQ
! |
o N et O ORI
seqUeRfELDEE gB(N/@ can(Bargblurasipnpiof ahe#tlhuman IL-6 receptor
(c) antiboblydydtitlomprists- @Hiesﬁﬂt@faﬁﬂﬁb@&lﬁru’gmlﬁhibﬁSElg@lﬁ@ﬂ@ence of SEQ
D Ndegioﬁrgl(?éﬁlé@e@o'ﬁavte\f (ﬁ ﬁ'tyﬂ sl géaf% re%/cnzc(?mﬁ dl,smg the

har inet exce |mmuno enicl

Seque%%ﬁgﬂ%ﬁg 6?0&@#%“%%%8@5%@0% descrlbed above may

alstheampiise @ghﬁtﬁd@@ﬁbaﬁm@emﬁmmasﬁswwmﬁ%ﬂpmﬁpﬁ% receptor
antiboa?'moz&n a[l]{"no a(fﬁjg Ffor e 1%8 \]%e amvlg 1tcti§11 d“?’seo*\rfflrel%gle @ée‘;%"’s‘%?’e used have
ree amino aCIdS or les S Tor $u Stituting one or more amino
superige hindisig @@@VWWW@@MW@@@@WW@@@M@@W@%M@%Lemhmogemcﬁy,

and/orBEIBALS HLSHADethpheNa. 25 Meanwhile, the constant region to be used

for.an antibgdy of the reser ention is articularl ed a

coﬁ rgéilo%le %nstg%sﬁge ﬁ% raP ONSRARETE % 515e §]§ gﬁs
addlthi@s,th@démibwt@@bﬂ@pmsenmwem@mlm[ﬁ@teexwmekarﬁmmmo acids or less,
preferﬁlﬂ’jnﬁﬂe@%ﬁg Q&H§@ﬂ%§§9'%m&igﬁ§1§%ﬂ¥% from 1g3ho ac1d residues

lgG4, x chain, 2 and s One or mqre amino acids
with et AT, A 0 G St APl B SR s bed above
huMamWéﬂvetﬂl@:g@m regioméo ’ﬁhe.q@rbferr@damma}y détheegréreatynvention is not
partic@AANIGARSIARLAEGPRS L A : g%lfﬁfrﬁ N% eBONSROLIERHI0S CHBRASIGions 1o be

the aming id sequence o
used for the anti ocﬁ ?011

es of the present 1nvent10n mch?(}e for example, human-derived constant
regions (constant regions derived from IgG1, IgG2, Ig(3, [gG4, « chain, A chain, and such).

One or more amino acids may be substituted, deleted, added, and/or inserted in the
human-derived constant regions. The preferred human-derived heavy chain constant regions
include, for example, constant regions comprising the amino acid sequence of SEQ ID NO: 31
(constant region of VH4-M73), constant regions comprising the amino acid sequence of SEQ ID
NO: 32 (constant region VH3-M73)), and constant regions comprising the amino acid sequence
of SEQ ID NO: 33 (constant region of VH5-M83), while the preferred human-derived light chain

constant regions include, for example, constant regions comprising the amino acid sequence of
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(constant region of VH4-M73), constant regions comprising the amino acid

sequence of SEQ ID NO: 32 (constant region VH3-M73)), and constant

regions comprising the amino acid seqyence of SEQ ID NO: 33 (constant

region of VH5-M83), while the preferred human-derived light chain 35

constant regions include, for example, constant regions comprising the

amino acid sequence of 18 SEQ ID NO: 34 (VL1), constant regions

com risin the amino acid sequence of SEQ ID NO: 35 (VL3), and
SEQ IEBN AR G dNsCOBRB SHELINCCamR Baithecumisn As greroras NGESSID NO: 35
(VL3)(%5);oBlmrurﬁ@ms Réatpinl s praiidesih eeheame@flm chaie: afa(ay Ls).

to (a aheav chalnc mprising th
25 s RO A PR e S
(a) Nesayp qmcwsyrm(@) taq@awrtq% Q\M@ t%% ﬁréﬁ’c’é)of SEQ
(b) HNGy %(Nb&n&%ﬁﬁlg {8 %]qgmmgmwwogzbﬁxsﬁgww of SEQ
NO: a light chain com e Q ID NO:
© SRR ST st R R e e SO LU DR No: 20
(d) (i\h@} ci@mwemmw&ﬁmgcamqmﬁ %ﬁ@rﬁ@d@cﬁ&é&%bbve can be used
(€ @ﬁg}ﬁf&ﬁ@@cﬁﬂﬁr%%{ﬁ% éh ﬁer&seemgrwandm AotihUmami.- %rﬁceptor
S 1IN WNIC e eav re use ave
® &y 5%21} B mé) %&P&@ 8%4d ?ﬁ %%:%%@gg) é%%tﬁ]wgillent safety,
redﬂ@@m@m@u@ﬁnbﬁm@mrmmﬁ) Absicoohiehtivabprepertiot aTkhati-human

IL-6 r&%%Wr%ﬁ'&?d?ndAﬂﬂtlﬁhﬁmg%%&ﬁg}ﬁ%ﬂﬁﬁéy RIS EAMNISRcavy chains and
ubstitutions, 15 deletlons |t|ons and/or i ieeggloas of o e or more

light CEPﬁﬂ?c?*‘a"dﬁSd( VSQ&H?EI%” DR RGSXGE VsSafifgient safety,
reduceaCidsromiessiicity] amd:‘erp:e:fmabghmeechﬂmn@ahpmSmmss) Methods for

SURSHIHENG, ARG A ANPEAMING AL JEHEY %%c‘!\’/'é%t’? Efs@%%ﬁ?éds%ﬂénmnons

interest. include, for.example, the methods described above.

deleticgadiHRRS AMIBHERS AT OASS AR BRI ABRDAS Y GRBSARRIe lihRno acids
or lessapd$emablydere2Oiaormide vt lossheianiate e nefgiebly, thorstanhegiaissyrdess).

Metho%g%r-gﬂﬁsmﬁﬁﬁgibﬁy%%?eaa]ﬁﬁﬁ 8 g‘?és Hﬁe@%@g{ﬁ&%ﬁ) Qxc(ﬁ)s of interest

below: (a) an an |bod%}ésat comprlses a heavy chain comprising the
includge fi&reE™s M%) and a light chain comprising the
seGubmmﬁﬁﬁi@iéﬂo&iﬂa@rﬁt(&ﬂal)addb%ﬁmwmﬁdwﬁhat conprisesiio acids may be

- es NO: 26 25 (VH3-M73)
Came@s YO?%@%@E{%%%%C esqu éﬁ%glé s@é ID NO: 29 (VL3); and

(c)Tekw amﬁﬁaﬂwméﬁl%ﬁ%ﬁl§&v§ﬁ% IBRAESTRD AR e ed(ience of
(a) SEQHBIOh2AcdMbiedd Reand dudightehpdhs tentyisiggethe seguente N: 25

s SER AP e T b el ssqlactn aanngee spbdpen

(b) %aﬁ% iﬁéﬁ%@m@féé@wémegsfew%a%wmQﬁ?oﬁeﬁi‘éw OBOTHRIRNO: 26
(VH3 supeyighdhygieoshemicalpisperiesechhenaptitaiicsiiescyisd ghgyeamay

(c) glllsa% 8mdc))zr!f%%tsc%t1lf§;glrti%telso g %eg\%!re&%rl]g c%%%%cs)ﬂlg the sequence of SEQ ID NO: 27
{(VH5-M83) and a light chain comprising the sequence of SEQ ID NO: 30 (VL3).
' The antibodies described above are anti-human IL-6 receptor antibodies that have
superior binding activity, excellent pharmacokinetics, excellent safety, reduced immunogenicity,
and/or superior physicochemical properties.

The antibodies described above may also comprise substitutions, deletions, additions,
and/or insertions of one or more amino acids (for example, 20 amino acids or less, preferably ten
amino acids or less, and more preferably five amino acids or less). Methods for substituting
one or more amino acid residues with other amino acids of interest include, for example, the

methods described above.
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and/or insertions of one or more amino acids (for example, 20 amino acids
or less, preferably ten amino acids or less, and more preferably five
amino acids or less). Methods for sub gtutlng one or more amino acid
residues with other amino acids of mterest include, for example, the 35
methods described above. 19 Substitutions, deletions, additions, and/or
insertions of one or more amino acids may be carried out for the variable

ions, constant regions, or both. The antibodies of the present invention

% WREHERHBRF ISR A HIRTSHRAL O iAo BHOA SRS RIiB E aTRIge acids may be

carriedeferrodite asrieiiapgidby boasantlegdies. &uﬁhha 5 humanlzed antibody
is ain a.com Iem tar det
o B B e R S S S oaics.
CohveRnsidl @éﬁ\@ﬁ@%@oﬁﬁﬁlﬁ%fﬁ&@‘ié@mﬁlmﬁéém enprepreibpsof Such 2
humarSHeN miﬂ@ﬂ@dlﬁso@@n?éa% S 1@%@&&4@&%2@9@&' Mﬁﬁﬂg&@gﬁ&ﬁ\l@t}ﬁﬁ’) derived
125023: and WO 9 ecifi 0 e ence.
from aggte R e A DR PR R Ao e R
recomppingiiecn duiiied ferspathreparativy b ORh usinbodesicrs abligoruichetgddsiropean
Patent%%@ﬁﬁ%ﬁ&ﬁ RaVvePyesepRiRPRBaEsoNEhdhe ends of both CDR and FR
n}e éb%e the m tho%ﬁ cribed in \%O 98/133 8% ¢ and
an§ 0dy 8 obtah &G By 1§ fHEFERL G BINA 18° c%la%"&s and a
framewqr&mar(ﬁﬁddaf uoerssiatedigibrios syntiodified oz, amugcﬂ&yarehstant
ohgonqﬁgeeada% SStingethis H&%%@eﬁ?ﬁg Brvseloniantd edndrodugin @ﬁt@éﬂ&c’f’ R as

ine R e e AU RS AP LCROONO,

ligating@l@263d@findUunhah wraibddy ﬂaatrmmﬁksre@mmrt@rbé)hdkednmmt@mam a
modi fReBetRIShidNeotiPR: fo %‘fﬂﬁ a.fauprabigientigen Q)?gégﬁcﬁit@ed{or and

needed, amino_acid subsi Qn, deletion, addition and/or insertion may

m‘ﬁfﬂ%@l}ﬁ%ﬁd&@&ﬁ?&% SWBRCREBRYFEn %WRBB%RF&WP@Q?&W%‘) EP
239408 dshiarerantibodyPetmstappliegiom, Puldivaiteiedbhiviapcatiddy constant

regiomih MAGHHONEAL MRS ATIAQ ACASNRYE Qﬁﬁ’bﬂt@%&‘&@gﬁg&'?&‘%ﬂm the CDR
S

added, and/or.inSerted in a human antibody constant region, can be used

forms gda¥erabls ARRETRGIONS SFunAREE LB A%SF Egletigr addition
and/orGySrCyd n@y 6SinGathCarimnthe §ramp berkiseg dardfwen Hnﬁh@dly and X region.

ang %%%%R&b‘dﬁ?%%tﬁﬁ?ﬁeg%@r%rgﬂ%ﬁé%“ N9, AGEHSEHIRACS da%d?]eglon in

shown in 25 SEQ’ID NO: 38,an e nucle e sequence enco

which £rarRy aaae%a@ﬁeéiﬁs@%m?ﬂqss@eﬂ#% delgietr st g nseried in a human

antibodequaseaatGyhisshbwnstd SE@eI aahmnﬂeegaﬂﬂ dslfie hm@lﬁmd@nubody
seguence. e I C ID N
T B SR AR e

chain ﬁﬂé@m@éis%@éﬁ@é @wéof@m@eth@f@mmomméﬁéemwﬂ fx is shown in
SEQ IBE@ID m&&&ﬁﬂmeiemmé@é@ma@@ﬁymwmmﬁ&ﬁ&@ dEbwn in

siq ISRl 2 e usleatie sequence EnFodng 1S, AEHPRATR A S e

IS shown In
nucleotide sequence encoding ﬂns ammo acid sequence is shown in SEQ ID NO: 39,  The

amino acid sequence of Cy2 1s shown in SEQ ID NO: 42, and the nucleotide sequence encoding
this amino acid sequence is shown in SEQ ID NO: 41. The amino acid sequence of Cy4 is
shown in SEQ ID NO: 44, and the nucleotide sequence encoding this amino acid sequence is
shown in SEQ 1D NO: 43,

Furthermore, human antibody C regions may be modified to improve antibody stability
or antibody production stability. Human antibodies of any isotype such as IgG, IgM, IgA, IgE,
or IgD may be used in antibody humanization; however, IgG is preferably used in the present
invention. IgGl, IgG2, [gG3, IgG4, or the like can be used as the IgG.
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Furthermore, human antibody C regions may be modified to improve

antibody stability or antibody production stability. Human antibodies of

any isotype such as IgG, IgM, IgA, Igk, or IgD may be used in antibody

humanization.; however, IgG is preferably used in the present 35 .

invention. IgGl, 1gG2, IgG3, IgG4, or the like can be used as the IgG. 20

Amino acids in the variable region (for example, CDR and FR) and

constant regjon of a humanized antibody may b let dded, inserted, .

o SR o B e S HO AT ALy eion of
humantireduetibodinventionicligodnsiddé, sushtbd rmadizesibstibtdios ticomindsiaiys after
preparf 1'&'15‘.2_ agid é’i‘tlgﬁgl i s é@&i{k&%ﬁ%ﬁﬂéﬁ'ﬁﬁﬂi@é Qf&?%&ﬁ%ﬁb I%H gn’{ibodies

invention include pot only divale ibodies as represented by 1gG, bu
COMPILLS %m@%%ﬂ%ﬁa%@ﬁ&qﬁﬁ%%mm antibodies as represented by

IgVhasniobelas tifelicharesciit-Biveceptondintting aotiyityi eaieho amtditis g
repres@ UMDY, TS TRUNAIRRT ARERdigsHkLIRS REesalk VERioR RAdes regfesented by

multivalent antibodies in which the  antigen-binding sites are_ all identic

IeM, a5 longaniaieht Untib dREShEPTIRATRE S ad QY thaat alfigeiBiNtbng The
multivaites argldiffesanithEheantibodiasiof thelpdesanitinvientiantibeliickeimothociythe

anﬁgemtaelsi@g@fe@sdxrm%8&5%35%%& %M@Rﬂéﬁ-ﬁi@@ﬂé@‘ﬂ%ﬁﬂ}%ﬂ?%me of the

. thereof, as long as they bind to the IL-6 receigtor protein. Minibodies are
antigensbipdigiesites A ST AR antiouiikagisri (e RHsscatIBYBHEY Bipiagot only
whole antibody fioleexrq) e, sdeoteid e diesuehin adidiat @rdupariicutatyainvigs they

nd t o] Y . 5 IL-6 receptor-binding activity and/or neutralizing
bin 0:@%%\?% gf%ﬁ%%r%%%eeén antibody fragment that lacks a portion of a whole

aniBBdpdiss eanihedith SRIBE 8. s hody Finamsaldading e preiunet a whole
antibotivEbtieraaisl a0t Reldinttaskysliohjeehdsrliong partheyeonipiisalappiiionasahey have

a whole . antibody:. Howeyer, the minibodi referably comprise VMH or
- e A P G808 e
that lagka fepapiemihibvdis ariihedyresesrrnalsisrhie e ofonob)exdiprainibodies of
the prdmﬁib@déaﬁ&@m@ﬁgmaﬁﬂh?my&@@% éﬁhéhﬂgiﬁéhﬁéjfgfoﬂ@@?ls'éwaﬁﬁaﬁ a whole

.. _orsome of the,six CDRs,.of an antibody. The minibodies of the presen

oo YR ) RO & T RSO MG, Tt DALl prfereby

comprigtiselli¥s! esivever, Gibentinibudide miagbiehies wlibiaesensieseatignanclude, for

exampBMNAHbHABE Ensietia MArBe N HRG th?ﬂefﬁﬂhﬁ%@lﬁéé"fﬁ'_ ' dﬁlprise_all or some of
Bﬁtim ) %enagtg than that of whole 25 antibodies. Specifically, antibody
ude,

. .S
the Sler%g et Yor example, Fab, Fab', F(ab’)2, and Fv. Meanwhile,
miftsodiesordleide, for praenpley@alyrRablierly J2vew, soiile(singswhaineight

than u}ﬁﬂe Qﬁﬁ@@gigsg ANESHEV )AL SIS A %@Vggﬁanﬂﬁmféﬁ,(fo SXRAME dimers,
. dimers, trimers, tetramers, and polymers) qf these antibodies are also
trimer R e TGS SRR LSt %ﬁ%ﬁ?}@@%&{ﬁ%&@*ﬂ%ﬁ}ﬂ%ﬁ&hﬁe

antibedas.be obtained, for example, by treating antibodies with enzymes to

Preducs:aniipodyifirgmepife RO AYMRR KROWRAGJENSIRIE ARIIBRAY), and Fv.
Meamgl?i FEP gﬂgblg ilgsdi%’cIlozcrie, for example, Fab, Fab’, F(ab’)2, Fv, scFv (single chain Fv),
diabodies, and sc(Fv)2 (single chamn (Fv)2). Multimers (for example, dimers, trimers, tetramers,
and polymers) of these antibodies are also included in the minibodies of the present invention.

Antibody fragments can be obtained, for example, by treating antibodies with enzymes

to produce antibody fragments. Enzymes known to generate antibody fragments include, for
example, papain, pepsin, and plasmin. Alternatively, a gene encoding such antibody fragment
can be constructed, introduced into an expression vector, and expressed in appropriate host cells
(see, for example, Co, ML.S. ef al., J. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A.
H. Methods in Enzymology (1989) 178, 476-496; Pluckthun, A. & Skerra, A. Methods in

Enzymology (1989) 178, 476-496; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
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example, papain, pepsin, and plasmin. Alternatively, a gene encoding
such antibody fragment can be constructed, introduced into an
expression vector, and expressed in appropriate host cells (see, for
example, Co, M.S. et al., J. Immunol. (1994) 152, 2968-2976; Better, M. &
Horwitz, A. 35 H. Methods in Enzymology (1989) 178, 476-496;
Pluckthun A. &Skerra A. Methods in Enzymology (1989) 178, 476-496;

RoussGi 1 R RO AL GBI A7 6 B R TR & By, TTRTECH

(19918BIB2AR7X1991) 9, 132-137). Digestive enzymes cleave at specific sites
Of B AR AEIUR 8 Shoa UL PMBOLS O A0S NIUSHY Ginody
shown belgw. Genetic epgine tec ues can be.a S 1o suc )
fraemeho ChRHEAH, SBEN S B0 Tioriee o G AR oo folied
to suchmmm%yﬂhtﬂjwyéﬁmgnderﬁsgmmme@ dnlassimg aittetaibp pertigesfive: antibody.

e”ﬂ{ﬁ%%l? &Eﬂ@?%%alﬁ’ ﬁ%@ébd:v@@%%l:@é}sf 8RSre as follows.
estlon ]]g%))gtorl: b’ Plasmln Igestion: Each 10 The minibodies of

Papa% IBFE G lude antibody fragments lacking an arbitrary
Pepsme@:gmtml@@éﬁmeﬁfabave IL-6 receptor-binding activity and/ or
PlastiEUlliZing. acliyity. "Diabody"” refers to a bivalent antibody fragment

consftructed by gene fusion (Holliger P et al., 1993, Proc. Natl. Acad. Sci.
ud Reopighodies pfdhe prossatanveniins thslide gatibpdy iramesaiedesking an arbitrary

regiondﬁmm%mrﬂm@éwmmfmﬂymﬂﬁdém@aums;ztf,a sattvohthepolypentitéty.

mhagg sgﬁr a%gt(ﬁladﬂq%%ﬁa Xlﬁll er In ?%%b %%hgoélt 2%1 it s'?u&E%ﬁomgerP
et al., [08BRE9L NN @w@a%mopgfa&@o %@%@%ﬁ%@ﬁaw@ blores)

Diabodisyac: adigere sistupssednstitutinglihe finkechaidor exasapleotbeydiveeptide chains
fonnmg%'g‘%&sr %a}&a\{hﬁ‘”}s‘% Y& ‘f‘%ﬁe%%%h §3E:w? g‘%iYeDsaE’é'd&%a””% general,

a5|h le-chain variable’regio fragmen [form & dimer with

a hnk%@ﬁm@rﬁéﬁ@éﬁéham SneabIBuRbgie e WAgrrenY thernpesbindrie ehabether.
spemﬂbaﬁywamaertwﬂ@ﬂﬁ@a@a resitiveaninosiesarensingle-chaior example about five

oly t|d linki and VL v er or such
st 8 U R oG ) L ol G-BeRo i Ky <o
varlabiermm @f@ﬁa@@r@a@ycbwm&@@@l @mhﬁ@@onwﬂ%mals, dds, \R@gbhbaggon

fragme¥d M@q@@sﬁprmgafausakagaﬂ% aYr@Té%rplﬂrﬁ@@g%ﬂtés (1994)). The
H- §Q1§In V |on and L n Vre of scFv m

g} (?)é bF ﬁinerlv ro .

any antib %Ssé”é erelnm’ﬂ? BERTIARS RARATSET Rich f @éﬁ%ﬂa a
linker @ﬁmlp@ﬂmtﬂarliz ﬁrmtecd @m%%@ﬂpl’ecadn%mlﬁaﬁ}y%uﬂ@&%ﬁéwﬁ Pepthaes;
Piuchﬁ@ﬂm@ghﬁgﬂéﬁcﬂ&@ﬁépﬁ@ﬁ@ﬁﬁﬁﬁﬁﬁoﬁ%k’s%ﬂi meellﬁkq{esenburg and Moore,

g SRR e 5 U Vi B ket oS R v i
of scFasdpseritertraboven B8F REirgbodyDiNgFcebmbbitngithe ¢bmpletelatimiterdoidinking the
V regiSRONSNGS AR 83 ermerial BiPINQAG. an arbitrary single-chain peptide containing
about three to 25 residues can be used as the linker. Specifically, it is possible to use the
peptide linkers described below or such.

The V regions of the two chains can be linked, for example, by PCR as described above.
First, a DNA encoding the complete amino acid sequence or a desired partial amino acid
sequence of one of the DNAs shown below is used as a template to link the V regions by PCR:
a DNA sequence encoding an H chain or H-chain V region of an antibody, and
a DNA sequence encoding an L chain or L-chain V region of an antibody.

DNAs encoding the V region of an H chain or L. chain are amplified by PCR using a
pair of primers containing corresponding sequences of the two ends of the DNA to be amplified.

Then, a DNA encoding the peptide linker portion is prepared. The peptide linker-encoding
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sequence of one of the DNAs shown below is used as a template to link
the V regions by PCR: a DNA sequence encoding an H chain or H-chain
V region of an antibody, and a DNA sequence encoding an L chain or
L-chain V region of an antibody. DNAs encoding the V region of an H
chain or L chain are amplified by PCR using a 35 pair of primers
containing corresponding sequences of the two ends of the DNA to be

amp |f|e d| g t tide linker ortlon | re
DNA SRS RSP, T e LS B Sk the
Separﬂfﬂiﬁl@dttﬁ@?@dt@@ﬁ@efmmwaseﬂ orkgkothés @hhdraieﬂy: §yr¢ttdesfzthd primers to

be useammﬂ%t_%mEQ@é&g@@&ﬁf 1.5 @?%%qﬁgﬂ%\f%‘gtﬁl ﬂgglglﬁh@[ ﬁ:réfﬁﬁrﬁl\{/%] [peptide
e en is us of the s in [H €hain
lmker ?gﬁl@w %ﬁhﬁl ﬁ&?ﬂ.ﬁ&ﬁfﬂiﬁiﬁ‘&ﬁ&rg \c(; FeBiBRSBNA] and assembly
P CReprivearbyoPTHR assernibhynR@R primsnsGontafia aroosrhmatiancalsavith the 57
end ofRHENE! &heﬁlav@egénvyﬂm%@ £hdafthedbhohain Vaeaion QRNAL ARd {1 chain

( t anneals with the 3' end of the [L. chain V region DNA]. In o
fegmf%ﬁd‘s{ i“é’&%‘iﬁ’ﬂ?{f%&lﬁ AESTBPL A ER gemfﬁﬁfﬁ@rge?witeaﬁ%%een be used
to ampbfplifys BidAdiepdoding-teegfhbdgngibesetibhencEofdie sofitiddded. Meanwhile,

BB LA e S Bl ok

tinker - DI\T@%%F@qWQB‘T%?H@k‘%ﬁ%ﬁ%@%‘éﬁﬁgﬁﬁl?ﬁﬁife@ Ewtghegenerated as
an amﬂsﬁwxammmmnemlﬁgeﬂmtwb@thela@eﬂwky POﬁb@ﬂm ew\@ﬁs&mg DNAs are

genera%&lf v % 9&8?9\/@&'661@ &f&aﬁﬁgg Eﬁé?g Iﬁ%ggea_tﬁ AR fg@%algs}[h SRed with

nd recombinant cells transforme ese expreSS|on VecClo

these %%%@%Yamee BRI YT?@EH@GQOPGHP?@Fh@ﬁé scruribsn B scF can be

obtainebtainegherpueiionptbsietFof dhen 8RN ARG INASHEHEUIRNG Reombinant
;. resulting recombinant 15 cells. The order of VH and VL to be linked is not
particularly limited, and they may be arranged in any order. Examples of

the BFieRige et aed) e tpie SRk gy i Rer fenlay Limikér avk-hgp may be

arrang8@(n\adyisd&ingexehaiRdnifibo gy Sraduaadiynking: e, VHs and two
[VH] 1\@{ us\lﬁ_% linkers and such (Hudson et al., 1999, J Immunol. Methods

2317177-189). sc(Fv)2 can be produced, for example, by linking scFv
[VL] limkiey Y Hdker. Preferably, the two VHs and two VLs of an antibody are

araqeed ig é%@[@-@h%\ﬂﬂm%& \ﬂ'bcﬁlagd\ﬂy (E¥kthinkey M AnkerdW]s using

e P b S S S s

Pmdu@&aﬁgmlanﬂ {iiraayiyeusingadadén any order. Examples of the
arnee@m?nttﬁéwbsteﬂ%ew\&ti#%% BebbakerdHhNBke i Ml ofMEllor v,
v, VISR RN Rl BT B v tinker [VL]) from the N terminus of the

single-chain polypeptide; however, the order of the two Vs and two VLs is not limited to the

above arrangement, and they may be arranged in any order. Examples of the arrangement are
listed below:

[VL] linker [VH] linker [VH] linker {VL]

[VH] linker [VL] linker [VL] linker [VH].

[VH] linker [VH] linker [VL] linker {VL]

[VL] linker [VL] linker [VH] linker [VH]

- [VL] linker [VH] linker [VL] linker [VH]

The amino acid sequence of the minibody VH or VL may contain substitutions,
deletions, additions, and/or insertions. Furthermore, as long as VH and VL have
antigen-binding activity when assembled, a portion may be deleted or other polypeptides may be

added. Moreover, the variable regions may be chimerized or humanized.
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30 [VH] linker [VH] linker [VL] linker [VL] [VL] linker [VL] linker [VH] linker

[VH] [VL] linker [VH] linker [VL] linker [VH] The amino acid sequence of

the minibody VH or VL may contain sybstitutions, deletions, additions,

and/or insertions. Furthermore, as long as VH and VL have 35

antigen-binding activity when assembled, a portion may be deleted or

other polypeptides may be added. Moreover, the variable regions may be
rized or humanized, 23 In the pr sent invention, linkers that can be

A Rﬁ?@?ﬁ&%‘fﬁfﬁ@@ﬁ%@%@%& RIS HbitEer SPHEpt HRRRsregions
includmaﬁswmjopammdudedshy@@aathe angmdaewmgy@adesgcmhgmeemlge ssidfeynthetic

lmkerée)i%m%n%ﬂ@ WE&Q@SlQ%Qe@ 15%@'{@& (}9@ &é‘% 209-305.

referred linkers in the present |nvent|on are pep tide linkers.

Th@h% H@%FF’SF HE KRR RRfeSHY ig‘ﬁaflsamayqﬁﬁ {itand Tedensth of the

- peptidsKithédrinithetgricanlafp idpiiatinddiesct Hkﬁl&dngtfhﬁﬁﬂorﬁm@ﬁﬁ)ﬁiﬁtely select the

lengthPRAUROSH: Ig@%g b&%nggfgfé g@gcé%%e ratd %"ﬁié %ﬂ?fﬁ@% ﬁé 12 Rbly 3 t0

amino acC refer é 1g]0) aCI S, an paI’tIC
S0 mﬁ?%?é?é&l%‘f?t%*i%%m}h% 1% Faglwafa@&&iﬁpﬁ@d%ﬁﬂw&&@raéﬁrm 12 to 18 amino
acids @xamlapma@mmd seigsences for peptide linkers include the followmg

R T (.

Ser ID NO: 47) Ser-Gly-Gly-GlyGly (SEQ ID NO: 48) Gly-Gly- GIyGIyGIy -Ser

Gly-SSEQ ID NO: 49) Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 50) 20

Gly-G EGIy Gly-Gly-Gly-Giy-Ser (SEQ ID NO: 51) Ser-GlyGly- GlyGIyGIyGIy
EED ID NO: 52) (Gly-Gly-Gly-GlySer [SEQ ID NO: 47])n

Ser- GlsEhGly-Gly-Gly-Gly [SEQ ID NO: 48])n where n is an integer of 1 or

Gly-GIN @@y g@r'(m@mw@qg)sequences of peptide linkers can be

_~AapRropriat those skilled in the art according to the purpose.
Ser Gl&p@f Pﬂ ﬁl\ééﬁ?;%%g/g WhICh determines the length of the peptide

GlY'Glﬁ‘r@m@@ﬁ@r&%@@ﬁhé’ﬂbreferabIy one to three, and more preferably
Ser-GRNGIPIWEG]y (SEQ ID NO: 48)

Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 49)

Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 50)

Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 51)

Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 52)

(Gly-Gly-Gly-Gly'Ser [SEQ ID NO: 471)n

(Ser-Gly-Gly-Gly-Gly [SEQ ID NO: 48]n

where n is an integer of 1 or more.

The amino acid sequences of peptide linkers can be appropriately selected by those
skilled in the art according to the purpose. For example, the above “n” which determines the
length of the peptide linker is typically one to five, preferably one to three, and more preferably
one or {wo.

Synthetic linkers (chemical crosslinking agents) include, crosslinking agents routinely
used to crosslink peptides, for example, N-hydroxysuccinimide (NHS), disuccinimidyl suberate
(DS8), bis(sulfosuccinimidyl)suberate (BS3), dithiobis(succinimidyl propionate) (DSP),
dithiobis(sulfosuccinimidyl propionate) (DTSSP), ethylene glycol bis(succinimidyl succinate)
(EGS), ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidy] tartarate
(DST), disulfosuccinimidyl tartarate (sulfo-DST),
bis[2-(succinimidooxycarbonyloxy)ethylisulfone (BSOCOES), and
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Synthetic linkers (chemical crosslinking agents) include, crosslinking
agents routinely 30 used to crosslink peptides, for example,
N-hydroxysuccinimide (NHS), disucciQL{nidyI suberate (DSS),
bis(sulfosuccinimidyl)suberate (BS3), dithiobis(succinimidyl propionate)
(DSP), dithiobis(sulfosuccinimidyl propionate) (DTSSP), ethylene glycol
bis(succinimidyl succinate) (EGS), ethylene glycol bis(sulfosuccinimidyl
. __succinate) (sulfo-EGS), disuccinimidyl tartarate. (DST), disulfosuccinimidyl =
bis[2- (g sHec RIS T B8 Y S R G SRYarBa i Dk thy At sl inking
agentd BB OGES)iadlpch 241 dbis]2- (sulfosuccinimidooxycarbonyloxy)ethyl]sulfone
(el BRAC Rl neeacroining ARl Ecor NERRlYAAIEN Gres.
In geReral, three linke

] | rs are required to link four antibody variable regions.
multipte, BakerH TR IS (TAR SR ay BERFRESURkESr different linkers. 5 The
antibedieshol ireop thsent iaveintient Risalindnidediihtidierdrinubitthone or more
amind BIEAMING AR fesidues. faya.0een Added égﬂ%%ﬁ%gq&%ﬁb%ﬁ%ﬂﬁg present
0 ore, t odies of t

an antibody of the present invention. Furthermo e anti . o
inventipas e ArlRIIGH. A8 164iBie protentdnrewinmAlem include fusion proteins in
whichaboMertegesthad aatipsiyisfased with anotlkehpeptider orgratein ThBeusion protein

[ﬁ gcrﬁag}t%{e '%L%%i?%‘% é])rg %%é%? ti%:l ﬁlgc%%os%irrﬁqnav%nﬁon and a

can befusiorgi@r teiﬁ gan t;ae ?

2l 0 yofyt %pr &Rt vention and a 10’ otide enco mgl_ )
polynagiestice sepritistormsthyp eprtidc nirmtiecmidsduding nigiradugng this into an
expre%hm{e.%‘éit@ﬂ gﬁ@@{p@@ﬁ@@ﬁgsﬂm&b@s irr@ehﬁﬁ{uéﬁaﬁml' Lt@&ﬂm@\@{%im& in the art

those skilled in art can sed. The peptide or eptide to be .. .
can b3 J0E wi SR RE by S B0 SR SERE OSAA AR b ihe RebSeanvention
may bior ExamprepHtadotidsppple, BLAGIHBIT échnoicgy Bioflzohnpiagy 6, 1204-1210
(1988%&@(8%5@:;6}1%@&%@%%91@@%%@@ istigines), rﬁ@idg@;saig?&hﬁ& HOHHeMBinin (HA),

emal utinin an c-m ent = I nt,
homag) ST RN SV e TRy PO BOR oo o oqBnErdpe SV40 T
antigetafragriebt lickftagrneminBitdgn gmehR iBttig, OttdyatentCHolgpeplided etyrsptides to
be fus@éﬁ@;‘i‘t}‘{"@lﬂé thewaibosies-afiheRresent inveetion insudeniokcxgmple,
(et TR G A B SRR s S RLSRL constant region,
B-gal {enaitdese; bint M P rateln)scCaminer piatyiav ailGblterpeiyiatlglewtidds 2ol ynucleotides

encodﬁ%jﬂ{yﬁgp ERAGAAESPrROMPRRIIRS PR e £3ePehWiiBoB de encoding an

.. polynucléotide encoding an antibody of the present invention. A fusion
antibqgly b EhitiRE R BEBHEParett @S&prg&?ﬁaqﬂ%cmﬁ?srprﬁaﬁ;ﬁﬂa@&ﬁa&fﬁ% the
fusiorppepanededvdeehbvepréperadtibodies of the present invention may also be

00%95%%@%%&&@%?%@ YRS MAEEHIES PUR 88 PAVBEIS antibodies

__including polyethylene glycol (PEG) and 25 hyaluronic acid; radioactive
linkedsimetainue & 4lgen SIRRERRES; inrhdasenbstibdpntEcob iz ieand
hyalussdctaxidsraBisebisenjusatedanfibotiss casn b mbtaiieching chenudsdtynces;

difyi obtai T ods f : P o
eny O hah Cop e D B R R IR @fitying the

obtaingd glhadicsThMehiifb e snbbedy prediSrtivmepiichratdy cstablished in the art (see,
for example, US 5,057,313 and US 5,156,840). The “‘antibodies” of the present invention also

include such conjugated antibodies.

Furthermore, the antibodies of the present invention include antibodies with altered
sugar chains.

Furthermore, the antibodies used in the present invention may be bispecific antibodies.
Bispecific antibody refers to an antibody that has variable regions that recognize different
epitopes in the same antibody molecule. A bispecific antibody of the present imnvention may be
a bispecific antibody that recognizes different epitopes on the IL-6 receptor molecule, or a

bispecific antibody in which one of the antigen-binding sites recognizes the IL-6 receptor and the
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include such conjugated antibodies. 30 Furthermore, the antibodies of the
present invention include antibodies with altered sugar chains.
Furthermore, the antibodies used in thg present invention may be
bispecific antibodies. Bispecific antibody refers to an antibody that has
variable regions that recognize different epitopes in the same antibody
molecule. A bispecific antibody of the present invention maybe 35a

bispecific antibqdy that reco s different eplto eso e IL-6 receptor.
other gHRSSL R PR “HRECH AN BOF TG e oF e B BIAGTgpe. bnd 0 the

other sitégerebogizeste u_b&pemém@nmm@@&mmWam@Hn@mdmg}mecogmzmg

antibo ngﬂgﬁ%éélﬂ%%%@&ﬁ@ﬁﬁeﬁﬁa@@ﬁ?@f ?ﬂ@@ﬁnw @B@Dﬂ@i}% CD28,

other antlgen blndl site of a bispecifi antlbody omprises an. |L-
CD20, e olrabghiiing - ARHa) B A Soehre odhrb o Dot T

IL- 1 SHINHRL, lfhdﬁﬁmﬁm&yﬁ@ﬁ&pﬁﬂ&meml@BdSLlGﬂﬁf |23\ - (ERZS IL 12,
IL- izﬁ%ﬁ'e BOMNE, by, 'bé?ﬁ AEr2s, 1&5?23'31,'&11&%1&?1@& BYS.GM-CSFR,
lymphotoxin a, lymphotoxin (3, LIGHT ligand, LIGHT, VLA-4, CD25, 1L-12

M-C§ %ﬁs%ﬁ% VBATE VERER. @éﬁzE@F& GCBY; Bk and APRILR.
GNUEBEH] Gl 1E&FRindvbisisE: I (o 5hdd di-AreakplosynV E B spMiEGFR{ikfdkes can be

Prep anh@):%da 9&1} @15()) % pec ?%%ﬁt?bodf Qe(gs)%:%{? r@gglgagr%i éf%‘ﬁ?'é%gens

Antibedigrigibe wlﬁ%ﬁ(m@mat%éfwlswiséa@s%&@wﬁﬁa Hﬁéﬁé‘h%ﬁ@ dnehain, or a

quartel ehARERAIEAHNDE ok ediedy dnia. hall Inehacvia edati Gonéinggdadii bispecific

.. chain and an L ch I
anivATAD SIS ORISR SR i
FurthgsipaisitsaybfigsineRe prerderiing arerent %a@&aﬁ%mmééecmques

Fuﬁbaﬁmm@dJWIftﬁeﬁmldﬂ%ﬂ&% eafhbeereduiadivgensliaiffer in amino acid
ineerin echnﬁlu IAS described belo ge antledlearof the preaent
1808 L/ ahses

sequen vé%?o?\cma YSiHarin amine 2t 135S se jlence, molecurar wel H{

confomw@mﬁémgmébﬁ@@ra%%mm@a%mﬁ@ll aﬁaowmr&dpce the
mtibo@%%endm@w%hgsnyﬁgia@@%amﬁb@ﬁ oBtdRe CRIfandIRshused tovRIadUE n antibody

the a tlbOdl%S owever dda? gas the ntlbocf% obt ined is fuPCtht?e%”Xn antibody

of the ZaeRGRI Y FaIR dhtiuB ol dF e bt &5t Aty I0n, it is S

of the presenitiiriestigons E@Premqh pleprolrariogis aﬂ&b(fdyemhé%ﬂé@émlchw coli, 2

methidNEO RIS 8XRERRAGH 1RANOkARALS SeliD RIMamRBESehatshiacHdy@nce.
ethionine, residue.is,added toég)%N teérgfgus of the ori Jnal antibody

Such %‘}HE%&‘%?&BT%&&S&HE de8 tRrhe il S5 R BHER d@&mﬁ '#i& antibodies
of e pesalwsinlentiidh-Peisgrepticksboflmntivid-6:rboeipir pretibddiesuinh can be

produSHEBPHABRIESEMIMMLMERL GaNlhen RFedyced by methods known to

those skil the art. Ananti-IL-6 receptor ody cap be prepared, for
exémﬁfétlﬁﬁ SRR BB AT P B R qﬁg KRB (R e Gfepmbination |

techniqutisekactvbasetiomn thd!sédquéncervhihal antiib-Gqeceptof thatintdy.-6 receptor
anubo%?ft%lﬁgle§pe§g&§’ﬁ¥aﬁ§ﬂ aptisls- ﬁf@%@ég{&%ﬁ%@&%&% BE@?@B%%Wonstmctmg

constructlng olynucleotide encodlngt e antibod Pased on the

apo )g]él&k‘@ﬁlég %gé%@&g Ly 6911 e sequence of an 1L-6 receptor-recognizing

antibody, inserting the polynucieotide into an expression vector, and then expressing it in an
appropriate host cell (see for example, Co, M. S. ef al., J. Immunol. (1994) 152, 2968-2976;
Retter, M. and Horwitz, A. H., Methods Enzymol. (1989) 178, 476-496; Pluckthun, A. and
Skerra, A., Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods Enzymol. (1986) 121,
652-663; Rousseaux, J. er al., Methods Enzymol. (1986) 121, 663-669; Bird, R. E. and Walker,
B. W., Trends Biotechnol. (1991) 9, 132-137).

Thus, the present invention provides methods of producing (i) a polypeptide of the
present invention, or (ii) a polypeptide encoded by a gene encoding the polypeptide of the

present invention, wherein the methods comprise the step of culturing a host cell comprising a
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antibody, inserting the polynucleotide into an expression vector, and then
expressing it in an appropriate host cell (see for example, Co, M. S. et al.,
J. Immunol. (1994) 152, 2968-2976; 3(Better, M. and Horwitz, A. H.,
Methods Enzymol. (1989) 178, 476-496; Pluckthun, A. and Skerra, A.,
Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods Enzymol.
(1986) 121, 652-663; Rousseaux, J. et al., Methods Enzymol. (1986) 121,
663-669; Bird, R. E. and Walker, B. W., Trends Biotechnol. (1991) 9, .
vector {5 WARSh-ARISYIHEIRELE ARFROLMAIER PROVRISHRRhBELBISEROHRIEAGM 4

introdpadgpeptide of the 35 present invention, or (ii) a polypeptide encoded by a

gepp,engading dhe H@W@ﬁﬂ?ﬁm%ﬁhﬁn&ﬁ%@?@g@{?ﬂgﬁ@ ofNSIRIN DS polypeptide of

methods compriseé the step of culturing a host cell comprising a 26~ vect
the proseBlAVERtLHONHER RRIIEIESE MR &ifkS te polypeptide of the present

inantiofuis n@whdgmﬁ.dv&ﬁfmsimgdﬁmﬂyr the prasen 'gmrﬁh@ad@ng\ﬂﬁepolypepﬁde
of the ggéﬁ@ﬂf’&%ﬂgg?’scfﬂt?osl%%é/;pa%ﬁt'de of the present invention, which

mprise the steps of. 5 (a) culturing a host cell comprising a vector into

w @%@@Eﬁ%ﬁéd&ﬂﬁﬁ%ﬁ@%\%ﬁ&é’ etBansresent invention is

intmd;mp]l ds aﬂhdlébmbiaiﬁwlngémm@emm 1gadedypy thewsNeBR322,

Example vector jnclu 13-type vectars, RUC-type vectors .
Pl S M e A g g e
cDNAp i dsmanpticiibisecther moddRom wtHur exerdptes siitaboysdastige pGEM-T,
pDIREUUitien eTthe angscdasarikResaheveinchia RGEMAToPPIREGTe aftbodies of the

rescrfl HoKRreSsion vectore argpariaady. yseflfor producipg antbodies.of .,

P e present inveRtion: Lor example,l\)/v en the exoﬁriess%si%n VeStor LR £ coth
the veetprehsndddiareifeEuesiithaha lpscttr anpliftc tfave febtnds thbx adibitions when the

host isSmelficationyyEsieoll gnaddition whexthe gstils Fesclavalhedie vector carries
5a, HB1 or XLI-Blue, it is .ess ngg?l that tl'l? :f% or carries

JM109, D , , .
aPm“é"E?Fo?% StRF A RIWE Y SHERSRORI EsSEh 1TE EBIP o pROgHVard ef al.,
Naturgp(dP88ier{Watd-etal K ANER b (198D) 84428444576 2RRIEBNDI{L 006 ef al.,
cienct L3620 0RO (R4 ISR SAE) Al pOETCSX-1

- , Lor.such. Su i -5X- )

P harmge 2T AT RS0 TSRl Pk s TG st i
preferghlyel3 i hdstisexrefseadl BN2Y whichemspie ssedditivR NAIpalymelasehed above.

in pdditiomipdhe onesdeserinedalwe: 20 FHBErmer i SYRERSIOR  antibody

plasmid vectors may contEaln Si n%l sequences for antibody secretion, As
1

secretignsio af Setfehin EHGh BEYEIRACHAR-PRIPEIIAF L B HLeEL S. P e
al., ]. Baderiol a1 987B 869eAdTOi1A8Y pd 6! 8% rovaybiensed for frodligtoiplnte. The

vectord Gafr bEMRRIRIAS o MGt YARIORS: %%rﬁﬁlé?%?%&%‘i’nﬂ'@ﬂl&‘?&é ﬁ?e'gi g,&%ror

example, by calcium chloride methods or electroporation. 25 In addition
electrqBayalifdrs for E. coli, the vectors for producing antibodies of the present

inentittitine ltdesdioreiadipte/imamvaalstefst@kpiag sionbedbiots (ferpresent
invent%@mwgdg%@ﬂ\ééénple, mammal-derived expression vectors (for exampl?, pcDNA3
(Invitrogen), pEF-BOS (Nucleic Acids. Res. (1990) 18(17), p5322), pEF, and pCDMRB), insect
cell-derived expression vectors (for example, the “Bac-to-BAC baculovirus expression system”

(Gibco-BRL) and pBacPAKS), plant-derived expression vectors (for example, pMH1 and
pMH?2), animal virus-derived expression vectors (for example, pHSV, pMV, and pAdexLcw),
retrovirus-derived expression vectors (for example, pZIPneo), veast-derived expression vectors
(for example, “Pichia Expression Kit” (Invitrogen), pNV11, and SP-Q01), and Bacillus
subtilis-derived expression vectors (for example, pPL.608 and pKTHS0).

When the expression plasmid vector is used for expression in animal cells such as CHO,
COS, and NIH3T3 cells, it must have a promoter necessary for expression in those cells, for
example, SV40 promoter (Mulligan et al., Nature (1979) 277, 108), MMLV-LTR promoter,
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(Invitrogen), pEF-BOS (Nucleic Acids. Res. (1990) 18(17), p5322), pEF,
and pCDM8), insect cell-derived expression vectors (for example, the
"Bac-to-BAC baculovirus expression gystem” (Gibco-BRL) and
pBacPAKS), plant-derived expression vectors (for example, pMHI and 30
pMH2), animal virus-derived expression vectors (for example, pHSV,
pMV, and pAdexLew), retrovirus-derived expression vectors (for example,
pZIPneo), yeast-derived expression vectors (Ifé)r exam le, "Pichia

EF 10 piRgREEE GNHIi8er) IR AL e IGMD) At B3 s MV promoter. T
is eversuiotiipriderabit ek fressior heﬁmgsr(&)foexahmienm?hﬁﬁﬁ‘@ntbd) KAIH5M)r example, a

drug ré’éﬁ%‘&ﬁé@%e%%%@%l%%@'éﬁ%@ﬁéﬁ% 48 ?s [QEGHRRESSSRN ) A CelBactors

such as S, and NIH3T3 celfs, it must havé a promoter
with sprb eRRERI IS IR RN o HBRE e MY oML eRBpIBBE D orBRIGIEM Y, POPRSY,

and p@Midligan et al., Nature (1979) 277,108), MMLV- LTR promoter, 27 EFla

pr?%%&lti%'%&{%%g ct %l?g ?Qs %ﬁ‘% %%899 s!!% zgi?i ﬁ}y% s copy

promoter. It Is even more refera ene‘forsel Cthﬂ

numbeéfiﬁélﬁsf@%w%e#@qf&%&%E@%ﬁé%é@r@%ﬁ%&ﬁté B¢agthgiResis pathway
are intehglioediarithy a@oa@telﬁ&vﬁng@mm ediSwhichuaimpvigeiessowitlt deibiency (for

har def exam M,» V
com RS CUSR ER O  BRRA e
(1989)@&9@&&@@%@3&awﬁﬁw@/%@éﬁé@wafm%w)wm@%éﬁeda éfﬂé‘é when the

objectiReyh @&Qﬁa@g&l&sﬁﬂ@f@@m in Adueteis a@ﬁﬁﬂwse@amihwag #¥ene expressing
,\} ed Wlth or hav a DHFR ene h com ensates for
the 8 (?E# @ ‘ﬁm

ICI%P]C%e&OI’ exeaufr? cﬁﬁ%r?amo ecu?ar\?‘,1 nlng “Shd &ditioh: aElold40
rephc@pnnglelarmm_@mbafmb)wmbwsm (1b89yypsntelarie wiscrnlieatiomitieens derived

from ﬁ&y&n@eihﬁtfgd@{&@ﬂ%b@ﬁﬂ EQM@Q&M@QBW&H‘%&@JGCM&%V& to
ttg sient gene %%‘ESSJ?h method in,which eCOS ceeII:? C %\3/? % %erggthe
ampli QgFe%%‘?ﬁgCORVe PR EH O e P AP TOE S Ecs R d
aminoglifhcside dtensfaragingh 853200, ﬂe@uﬁna#wﬁ?ﬁdm%@wﬁy xanilipe-guanine
phosphﬁ?%s!ﬂéz&ﬁ%@(@ckléﬁﬂ%@ﬂ@ Qs IRANREASH AIRPPYARI M MRk as a

. adenoyirus, bovine papilloma virus (BPV), and such. Moreover, to 15
s¢ ecﬂaﬁmmﬂ%ﬁﬁe gene copy number in host cell lines, the expression vectors
maiheoeplise theitadirsog]foopide:trainsterase (APH)igated thrymiblse cells or from

out51dg'&§§?el(l-g geN& fm COlioRATRg- ﬁ!!éleasoéif?ﬁ%‘ﬁ"d (f%d}@ﬂﬁf%ﬁ@genous
(Ecogpt gen di ydrofolate reductase ;%g?%gne and Such as a

antiboditg i i can R0 ARG S NS R AR AR P Ramation and
puriﬁasﬂlﬁimieﬁmﬂs iestedhsdgrpirdfic 2 nuisitewthecoe|btliedriediton, dior example, the

annboﬁ&‘é%hém"i‘ﬂg %Qfﬁgdaa?m?&SQﬁﬁ?éH'%JyaBﬂfﬁaﬁ%E%‘égﬂEHéd 96‘%%&?5 column

he antibodies can be separated and purified using conventional

“@Eﬂ%ﬁ&@?@fﬂ %lﬁaﬂ%ﬂfiéréﬁéﬁﬁ%h%?&@% Pahﬁﬁéwble&t?ﬁ&ﬁ%’ﬁ%ﬁﬂ%%ﬁt extraction,
d1stnié1ﬁmthm1teﬂ>;blfﬁﬁeica foar eR8mpleathelaantbediedecaniiesepaistedandocusing,

& alysﬁh Egb‘??spéﬁ p% quﬁaegxcielectmg and combining column

romatogra filtration, ultrafiltration, salting out, solvent precipitation,

so@é?ﬂ%%‘?&fﬁ - ineleishIEH G FIPlR B BaCHiemgineraphy, ion exchange
chromSR&-nMly akyienideigehaleciaphphesis:]iSteisetipofoctisinphase chromatography,

and adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R. Marshak et a/., Cold Spring Harbor Laboratory Press,
1996). These chromatographies can be carried out using liquid-phase chromatography, for
example, HPLC and FPLC. Columns used for affinity chromatography include protein A
columns and protein G columns. Examples of columns using Protein A include Hyper D,
POROS, and Sepharose FF (GE Amersham Biosciences). The present invention also includes
antibodies highly purified using such purification methods.

The IL-6 receptor binding activity of the obtained antibodies can be measured by
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dialysis, recrystallization, and such. Chromatography includes, for
example, affinity chromatography, ion exchange chromatography,
hydrophobic chromatography, gel filtration, reverse phase
chromatography, and adsorption chromatography (Strategies for Protein
Purification and Characterization: A 30 Laboratory Course Manual. Ed
Daniel R. Marshak et al., Cold Spring Harbor Laboratory Press, 1996).
These chromatographies can be carried out using liquid-phase Lo .
methogh AT oD CeaRarH PV Bt EpLTS CHIiA S dbaRbilig Actvity
of an Ghierdaiegra)Yonelisiepiyoiei he-tolksnd hs A @roteint GseolFINS A ), enzyme

. Exampl lumn [ rotei ingl .
R
exami§e HER B ARG HEMEB RN P U dUbRg SGe RPN s8R Fictdrs mudied
antibogieﬁ w@eﬁtﬁﬁabbﬁg&@m&iaf@ﬁﬂ&fﬁpm h iaptietidies eafcbeonedsuamated
y 28 methods known.to those.skilled in the art, Methods for,measurin
P G ALy 1 A Ay e A AL addos
and the nigfmaimkedbinRAunddtTb R HEgay EIABRY, whsjAte siethigioridgmpenyl
phosphE Yl agkQimaunoassalaiRéA medt dlearessentantibodypetnadsidoQictivity.
example, when enzyme immunoassay is used, antibody-containing
samples such as purified 5 antibodies and culture supernatants of
agiiitndy qempostiepsells are added to antigen-coated plates. A secondary

a99¥e£@9€1§%ﬂ@mnad]s§%Mm%%%ﬁa@é&ﬂ@aﬁc@h}%h%%%& a6idsdise an

d the plates are incubated. After washing,.an enzyme substrate such as fih
sbove SR SRSE AR & SR S the A oRBATRE R AL Hiions of the
presenévanentionemhtigeeddnding astiviipted diFtasanasdaicdiccompodiathgtis.  Thus,
the presBR: HESSAANENHAN RISO RIS phanpaseuicsseemRasitiansHidkrthritis,

. . comprise an ahove-descrjbed polypeptide as an actjve ingredjent. The
which SRR A KOS S SHIGRE BIHE SR FBSh RSN Ko LB RS ffamplesof
target HisGasssocibtquaizgdsesnsieoh radudee b atsicdetrthnitisd Thubsuhetprésshiitis,

juvenitBYGIMOMAISARERVIde s AaRN Ol s alnd:HiseARRRiSUCKASFRRWRAOIL, systemic
arthritis, 15 which comprise ag%i%?“&)dy described aboye as an active

lupus GrythsmatRs s erbired RSP 8t HirssRsss HPRROB RS ETAR B ABHHS:
anemii @l&g&gliﬁu,tléawg@ﬂcii rahii;e@égsmlém_dimmdf gﬂhﬂi@i’siosiwenﬁﬂeimwftisis,
transp%gwg&, 3 %I?&H&&%%Qﬂ%}%%%%i%ﬁ,%ﬁﬁg %B&Bﬁﬂ%%ﬁﬁasis, psoriatic

~systemic Tupus erythematosusH(SLE), Iu&us nilphrltls, Crohn's disease, . .
arthitgniBFRseR RSEar G WRRRara Al (HeRimider AraRInade q8isoafiis, asthma,
diabettisepie;mmylcitioED, sndbiplarseierdsisaist(ansfilintatiocardge irdlateidn,

_ I orali losi 0 " i Y it
aﬂerlogﬁ’il&%ﬁg %%Sasg, 69@88??0@@,/ 81%&}%3%, R{ﬁ%%fg[) ’ %%\ﬁ%, rﬁ%%ﬁ%x‘f{c@ﬂ ﬂ&@ey cancer,

ronic ébstructive monary ease

Pha

- B-cellgsrediatiekin sd M RBREE HE RSN PPST- <iaBAgtAbsgcer, colon

cancefepaiiis:QdHASH) cayecacdiakintatotionyaretiestlémesisn sesisic choroidal
neovaoﬁpoﬁg{% I,Si’(gi(l}%gﬁltl SHOR 'fH%ﬁen%‘M%'s%ﬂ}&‘r&’éﬁ%&a‘i?v%ﬁ&“%hr‘éh‘i'@ ﬁ}ly?cﬁgﬁ?sr,’ delayed
FBC-C_e_ non-Hodgkin's ympﬁoma, pancreatic cancer, lung cancer,
hyperssssiiivalye spelsteresiis 8 anp dermatifice rese iskiomaapeymyositis,
dermaRSHIOHMASAA PO Akd ] dp farationinmeye Pl B ORIER| scleritis, keratitis, orbital

inflammation, optic neuritis, diabetic retinopathy, proliferative vitreoretinopathy, dry eye, and
post-operative inflammation.

The phrase “to comprise an anti-1L-6 receptor antibody as an active ingredient” means
comprising an anti-IL.-6 receptor antibody as at least one of the active ingredients, without
particular limitation on its content. Furthermore, the pharmaceutical compositions of the
present invention may contain other active ingredients in combination with the polypeptides

described above.
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neovascularization, idiopathic choroidal neovascularization, uveitis,
chronic thyroiditis, delayed hypersensitivity, contact dermatitis, atopic
dermatitis, mesothelioma, polymyosit'@ dermatomyositis, panuveitis,
anterior uveitis, intermediate uveitis, scleritis, keratitis, orbital
inflammation, optic neuritis, diabetic retinopathy, proliferative
vitreoretinopathy, dry eye, and 30 post-operative inflammation. The
phrase "to comprise an anti-IL-6 receptor antibody as an active ingredient"

méARSTETHASARTHE P BROIED P AL PR A BYFAL Gt TBREPBHEHMHe Y for
therap@gity purigred]énisa nathayrgraticel anipaiation on its content.

Fuﬂ{é ggbgég Ott %spJﬁH@ ?&%ﬂ%ﬁl&%@&?&{ﬂ%fg% %@gg&}r!ﬂf %'Q&Ven’zzonai

may c er actlv ingredients in combination with the polypeptide

meth%ﬁ%é‘%@ﬁﬁ@@&éi%msw&W&?ﬁﬁé@%ﬁ%@ﬁ?ﬁegt B‘i"?ét(?FifH@“p jppblishing
CompdRYeREaBHaY A% ussddadb@ﬂhemﬁi&r@ﬂahﬂpmmmbuy alsegfable carriers

mldforfac?&/ il }r)tlve RAPORER 1 T X‘\’/rXQ ePrH: ﬁ(? SRSy zgx[fg ﬁ?@ Ql% Tween),

ormu afged accorain td converitional met

exmp@ésmgmc‘@mﬁéf@ﬁééé@@éw%@Pébﬂ@eacnéﬁegpémﬁs@rﬁ%&%@ﬁ% AGES,

preserﬁqmaﬁubﬁ@&@ mdﬂﬁgﬁgl ﬁgﬁlﬁﬂgdr m@mmaypmfﬂi@rwma@?w@aﬂym other
rrlers an r additives n¢ .

°"gaﬂ‘8e eréér?%’ BERRS e(?glfﬁamﬁqﬁ ’I"l‘:’vl&:je)f‘f‘f< ﬁoﬂlén oS<| an sZ(lTno% agents,

bmder@@ﬁmmra@@ommla@ﬁxﬂ% ﬂm@ﬁh@ragmss,mm@%@éﬁts Hopeees, abig agents of the

presenSiabERIS f&%ﬁ@ﬁ@ﬁ;ﬁ%@ﬁ@e@ﬁhgmﬁiﬁla@@ﬁs@ﬁ@&& 26id neitlienaetticame above

other or anl acids Iatln nts (for examp din
e B N A HBIRE, T B T agy B iy et ude lght
anhydm@rﬁdten@aqddlwn‘igemtmbmm@hlm agemsdt ﬁﬁ@cbré@,@mhhwgﬁaﬂ@mm

cmelﬂs@%&ﬁﬁﬁ%@f&&%@ml@gﬁmt Widiegaees1arRMOtdUMRILGHIviny] acetal

e and may a rla contan other ¢onve tlo Icarr
diethy AT O oo T Lo iy Y L O A S Al veeride,
polyoxyrgtbiditimeloyeiafssefath ammhzb@rdacmmk@admnﬂwmm@meom starch,

and mé%.hﬁmsﬂbédmﬂimxgcﬁigél tfb?ﬁmﬁﬂﬁ@i‘ym%l%myj% Ié’ﬁ@ﬁ@i by proteins
acetal 1 dlethyla inoacetate, poI r&?{g%one ela ium chain

suchw Hza%égﬁ: 1n,p d%w | preparing
aqueosaeﬁmamsépcmmmeﬁwmmuIﬂeéeczcumtnmtqudmadrmdr@amccséhsexample in

ISoton;Erk%Yumﬂ}é @lﬁﬁeﬁ%@%%ﬂﬁf’ IO ﬁgLéﬂch%g&t MMH%S Profginsants
such as serum albuman% in, and mmunoglomHL%eg rﬂ_c |no acids.

includgy Fs S EARB Lk SSFRIE LS -SAINEHs RS PATRRRIn: Pé@&pto’f"uﬂhemore
approjaitibedielsi bringissaive do fex exabapidsdho? (dtatariasdltitdis pqriyalindgol

l
(pmpﬁéﬁfe;g?#%%@}a%‘ 'Eﬁd ‘éﬁ%ﬁéz MaQREL ALY (ﬁxf%nd Sotgiéﬁﬂlﬁa%h‘%@é’@aﬁ‘a&{co 50)

exz‘;}mg D-sorbitol, D-mannose, D-mannit ium chloride
may beg H"ﬁére appropriate solubilizing agents, for example, alcohol

(etarotsang!, the likeyppstivalcon Ibémmay&ﬂet@h&mh EbGpanddhaiikedzpsules
a n
made S‘P%b ok g%e?igafto Wi C%?sﬁ R (}5’%9’(?195?1 L éﬁs % a?@tﬂ@ﬂlééii ‘or made into 2

ssary the pO e encapsu
colloigpl dorlinesy (irdeat SiReraHes, a umin mlcrospheres, mlcroemuiszons nanoparticles,

nanocapsules, etc) (see, for example, “Remington’s Pharmaceutical Science 16th edition”, Oslo
Ed. (1980)). Moreover, methods for preparing agents as sustained-release agents are known,
and these can be applied to the polypeptides (Langer ef al., J. Biomed. Mater. Res. (1981) 15:
167-277; Langer, Chem. Tech. (1982) 12: 98-105; US Patent No. 3,773,919, European Patent
Application (EP) No. 58,481; Sidman ef al., Biopolymers (1983) 22:547-56; EP No.133,988).
Furthermore, liquid volume for subcutaneous administration can be increased by adding or
mixing hyaluronidase to an agent (for example, see WO 2004/078140).

The pharmaceutical compositions of the present invention can be administered both

orally and parenterally, but are preferably administered parenterally. Specifically, the
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made of hydroxycellulose, gelatin, poly(methyl methacrylate), and the

like), or made into a colloidal drug delivery system (liposomes, albumin

mlcrospheres microemulsions, nano%lrtlcles nanocapsules, etc) (see,

for example, "Remington’'s Pharmaceutical Science 16th edition”, Oslo

Ed. (1980)). Moreover, methods for preparing agents as sustalned release

agents are known, 30 and these can be applied to the polypeptides

(Langer et al., J. Biomed. Mater. Res. (1981) 15: 167-277; Langer, Chem
COmPOYGHS (eSSBS 3B PEIS TR RSNITIGEH 07 PaI T ETY o an BEEERES nclude, for
examplpplication f(ﬁﬂbb@ﬂﬂﬁx#ﬁslra‘ﬁmimay eitalveBoopolytrens{d 983 or subcutaneous

injectlglg §14 Zué? Eﬁl@'{?&%%%’ﬁﬁ&?; rlr&c%f% kggge\dozw J% SH CHIRAREOYSH the

admlnlstratlon can INCrease mixin yaluronidase to an
peripheyeiithe piExaiipleaaEec D ﬁm&msﬂﬂeﬁt@s@he %Wﬁ&&lﬁ@éﬁge forms
includ§dRssitHons Ofxﬂiﬁ@aﬁr@%emdmmmn&ﬁsbemﬂmtﬁmr®ﬂ1bb)thmdfaﬁyhﬁﬂﬁstered
100&11}/206 souerally, ut are preferably ad '4%3 fered parenterally, §§p%8&§¥iﬁ‘é¥y Wcted

mposm ns are administere atients b Injection O

accordipgrisd@epatignieeacnd ﬁi’@m?@@nﬁor k@ﬁﬁé@n@%ﬁﬂ@w@%@aﬂwlw@d for
exampRRtistrRliansdfinTevengus ItamsauariialbeuUseNRE S bedeoleiknt for

each agrrmm ra‘c—{-onfe C%mgo Poq % %tlocall Inlf Cted al tQmSIte of & n&r%% patients,
ori e peripnery O ntramuscular |nJect|on n par cular.

for exmal@a@@ﬁlmgag@mh@shﬁ éﬁ!@éeti(fr@ﬂathﬁﬂéngﬁmﬁ%ﬁ?@é tgdi0@Pengper kg
body vRALHIGES cadlpRatehes M@WW%@@@QQ@H&&%@%&W@@@YWPE an
antibo a)E ét %e?%%%ge&?qmg" tﬂrsg abo etﬂ%qstg %B % arlatelé %eleé%te\gever the dose of

age Sha symptom min ere J0s€Can
an antihedsetd dhedyriseng xenaptienfro nothaiseie 81G000mg to 100 mg active

INQURRHRIUAE kaRiRe0y WRIah e &8GR AMIIBISHAHE RrALRI afiRi¥n may be

when.the co are adminjstered to human patients, 10 for
postuE R AU E A T b SO AP RGB! B nto
pyroglt0odicegip dyky rbgdyeweightfos eadhlpaentoAbsistgtbiHeiimibtration  Naturally,
such pHSSERLEIBMRRNK GARIRINS JAiRXaPINe A ARERPHYRE NRRSeRE kequences in the

invention at about 0.01 to 50 mg/kg body weight. However, the dose of an
presenb H58HYbf the present invention is not limited to these doses. Amino

adustbentaigadtchztiretbahine awid Stgihe roédid treapresing ivéetiorsemdynvention
may b&Sf &r?y%?fc{[éé‘s'aﬂ H,Y Jﬂﬁﬂ'ﬁ??e@ﬂfoﬁ@‘ﬁﬁﬂﬁ&%@ﬂﬁ isatie t{?‘@ef 8any sugar

N-terminal glutamine |n tamic acid by pyroglutamylafion is

chain SR RFROWRFErHR068 @F&ﬂé&‘%ﬁﬁﬂ%ﬁﬂc%ﬁ& PO St HoRnFAsheRR (for
exampiepdifiechabinolacidd hyepindiudeg antiheddenimoFaciesdguentias bytheroducing

| alteratﬁ@é@é}ﬁép}{g@ﬂg&r G QUG SRS TS, DRwed io the antibodies

according to thé present invention 20 may’be of any structure, A sugar
cha REYGSkISTE 0P REL e ASERRRGS m%%%#y iGN this description.
structure (preferably a fucosylated sugar chain), or no sugar chain may be
Exam ggynd (for example, this can be achieved by producing antibodies in
herichia coli or by introducing alteration so that no s%%ar chain binds

to Pessiidslows epriammbirisglionrpHac sraefiselhe dessraghhwitinehpeence to the
ExampheQingratecdysefeencadada iiisiagsenipiidthereto.

[Example 1] Identification of mutation sites in the variable regions for enhancing the affinity of
TOCILIZUMARB for IL-6 receptor

A library of CDR sequences into which mutations have been introduced was
constructed and assayed to improve the affinity of TOCILIZUMAB (H chain WT-IgG1/SEQ ID
NO: 53; L chain WT-kappa/SEQ ID NO: 54) for IL-6 receptor. Screening of a library of CDR
mutations revealed mutations that improve the affinity for IL-6 receptor. The mutations are
shown in Fig. 1. A combination of these mutations yielded high-affinity TOCILIZUMAB such
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25 Examples Hereinbelow, the present invention will be specifically

described with reference to the Examples, but it is not to be construed as

being limited thereto. 30 [Example I] I§j ntification of mutation sites in the

variable regions for enhancing the affinity of TOCILIZUMAB for IL-6

receptor A library of CDR sequences into which mutations have been

introduced was constructed and assayed to improve the affinity of

QCILIZUMAB (Fl—écham W %ID NO: 53; L chain

as RD %3&5%}@5@ %\%61%@1 eB?orL%Pé%ﬁrP&c?@JrﬂB‘fﬁP?@?Q ID NO: 56).
The afGDY 85 solithledistevempted mdthhﬂng&&hb.iamptp\ﬂetﬁmmfémuyiﬁgr%gpi30 were

compaﬁ%ﬁ%@eeﬁwtm%m@mMﬁ i {Ge L RAYSRMRIRAY f%fstkbqstﬁe method).
mutatlons ’%/lelded high-affinity TOCILIZUMAB such 31 as 3 (H

] gewse@wm@tse showin RiSls-b3 L%prﬁawéteéhelogwal
activnwﬂh‘t&ﬁ)mﬂfhm affimgtys ﬁﬂ’g@]ﬁ bléﬁbﬁrﬂ%n@n&aﬂ@: elbmeabmtimmg/ ml) is shown
in Fig. %te%@&qulﬁl nge Bg'toh% \Qﬁﬂﬁt)? 8%@% %?Lg By I%igeg 1; and the

TOCILIZUMAB (see Reference Examples for t e met e res
acumltiﬁ??ﬁfﬁ%?éaaeﬁ‘é%ﬁ%ﬁ{ﬁg%h&mQﬁ“’?dﬁ’l@@“%éﬂ%@ﬁlﬁ%ﬁbﬁ@@B‘I’Etdéﬁxw
higherdeleriainapandisingOBAEYap™38 Bhe final concentration of IL-6 was 30

ng/ml) is shown in Fig. 2. The results showed that the affinity of RDC-23

was about 60 times higher, and the activity expressed as concentration
Table {or 100% inhibition of BaF/gplSO was about 100 times hlgher when

“TOCILIZUMAB - a @p
A 7E-1.1 -‘u,g o 21 Id8n

T pomtof the varlablereglonSW|thoutS|gn|| cantly red ucmgth eblndlng 0
the IL-6 receptor. Screening of mutation sites in the variable regions,

[Exam‘Mé‘ Qljp maﬁefwadﬂﬁtefir@aeegrarfa thisRsimpansignahsilRIHER FReAsleE 1.IZUMAB
UMAB revealed mutation sites that would decrease the

via req%%?é‘c? iSRRI able 20 regions without significantly reducing its
bindingpootteethe threceptdinFhesel dre SHoViR MUAR).ir8/ciganuinineioramied out to

1dent1f§‘ﬁ§ﬁa%ﬁ%ﬂ@§‘§1¥ﬁ%%@d¥@&ga£%% AB:Yithresh! ﬁ?gﬂﬁ%@%ﬁ@@%{om without
|ncI d|n for exa E’é‘ H53/ 2%18 chain H53-IgGI/SEQ ID NO: 57;
)-

signifi 18?1’%1 ?&8% THERnit, P SBThiS MUk HeRa et in the
vanablsaegeuscvpinuht vmnap’rrabcﬂcmbaaaimm tdecadiiciogidadtactiuity model of

TOCTEE SIS AURAG ARG P MU CANRRGLREW ARNELRRILEAR BBG of the variable
regions without significantly reducing its binding to the IL-6 receptor. These are shown in Fig.
3. A combination of these mutations yielded TOCILIZUMARB with reduced isoelectric point
including, for example, H53/1.28 (H chain H53-IgG1/SEQ ID NO: 57; L chain L28-kappa/SEQ
ID NO: 58). The affinity for soluble IL-6 receptor, isoelectric point, pharmacokinetics in mice,
and biological activity determined using BaF/gp130 were compared between H53/1.28 and
TOCILIZUMARB (see Reference Examples for the method).

The resuit of affinity measurement is shown in Table 2. The measurement result for
the biological activity obtained using BaF/gp130 (the final concentration of IL-6 was 30 ng/ml)
is shown in Fig. 4. The results showed that the affinity of H53/L.28 was about six times higher
and the activity expressed as concentration for 100% inhibition of BaF/gp130 was about several
times higher when compared to TOCILIZUMAB.

Table 2
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25 TOCILIZUMAB (see Reference Examples for the method). The result
of affinity measurement is shown in Table 2. The measurement result for
the biological activity obtained using BaF/gp130 (the final concentration of
IL-6 was 30 ng/ml) is shown in Fig. 4. The results showed that the affinity
of H53/L28 was about six times higher and the activity expressed as
concentration for 100% inhibition of BaF/gpl30 was about several 30

e limes higher when com '”._ toOCILIZUMAB Table 2 32 ka(1 /Ms) kd(1

ﬁ;f m@mmes;:% ER S ;“sﬂgb

68y @.28 reSpect'eﬁ E”P@@e'SOS-@@Of%@

the theoretlcal |soelectr|c point of the VH/VL varlable reglons was

calculated using GENETYX (GENETYX CORPORATION). The result

shEhf‘eﬁsﬁﬁa%qﬂaﬁf&.eamgéa@a%aaamd?eﬁé@rmzemw#%aphorem known
to thodd 3RI1128 iwéie a8. @ and ﬂuz&&heespdemtedxpomﬂsmffme)(snﬂ[éﬁmmmﬂdﬁs 3/1.28

were a!ﬂgt?( b28.ag ssduced b ?ré}?ee%?o f t’tﬂu‘é’hnﬁé' §8a@n$fg{%3p59§ ﬁ%’%%s reduced

To assess the phanna e altere H53/L28 w
by abqyhd A Merficersseddent Opdi e pRarnizetiaHants BrrtbroretizelNprgectric point
of the aNd/ Wb 3/2thia ﬂagrmaIwag:eawmaedqmngr@mmmﬁq@asmm CORPORATION).

The re}é%{%%ézgciv{ﬁ‘ﬁ B Ha%%é%%‘?ﬁ!“é‘éeﬂ%%’ceg@]‘;%'y /gj’é)g%iggﬁé&gfo%%s 3/1.28 were

admlnlstere to mice apan,

9.20 an@c%-‘t% TS RRRtIRie thE%é%@P@@@?&&@?ﬁh@dﬁ%@h?ﬁ%?ﬁ rpﬁéq%éy about 4.7
when EomisesdbpiasBIZo e ration for TOCILIZUMAB and H53/L28 after

intra venoustgdr@llmstrg(t) m% tﬁﬁt £ou anQ@OralsL%%ggp%gre S;(B?%'%reduced
eters

FIgS %Sané spectve armaco Inetic para earance

isoclegffig ﬂ%w%:(gwry)aé@l@méew APMRNSANRAP Badsiintjlad® ishowmahmice were
comparédle 3. s:[ﬁ@epcll@%r@f TelfifeAT AL HISRBaNL INANSRRLS (IV) or

administ rolon bout 1.3 ti f
subeu K g S8 S0l b b o Yo e ©
evaluagg Fhs?;msroafmr@m@ﬁmmmsmmﬂmstr&ﬁ@ﬁlM@W@@géglmgmcemaﬁon for

ToCTRWIREeN S %J@@M@y MeBinihilendhe LBRRAEAIMRAST ahicrshby ARaH inistration

2.1t T f that kineti
S N T
half-lith r@j@ﬁ))a}ﬂpﬁ&ioedmdmg BétithtiahndE Reabehd AveSbwn in Table 3. The plasma

half-life (T1/2) of H53/1.28 after intravenous administration was prolonged to about 1.3 times
that of TOCILIZUMAB, while the clearance was reduced by about 1.7 times. T1/2 of H53/L.28
after subcutaneous administration was increased to about twice that of TOCILIZUMARB, while
the clearance was reduced by about 2.1 times.  Thus, it was found that the pharmacokinetics

could be significantly improved by reducing the isoelectric point of TOCILIZUMARB through

amino acid substitution.

Table 3
CL T1/2 CL/F T1/2
mbl/h/kg day mL./h/ke day
TOCILIZUMAB 0.177 18.5 0.18 14.7
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CL T1/2 CL/F T1/2 mL/h/k day mL/h/kg day_ TOCILIZUMAB 0.177 18.5

0.18 14.7 H53/L28 0.102 23.5 0.086 29.7 33 [Example 3] Identification of

mutation sites that reduce the immunggenicity of TOCILIZUMAB

Identification of mutations that reduce the immunogenicity risk of T-cell

epitopes present in the variable regions 5 T-cell epitopes present in the

variable-region sequence of TOCILIZUMAB were analyzed using

TEPITOPE (Methods. 2004 Dec; 34(4):468-75). Asa result, the L-chain

CDR2 was predicted to have many T-cell epitopes that would bind to HLA
[Examfple. XplHaveimsegueioetwitn atbighdmedunogenicityuisigedititispf TOCILIZUMARB
1denti 1 GRQPRAANRIMMUAS hRE 16d BHEOGXBAING AENAP ACith SURSHIMYABS 1 in the
hat would reduce the immunogenicity risk of the L-chain CDRZ2 without 10
F&iE88ig the stability, binding activity, or neutralizing activity. As

de“ﬁem&bb@j)hejmm/pth&}stine&rd ngrigisielrcemonsirated tHat@lalLIZUMARB were
analy éﬁ:@ SN BRK GRS restuced withpptdacragsing INe QDI 1 -chain CDR2

ing activity, or neutralizing activity by “substitutin ﬁf&the threonine at L51

was Pigdifsad b EAY; R%&?M@Séﬁa&mﬁ Budueritkd fFepiohans pfequence with
a highlimmunolegiciy AkEstTNIS)TBPITO LR baily SO RAs (SEQAD N 6: &@)rifid Gmino acid

substit &B’@%J-Jga%%ﬁgg%@@%@%nﬁ%é@g QW&?{ a &%ﬁ@ﬂ!‘éﬁ@%&%m

OCILIZUMAB ain CDR2 (SEQ ID NO: 59)
decrearing theAORILL:LeWing eBRY wiihqutelidpassEEifémoved (SEQ ID NO:
i@\iﬁm;ﬁbé@ ﬁlelBeggmlme@ﬁiﬂ%mwwg@mmm&ebmﬁn Iﬂmimﬁmaa%anc@fy risk can
the vari on egllence TOCILIZUMAB In.t
be el A SRS ST R S R Sl ey

substzmtmﬂw&hnré%m @bbébﬁ%ébt@ FrBRRBR B R 2 g (&aﬂ@e‘?rl Reaquences of
Proteid98BIreRuho]dad4l) 18Rete6) NTHFser Rl UANEes @EREZREGA8) NY 5aymdf

' H-chain FRI, and H71.in the ai Kabat Y
TOCI@M%@?%%%@&E ég(ggﬁee?\r 15'0F gl nsnf) 3wrgﬁglﬁlno oglcgﬁ’rgteres + 60).
TOQWHWB%W@QBR@@%EQ&B@Q@% TOCILIZUMAB. The mouse

ToSAyancesEhal.HemaiDRY deLAIPQiRRERY 36 VB8 8A%edD NO: 60)
immunogenicity risk. Thus, it was assessed whether the framework

sequence could be fully humanized to further reduce the immunogenicity
[Examjdk 4f ROIGHLizUing: Tegaeisity sisblpduhdumendraiteniefiieweriable region
frame{,l;g}g Ul IMAB eqddhg zompletely 30 humanized without decreasing
b| bindi traI|Z| activit substituting the
R PR T S S e PReS i, o FR AEHRDRF remain n the
frameech atuERie Ao(BEQ4D N@iiﬁg)ashml\}n(ﬁetmm Bosl $09%itehing; th(4)1:851-6).
These%légﬂ&?gg’a&% =l [}1@9 153) withntheihyneaniegd HrebaimaRE {SERdPl-chain FR3

shown below
(Kabat’s numbering; Kabat EA et al. . (1991) Sequences of Proteins of Immunological Interest,

variab

NIH)) of the variable region sequence of TOCILIZUMARB. The mouse sequences that
remained are a potential cause of increased immunogenicity risk. Thus, it was assessed
whether the framework sequence could be fully humanized to further reduce the immunogenicity
risk of TOCILIZUMAB.

The result showed that the entire framework of TOCILIZUMARB could be completely
humanized without decreasing the stability, binding activity, or neutralizing activity, by
substituting the H-chain FR1 (SEQ ID NO: 61) of TOCILIZUMARB with the humanized H-chain
FR1-A (SEQ ID NO: 62) shown below, and substituting the-H chain FR3 (SEQ ID NO: 63) with
the humanized H chain FR3 (SEQ ID NO: 64) shown below.

TOCILIZUMAB H chain FR1 (SEQ ID NO: 61) 7
Humanized H chain FR1-A (SEQ ID NO: 62) (derived from germline IMGT hVH_4)
TOCILIZUMARB H chain FR3 (SEQ ID NO: 63)
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TOCILIZUMAB H chain FRI (SEQ ID NO: 61) 35 Humanized Il chain
FRI-A (SEQ ID NO: 62) (derived from germline IMGT hVH 4)
TOCILIZUMAB H chain FR3 (SEQ ID;NO: 63) 34 Humanized H chain
FR3 (SEQ ID NO: 64) (derived from Mol. Immunol. 2007, 44(4):412-422)
[Example 5] Identification of mutation sites to improve the
pharmacokinetics based on 5 pH-dependent binding of TOCILIZUMAB to

the IL-6_recept n e met for improving, the pharmacgkinetics
Hug G SOMAB S LG B ORI Sl Gl i Tecule
44(4). 1 FGRN1IZUMAB would repeatedly bind and neutralize several
molecules of the IL-6 receptor. It is assumed that after binding to
membrane-type. IL-6_receptor, TOCILIZUMAB is taken up, into.intraceljular
(Examplgidbiifediiialien ﬂf@lﬁaﬁﬁaﬁ&ﬁwa@mﬁ&%ﬂﬁ@mﬁaﬁaﬁ%é EQ%‘J on
pH-depecdpio bithidmetod rISHEI TRV indd A3 os e d §.-ovite fgornd to m.e.mbrane-type
'L'@J@S?H{Q%@&%&%Q%QEQMS%MM%%S TARSHIGANITONES is to

) molecule of TOCILIZUMAB typically binds to one or two molecules of .
improyadhsornestpetth s i cataienalemvn of 4 Sl aiien nemdarpegtadly bind and
neutratiegradedlimbylsosemeSthafierdntenpatizatitiiis Thenatdr¢apnfenbiedine of

memb;lr;a]%g lI’]M—@‘Pe&%Qo?nbblaW%‘qﬂ&%&%%oﬁ?oqﬁw&wgé%%ﬂ@ésgﬁ<I;ts via

) 1embrane-type IL-6 feceptor. Thus, the present inventors t ht that
internaligasi oo adiBReber B e RRanZ R AB- G et Bttt s i ysosomes
while Baanaes, iewbhiahdhepbilidine:-of pieClhitdbbMZ dslrpaddtdibedy sisdares.

ol ot ol Y
speci A e B AP D SR G e b tecues of
membfasgy irnhbrafecepie (06 raerdaiendb gy mapectrdss i alsd in lysosomes

after ieIHAltRGA. plagmr hy-bidindlechRRT PESEDIZN VA BRdosanBidsnd neutralize

one Ori%stgg?gciuq Fi IZ}.@% ce éﬁture”ﬁfj_ éor t;Ehe %gsma, TOCILIZUMAB which
binas in s p?—?- epen et manner couﬁf%ga‘in bind to membrane-type IL-6

redéptorthBpressebifvgiors brrshpthetapresmpoasiblaissoema diir lhel UMAB
that biBREasaPESdbisn faatahhiiatiaRe iR e aind QCHDIZIWMAR LEB is maintained

repeatedly pind/neutralize several molecules of the IL-6.rece 5
nder A R BTN SRR RO Aebunle AP

whichfandsimprovedephidantavakise tios dsisonsirircicn TeahrizesmpallLForeceptor
(antigddP Sl i€ UMbB AR dissociate fomethrdkrd e tRmaHodRRAREHICN the

endos e, i HERECOh RN a ConiPATBE AP R HEhd el SN L binds
in a plhéepetdunfaceysirongdlagiebaptde bindibgis 3gpeeluivedckptor. By repeating this
bindir2GHIRNZANOR therefiialRHn M- Whihidt e edll ByraramoiBenolecule of

antibody must bind tq the IL -6 receptor as strongly as or more strongly
TOCT4y E%ﬁ%ﬂéﬁbﬂ&l@%@wﬁﬁ%ﬁ@f&rﬂﬁ% SURIBLRA P epror.  Thus,
TOCIhEHEMINBvEhtchBhindhl at Rehl-NMpeGdthBininBe0% HSebis@)olRi-SBIpThus)
pharmi bR EUVAR pRieN OiEE N2 BRrdgpendent manner is

For TOCILIZUMARB to dissociate from the IL-6 receptor under the acidic condition in

the endosome, the binding must be significantly weakened under the acidic condition as
compared to under the neutral condition. On the cell surface, strong IL-6 receptor binding is
required for neutralization; therefore, at pH 7.4 which is the cell surface pH, the antibody must
bind to the IL-6 receptor as strongly as or more strongly than TOCILIZUMAB. It has been
reported that the endosomal pH is generally 5.5 to 6.0 (Nat Rev Mol Cell Biol. 2004
Feb;5(2):121-32). Thus, if TOCILIZUMAB which binds in a pH-dependent manner is
modified to weakly bind to the 1L-6 receptor at pH 5.5 to 6.0, it can be predicted to dissociate
from the IL-6 receptor under the acidic condition in the endosomes. Specifically, if
TOCILIZUMARB which binds in a pH-dependent manner is improved to strongly bind to the
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modified to weakly bind to the IL-6 receptor at pH 5.5 to 6.0, it can be
predicted to dissociate 35 from the IL-6 receptor under the acidic condition
in the endosomes. Specifically, if TOLILIZUMAB which binds in a
pH-dependent manner is improved to strongly bind to the 35 IL-6 receptor
at pH 7.4, which is the cell surface pH, and to weakly bind to IL-6 receptor
at pH 5.5 to 6.0, which is the endosomal pH, one molecule of
TOCILIZUMAB can hind and neutralize several molecules of the IL-6

IL-6 reeeRipicit R d the Bt ko kietitiéocs mhanddreashiiadda k- Bé%%“fBF@f at pH
5.5 1o méikdddoischnferdogpit gependendecote e B OIMOE Bz biMdBdmeuiralize

severaPiielhifRd %’Fﬁ?é?f,'% [QJIHrQauas Ristiging, 5%%'&9&1@&&@1:%&'?&\’%??{% improved.

region of TOCILIZUMAB," since the pKa of a histidine residue is a bout
to 6. BosIsEethed Smmenbirinesddidnerndanss gadischindie Rl R L UMAB to
the IL-643@ptbadidicitpiddud: ibifiheonditiensnibhile, eigdeirgivasf QDGRIIZUMAB,

since t%% %?%t sﬁ&%se oL 'c}k?é %i%oiﬂ%o ?,T%l garanle E%%%r@ﬁg?%gon

ree iImensional structure mo eI o] LZUMA Furthermore
chang%t@éwwﬁam @b degitnteid SETO R ZONIsERVerd PahdsTRRRIng was
carrie@ubstiiua%@hwy@;{wm mx@st@ﬁ@ﬁ@hddtbf@[ﬁrf@hesﬁﬁwmgﬁ& BereeBing

as carrle sm re [
e N Do S vl resion
sequers:es &8 AR %&UME@R r@ﬁéq@@ééﬁ&hsﬁmﬁ@o@h |§l§§@@?@&ﬁ9%ﬁibh library for
screenSHes trak @@f@‘@ﬁﬂg&dam@ﬂge@fo{ﬁ%ﬂgla&élm&i@ EBQHM@I@%B%W!%H 7.4 and

. H depend n ert t n at pH
dlssocga ?HT%GSG are SEL%V(%p%B ¥% r%gdl& e SU%S}/I'[U'[POH ofg)t(g‘/or?)gggne index.
H2%sta tsstitide Brasmmaﬁ@tﬁqmﬁéqqmm AR oTositgtHerGOMer the binding of

TOCTHOWRNAR 35 B Ieripestipiskiid ﬂpn auHRabdAS9@hSBicbéH9-b/BRdat pH 7.4 and

) ith tid tH27
dissoc A L SO R SRR T b fbgﬁaé}ﬁ%ﬁ%f?&smém at H27
to hzsti:hmewmmutﬂtmwmtha&bnhmm@amlgmh@@ﬂ&maﬂwmmsmbes in Eur, I.

Immu@fp dHNE):. Q@{M%%?A%G%}Eeé wmﬂsggaaaéﬁlf&ﬂglg@g IE,% ﬁ%ﬁ%@@q&wme (SEQ ID
|
NO: 6§, Lyl PO SD A Y BHPEHEHBn UG BIUpLRfLamevork

in comwimmm@mzu MAB were compared for their afflnlty towards
Husaluyble H- Qﬁ%rggﬁpr gﬁﬂﬁﬁl Nf@t%@ dissociation from membrane-type

25 IL 6 receptor a 4 and pH 5 ologic act|V|t—y u
naRp dioRn cﬁﬁ ﬂ%ég Hitan 1L-6
H3pl- Igﬁdm@QrﬁfmQgénﬁﬁn?uccéz(seb?ﬂé&qvpm@é?Qﬁmﬁﬁﬂéssmrcah@matﬁmﬂ)lmﬁéIMAB

with ﬂﬁ%@b&(&%’ﬂ‘éﬁ%&ﬁ%ﬂ?%@@b'% L BLPCERIPT R 2T %&%Q}‘éd for

he assay resul he biological activity obtained using BaF/gpl3
their st i O S BF 8PS AGAY i SRV Sheragiagiondigg Pé%i}h‘?ﬂe type

L-6 rsbhgwedithal H3plit 73S pbiplatadib dor i i GHAZ BIMAEL IS 0o emd eaffimitykinetics
in cym%lg%ﬁ'ﬁgcgﬂ(gyr GRERIghAH ﬁH67ré"caﬂgra£%W§%% HRE /@ij:?igeference Examples for

the method).
The result of affinity assay for soluble IL-6 receptor at pH 7.4 is shown in Table 4.

The assay result for the biological activity obtained using BaF/gp130 (final [L.-6 concentration of
30 ng/ml) is shown in Fig. 9. These results showed that H3pl/L73 is comparable to
TOCILIZUMARB in terms of affinity for soluble IL-6 receptor at pH 7.4 and activity on
BaF/gp130.

Table 4
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Table 4 36 ka(1 /Ms) kd(1 /s) KD(M) TOCILIZUMAB 5.1E+05 1.0E-03
2.1E-09 H3p1/L73 5.4E+05 7.4E-0_4 1.4E_-09 The measurement
result for the rate of dissociation of TQCILIZUMAB or H3pl/L73 from
membrane-type IL-6 receptor at pH 7.4 and pH 5.8 is shown in Table 5.
As compared to 5 TOCILIZUMAB, the dissociation rate of H3pUL73 at pH
5.8 was faster and the pH dependence of the rate of dissociation from
membrane type IL 6 receptor was mcreased by about 2 6 tlmes Table 5

Keys'td assess

in Flg 10. The result showed that the pharmacoklnetlcs of H3pUL73 in
cynomolgus 15 monkei/s was significantly improved as cor%pared to

TObIreMER Al shsylefapte sttv olchisieiriinn of TApUL 7 W4 or H3pI/L73
m ek enoHaly Hd@m&ptaohapﬂ@ NGB PIDNBMahdnOIFETEPOS. As compared to

TOCI];!?‘%%%% %6%5%\34&29901 tr%te I?f’lho‘l %rtl @&?dﬁs\%sufa%ter a]ngclgt% Nﬁ%ependence

to assess t e t| e cours asma concentrati
of the iR 4] éamiméﬁﬁaﬁ@ﬁlhtﬁeecwws@s%m@mt NS et BY @m 2.6 times.
after intravenous administration are 20 shown in Fig. 11. The result
Table howed that the pharmacokinetics of H3pl/L73 in human IL-6 receptor
fransgenic mice was si nlflcatl |m proved as compared to

“TOCILIZUMAB. Tfpgllzwl |th%>Z1gependent
binding properties, showée S|gn|f|c 6sroved phéj

ptortransxg‘érﬁEPuEnﬁBEMﬁ&n o

cynomolgus monkek@(én/cs uman

ol

0 3|l"

" dissociating from the anlnt PH 5.8. It was also considered that the
pharmacokinetics could be further improved by conferring IL-6 receptor
bintlsigavittosern b8 BrdiNdedBptd dépEhde ness tindn that o y-Bjin73¢18¢ at 1

mg&é&?‘%@tﬁo@éﬁ@@g@% pidhe tﬁ@ﬁtﬁc‘%&ﬁé@%@ Q%ﬁé‘%ﬁcgéﬁﬁatzon The plasma
concentrea%%gtlt?gleocgu%eseé? [1088?5 E/Iﬂ\/IA Llj‘é I_hgr %tr}avetggtrglggmmistration are

shown in Fig. 10. The result showed that the pharmacokinetics of H3pl/L73 in cynomolgus
monkeys was significantly improved as compared to TOCILIZUMAB.

A single dose of TOCILIZUMARB or H3pl/L73 was intravenously administered at 25
mg/kg to human IL-6 receptor transgenic mice (hiL-6R tg mice; Proc Natl Acad SciU S A. 1595
May 23; 52(11):4862-6) to assess the time course of plasma concentration. The plasma
concentration time courses of TOCILIZUMARB or H3pl/L73 after intravenous administration are
shown in Fig. 11. The result showed that the pharmacokinetics of H3pI/L73 in human 1.-6
receptor transgenic mice was significantly improved as compared to TOCILIZUMAB.

H3pl/L73, which is a TOCILIZUMAB with pH-dependent binding properties, showed
significantly improved pharmacokinetics in cynomolgus monkeys and human I1.-6 receptor
transgenic mice when compared to TOCILIZUMARB. This suggests that it is possible to bind to
and neutralize several molecules of the IL-6 receptor with one single molecule, by conferring the
property of binding an antigen at pH 7.4 and dissociating from the antigen at pH 5.8. It was
also considered that the pharmacokinetics could be further improved by conferring 11.-6 receptor

binding with a more pronounced pH dependence than that of H3pl/L73.
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For heterogeneity of the H-chain C-terminal sequences of an IgG
antibody, deletion of 5 C-terminal amino acid lysine residue, and
amidation of the C-terminal carboxyl group due to deletion of both of the
two C-terminal amino acids, glycine and lysine, have been reported (Anal
Biochem. 2007 Jan 1; 360(1):75-83). Also in TOCILIZUMAB, the major
component is a sequence in which the C-terminal amino acid lysine in the
nucleotide sequence is deleted by post-translational. modification;
however, sub-components in which the lysine remains and 10

[ Examglib (ddombonemisnrithic A tHE K A& | coarttenytapionp is amidated due

RedudiASEHRLAERAE, diycine apdyEine A5 eXishAT NelRfAgeneity. Itis not

easy and would be more COStIy to manufactire thém as a pharmaceutlcal
in %@%ﬁ%%ﬁweomaﬁu%ﬁﬁﬁgl&é%ﬁ@@&@&%%ﬁ%ﬂ%@%ﬁ%%?@&bodx deletion of
C-ternsiunbbtanceacildtathbeteidge naiyinstezenofnhd (Ctensinklpassiald, gidsp due to

deletwaegfr%(}fatﬂgt%%eh NGRS gdgo glc%utl e&?lﬁcﬁgl & tﬁ£99%@ ﬂt}[eg)orted (Anal

when developing antibodies 15 asp arm us, itis pre era
BiochRn MY HeeHain0eliaranial hefblrogRriitl i BN By HisersoB Repgnent is a
sequeraiRtipadiéshaBepDasmacalticals ddie Ig:tesrminat ackothidaasmtiesedtved by

post- trf%‘é}é?%ﬁﬁ?r&é?ﬂ‘%ﬁgﬁa}%k?e%zo%?guﬁ‘%E‘?na?agﬁe preve;!}% [f?gétzsgﬁé"e?‘?rtfar}% and

terminus erlved enelty C

sub-compANEISd ety s dqirerupalarips h&é@@gﬁ/@m@w&a{m@aﬁm@ of both
glycmtﬁa’.ﬁdli myﬁ&&ﬁﬁ%ﬂﬂa@hﬁjﬂér@@%&%@t r?@h@ﬁh@f JW{&%@ more gosﬂy to
ZUMAB, TOCILIZUMAB that lacks the C-termina ne.residue
e AR SR T TR0 T WO B e
substawwdﬁﬁ%j/sé@wmﬁlswﬂ heterTEsTItY AgTRentheaducikentne H postied it is
deszraﬂﬂiﬂﬁ;ﬁ@@&%ﬁiﬂ@cd?@éﬁ%ﬁﬁ%@@@ék@&ﬂbﬁ%@%g@h&h?ilﬁfhen degzloping antibodies
i -ka ) : were
as phaggggésa‘é%ﬁrsor he le”l(rgi)g%n ybc%ﬁ(i?)% g‘)? a%%@%?%%%gg%%%m%&s absent
when @’Wa@wwlb@ﬁms%@h@mﬂ@m&bscolumn was used; and mobile
e B BN o e 2
mmo a ol/L Na ropriate flow ra
heteroB TR i M BolR! G0N TP S S BH P R G ERp B G G b prevented
by preeieibtng &ohr o atsdeapiy ssqsieooen tire Bigint2anthd yeisaltshbwedt thatC terminus
of the E@ﬁ:ﬁ%ﬁ%@ﬂ%hifg %:OP&Q“@@E%ME carr@@rﬁﬂ%@glmy ﬁf@c%ﬁh%t@mls that
rom the nucleotide eq ne_and.glycine residues at
facks %& ?‘@%ﬁ?ﬁ& %éﬁgﬁﬁﬁﬂv@%ﬁ %&Pﬁs&ﬁéﬁ predéingQ ID NO: 68;
L chamrﬂﬂﬁaws!ﬁ@@eﬁiﬁh@aﬁﬂjeaﬁ‘dt@mﬂmmﬂmamlmmstéhtemgm lysine and
glycm@yegfd%@ ESETIRA ARAYENSRS ﬁfcﬁlﬂﬁrpwt n%ﬁ?&% YR&D. 69 L chain

antlbodlesl Gl, 19G2, and IgG4 contain lysine and glycine at positions
WT-kappp SpaLIFERAERSHHiRG 1 ERE G HRbRY g (R %8 E@a@ences
chr cmafqgnawys dﬂmﬁruﬁadn@lﬁéﬂtﬁeﬁaﬁlﬁ%hkl@hhaaﬂbmhhnﬁh%d?@d 2nd mobile

phase Kh@agf%%}ﬂ&m%@yﬂ%@ﬁ%ﬁ% %@ﬂ%ﬂﬁﬁ?‘@é@@%@&@s mmol ., MES/NaOH,

eterogenelty found in the present Stud ai%lls expected to be also applicab

250 mpgayes %&@lﬁ%onswﬁf%@%ﬁ@%w ﬁaﬁt&rﬁﬁéﬁ%\we&wﬁ@édu fsrpstessment
result disuifiete iondicleveidihpteiogeneiptipig Gaisatya FROMIZUNABsTehowed that

the C-RAHRS At QEIAMRZ ISP IR AL bIAHMAR 73 ASHI AN cotide

sequence both the lysine and glycine residues at the C terminus of the H-chain constant region,

but not by pre-deleting only the lysine residue at the C terminus of the H-chain constant region.
All of the C-terminal sequences of the constant region of human antibodies IgG1, 1gG2, and
Ig(G4 contain lysine and glycine at positions 447 and 446, respectively, according to EU
numbering (see Sequences of proteins of immunological interest, NIH Publication No.91-3242).
Therefore, the method for reducing the C-terminal amino acid heterogeneity found in the present

study is expected to be also applicable to IgG2 and [g(G4 constant regions and variants thereof.



10

15

20

25

30

35

antibody, binding to the Fey receptor can be unfavorable in view of
immunogenicity and adverse 5 effects. A possible method for lowering
the Fey receptor binding is to convert4fge isotype of the IgG antibody from
IgGl to IgG2 or IgG4 (Ann Hematol. 1998 Jun; 76(6):231-48). From the
viewpoint of Fey receptor | binding and pharmacokinetics, 1IgG2 was
considered to be more desirable than 1IgG4 (Nat Biotechnol. 2007 Dec;
25(12):1369-72). Meanwhile, physicochemical properties of proteins, in
partlcular homogenelty and stablllty are very 10 |mportant When

rel@%‘?&bt @éﬁ?@@ﬁxm@m{%g@F'tyﬁﬂ%&@@@lﬂ@ﬁmm@%@&ﬁ%ﬁmg
hlnge region (J Biel Chem. 2008 Jun 6; 283(23):16206-15). It is not easy

antibogy bRy CERERI D R S X B ARERRRE Y and adverse
effectdargesesiblwhitehodibtdinngitietioblegtivecgubstanteg/ie latedhsuhistancespe of the

1eG adGIREH RSICI0EERE T @fﬂ}’?gdﬁ |5ylfide RongssbrivedsRrRAUeRPNSFom the

Thus, single 15 subs ances are desirable as much as possible. Thus,

VIeWPWHEﬁfé’éWéF&ﬁmarlb@Qdi‘é@tﬁﬁé BlHBSEREnRiGpHalihaes GhasIderpdso be more
desirapiefesalifeGid Mm%ﬁﬂt@@@éﬁeﬁyﬁﬂﬂ/ﬁd%mﬁmlsuWIémm

phys1c\6’&tlli]eqﬂfc éﬂ%ﬁ{l&e é%%z Isotyp ﬁE&%B&iEﬁ’%&n‘P %&%ﬁ’%&@?&blhty are very

etero en €, various variants were assessed. As
imporie K VIREHSRIRE ﬂ%ﬁth@éf@?@@éﬁéﬁvw%@ rediedgStrsipe has been reported
to havé @@@aﬁmmaogerﬁiajbdﬁy wsthg dm%&ﬁﬁﬁllﬁmlﬁﬁgm@@@n(sm)l@hem

O, 7 uence
2008 B e s L el SRR S O i crure e
as phaimﬁ%éw@yw%&eﬁcé%wh@mwﬁwﬁlw% afjpivgtabipaesmislalng substances
related)ifit@o fenpiecivaled andldes chsdeibentkidtieceh pesttienakd (Bbus, single
substaﬁ%%%zﬁ%ﬁ%gggp%g C'%s a?oo‘%% lng @Igg %PNS t\lfjgtgp%lez?gh g@%lbsotype antibodies
into meﬁa@ﬁa‘/@‘;E@ ippretoras, tqr@@mmmmmﬂ' éﬁawomm@ Gizpdily bonds
N T L g
chain
W EABRISE ) (O 5 D BTBRaTSlPA R AS R Qg e Vaous verans were

aSS@SShféterég@rreWTaﬁdV@efbﬂitsi titdelerespeiteicpwdborssess v wititnsreasing the
stab:lh%xﬁﬁﬁﬁgﬁedﬂ@mﬁ@g rapant Re:REPRAR) MM@@P'WH&P& The W& constant

. _used; and rggbll\eﬁphase A.was 20 mM i?; %cetate %IBOtand ton 133
region e & AR 50 A RO AT NGET TR S g o poston
(EU napprojpgate ﬂm&lratauaﬁéﬂ@r&dmnwere e taﬁasmad\ﬂyssaltrewectwely,
and theRiad by-GRION BXSRBASA SFaMmAle I8 (BEOPWELIRT @p&@hﬂi@@ was

bt SO ?ﬁﬁaﬁ?ﬁﬁgﬁ%@ Efb‘laﬁ?épe E e BT chain
WT-kPBCSHQRIDST; <m;cT@ﬁlLizh@mMgﬁnsmma%Teig@atSEQomm 7L
chain W'ﬂ%ﬁ%%ﬂw NaGl it f-93nena ! t@ﬁé@?@éﬂ%ﬁw $188c/SEQ ID

domain are shown in_Fig. 14..39 _The result showed that the heterogeneity .
NO: 7 thaikaily AERRIRET R R TrORIARTE AN sRsHE s heférogeriity and
stabiliffO CHHZ bidvbAdydg&Gily hawesesstidchetdragerdibngeuldobaisignificantlyhe ProPac

wexTE6YE5h Y CORMARSION R IOHE EHMARRRK SC EHIN Y Sl cetate (pH 5.0)
and mobile phase B was 20 mM Sodium Acetate, | M NaCl (pH 5.0). Appropriate flow rate

and gradient were used. The assessment result obtained by cation exchange chromatography is

shown in Fig. 13. The stability was assessed based on the intermediate temperature in thermal
denaturation (Tm value) determined by differential scanning calorimetry (DSC) (VP-DSC;
Microcal). The result of DSC measurement in 20 mM sodium acetate, 150 mM NaCl, pH 6.0
and the Tm value of the Fab domain are shown in Fig. 14.
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compared to TOCILIZUMAB-IgGl, the DSC of TOCILIZUMAB-IgG2 gave
a shoulder peak 5 (Fab*) component with low stability, i.e., low Tm, in the
thermal denaturation peaks of the Fagdomain, which is assumed to be
due to a heterogeneous component. However, when converted to
TOCILIZUMAB-SKSC, the shoulder peak (low Tm), which is thought to be
due to a heterogeneous component, disappeared, and the Tm value was
about 94C, which was equ valent to that of the Fah domain 8f’
ORI BN A CSTOBATRAL S S g esed i

TOCITAUMIXBHAAB-SKESBpaad toVEAISH.18 Halb BiltCdtability v tdeihtifteitimafeity could
ol EETAIER TR Ty et e oo, e

[
compasghipd OTOCHNHIRER 1 PO ol A RE Gy der peak
(Fab*ﬁftdﬁp@tmﬂimﬁtbﬂh@tamxjmyeity ofcanfimpdie shwithetg@2ldsetype copssintof the Fab
domai e%&% L%&%QE‘%H“QJE&QH‘Q'H&&R)Q&EEX ES&%%E%@”"P?@%&QI%W RGN Eonverted

Ity can be achieved. Moreover, it is preferred that the constant
to TOG a@%gﬁgpmwgmm&%mw Wrishidorke Setype
hetero@bddats LbA\IMAR:, Hisafgeniaifinciabsstant shgions hbwvin@G4t Supdiidt was equivalent

to maPo%%m%f@J IS ihapaaEbogies %1 819Gk %@i 19 NHRRAL{EGIONSTHys,

eening was carried out to ident utation Slte or improving the

TOCIbM%M@é”@F TyedeiAg VB I RIS EeRiEh has high stability and

reduced heterogenelty related to antibodies with 1gG2-isotype constant

Identi zcgjcion Q v LIMS‘E) §n(t§§(9)1ll?tg}l e %n of

u- : ' sSTe0—
TOCIW%WRB‘ the glutamic acid at position 137 EU numberlng is substltuted
to 23 Q&@H&cﬁﬁ@o&%“ﬂ@r@h@@ﬁ!ﬁ@@lﬁ@ mbﬁtmwe@typglwem@ﬂnemUMAB

histid] ositlo 8 is_substitu 0 uta the arg |n|
e ST LT A G S R e Ol g wieh 122
1sow$mmtmm&@mﬁmmradmlmﬁlmwm thélfgqfcqh ée@@m@émtﬂmet@zﬁwg the high

stabzhmal?{ %'@ gchlRegitiondibisdaleioskiereducs the heleraoenedy Ak s superior
b E%lﬁ %%;F In.a dlgl né\év M44 f‘% ﬁ 7}§ (amino acid
P arm@@& B85 B 8P p ST HAY S QERSR hon of 30 HeBtragine at position
431moreuammﬁnci@mmmw@nsﬁmﬁammwrmg@a@é@h@ tuan apgbodies with
1gGl- %?PQ @cﬁ{ﬁaﬁﬁqyﬁeﬁ@ﬁéﬂ@&f?@%@%@%@ﬁﬂtﬂgcﬂhﬁ?ﬂ}‘@n@tzﬂﬁﬁitﬂ@s‘%@ improving

e e R S SRR O

hetercgeqeinceffwids protoded mm@@ﬁmmm@n@g@mmmnwmove. As

| T j as
a resuft a‘W?g\’fE %g%ﬁrig)p %/ MZTHDM&I\?E Wﬂ&ggﬁ% %Iﬁ%_éﬁ%%@ch,

H.
compRp AP a/aeks AT o HAoT 1o 6 Rbeiped to
glyciranchd QGHe Zt fdBMI7 (s eftatinWd - ZBSEQ D NORS; 4t pheitmon 268 is

substiwggm%ﬂ‘{éﬁ'ﬁ?el [,NQy ﬁiﬂé"é@ ISoRERRE8d AN BeRERRER @ﬁ@ﬁiﬁ@ffﬂﬁﬂtﬁlutamme at

towards human FcRn an pharmacokinetics using human FcRp,
posm%ﬁéaéﬁ ﬁil?ﬁfgét@é@ ﬁé@?&ﬁ@@%ﬁ%ﬁﬂe‘é’f&ﬁl&ﬂ& glycine at position 446 and the

lysine at position 447 is deleted to reduce the heterogeneity of the H-chain C terminus. In
addition, WT-M44 (SEQ ID NO: 73 {amino acid sequence)) was prepared to have substitution of
asparagine at position 434 to alanine, relative to IgGl. Furthermore, WT-M83 (SEQ 1D NO:

74 (amino acid sequence)) was produced by deleting glycine at position 446 and lysine at

position 447 from M44 to reduce the heterogeneity of the H-chain C-terminus.  In addition,
WT-M73 (SEQ ID NO: 75 (amino acid sequence)) was produced by substituting asparagine at
position 434 with alanine in WT-M358.

TOCILIZUMAR-M44 (H chain WT-M44/SEQ ID NO: 73; L chain WT-kappa/SEQ 1D
NO: 54), TOCILIZUMAB-M58 (H chain WT-M58/SEQ ID NO: 72; L chain WT-kappa/SEQ ID
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method). 5 The binding of TOCILIZUMAB-IgGi, TOCILIZUMAB-M44,
TOCILIZUMAB-M58, and TOCILIZUMAB-M73 to human FcRn was
assessed using Biacore. As shown ingfable 6, the binding of
TOCILIZUMAB-M44, TOCILIZUMAB-M58, and TOCILIZUMAB-M73 was
about 2.7 times, 1.4 times, and 3.8 times superior than that of
TOCILIZUMAB-IgGi, respectively. 10 Table 6 KD(,u M) TO CILIZU

AB- TOCI -M44.0.59 T AB-M58 1.17
No: sy D P A SR B VA et
WT-kapQZHHQUMNB:M 5 BwaridptepTeCinilzasmgsBdVvin3werefasssdondifds thaian FcRn
and pHRARERAGRKRSUSH IHIMMAT FERAFANSIERISISe, FdTe-askIbis SHRNTIP ke
Fig. 15. When compared to TOCILIZUMAB-IgGi, all of
methoo oL 1IZUMAB-M44, TOCILIZUMAB-M58, and TOCILIZUMAB-M73 were
follhe tongxinitit TIOEIONEYN MraBvigCokine{ad, lad SHABANHHRJ QGILTREIMAB-MSS,

and TEERCEATIMPEONAY 1he Rharmagekinetics cuislatedmith the ablltyde bidrabie 6,
human FcRn. In particular, the 20 concentration of TOCILIZUMAB-M73

to ,
the bingipg A O5EF 8N WaS itBovdd b attii 16 AfteSOSddhparddrtd73 was
about T O Gthd¥ UMABHgGhdTh8gjraedibastissrhhwinthih e fCOOSHIT e yidBelckAT3
S,.also assumed to have significantly improved pharmacokinetics in
nmans as compared to antibodies having the IgGi constant region. 25
[Example 7] Preparation of fully humanized IL-6 receptor antibodies with
Table énproved PK/PD TOCILIZUMAB variants were prepared by combining
RSOt et e RS Elresrareiieeamesean stant regions of TOCILIZUMAB
found in the examples abov& D Igzl Mthanized IL-6 receptor antibodies
0 Screeryn ere: Fv3-M73 (H chain
Tomfmg%{%%ﬁm; L cr?]éu‘n 1-kappa/SEQ ID NO: 28), Fv4-M73
TOE laldMABVMALQ 1D B 96: L chain VL3-kappa/SEQ ID NO:
1 N B3 in VH%- /ISEQ ID NO: 27; L chain
T Lkgl)ja\{g : ID&SE%O). 41’f‘ngaffinities of prepared Fv3-M73,
i VA %9

; nL@ptor were compared to that of

respec
u

TOCILIZUMAB (see Reference Example for method). The affinities of
these antibodies for the soluble IL-6 receptor determined at pH 7.4 are

shoWRTRIZEBIRAB-IR(rihdfMdid Zhdil BRI AIS 0K lkAl kY v fiend
TOCIVEIeMABPreriethasesef bl Qhdl Askile BoRtah e eikgenic mice.

The regf 2Ry, ANG-L-recgator anbody, 48 S P Sz UMAB-1eG 1, all of
TOCILIZUMAB-M44, TOCILIZUMAB-M38, and TOCILIZUMAB-M73 were found to exhibit
improved pharmacokinetics, as shown in Fig. 15. The effect of improving the
pharmacokinetics correlated with the ability to bind to human FcRn.  In particular, the
concentration of TOCILIZUMAB-M73 in plasma after 28 days was improved by about 16 times
as compared to TOCILIZUMAB-IgG1. Thus, antibodies having the constant region of M73
were also assumed to have significantly improved pharmacokinetics in humans as compared to

antibodies having the IgG1 constant region.

[Example 7] Preparation of fully humanized IL-6 receptor antibodies with improved PK/PD

TOCILIZUMARB variants were prepared by combining multiple mutations in the
variable and constant regions of TOCILIZUMAB found in the examples above. Fully
humanized 11L-6 receptor antibodies discovered from various screenings were: Fv3-M73 (H chain
VH4-M73/SEQ ID NO: 25; L chain VL1-kappa/SEQ 1D NO: 28), Fv4-M73 (H chain
VH3-M73/SEQ ID NO: 26; L chain VL3-kappa/SEQ 1D NO: 29}, and Fv5-M83 (H chain
VHS5-M83/SEQ ID NO: 27; L chain VL5-kappa/SEQ 1D NO: 30).
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in Reference Example, and VQ8F11-21 higGi described in US

2007/0280945) (see Reference Example for method). The results

obtained by determining the biological activities of these antibodies using

BaF/gpl30 are shown in Fig. 16 (TOCILIZUMAB, the control, and Fv5-M83

with a final IL-6 concentration of 300 ng/ml) and Fig. 17 (TOCILIZUMAB,

Fv3-M73, and 10 Fv4-M73 with a final IL-6 concentration of 30 ng/ml). As

shown ip, Table 7, Fv3- and_Fv4-M73 have abhout t to thre

high ﬁl&%ﬂ Hfrstﬁgﬁr%{fﬁ%&w& VR T R ?&t%ecepﬁor were
compatiedes thghef BEHRIMAAD GHel RgfikBeésihcenplvderdiffibold to mMbasifiaities of

these é@@o@ﬁi@ﬁo@&ﬁé@ol\{!&% Iﬂ%t?@c%ﬁﬂﬁ Al was 4 %}@W‘H”ﬁg H3Hg FV‘f"a'&Q#
(H chain VH5- D NOQ: 76; L chain VL5-kappa /SEQ ID NO: 3

Furthegppoas, ﬂa@rﬁaﬁ@k} @ey&ga@&ﬁgﬁaﬂm&ﬁ; ViR %ﬁg%é?ﬂ rgissrist
TOCIgetiéxdBthodight ¢cortiavéhokeibeat biylatiifit}y Astidhetvredapfkig ahibody described

in Refgr\éﬁa'é"ﬁa?’x\ﬁ/ﬁ %Wés%h'ﬁ'f ﬁk'g@tfydég&ﬂ%% ﬁ“dﬁ"i@ﬁvt}@ﬁowsg (sec Reference

B. As shown in Fig as a very strong activity

Exampiffon ReHOre-thahe I%zlﬁﬁﬂ?éag?@%@f ﬁ?éfﬁffﬁa%f%ﬁ‘ fh@@mzwﬂhﬂmﬁt{%m@hese
antibo@fed Q¥mif tBbHﬁg"MGoaﬁe@mﬁamﬁn fﬁgsmmmrumumd&mmm Fv5-M83
n I
with HECICE SRR S0 /D Shaia 1 o %I%ﬁ%fé‘?ﬁi@%“?%
Fva-Mda( w1 iiia%hlwmmﬂmemo e NERD) OEASs R I3l 2brE oG v3-M73 and
Fvé- Nﬁ@%}%%%ﬁ@ﬁ&%@ﬁf&@érﬂe@ﬁr@%r@fﬁﬂ?@ﬁrﬁmﬁmlﬁwﬂ 4R;R9Fv5-M83
canl S AR B S DR e e o measu
the afﬁéé@ﬂ%?&iﬁ#ﬁ? sisadsie w@wwe%@mﬂﬁéﬂnw%mgﬁ%ﬂ@%ﬁh@lam

VHS5- I@DI@QM) NO.atgel Sctree Refarepse/ Eramplevior sogthosdh the BhIgG1-type
ende of the dissociation rate, of ,Fv3-M73,and Fv4-
conse R e 1R A Sho LI S S EE PP, A

shownrgsﬁmi%|§v&§\@6hﬂ@dr8ﬂ%ﬁ@)@¢mmmlyrﬁ@@@nsmmm ten
ToCHmpaamentof éhsvﬁhrﬂﬁfgeméewy Msh% @&Br@%ﬁel@}t'\/&}{&h is more than
160 tlrgp#ég‘%rd géclrﬁg %&@@f@;@l s Eg rﬁlgf%] I?Creezgtrta?uon
Fv5-M#ig mrwaan]yhmbw@dmtan@ Bight7 zzieptﬂ@smg (@35189 hKeltisl 3 {40 Keigig)itory

concetihh6n HEnRE MR Minb Q- Hi A UMAR 2= € eBefidr e body).
Fv3-M73 4.9E-04 5.3E-03 10.88 5 Fv4-M73 5.1E-04 5.1E-03 10.06

Table 7

(/Ms) kg1/5) KDV
TOCILIZUMA 4.0E+05 1.1E-03 2.7E-09
Fv3—-M73 8.0E+05 8.7E-04 1.0E-09
Fv4-M73 7.5E+05 1.0E-03 1.4E-09

The rates of dissociation of TOCILIZUMAB, Fv3-M73, and Fv4-M73 from
membrane-type I1.-6 receptor at pH 7.4 and 5.8 were determined. As demonstrated by the
result shown in Table 8 (see Reference Example for method), the pH dependency of the
dissociation rate of Fv3-M73 and Fv4-M73 from membrane-type 1L-6 receptor was about 11
times and 10 times improved, respectively, as compared to TOCILIZUMAB. The considerable
improvement of the pH dependency of the dissociation rate relative to H3pl/1.73 described in
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The isoelectric points of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73,

and Fv5-M83 were determined by isoelectric focusing electrophoresis

using a method known to those skillegyin the art. The result showed that

the isoelectric point was about 9.3 for 10 TOCILIZUMAB; about 8.4 to 8.5

for the control; about 5.7 to 5.8 for Fv3-M73; about 5.6 to 5.7 for

Fv4-M73; and 5.4 to 5.5 for Fv5-M83. Thus, each antibody had a

significantly lowered isoelectric point when compared 1o TOCILIZUMAB
Exampifid thees %?%%Jﬂﬁ&ﬁ%@?@?&%@ ticat afﬁﬁslasw §f the?-M73 and
Fv4-Migriabld ddgiengsi BV Ly wasrcadcllated by GENETYX (GENETYX

CORPORATION). The result showed that the theoretical isoelectric point

was 15 9.20 for TOCILIZUMAB; 7.79 for the control; 5.49 for Fv3-M73;
Table § 01 for Fva-M73; and 4.27 for Fv5-M83. Thus, each antibody had a

AL 6 L ~alValla idValalalla \ViaYaYa aYaalaka
[

and the control. Since it waggHgv4 in ExarP[Hﬁ Sat IQB mag Ki elics 454
improved by reducing the isﬁlﬁectric point, the pharmacoglinet'icg of ?6 )

Fv3-M73, Fv4-M73, and F&{ibiSwas tholigltlése iptrDERRNBENCY
TRCHL MR cnce & RoeTIZUMAR; 2083, FuamisOGr
Fv%%?@analyzed uﬁn@&@l@OPEﬁl\%}fﬁa 2004 DA€}.88

NN B

£ ell

contrast, the number of sequences that were predicted to bind to T-cell

epitopes was significantly reduced in Fv3-M73, Fv4-M73, and Fv5-M83. In
adfhiowots % peime Wb AOSHIFIEUWVIA Brile wragrady G MiEB P My 3, and

FvS-W@&@&_f&@tﬁﬁﬁﬁﬁ@B? i%ﬁ?@@ﬁ@'&cﬁﬂﬁ?ﬂ%&%ﬁb@éﬁl dsswd _ §tnt1|§§10d known to
ossipllity, that Immunogenicity ri IS significantly.reauc 1) Vo-
those R R SRR S el e B
TOCTRK/PI Akt abforll B himPah foe thi correek plorwritibenlfe8 famivhldys 4dout 5.6 to 5.7
for FVEM'ZSG,;‘C&I@QM(ZIQ M(?B_F%emgﬂtrotfdé?é?{?mﬁiﬁ&ﬁ}%dwéﬁ‘iﬁé lowered
. was intravenously administere ] 0ose O m g cynomoligu
soclege R P A b A e SRR A G, he
theoreReflermnbe Exaropieofahenettiokly Fhepiadhay cormertiatistedimne(@oNiBEY X
(GENETTRGEE YOSy @@.Mﬁ%§¥§%ﬂzgo%@tﬁ¥§ﬂ%é%§e%f§fc{§1 iﬁgél‘é%ﬁ%im was

a I WN | 1J. . e SUIL S a
9.20 g T A S BT a b Tt b M73; and 4.27
for Fvphdfdacdkinstieslinmypoipdigus sigoifkeysiyvhercoohipaiedto point when compared
to TO@@%U%M’%@&%@ EBﬁthIF‘”@anJ ﬁ‘%ﬁ% s@ﬂ%%ﬁ%@%pﬁ:vﬁl ﬂ\{g%haimacokinetics is

. exhibited highly improved pharmacokinetics when compared to

IMProYRY SN TSYRAB TP A BRFCHEPOPELLR BRITARY KPAdtH 25 &3 -M73, Fv4-MT3, and

Fv5-Mfgnvhsaheaptpecyoomolgued WMWed&b@éﬁmﬁmmm control.
CﬁQéﬁ%EH%@Bﬂ“tﬁX %E%Wé‘?egf’dﬂ' g[%&?c% SYAHEANEPUIIAR 63 I0MR! Fvam73,
back at 5 g/kg every day from Day 6 to Day 18 after antibod

or Eviiiimitransi e wing bay 10T @éﬁ'@m@z&a%%i%ﬁﬁ%‘éﬁz&)- As a result,
TOCIcinoanBtioasipredictedniralwas ¢ tgiminagd Zwhiotimiatet ¢8REbind to HLA, as

shom?ééﬁi&%ﬁ&qe%faWR@OI&E&E‘%&W@%B@? é%gq%%%%? tﬂgg%?e%(%g&ﬁpetﬁ%%Qnd to T-cell
epitopes was significantly reduced in Fv3-M73, Fv4-M73, and Fv5-M83. In addition, the
framework of Fv3-M73, Fv4-M73, or Fv5-M83 has no mouse sequence and is thus fully

humanized. These suggest the possibility that immunogentcity risk is significantly reduced in
Fv3-M73, Fv4-M73, and Fv5-M8&3 when compared to TOCILIZUMAB.

[Example 8] PK/PD test of fully humanized I1-6 receptor antibodies in monkeys
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administration of each antibody is shown in Fig. 19. To assess the efficacy
of each antibody to 15 neutralize soluble cynomolgus monkey IL-6
receptor, the plasma concentration of;free soluble cynomolgus monkey
IL-6 receptor in the cynomolgus monkeys was determined and the
percentages of free soluble IL-6 receptor were calculated (see Reference
Example for method). The time course of percentage of free soluble IL-6

receptor after istration of eac n Fi

P SN FO T B s O e b dne fpae
intravemmsmmgumlmnrkeydt% aeimepteﬁhm@ﬁk@te systainkbie maykeamdo assess their
time cSHRPRSGINeIRCLRAREA %&\%ﬁe'@szg&f RefiRd MR conRatagkina

COHC@%%CMMAB and Béa (écir% Fr%f the M%; nﬁﬁ I\;‘aﬁln antléla-)%évfegoa%

intravaneutradizédi sedtibleacy shovalgnd morkey TheG ¢ade phomiedgmosech of Fv3-M73,
Fy4- Nﬁ}és‘a"ﬂ%‘?)? N3y e%goﬁge@ B@’fiﬁ% E%J%%%%ﬁ?aﬂﬁ&%%%&'% cynomolgus

eyhomolgus monkey IL-6 rece tor over a longer period when _compared

monkes e CRARAS \Frad & fangel de MO HsraE YRaYAd #pd
Fv4-M783R 3t iy &npiﬁﬂréﬁ@abﬁﬁﬁc&ihmme rialidn seatairdd goti©CILIZUMAB.

a A I
T8 e e o SRR s oy 1
recept%rﬁ@ﬁn&mgﬁ@@pe%ﬂwamw&%%éwaﬁféfmﬁism%ﬁﬁhﬂ@mpwmgl the
lower BEINEESSEHKS RI:B0dandriieerseluhle BynpomatusutidoleadmbleeapioDay 3 to

Fv4-M73...Th
Day }me[ﬁronger I&F BEV%“%% % (i\élx}%emra(} ?ﬁe?r?contr Eih(/i éllivrgg ﬁg{g&%ged 24
hours leigh(seaRe/cirrch Feammpfor metirsbly) |ﬁ%@ﬁl%ﬂ§%@%ﬁ@ﬂﬁ¢ﬁgaﬁm after

admmﬁﬂdtﬂlﬂf' EabirEnti®eEptRIShdias p@s@er%mmﬂwtsmmwpe@éh antibody to
qus monkeys reflect t tronger nity of Fv5-M83 for IL-

neutes g P OB ErO A Alor) P Y i S ALl fi Sotuble

cynompdgasmysksin fefbticee piothia émmomlgpﬁe@,@rﬂmmgsmjgw @nd the

percerfd3\f Sransbivde73 %@e?tghlye‘fé' @@1@%@@@@@mw&éh@ymw@msnemd)

Th tanant| IL-6 rece or neé8 rf%z i‘krz%d‘y ncompa red i tion of each antibod
cIRHAZY 8%%8 Atrol, and useen & 05|gn TCARTY T8l he ™20

is shoelnsadieeadd frequency of administration. Furthermore, Fv5-M83 was

deg&gﬂ%tf WI@Z@EF@IG E'@i’k??iﬂ@%‘%mif& rﬂ%ﬁ%@iﬂ%ﬁﬁ@@%@éywmelgm
vity as an anti receptor-neutralizing antibo well as’su
ok BRI R TS S bl i T PREOORE L DTS anect T ubver &
longernysefol whgphanmpgcedticdl m&a&wmma[mm@qu@m@m@@ affinity
anti- 119%%&%@&!%3%@&9@NM%&&%KBQW%WW@MW%M% M83

invasion _of monocytes, T ¢ ceIIs and basophlls MCP-1 has b
noutrefigsE 180 PG HIGHIE EBRRLe &ﬁ GRS 1R ABRIG FHOGHAPHACHGY FoRT Suppressed
the ingratient$ fideGliliblevsstonSdpui 9921,‘&&018)‘7@6137&9) @ dslthgegitriodoehen

compé%@!gfﬁgé@%(@gg@%%g%%%ﬂ offRALIBflAMMR- dAUEFE% W at all of Fv3-M73,
Fv4-M73 gand Fv5-M83 are superior in sustalmng the neutralization of membrane-type and

soluble IL-6 receptors than TOCILIZUMAR and the control.  Of them, Fv3-M73 and Fv4-M73
are remarkably superior in sustaining the neutralization. Meanwhile, Fv5-M83 suppressed CRP
and free soluble cynomolgus monkey IL-6 receptor more strongly than Fv3-M73 and Fv4-M73.
Thus, Fv5-M83 is considered to be stronger than Fv3-M73, Fv4-M73, and the control (the
known high-affinity anti-IL-6 receptor antibody) in neutralizing membrane-type and soluble IL-6
receptors. [t was considered that results in in vive of cynomolgus monkeys reflect the stronger
affinity of Fv5-M83 for IL-6 receptor and stronger biological activity of Fv5-M83 in the
BaF/gp130 assay system relative to the control.
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15 VEGEF is a potent angiogenic factor and is known to be produced, for
example, by macrophages, fibroblasts, and synovial cells in the synovial
membrane of RA patients (J. Rheumgtol., Sep 1995, 22(9):1624-1630).
Moreover, the VEGF level in the serum of RA patients correlates with
disease activity and radiographic progression (Arthritis Rheum., Jun
2003, 48(6):1521-1529; and Arthritis Rheum., Sep 2001,

4 :2055-2064) and the \/. el i erum.decreases b ..

w R A BRSNSV h A I G Aot SRR o sustaining
their atHeitfoms MEGFI5-alstepnsiderzd o ay hodypoheme eolpaisdiie
O e e T hud

ediators. Inflannn. , ; us, whether
S L s e S A e
superigatidataecivéd synoyialdeks whiek aceui-ibrd sitefRramlittalézigs antibody as well

as sustHIHYANaP eSS anined fHiven RARetentariuedsioviabesliSed to be useful
(TO OBO)Iwere plated onto 96 well plates in 5% FCS-containing IMDM

as pharmaqeiirat B0 AP EENES:05 mL/well, and placed for 90 minutes in a

CO2 incubator (37C, 5% C02). 0.05 mL of TOCILIZUMAB and Fv4-M73

ilutad to appropriate concentrations were added, the plates were left still

or 15 minutes, then 0.05 mL of 30 soluble IL-6 receptor (SR344; . .
prifaesy shsranitaciaet mretRsd MEdcbéd Frpverdodcivelishngs)lular invasion

of monweyesadieel! s hikptalss anerieafophidy. leftistif-foh80ominutesrtatdothOhinhly

L-6_(TORA: ! raf|
e o e e ol .

90(3)- fHe-dufturadisdbrnairne irdns dunddaddc aathtlecivrE ponditien/pi®d (Inflamm.
AllergoaneRMEaioRs MuH OB/ IE Sepegpatants were measured using ELISA kit
3 iosource and Pierce Biotechnol . Ther ts ar in Figs.
e R T
macroppegefsHbncpbishahthy ROx abchtiarbeamexddynevibrass rf Biobstignts (.
Rhemﬁﬁbltglsé;k/g@%%zm@?ﬁ pﬁghltﬁé@timpﬁaﬁ%ﬁﬁ& a?f@rm?mr@m nrdpeadenbs RA
. anner. Acc ] the, persistence of the effect of Fv4-M73 a
paien] e DR e SR B s S K e, 1un
2003, f8¢eptdr hrid Woakthd theidighbgsmt, thep B0MbrABRH208Ha166 ruskibel EGF level
in the 83 SQlRIedbs ByeLeRiQnNR Fandicanrthh Sho aHEITRSSFOMEBIRR TOCILIZUMARB;

eSS U SRSl ekl 200 803 SRS oot
(Mod.iRhibitsaeC ROOANGVECF1redddrsdiftorn nfimaum. RANSaHEAS-dehY Y.
syngviahagiisel herefoie AR Wos- sk o BveyreffesHVeEGE

prodog e O RV IECE FRGEBHOPLE VL ARSI AFT aptai nd 1
stimulHtiGoreeeptanofitide human IL-6 receptor, which is the

Human RA patient-derived synovial cells (TOYOBO) were plated onto 96 well plates in
5% FCS-containing IMDM medium at 2 x 10* cells/0.05 mL/well, and placed for 90 minutes in a
CO; incubator (37°C, 5% CO,).  0.05 mL of TOCILIZUMARB and Fv4-M73 diluted to
appropriate concentrations were added, the plates were left still for 15 minutes, then 0.05 ml of

{Exam

soluble IL-6 receptor (SR344: prepared according to the method described in Reference
Examples) were added. The plates were further left still for 30 minutes, and 0.05 mL of [L-6
(TORAY) were further added (the final concentrations of soluble IL-6 receptor and IL-6 were 50
ng/mL for each). After two days of culture, the culture supernatants were collected, and the
MCP-1 and VEGF concentrations in the culture supernatants were measured using ELISA kit
(Biosource and Pierce Biotechnology). The results are shown in Figs. 21 and 22.
TOCILIZUMAR and Fv4-M73 inhibited MCP-1 and VEGF production from human RA
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Prepar,

15 antigen, was produced as described below. A CHO cell line
constitutively expressing a soluble human IL-6 receptor containing a
sequence from the N-terminal 1st to 344th amino acids reported in J.
Biochem. (1990) 108, 673-676 (Yamasaki et al., Science (1988) 241,
825-828 (GenBank #X12830)) was generated. Soluble human IL-6
receptor was purified from culture supernatant of CHO cells expressing
pat1ent cf%nve %gllti%r;’el% COHJSI? Sr\}%l)lmtsa t \%PH@ IB%L:U%()?%E %Eog et|1mu‘?al[:10n ma
umn ¢hromatography, affinity ¢ omatogra y'using a colu
concerfriiobiflzeendan ﬁlﬁﬂa@mbody specific to SR344, and gel filtration column

chrQatnaERpANe E&@ﬁt@ﬁ&@@f&h&@ﬂf@% dheypaiypeakwas;used @%@b@)r

inal purified s Pre ion of ol reco blna
AT e %R SR A S e R s or e
membmmm@nsptgsemdgs@h@keﬂué reecfop iR iesigsi fentkeyupeBaeesprorpared to
Tocmﬁﬂmm %e %mma%%ﬁﬁéﬁ%{@y ﬁ@%&%@&é@ry %&ﬁdéaaé@@&%%md to

DNA fr ol

TOCT A RURR, ST i (o BN By L O e B o fgm human
RA paasm~mmdt@rmi‘ﬂhcphepafétﬂc&rﬁtﬂ@4phﬁﬁ’m dﬁ@yndmbﬁgmemcﬁfﬁ@m
therapdif FE34ING ANA agment was inserted into a mammalian 30 cell

expression vector, and a stable expression CHO line

(cyno.slL-6R-producing CHO cell line) was prepared using the vector.
Referehbe Exdtupdemnedium of cyno.sIL-6R-producing CHO cells was purified

using a HisTrap column (GE Healthcare Bioscience) and then
concentrated with Amlcon Ultra-15 Ultracel-10k (Millipore). A final purified

1 ceptor (hereinafter cIL-6R)

wasbbitthi ned timaghifurbe fpdrificatinn ofthe3hSapéidex26ppalovetadek the

anugeytl}@al C%}&&lgéﬁ%@&ﬂ%@&%%%& B'%@%%@If‘ﬁng églgﬁfﬁitﬂ%l?fex%ress%ng a soluble

recombinant cynomolgus monkey IL-6 (cIL-6) Cy nomosrgus monke

humarwas%%“ﬁa@aoswﬁa@eﬁ@cﬁaaﬁwe%%@a %%Wﬁrrﬂel (RRdtemino acids
reportSEGUEBR EReOATE AL 8NENd-6midSydeneskiter uhdsciSWMUSBRROT 1, 825-828

(GenBRERESEI9ANY A aZ%%“éré‘%’&P p@&ﬁ%??h@%ﬂﬁg%&%@ﬁ?@g&ﬁf&h culture

expression e resultlng vector

superngtanfant GHithent sesuniession TR dthby Ese selsmrsduemgorrRh gel e )Sepharose
6 FF c'cﬁhﬁrﬁkﬁiﬁﬁ:ﬁtegtﬂpﬁyﬂfa@ﬁﬁﬂ}l biﬁd@ﬁ@tﬂigﬁﬂp@ﬁ&@gel&m purtetd] Ysidgvith an

: Fc Healthcare Bio and-the,
amlbogg ) wf Wi F{amlg 'PE]I{T 75 i?l(race %{?fﬂ%%% VA r%l %%%Példemed as
the maja sk W&%@#ﬂélé@%rﬂ@ﬁ@@@ﬁ@emaﬁer cIL-6) was obtained

through further purlflcatlon on a Superdex75pg26/60 gel 10 flltratlon
e Iumr} .

argaion o

na Y I QL
hughhgﬁm%mm rfe@"épft@paﬁ:sﬂk}mydoomﬁm ma@@ﬂeeiaﬁé&@?éggm for Rhesus
monkMENL0p WR ﬁ%?@ﬂ@le@{%bymlﬂt%ﬂem%@idsq{éﬁmlﬁn 1,34 (Database

ity rgg}l@% eceptor antjbod %8 11-21 hI Gl is descr eg
w83 ho B oA RY 1 AR ORe S LBk le e P er
gene whsheipaseibbly E6Rrusiag the primers, and as a template, cDNA prepared from the
pancreas of cynomolgus monkey. The resulting DNA fragment was inserted into a mammalian

cell expression vector, and a stable expression CHO line (cyno.sIL-6R-producing CHO cell line)
was prepared using the vector.  The culture medium of cyno.sIL-6R-producing CHO cells was
purified using a HisTrap column (GE Healthcare Bioscience) and then concentrated with
Amicon Ultra-15 Ultracel-10k (Millipore). A final purified sample of soluble cynomolgus
monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a
Superdex200pg16/60 gel filtration column (GE Healthcare Bioscience).
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set forth in SEQ ID NOs: 77 and 78, respectively). The antibody variable
region was constructed by PCR using a combination of synthetic oligo
DNAs (assembly PCR) and IgGl wasggsed for the constant region. The
antibody variable and constant regions were combined 20 together by
assembly PCR, and then inserted into a mammalian expression vector to
construct expression vectors for the H chain and L chain of interest. The
n cleo d seuen%:es of th resulti _o 'o vectors were

" 1nart O LS O

hug@yamnqgg@ﬂmanssrébeﬁﬁmsawﬁbwﬁ @Yeﬂ@ﬁﬁ@@b@ﬁ@mx‘e@ﬂé@ow The
nucleoﬁ@@kféeiu)am%%n%zs@ﬁ?g?@é ARthRWHfiRdiusHIG ALCRNSIVELRP RYIMEESIO on No.

ectors b escribed in 2 ple 1. Pre aration,
793 B D G A P G BT L BT Ytk 17 g Aol vector
was invenduets! wied plopaibd ipinpatiees GuikE bapgesBitec B rentddydMuage pesiscing
CcHO Kifi (Rirstaggne)acroiding.ia e metod deseifed (ibe ARP&AYSdrified using a

instruction 30 manyal. Th esulgﬁ g plasmid fra ments were mgt rted into

SP-Sepharasedia AUBMBAbTe 558 %P%‘B%ﬁ%ﬁﬁé SIhreBsii Yedigptiydymicon
Ultra-i3el Hireloeliris il lipohains Affintd nestifiEieample ofidenseglproesdfdh &_-6
alem?m@mﬂ BYESSIPR RO S We TR HetepTinRd Sy 3 Methad Kooy 196/60 =

skilled artisans, The antibodies were expressed by the method descrlbe

filtratigg sl A e 6%%?9@wm@v%ﬁe@?‘mm@mﬁmw@ﬂmﬁ*emicon Ultra-15
Ultrac@R¥itr@déhpovels suspended in DMEM (Invitrogen) 35 supplemented with
10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 ml per
dISh in dlshes for adherent cells 10 cm |n dlameter CORNING) at a cell
£ 22 3 : SIS ¥ G CO2 incubator (37C,
SW@Gﬂéhfmlmnezwmdprd@yoan&ﬁ@mhtheﬂmﬁﬁt&dmeﬁw@rwasf@ﬁ@vezt eGl, a
a EM-11 (v dele
o o LI B T oteaion T US

as
2007/9280408 ﬁh@&@ﬁ?@&%@umﬁmmmﬁ@mew R shen sl chain as
set fm(ranﬁr@E@melmow @cﬁ"/mlfbsmﬂwawmpﬂiawrﬁbdayrem;weqegm@ms

r| | |Iter|n thr h O 22 f|| ) G Milli
Consml Qin Yhe superr%a% %}3 died wereet E)ull'l“c‘r’e;g S(e %6110 r?g%)&?and lgG1
Was u@@ﬁtﬁﬂ@ﬂm@@mm@y a R@tn@@bmdavvﬁrt@bth@é@ §RﬂFéWQE@&$tVif§’m gombined

togethdrTRieivAnBBIPERSaimeashklow (AmetahamdiaseianeasiniRctor to construct
determl r%e gg rationéjit uri |e ant boi ab orbance was fih
X Preeasy erce B80°run uasll%ga'n a sp?ac r%p tometer concsgﬁﬁa% s ¢
resultig @n@&smamw‘eﬂsrmmtﬁ@t@mamhm v et ulfsmglaw ébss@rﬂaﬂeé in the art.
The hGREHGIGR} sRiCHIatad RyHheiMe E?]’ G2 Qf(é’ﬁ%%ﬂé@@t@m@“%%ﬁéoi”) was
4:2411- 242h> stablgsé ment of uman pl30- e>§§ %ss'gg ‘51 cg Ilng di
expresRad 4Pd RUFIRE RS %ﬁ?&%ﬂ%ﬁ%ﬁ BRI eserbed n
Examplededure described 15 below to obtaln a cell line that prollferates in an

IL-6-dependent manner. A full-length human gpl30 cDNA (Hibi et al., Cell
(1990)63 1149 1157 (G nBank _- _u 841) n as amplified by PCR

TOCILIZUMAB Vanants were prepared using the qukChange Site-Directed
Mutagenesis Kit (Stratagene) according to the method described in the appended instruction
manval. The resulting plasmid fragments were inserted into mammalian cell expression vectors
to construct expression vectors for the H chains and L chains of interest.  The nucleotide
sequences of the obtained expression vectors were determined by a method known to skilled
artisans. The antibodies were expressed by the method described below. Human embryonic
kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen)
supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 m! per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 10°
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construct pCOS2Zeo/gpl30. pCOS2Zeo is an expression vector
constructed by removing the DHFR gene expression region from pCHOI
(Hirata et al., FEBS Letter (1994) 356;244-248) and 20 inserting the
expression region of the Zeocin resistance gene. The full-length human
IL-6R cDNA was amplified by PCR and cloned into pcDNAS3.I (+)
(Invitrogen) to construct hIL-6R/pcDNAS.I (+). 10 g of pCOSZZeo/gpI 30

ixed wjth B Il 8 I dedin.P
cels/ g PR G GEE faig R OBIDt (R RIS kAR Then.
the mashilim %mgﬁbmmmm@@wlaé&m&a&mmm féeiitppgen) was
addedonmfg}lﬁﬂea ﬁﬁ%‘@k&tdﬁﬂ%?d‘dﬁée@"ﬁtmﬁﬁ'%@E&'W'ﬂﬁ@gﬁi&&%ﬁﬁﬂ%ﬁmd The
Wltm% /ml mouse interle rln -3 (P%%%%ec ). and 10% eaé@ﬁé/me

resultigg ‘é‘?ﬁ‘é‘f?&%"éﬂﬁy Sh&S SRETLBIBRE RN RHMAG R AgRin, To0m
temperaga) o serpplemelﬂnedlwmﬂE&d@meMmgnhmeglemaa griREer MILLEX(R)-GV
OMilliSYRIPISh AR o AUman. '%ﬂﬁ%@@% ?ﬁ&?%@ﬁé‘@o’cmn&d culture

systems), and 10% FBS to establjs pI3 expressing BaF3,,
superiglpRn S P S oBER S R 1 TR pepose ™ Fast
Flow (n‘-temsimmBl‘usnmcﬁlerl&wl@et&ﬁﬁiﬁd]}&/emmmdmofuh@mmm&ody,

absorGREAIRs ARGHILS aPQQO%PﬁﬁHé)% IssasSHIingArewin '%@98&&%\@&‘1&9{1%5 were

IL-6 receptor neutrallzmg activity) of'an anti-IL-6 receptor antiba

caleulaied feam Bt dBieHRANSIH GHHEEI USEr% ity BYSATRRRTF §BP§§%§€&%@§H@¥E§5%‘M PACE

methoddlisdBaFigpaty) K8 STHQ M- 6I¢2Eptor neutralizing activity was assessed

using BaF3/gpl30 which proliferates in an IL-6/IL-6 receptor-dependent

manner. After three washes Wlth RPMI164O supplemented with 10%

Lstablishmenlgf g Asmensmib axpsssingdialed se8 104 cells/mlin. RPMI1640
SU[Ap]HﬁEm@ﬂﬂ\uﬁhx@ﬁ)&ﬁgé’lﬁkm@(}gpgm\b\hisrﬁﬁﬁblhiﬁékebklﬂa@ﬁm&é)descnbed

t | t of

belo B B e were
disperEdangb brmengnﬁ%%é’%é’ﬂ (lehbe! ¢EARN M@P)ﬁ?ehl el peifificgnBank

#NM @r@ub@d)wméer@@imadaweﬁErmlaﬁﬁedcmmalmraﬂ@@%@&maﬂg@@smeo to

I, s were cultured at 37C und 5%
cons e el A e Bar T U fving
DHFRpgenel ﬁmasrwmmlfwmﬁ@@hfﬁ?ﬁe@uamy At Dbatese e Péagemiz44-248) and
inserti@shaddpeigenripivelbitne zlaéeﬁbaémaebéé@dém TRfeeNER gth human IL-6R

DNANGESIRIHRLE0 PR 4ee s e SRS MR DS a1 (st
\fter 2eturing for ours, Jorbante fim rence
hIL- 63\/@0@@?@11(6)20 nm) was measured again. The IL 6 receptor neutralizing

aCtl\?}' %m\ﬂa@ Shanoeiaf BQF@@%BC(@ $ring éW%Méf)%nded n
o, AR S e I o
havinBiaegradt mcé@EMaﬁth@mepraT e wekestelhueddnribog reegptdeyamtiboigyt in
RPMINEAQGHQRNASIVRABMA A MpIERARIIZIAG 0.2 ng/m] mouse interleukin-3 (Peprotech)
and 10% fetal bovine serum (hereinafier FBS, HyClone), and selected by adding RPMI 1640
medium supplemented with 100 ng/ml human interleukin-6 (R&D systems), 100 ng/ml human
interleukin-6 soluble receptor (R&D systems), and 10% FBS to establish a human
gp130-expressing BaF3 cell line (hereinafter “BaF3/gp130™). This BaF/gp130 proliferates in
the presence of human interleukin-6 (R&D systems) and soluble human H.-6 receptor, and thus

can be used to assess the growth inhibition activity (or IL-6 receptor neutralizing activity) of an

anti-IL-6 receptor antibody.

Assessment for the biological activity by human spl30-expressing Bal'3 cells (BaF/ep13))
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appropriate amounts of protein A or protein A/G or anti-IgG (y-chain
specific) F(ab")2 onto a 20 sensor chip by amine coupling method, binding
antibodies of interest onto the chip atggH7.4, and then running soluble
IL-6 receptor adjusted to various concentrations at pH7.4 over the chip as
an analyte. All measurements were carried out at 37C. The kinetic
parameters, association rate constant ka (1/Ms) and dissociation rate

con d(1/s lated f th
e LA e (U L AR DS B DAL TG Swhich
proliferarstants. [THelledpectivepdepmdtatswenerdetédisinbo:a singhBiatioheRPMI1640
supplecde FYAHALRR rpaftnas (35 N@Q@%E@)swﬁﬁéﬁm Rt forgthes]ls/ml in

RIS A R B (e
concergttgitdbd® a@@@ﬂrﬂ dr 30npasipbeereedaisiag Biacof ecliltle f@Ran 1L-6 receptor,
and 1d*/e§§a,caf% 9 ki gﬁglbmsé}éb& gn%%e Y 691/%% %&m\@éﬁm@g

evaluating the SO uble uman Qr immobilized o
(CORNShe 0o Eriir Sra DLes B By L R GU RAG 5 L% FBS,
and adelsilled dactherelit( sBasec ) tHEhaffifliybetwadhiotin3dng stépta¥idi0), for three
days. bW@&sgg%%%& H%‘i]megkg%?%eESﬁnW@iMBﬁ@s%%@?ﬂﬁﬂ@dsﬂbs%d with

chip via st ureménts were conducted ‘at 35 37C
PBS. nlébnédpﬁabéa@@ﬁépwbgfmwﬂ%mﬁ@ redog) tor eaaiie i s 28Ry etagsopt 450 nm
(referehidteaav@néilelene exhiviingdaklaepancde SUNRIFE Glba SHECEEOAdE).  After

the ondltl n of 7 4t 49 bi e
Cu}m}fl ﬁjeclil%osamp e butter was fé ngﬁl{ﬁg}%@# %%f%—gﬁn%g I\Flggélmg%aw as measured
again. 0 050l rviaerepty) Méﬁhtﬁéaoﬁtﬁféﬁye‘ﬁél%?ﬁ%@ g deagcRisorbance -
duringd® 1phiseeshah@ichlp8, which is the pH of the mobile phase. The

dissociation rate constant (kd (its)) at pH 5.8 was calculated using

Biacore T100 Evaluatlon Software (GE Healthcare) by 5 fitting only the
Biacoxgidsseihtia yine 08 oA Caid@ieiifbn was 0.25 g/ml.

B'O&ﬁgéﬁ%ﬁﬁw%&@ilﬁh 1&9@% MEsSaﬁalstz%&s@Hwo%aﬁloamE Healthcare).

% Twee and, dissociation was carried out in 1
The S(g‘gi &Wﬁﬁ\ﬁNQ& éjr%%r@% ai¥ween 4OB M RETISE S g]?ésrgﬁg\?o{r?zifl
apprommtanm@lmmfﬂ)oaftlp%%mpvmité!l&jlat@@fuéa@ @rab@lmsm@tiC) F(ab’); onto a
sensore '%§@féﬁﬁﬂ5§r@ﬁem%§|tbﬁﬂﬁﬁé Byifitiac:e Bbﬁﬂhﬁéﬂtﬁﬁﬁﬁlﬁi@wm7 4, and

at sample c ratlon Was 0 5 I Blnd S calrr
then G SR RS ERD 5 Lt R A LGRS T EH o CAREne chip o
an mﬂ;&socn&ﬂanaawmm%@ rat@drvt B3 YPH 7143, kisetiqmvradeGiransbociation

rate cdhORnP L WERAs? An S RESSMH ﬁﬁé%r@ﬁgﬂ% QBya8 ELRLIR ReRiR a
comp lex of FcRn and (32-micro bullggil| 0-DNA grlmers \%ere

sensorgEaRI BN HASLEY SRR F &S NES TSRS RETY. BBdpe rate
constdviad. (T994xABA(6) PRITAB ek DNAagnsnteRtedirglHE Whakeation
SoftwBR & WaSRIERAL by PCR using human cDNA (Human Placenta
Marathon-Ready cDNA, Clontech) as a template and the prepared
primers. Using the obtained DNA fragment as a template, a DNA
Assesfragnnént $oqddidepting eex tdacelisbdod timaimembrane-type [1-6 receptor using Biacore

The antigen-antibody reaction with membrane-type IL-6 receptor at pH 5.8 and pH 7.4

was observed using Biacore T100 (GE Healthcare). The binding to membrane-type IL-6
receptor was assessed by evaluating the binding to soluble human IL-6 receptor immobilized
onto the sensor chip. SR344 was biotinylated by a method known to those skilled in the art.
Based on the affinity between biotin and streptavidin, biotinylated soluble human IL-6 receptor
was immobilized onto the sensor chip via streptavidin.  All measurements were conducted at
37°C.  The mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween
20. A clone exhibiting pH-dependent binding was injected under the condition of pH 7.4 to
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20'containing the signal region (Metl-Leu290) was amplified by PCR, and
inserted into a mammalian cell expression vector (the amino acid
sequence of human FcRn as set forthin SEQ 1D NO: 79). Likewise,
oligo-DNA primers were prepared based on the human 32-microglobulin
gene sequence disclosed (Proc. Natl. Acad. Sci. USA. (2002)
99(26):16899-16903). A DNA fragment encoding the whole gene was
. prepared by PCR using 25 human cDNA (Hu-Placenta Matathaon-Re
bind QR R AT ARG SPEAEE gTs Gt 150
mM NebianebODIS% Tagereti)as Altemplate albAdfeigiissntiencodifeacthelone was
observdd e (33 -gnigpglabuin fevEing dhgSianal reginn MetMeH 132 Waktant (kd

amplified by PCR_ and inserted into a mammalian cgll expref ion.vector

y
(1/s)) 4 s SRl e e s PRt 5 avaiBtRiEE e {fhhsAleee) by
fitting [Bh N @ieS s 368 ol pladeimpiil F6Rn Tiasexiplesseddayrahefollaniig g/ml.

Bindirg%%‘_’ééﬁ%efg%ﬁtﬁl?%% M@??QJP{ FHBRIMEERNARD.05% Tween 20, and

) 2-microglobulin were introduced into cells of the human embryonic
dissocigtinpyreaseeisdenidn HemiMEBKPEA-S it o) tisingrddbf Fis d ween 20.
Likew{bayiliodéspchytiipatectionstdhia ke s Wty qucpiuret supearaatdattivasng Biacore 17100

| e
e o
samplpengersaiops a1 dgoL EaNbw SR BEris (Fire AR U e YD @FHPH: 150
mM NGBE, dealihemy &)vah DetexinsticathfowtibogiicanoeiratiomiviEsIga] 7.4), 150

ma,Anti concentrations in mouse plasma were determined by
m@@éﬁ%@%ﬁ%‘%ﬁgﬁethod known to those skilled in the art. 5 PK/PD

test to determine the antibody concentration in the plasma, CRP
AssesGaBeentratiomdnd fHeensalulirdL-6 receptor in monkeys The plasma

concentrations in cyn lgus mankeys e determine ELLSA usin

R R A I AP QRS DRVA BRI SRtk prepered
based wathd dremainbeRpigenersediemattisctorall Ce iTB MedOR R4 ToeMipr2377-2381). A
DNA NTE’gQifé@Jth ' | exsiams éﬁ@w&i@gfe@éa&f' 43 Eia%réﬁ%ﬁ?}@éréﬁigl&ﬁiamk 3 6NLN@I)1man

asma goncenjration.of free soluble cynomolgus monkey, IL- .

Placerpg AR OIS LV TRl B ShF R RApsrs.  Using the
obtaindé SENBetidmiont. 35lk lgGiatk adptfofiegiephomoiing throeieacegaiar domain
contaiﬁﬂf%)@%@i’éhﬂ-i@éi%ﬁ%ﬁ%ﬁaﬂgm’ AN RBP IER, JRIS6RP into a

antibody-soluble.cynomolgys monkea/ I%—G rec?ﬁt%om%eggﬁgthe hin SE
e R ey, SRS SR BB PO R HORNG SO LB ESRBrAdfghorth in SEQ
ID NOn@fikeylglasmse orligeaR ¥ pprdpriasevermprapaoid PastdinnXI8dpiizanse

p2-mibH SLON ESR (GlnddealERQIdBRgL NG A8, WEBTGyR. (Miinore).
the solution in cup was spinned owg?l:%]g%ﬂa high-speed ceéntrifu

Then f | d 9% .
99(26}d 68356 Mol DA th SFEERSEE ARG FF5R YHEIsREsd by FCR using

humathriobth @be®lacteMainthon-Ready cDNA, CLONTECH) as a template and the
prepared primers. Using the obtained DNA fragment as a template, a DNA fragment encoding

the whole f2-microglobulin containing the signal region (Metl-Met119) was amplified by PCR
and inserted into a mammalian cell expression vector (the amino acid sequence of human
B2-microglobulin as set forth in SEQ ID NO: 80).

Soluble human FcRn was expressed by the following procedure. The plasmids
constructed for human FcRn and B2-microglobulin were introduced mto cells of the human
embryonic kidney cancer-derived cell line HEK293H (Invitrogen) using 10% FBS (Invitrogen)
by lipofection. The resulting culture supernatant was collected, and FeRn was purified using
IgG Sepharose 6 Fast Flow (Amersham Biosciences) by the method described in J. Immunol.
2002 Nov 1;169(9):5171-80, followed by further purification using HiTrap Q HP (GE
Healthcare).
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20 Protein A-bound anti-human IL-6 receptor antibody-soluble
cynomolgus monkey IL-6 receptor complex. Therefore, the concentration
of free soluble IL-6 receptor can be degermined by measuring the
concentration of soluble cynomolgus monkey IL-6 receptor in the solution
that passed through Protein A. The concentration of soluble cynomolgus
monkey IL-6 receptor was determined using a method known to those
skilled in the art for measuring the concentrations of 25 soluble human
IL-6 receptor Soluble cynomolgus monkey IL-6 receptor (cIL-6R)

OEha geelmasaigtandard. The percentage of

Q:éhc@dﬁ&ﬁ@ﬁ@'iﬂvﬁx%ufé@&%@ﬁ%th@té%'@M@@@f@ﬂISﬁ JEE8Rling to 2

" ‘% luble 1L %rece ercfon entration after antibody administration x 100
metho %ﬂ%lg Fe c‘&rﬁi‘gﬁﬁatlon before antibody administration 51

CLAIMS 1. A polypeptide of any one of: (a) a polypeptide that comprises

PR/PTHRRICOMPRSINA ARG RAMENGH OmERIDNEY li-‘la(%R(lj, R oYM 43dn, and free
CDRZ comprlslng the sequence of SEQ DR2 of VH4-M I_ET"—
solubl Kg'the sequence of SEQ ID NO: 3 (CDR3 of
VHA B fbdoa qolypipicdie tyaboorigmssesrRBOR veampetsmyittik by ELISA using a

methoé%%%‘:t% %o%g&ﬂ%d\'igﬂfe@Rl of VH3-M73), CDR2 comprising the
aqlggnce of SEQ ID NO; 5 (CDR2 of VH3-M73), and CDR3 comprisin

a%'r?e%f@éé@%@S@%@Wé@éﬁ?ﬁ%ﬂ%ﬁ%%ﬂb@%@&% ol 20FR;
ToshlﬁklehmbﬂyamﬁﬂRi TosiyyiSing RhERR NANEOITTEMID AIDCD (TRR) of
V'?IM%I - Rgcgﬂﬁyi’{é?f%@ € $94 %’b%&%%@% Hﬁo%y%ﬁ%[}&%ﬁ& in
VI-15 CDR3 comprlsmgt esequen e of ID NO: 9
cymm@ﬂsmmwgysmﬁ%m%@ﬁ%w SRsHHER dee iRy isingy tH&C- fype
antibo8Rg meﬁﬁﬁrﬁfl%@l@ldaﬂgm éﬁﬂlﬂ}h@h Y15, redeR3rconipsibingnid enti-human IL-6

- RIS BN SRR YA e

adsorb@émrpms%r@@mmbadﬁﬁ%%@thb@ém Rlesmaoetmay apropriate

amounvbs}f’ﬁa@ﬁmgawa&@@ rae pesenss g:&@ El@alfadal@) d4CRRA. gﬁ \{Jlasmter cup

(Mﬂh%or DBIB COL RO t%xthr? St a?sns(;: 8.9 ulg%O 1%1% DR3 cen ge to
po peptl e rlse Icom Faifg € Uence

collec‘gmwblm tha p@@@l’t@pm VL@F@@F@@%E&W%H@@W@@@T contain

Prote;§ﬁfad{;aqm Q}tx’lKu&ﬁ&ﬁg—@H%e@oﬂﬁ!&@@?%oﬁ%%ﬁ&&@ﬁWﬂ@qpfﬁ receptor

CDR3 o VL5 An ant any ne of:.(a)
ComPIE i RN L HR L R0y SR VLo s PN i omaeaaiped by

me%uemh@@nm@mmgoﬁ@k@@@ﬁmmﬂ&a@xmlmLtf(@DRrLomzvﬂmw:apn that

passe AQFRRERING, th?h§%@ﬂ@é?ﬁﬁa@$§&@o@ﬂ@yﬁ&9&§?s AAMMT 3 receptor was

and CDR3 comprising the sequence. of
determmed using a method kilown to those sckll?e

8]6 art for measuring the concentrations of
soluble human IL-6 receptor.  Soluble cynomolgus monkey IL-6 receptor (¢IL-6R) prepared as
described above was used as a standard.  The percentage of free soluble IL-6 receptor was
calculated by the following formula.

Free soluble IL-6 receptor concentration after antibody administration

Soluble I.-6 receptor concentration before antibody administration

x 100
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ID NO: 3 (CDR3 of VH4-M73), and a light chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 10 (CDRI of
VL1), CDR2 comprising the sequencgpf SEQ ID NO: 11 (CDR2 of VL1),
and CDR3 comprising the sequence of SEQ ID NO: 12 (CDR3 30 of VLI);
(b) an antibody which comprises a heavy chain variable region that
comprises CDRI comprising the sequence of SEQ ID NO: 4 (CDR1 of
VI3-M73), CDR2 comprising the Sﬁ%{ of SEQ ID NO: 5 (CDR2 of
VH3-M73), and CDR3 comprising glggsﬁence of SEQ ID NO: 6 (CDR3
of VI3-M73), and a light chain variable region that comprises CDRI 35

1. Apg@wﬁgggg@wce of SEQ ID NO: 13 (CDR1 of VL3), CDR2
comprising the sequence SEQ ID.NO; 14 (CDR2 o ) )
() SR BTG T S50 AT ST EB WOt s BREay i DR of
VHA-NE)RanCGIRB edynprioizcbegedsesca heaki() dhalv(vatigBbleR2 giok tHad73), and CDR3

cemprﬁ%%&ﬂé%éqg@l&o?gmriﬁr}gdhg g@ﬂﬂ%%ﬁﬂ&@ﬁ@%@ NO: 7 (CDR1 of
VH5-M83), CDR2 comprising the 5 sequence of SEQ ID NQ: 8 (CDR2 of
ORIl ey S e éﬁ%ﬁ&@bﬁ@m of
VH3-M7VHEDRE3)omndsirdigtitechainvariaDREQ GdNDaf ¢OMBASESVEDRMT3), and CDR3
comprggﬁggﬂé!%ﬁgﬁcé%q{ﬁmﬁﬁ% IPNR:FEAGRRYHf VLS), CDR2

rising the sequence of SEQ'ID NQ: 17 (CDR2Z of VL5), and CDR3
) %B%W@Hé%ﬂ@%%ﬁ@ﬁ&%g Q%Edww%é%ﬁﬁw%wiﬁé%%w 7(CDRI1 of

VHS-MREpIDRYinmefiaing: ohesofju@ca desig e iaiRe g iHmRisingd CDR3
A9(yariale Fegion H4-M73); (b) a
°°mprﬁ9£€§%%%?§%§r§§§%%¥?ﬁ‘§ﬁ9 p@%ﬂ;’;ﬁg sequgﬁ:?’y "of SE%D NO: 20
(D) pnofaptidg b asprvesd-iidcqmpaHeaWcirainrossiahREEJIIAO: 10 (CDRI of
VL1), QDRI iskaghinergativesgecat SEHIHD NONDE (Mafiabioreponl Rfand CDR3
VH5-M83); (d) a i ' | j Jsing the sequence of
comprgffé% %&ﬁg%f?ﬁ%ﬁ g&%ﬂ%@g@@%@% ?eg?as’light chain variable
(e) ragloREsidhHAGIHPIAR BEs (dMké erarnitg hosagqegiabidfedion@f13 (CDR1 of
VLs),wm)zajgﬁaﬁaigd%ﬂ{ecml iﬁbﬁaéiab@?@gmmcpm@r(i@imdmf &aqg,eaﬁ@got()ﬁjEQ
ID NQ: 24 (varia ' \/ ibady of any one of: (a
compriay r%%g Mhat ggrﬁ%?&bs %fgég%/)ggcﬁggn@g\rﬁ%bg a'F%—%ion comprising the
(D) spejuprpedsfisi orprNe: GORVaeamsl vagithe segueackB BRd B gkt 16 (CDRI of
VL3), (R \@iakie eaitneqiRRESHOSPe 1D NO: 17 (CDR2 of VL5), and CDR3
comprising the sequence of SEQ ID NO: 18 (CDR3 of VL5).

2. An antibody of any one of:

(a} an antibody which comprises a heavy chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 1 (CDR1 of VH4-M73), CDR2 comprising the
sequence of SEQ ID NO: 2 (CDR2 of VH4-M73), and CDR3 comprising the sequence of SEQ
ID NO: 3 (CDR3 of VH4-M73), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ IID NO: 10 (CDR1 of VL1), CDR2 comprising the sequence of
SEQ ID NO: 11 (CDR2 of VL1), and CDR3 comprising the sequence of SEQ ID NO: 12 (CDR3
of VL1);

(b} an antibody which comprises a heavy chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 4 (CDR1 of VH3-M73), CDR2 comprising the
sequence of SEQ ID NO: 5 (CDR2 of VH3-M73), and CDR3 comprising the sequence of SEQ
ID NO: 6 (CDR3 of VH3-M73), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 13 (CDR1 of VL3), CDR2 comprising the sequence of
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sequence of SEQ ID NO: 22 (variable region of VLI); (b) an antibody that
comprises a heavy chain variable region comprising the sequence of SEQ
30 ID NO: 20 (variable region of VH3sM73) and a light chain variable
region comprising the sequence of SEQ ID NO: 23 (variable region of
VU); and (c) an antibody that comprises a heavy chain variable region
comprising the sequence of SEQ ID NO: 21 (variable region of VH5-M83)

e S SRR SeHRIee RN o

of VLIf:&a8 (@) a heavy chain comprising the sequence of SEQ ID NO: 25

(c) &/ B3Nk R PEAYYENABCBRIRINGHINS SRQHEN e O PRI NOR1

26 (VH3-M73); (c).a heavy chain rs e u of SEQ ID
comprijat S COHSANBS} OE) LGN ohitr oy e Se gL E B
sequenNQs RF(Y [D)ND(&) (€ Tigth eh¥iH sod8Blising (HBR2quancsiof SEQGaDMNG: of SEQ
_ bt " e ; _ _
10 NOT bR B L m“%ﬂ@éf%ﬁ T
comprisia e REMESBHSTG (b L eACD B SEQ NG 5 CBRU AR ey avence of
SEQ IBrxica lighttehainogoniphising Ciarsk qompdeinf FeQednddCr @BSEQ IN WP ahd (CDR3
of VL ntibody that comprises a heavy chain comprising the sequence of SEQ
NO: 26 (VH3-M73) and a light chain comprising the sequence of SEQ

ID NO: 29 (VU); and (c) an antibody that comprises a heavy chain
3. A vEOmNisipRihg seauaace of SEQ ID NO: 27 (VH5-M83) and a light chain

comprising the sequence of SEQ | X gljfc%) 48 f aeoding, :
@ 4 B T T R R S RO RIS S E PRt region
of VH#fMI&a 7. 20 9. A host cell carrying the vector of claim 8. 10. A method

(b) eRI9UUGIHRO, th Flelynepiidemhasione efqlains df REQIP cududogtigable region
5 || of claim 9. 25 11. A pharmaceutical composition comprising the
of VH g@éj

ptid.e of any one of claims 1 to 6 or a polypeptide Produced by the )
(c) mhsehoocbicl yridde region comprising the sequence of SEQ ID NO: 21 (variable region

of VH5-ME&3);

(d) a light chain variable region comprising the sequence of SEQ ID NO: 22 (variable region
of VL1);

(e) a light chain variable region comprising the sequence of SEQ ID NO: 23 (variable region
of VL3); and

(f) a light chain variable region comprising the sequence of SEQ ID NO: 24 (variable region
of VL5).

4. An antibody of any one of: _

() an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 19 (variable region of VH4-M73) and a light chain variable region comprising the
sequence of SEQ ID NO: 22 (variable region of VL1);

(b) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 20 (variable region of VH3-M73) and a light chain variable region comprising the
sequence of SEQ ID NO: 23 (variable region of VL.3); and

{¢) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 21 (variable region of VH5-M83) and a light chain variable region comprising the
sequence of SEQ ID NO: 24 (variable region of VL5).

5. A heavy chain or light chain of any one of:
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(a) a heavy chain comprising the sequence of SEQ ID NO: 25 (VH4-MT73),
(b) a heavy chain comprising the sequence of SEQ ID NO: 26 (VH3-M73});
(c) a heavy chain comprising the sequence of SEQ ID NO: 27 (VH3-M83);
(d) a light chain comprising the sequence of SEQ ID NO: 28 (VL.1);

(e) a light chain comprising the sequence of SEQ ID NO: 29 (VL3); and
(f) a light chain comprising the sequence of SEQ ID NO: 30 (VLS5).

6. An antibody of any one of:

(a) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 25
(VH4-M73) and a light chain comprising the sequence of SEQ ID NO: 28 (VL1);

(b) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 26
(VH3-M73) and a light chain comprising the sequence of SEQ ID NO: 29 (VL.3); and

(c) an antibody that comprises a heavy chain comprising the sequence of SEQ 1D NQO: 27
(VH5-M83) and a light chain comprising the sequence of SEQ 1D NO: 30 (VL5).

7. A gene encoding the polypeptide of any one of claims 1 to 6.

8. A vector carrying the gene of claim 7.

9. A host cell carrying the vector of claim 8.

10. A method for producing the polypeptide of any one of claims 1 to 6 by culturing the host cell

of claim 9.

11. A pharmaceutical composition comprising the polypeptide of any one of claims 1 to 6 ora

polypeptide produced by the method of claim 10.



