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loss of the active component is reduced even after the formulation has been stored for a
longer period of time. Such formulations are obtained by dissolving an active
component and various additives in a buffer solution. There is a need to provide a high
concentrated antibody-containing formulation in which dimerization and deamidation
during long-term storage are inhibited, and which is both stable and suitable for use in
subcutaneous administration.

[0005]  Antibodies are drawing attention as pharmaceuticals as they are highly stable in
plasma and have few adverse effects. Among them, a number of IgG-type antibody
pharmaceuticals are available on the market and many antibody pharmaceuticals are
currently under development (Non Patent Literature 1 and 2). IL-6 is a cytokine
involved in various autoimmune diseases, inflammatory diseases, malignant tumors,
and so on (Non Patent Literature 3). TOCILIZUMAB, a humanized anti-IL-6 receptor
IgG1 antibody, specifically binds to the IL-6 receptor. It is thought that
TOCILIZUMAB can be used as a therapeutic agent for IL-6-associated diseases such
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[0007] A problem encountered with current antibody pharmaceuticals is the high production
cost associated with the administration of extremely large quantities of protein. For
example, the dosage of TOCILIZUMAB, a humanized anti-IL-6 receptor IgG1
antibody, has been estimated to be about 8 mg/kg/month by intravenous injection (Non
Patent Literature 4). Its preferred form of administration is subcutaneous formulation
in chronic autoimmune diseases. In general, it is necessary that subcutaneous for-
mulations are high-concentration formulations. From the perspective of stability or
such, the limit for IgG-type antibody formulations is generally about 100 mg/ml (Non
Patent Literature 10). Low-cost, convenient second-generation antibody pharma-
ceuticals that can be administered subcutaneously in longer intervals can be provided

by increasing the half-life of an antibody in the plasma to prolong its therapeutic effect



by increasing the half-life of an antilkody in the plasma to prolong its
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obser V‘Tgo 168] TOCILIZUMAB, a humanized anti-IL-6 receptor IgG1 antibody, is an 1gG1
antibody obtained by humanizing mouse antibody PM1. CDR grafting is carried out
using human NEW and REI sequences as template framework for H and L chains, re-
spectively; however, five mouse sequence amino acids are retained in the framework
as essential amino acids for maintaining the activity (Non Patent Literature 20). There
is no previous report that fully humanizes the remaining mouse sequence in the
framework of the humanized antibody TOCILIZUMAB without reducing the activity.
Furthermore, the CDR sequence of TOCILIZUMAB is a mouse sequence, and thus,
like Adalimumab, it may have T-cell epitopes in the CDR, which may have a potential
immunogenicity risk. In clinical trials of TOCILIZUMAB, anti-TOCILIZUMAB an-
tibodies were not detected at the effective dose of 8 mg/kg, but they were observed at
the doses of 2 mg/kg and 4 mg/kg (Patent Literature 6). This suggests that there is still
room for improvement with regard to the immunogenicity of TOCILIZUMAB.



the doses of 2 ng/kg and 4 ng/kg (Patent Literature 6). This suggests that
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much as possible. Furthermore, for heterogeneity of the H-chain C-terminal sequences
of an antibody, deletion of 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 (Non Patent Literature 24). In developing IgG2
isotype antibodies as pharmaceuticals, it is preferable to reduce such heterogeneity and
maintain high stability. To produce convenient, stable, high-concentration, subcu-
taneously-administered formulations, it is preferable that not only the stability is high,
but also the plasma half-life is superior to that of IgG1 which is the isotype of
TOCILIZUMAB. However, there is no previous report on constant region sequences
for antibodies with the IgG2-isotype constant region that have reduced heterogeneity,

high stability, and superior plasma half-life than antibodies with the IgG1 isotype



TOCI LI ZUVAB. However, there is no previfous report on constant region
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TOCILIZUMAB. As a result with regard to the antibody in question, the inventors
discovered multiple CDR mutations in the variable regions of TOCILIZUMAB that
improve the binding ability (affinity) to the antigen. Present inventors thus successfully
improved the affinity significantly by using a combination of such mutations. The
inventors also succeeded in improving pharmacokinetics by introducing modifications
that lower the isoelectric point of the variable region sequence. The present inventors
also succeeded in improving pharmacokinetics by making the binding to the IL-6
receptor antigen to be pH-dependent, so that a single antibody molecule can neutralize
the antigen multiple times. Furthermore, they successfully reduced the risk of immuno-
genicity by fully humanizing the mouse-derived sequences that remain in the
framework of TOCILIZUMAB and reducing the number of T-cell epitope peptides in

the variable regions predicted in silico. Furthermore, the inventors also successfully
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CDRI of VH4- .SEQ | D.NO.
Ve wr3) ,  andebrsEaRd EU BB o uf BAGPT Siehine Rt P CessRy
VH4- M7 3) ; (b):omppmtuym,qurdqadcif&hllgz,ah@pnesaﬁ 11@IBRtlorcpmprdes;| ng the sequence of
SEQ ID NO 4

5 (oore of i oy tritiqtfh Rl R R IRIHRAR RloRE R, oors
of VH3- |v|73) ((e)aeplpmpylﬁeﬁtaﬁ demplh@s C&Rrb@c’rrmer@m secm«?p@ei@fsrfgpﬂlaé\l@e]quence

f SEQ I D NO oD
R s

(CDR3 of VH5 \1%%3\47%5“&3%% 9@@5&%%@6&5@6@6%@ PLEIDARY 3 P .08 ng the °
sequence of SHEQ-MIINO 10 (CDR of VLI), CDR2 conprising the sequence of
T2 (ooRa of P Pty sBRPr sl CRbar s L Ib A he”
sequence of SERRIIDINGI3-M/3) CDRR2ebmytiSihg tl@ﬁqu@mﬁpf BEQMY NBeS sefRende of
SEQ I D NG 14’P§%)9§nd@]§5\3 comprising the sequence of SEQ ID NO: 6 (CDR3 of
VH3-M73);
(c) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 7
(CDR1 of VH5-M83), CDR2 comprising the sequence of SEQ ID NO: 8 (CDR2 of
VHS5-M83), and CDR3 comprising the sequence of SEQ ID NO: 9 (CDR3 of
VHS5-M83);
(d) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 10
(CDRI1 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 VLI);
(e) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 13
(CDRI1 of VL3), 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
(f) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 16
(CDRI of VL5), CDR2 comprising the sequence of SEQ ID NO: 17 (CDR2 of VLS5),
and CDR3 comprising the sequence of SEQ ID NO: 18 (CDR3 of VL5).

(2) A pharmaceutical formulation, comprising at least one antibody selected from:
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conpri si ng H@)mauﬁm&ng)ﬂle%eh& (BQE@H()Wm(PchﬁoMﬁZ) aBddDR3I i ght
chain vari abl e r(eyg et hat co%ﬂ:@e@ms g(gltqﬁé i:ﬁg’ E sequence of SEQ I D
NO 16 (CDR CBRPUH8S thessppencs ¥Llot 80 1D NO 17 (CDR2
of VL5), and (QER3ncbogy whichgompescsedieeng ehaif vSEQ!d BN thad8onPHRS GIDRVLS) .

d tib th
hutnesor "Bkl LRSS SRS BEEI AR SRR R0,
vari abl e regltllmseémﬁpéﬂﬁ@ M%&ﬁ@@ﬁé’@f&HSE@ﬂ)DnN@ R3 c()mamlag)th@ regi on

of VLI); (e) safueadd bIEty 1iH hab: 93@[’9!’23 %?i?’H% M@@)’Mn@ﬁ'ﬁgﬂt éh%frf\a&l?llaﬁlerr@ bRN
conprising the sequence of SE (var] abl e regi on of 3) and a

li ght chain \915’#F%P’ésqsgd?%hC%%%“il%ihﬁée‘ﬂ"r?éc%%%%g @é@%l RG/ 28
(variabl e regiDR? odmpistig thareljuechde SSEQIDLOYI 7 (CDRTENPLEKasd @DRSavy chain

vari abl e regi on conprising the . I 2 1 (variable region
of VH5- MB3) SRaPES é}f’ﬁsegﬁ%ﬁcﬁ °€§E§§§1‘§8r g%f@ﬁgé(?wgl ng the sequence of
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chain conpri si ngqlzje sequence
comprising the sequence of SEQ ID NO: 22 (variable region of VL1);

(e) 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 VL3); and

(f) an antibody that comprises a heavy chain variable region comprising the sequence
of SEQ ID NO: 21 (variable region of VH5-M&3) and a light chain variable region
comprising the sequence of SEQ ID NO: 24 (variable region of VL5).

(g) 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);
(h) 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

(1) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO:
27 (VH5-M83) and a light chain comprising the sequence of SEQ ID NO: 30 (VL5).

(3) A stable pharmaceutical formulation according to (1) or (2), comprising a histidine



(h) an antibody that conprises a heavyghain conprising the sequence of SEQ
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formul ati on desoondicagonio aemyo ané of (1)-(4), conprising 1-500 mM histidine
mginL anti bo @@ ot e Y B Fon S5 EPOART ¢ P RopRnle 1200
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The formul at i pf) BEGBFHREd &céir&ﬁ{n %n?foné b? 10-X71), co%%{lﬁg ﬂletﬂib?yéfébtr@é LE@tion
of the polypeptide and/or antib ecul es | s i nh

formul at i on éz&e%tmﬂdﬁgn%a@ﬁg}m&ﬁée%f a0 Py egyagyo 2 méﬁnl. s for subcut aneous ad

(13) The formulation according to any one of (1)-(12) having a pH in the range from
4.5 to 7.0.

(14) The formulation according to (13) having a pH range from 5.5 to 6.6.

(15) The formulation according to any one of (1)-(14), whereby the formulation is
liquid.

(16) The formulation according to (15) which has not been subjected to lyophilization
during preparation of the formulation.

(17) The formulation according to any one of (1)-(16), wherein the dimerization of the
polypeptide and/or antibody molecules is reduced.

(18) The formulation according to any one of (1)-(17), wherein the dimerization of the
polypeptide and/or antibody molecules is inhibited.

(19) The formulation according to any one of (1)-(18), which is for subcutaneous ad-
ministration.

(20) A method for stabilizing a solution containing the antibody, comprising adding at
least one cationic amino acid, wherein the antibody is at least one antibody selected
from:

(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



mnistration. (20) A nethod for stabiliging a solution containing the

anti body, conprising adding at | east one cationic am no acid, wherein the
ant i body we 2at0/1068.18t one anti body sel ected from (a) anramuPLOYo1esi ch
conprises a heavy chain variable region that conprises CDR conprising the
sequence of SEQID NO 1 (CDR of VH4-M/3), CDR2 conprising the sequence of
SEQ I D NO 2 s¢duaiee of SBOUD MA3:)3 (GDRI3 GORBIACMITBY, lafdl b Gighth@aROueinte refioSEQ | D

3 oo U e L S S0 g
conpri si ng t kR2quepcenpthe S&Qeh NGEQ 1D MNRRA GDRA b)) YV Landn€ORRconpr i si ng
Lhe sequence cahSEO: 1R Mderd2of PBILPUOVH epBLeaR 30t body whi ch

conprises a hea Hal n variabl e region that conprises CDR conprising the
sequence of BN MUREY whickprMpgses K ghain poRp I sEion; tatsgmphisesseldBénce of
SEQ ID NO 5¢6 mng/f&he\é‘@uéw@bf SBQADAPB34 COPRI o IVIB-MTB) Seare RepAtinSEQ | D

NO 6 (CDR3 of 3 | i hai j.abl e on that conprises
COR conpr i st HEcE BLIERLD S SEOPRA ey 1Y 3T Uik pappriaprde

conpri si ng t hequeacgueiiE) b NEEQ (DR VA3(NIDRY and a kB chaandhri@ble3egionpr i si ng
t he S.equencet}%ft c§n|% 'éel:s)dﬁl %(?rgig%th%fsec\l{%l‘eﬁzeé 01(§L}‘n%‘filﬂ I\?(gt WRW& 9}13},

conpri ses a heavy chain variable region'that conprises conprisi’ng the
sequence of SHER] pm@ising (heDRjucote M-EQRRNO:OBRE RIvhpl VEBngnd A®RSequence of

SEQ ID NGO 8 ,g@ﬁg \géléﬁ 9es3 YY) he sequence of SEQ I D
NO 9 (CDR3 c():]g) I-lSP%féhf), a‘%%gng?gﬁt ché%%@%??ggﬁg%’e%i on that conprises

CDR conpri si(fgntaEbadgbisk sopprisE@ hepy \ehain garfabisiegion thatspmpeisgrCDR 1
conpri si ng t hempAGHE ASeQlicndEQX BEQNE NO77 (CDR2 #1VHA-§183) a0R CORApAARRT i Si ng
t he sequence of SE

BEQ _ ) .
e e N R PR B Db e
(vari abl e r egeqrnaf o\§EQ MINO:Zh@ 2R B bfjNHSeMaB ) awdp lighl @éhaimegir@bleaegipn i Si ng

the sequence 4of C$%§£%I g&néﬁsﬁﬁa%ﬁglsg%deggg o 1f3"-ﬂr(ég1 @Dﬁ‘{‘o?{}LBPOdY

that conprises a vy I novar € region conprisi e sequencé of SEQ
ID NO 20 (véardiRbrempresgiothesequepse MrQARNG: 17 GHIRZplaYhSvand &BIRS r egi on

conpri sing t hempAGHE M QlenrcERr SBONE N&3 14 v@pRabE 115801 on of VL3); (f) an
anti body that conprises a heavy chain var] abl e region conprising the
sequence of SBEMABURESY Daycqmpiisehip heawy &dridny aprP GBI NBYMRHINGIhE SgHHENehai n
v?ri abl) e Ee)gioﬁBEQJIHDJN'OZimgvhaIri’aBle&egIUEBﬁe’HzliMSEQiﬂdlh INGit CBﬁin(V‘dﬁﬁlﬂabég@%rf egi on
of VL5); (g) .an_antibo t hat I . eavy, chal n ising the
sequence of SEOPITNRES Yaltiar PEIDISE: 22 GG ESTRE Si ng < he
sequence of $SHQ@nIDHNGly B8t (Oviigirises { hgavarhaintviabally regiart canprpinsids sequeaeceyy
chain conpri g @EdﬂfﬁN%ng?\mfﬁbﬁfregglgof QPBCMB) and a light chain variable region

comprising the sequence of SEQ ID NO: 23 (variable region of VL3);

(f) an antibody that comprises a heavy chain variable region comprising the sequence
of SEQ ID NO: 21 (variable region of VH5-M&3) and a light chain variable region
comprising the sequence of SEQ ID NO: 24 (variable region of VL5);

(g) 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);
(h) 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

(1) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO:
27 (VH5-M83) and a light chain comprising the sequence of SEQ ID NO: 30 (VL5).
(21) A method for stabilizing an antibody during freeze/thaw cycles of a solution
containing the antibody, comprising adding at least one cationic amino acid, wherein
the antibody is at least one antibody selected from:

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



26 (VH3-Mr3) and a light chain conprisikfig the sequence of SEQ ID NO 29
(VL3); and (i) an antibody that conprises a heavy chain conprising the
sequence W 280Q0682NO. 27 (VH5- MB3) and a |ight chai n cecprIPa1HNgOIvTTE
sequence of SEQ ID NO 30 (VL5). (21) A method for stabilizing an anti body
during freeze/thaw cycles of a solution containing the antibody, conprising
addi ng at | easinpariag @atdeqidnce dNBRQ [ACNOG; 1 OPReIiof \IHKBMint)i(HDHE cbspating east

one ot oy el ek 9 L <O gb 3ty bt LS. SoopEsgh, . LRy <t
( ﬁiﬂw% VHA s0fi@Nce GIFED EOMNIDI B{GIIRS he VEEGMEAL endf lISEQ@HD WoabR rém of
VH4- M7 3) , gh @%Bﬁ%alﬁlna\%g LP%%%?QIQEE%S:%C@B%%%%%WO @ﬁ&ﬁg r| si ng
t he sequenceccﬁ Seanpipyingthe sequeaespf FQ VP INO: ADRPRbapY L), ﬁ@dﬂ?@%equence
of SEQID Nocoﬁqiarléllﬁgﬁ?e &ﬁuMeEbeEQQDQW@@@DRB%EWﬂ) he sequence of SEQ ID

NO 12 (CDR3 35)}‘43 ﬁn ant.i bo whi ch conprises a heav
vari abl e regl( A0t P40 K &agPERIR 2 GPﬁSF]?aé‘il Ny lqbipregion st %Eﬁ]{{b NO 4
(CDR of VH3<Mhg)isingXequimpe o SRQ IDNEOS ¢ (UPRd @f 0fHSMY 3), [ IR c5m()ﬁ,£iﬁ’g of

VH3- M73) , anghe seﬂI C?”P%E@'nITQthgt@B%i URVSER M?%E%nd%[’)\% cgm the

VH3- M73), an vari abl'e regi on F'1Ses corrpr|S| ng
t he sequence S@ﬁiueSEQ)fl SEQUI NG q CIPR3 of VH33M73Emadﬂghmham vigiablegegeguence

of SEQ I D NO; e SEQ I D
NO 15 ( Cors i SobRER CR %"ﬁﬁé t.%%%l .C%Q%SE‘?F‘%@;?W% %I;SFX??

vari abl e regi®@R? Pf?;ﬁlplé%?ﬁa sequepespf ZelghbAkandEDES0 1D NO 7
(CDR of VH5cB)isinEBR%cqamRE bE BRQ nﬁeosem@meo@ms Q 1D NGO 8 (CDR2 of

VH5- MB3) , . t h
Vio M) andOg Mg RS ARh <SRG N ¥ HRD f&ﬁis)N?%%O%ﬂBRFCS SRHi si ng
t he sequence cofmpSEQY kHo d&lﬁllenl:e of SPRI TDoN OVL 50 DRCORY HH v#3) U DR 2 chapssqgence

f SEQID 7 f SEQ ID
NO. 18 ((CoRa U %% QftPkoy BCHRAG! AIPTRILS, 08 CORS SERUSTRE R T2 L
regi on conpr isequegca PSR duHed (ﬁDISqu VBSN@83)19nMé1ghtapﬁllael yagigblgriegipn

VHA- Mr3)  and gy 'cbﬁBﬁse%@bI@l M&ﬁk/ﬁé@ﬁ@th‘é%%&ﬂc&@ﬁ@@ibﬁ%t te@srsneespf SEQ
ID NO 22 (variable region of

an_anti body that _conprises a heavy

chai n vari abl@R et B ILHhBESEIUsH WeéEs(é a¥del oﬁc@%@ﬁ BLﬁJbagg@D(R}ar i abl e
regi on of VH3oMpa3inamek seqhér@labf sE@i ID NO¥ ﬂ&t@BRB@QW@S) conprising the
cCompr i ses a RO eV ERE s B SRRl ke Rgioh Bl Eiteart o
NG 2 1 (varioABE@ IDeyOon9 ¢faribls-rkB8) oaNtaM 78 gintd chgitrhsanviaaiile raggl on
conpri sing t ke SAGHERRE QherSESE SEQNS N&%24 ViRl Exib8SE 9R1Rf VLS);

(e) 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 VL3);

(f) an antibody that comprises a heavy chain variable region comprising the sequence

of SEQ ID NO: 21 (variable region of VH5-M&3) and a light chain variable region

comprising the sequence of SEQ ID NO: 24 (variable region of VL5);

(g) 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);

(h) 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

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

27 (VH5-M83) and a light chain comprising the sequence of SEQ ID NO: 30 (VL5).

[0020]  The above described humanized anti-IL-6 receptor IgG antibodies have enhanced

efficacy and improved pharmacokinetics; thus, they can exert a prolonged therapeutic



(g) an antibody that conprises a heavyqghain conprising the sequence of SEQ
ID NO 25 (VH4-M/3) and a light chain conprising the sequence of SEQ I D NO
28 (VLI) ;wolpieameesanat i body that conprises a heavy chai n ®ORpPP2EINGYITHe
sequence of SEQ ID NO 26 (VH3-Mr3) and a light chain conprising the
sequence of SEQ ID NO 29 (VL3); and (i) an antibody that conprises a heavy

chain conpri gffggvplnga{%@gh@ﬂﬁgt@{m@ggldegcw 27 (VH5-MB3) and a light chain
conprising t E uence  of S NO 30 (VL5). The above descri bed
humani zed andFig{ DESEEpLin,p %‘@‘ﬁmgsbodl es have enhanced efficacy and

i hrrpr ovegoh a;[ﬁgq b Niefs Iaqfsnng Bﬂﬁlutahbﬁ’¥1t€s&HatQﬁ1@deth@z‘if@1hﬁ(]‘ BF‘I*OCILIZUMAB
t herapeuti ce

istratio e tion
of Draui nos. 191 G¢ Mrprpespor o BCPRESior ShPRTANEAR.S e 1 SRaBe. he
affinity of NOEIdl HNWBDRArsedueace Lftd niaatdpt (Glpper'l[hre) HGh&RZn $ie §EONDENOF 82;
TOCI LI ZUMAB | ation
(upper line) }?sﬁg Oms'eﬁ%%gg@?%@%g&@ﬁd@%&@gh’Sﬁgggl(]j‘ gpe%%t ation
(Iower |ine) HEDBhosuense SHOCD.IKOMBB;is shvevnHEORE He diisidethefHTIORB LI ZUMAB
is shown in 3 eh& M2 nﬁﬂatl&l%pwg) ﬁ%ﬁ%ﬂﬁﬁsé{)tlﬁrNﬁuéﬁtth&HC@Wer l'i ne)

is shown in SE mut at 1 on Iower l'i ne)

is shown in SEQ@P@ @ﬁ@rn%aﬂan@‘@@mp)@ém‘é%bs%@ IPARPLIZUECPR Ishown i n
SEQ I D NO 8%equeher éﬂlﬁtmgqmnges aidval inMREQID OO:(87PRIL.EDRE feduenshawn i n

£S 16 NO géﬂ“t%thoé“ Eorire R SAREE et RO St (CBK aide %*é% A ' So.
the LCDR3 sedlosrcEngfis srowruinatEQ@ D (N, thei [(EPRB seqleovanofi FOCEQ. UM ABYis 91,

d the L f NG
02 [11g. 2] Fry BHr e 1556{19(2‘%%%%9&3(%@%%8% AR R R R RSP

TOCI LI ZUVAB &hdERDD-NO: @érthfgb@@@ S[sﬂliegw@]ﬂir@rgnutgth>rs(l<awqﬁr 1§1€D h%gﬂhewnmmt ation
sites that camggsiNneg obhe isoel ectric point of variable region wthout
significantl t he bi nding of TOCI LI ZUVAB t o ceptor

Asterisk in ?fﬁ%sﬂyé'v%n @%r%&wg@mgsthsnew ZiNEACUKILES %*5%@3\6 Hdt he i so

el ectric poi RD®QB imBaERpW&E nut ated for conversion into a human sequence.

The HFH Seti nﬁﬁ?{lof?) fls_af‘{shn %%ta!tl(s)nShOVqQ%I 2 SEcgﬁeRt 1soe|1_?é%ﬁ Igoqet olleRl

sequence aft t1on 1S sequence of
TOCI LI ZUVAB |V3n@ﬂ@vagmmww@t lsigni‘ﬂ@ant%reduheg HeDrRhdisg glidCELEAIMAB1otthe i on i s

shown in SE 6, F I EQID
0 QUL Ml 800, LA, R e o [ L MR i o2

HCDR2 sequen€iclic PRarbuf whighpyassnaAsdmrs GensEeop r_mtm@hug@n seqrenreDRe Hdjuence
after nutati @E%geﬁc&MCILVIZSE@AB% NOwPR: SHO D NeR4)3S BRUSNR B sfued@Glftet ZUVAB

I's shown in SE tion is shown in SEQ ID NO: 94; the HCDR1 sequence of TOCILIZUMAB is
shown in SEQ ID NO: 95; the HCDR1 sequence after mutation 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 sequence after mutation is
shown in SEQ ID NO: 99; the HFR4 sequence of TOCILIZUMAB is shown in SEQ
ID NO: 100; the HFR4 sequence after mutation is shown in SEQ ID NO: 101; the
LFR1 sequence of TOCILIZUMAB is shown in SEQ ID NO: 102; the LFR1 sequence
after mutation is shown in SEQ ID NO: 103; the LCDR1 sequence of TOCILIZUMAB
is shown in SEQ ID NO: 87; the LCDRI1 sequence after mutation is shown in SEQ ID
NO: 104; the LFR2 sequence of TOCILIZUMAB is shown in SEQ ID NO: 105; the
LFR2 sequence after mutation is shown in SEQ ID NO: 106; the LCDR2 sequence of
TOCILIZUMAB is shown in SEQ ID NO: 107; the LCDR?2 sequences after mutation
are shown in SEQ ID Nos: 108 and 109; the LFR3 sequence of TOCILIZUMAB is
shown in SEQ ID NO: 110; the LFR3 sequence after mutation is shown in SEQ ID




I D NO 100; the HFR4 sequence after nutation is shown in SEQ ID NO 101,
the LFRI sequence of TOCI LIZUVMAB is shown in SEQ ID NO 102; the LFR
sequence wbrero/mwog1at i on is shown in SEQ I D NO 103; thePCCDR018/6GITNCE Of
TOCI LI ZUMAB is shown in SEQ ID NO 87; the LCDRI sequence after nutation is
shown in SEQ ID NO 104; the LFR2 sequence of TOCI LI ZUVAB is shown in SEQ
D NO 105; tN@& 1uﬁ%emmqeeméberr0®leUM|ABﬁsﬁb@mn SPQIBYNODI ¥Qand 06;

the LCDR2 se ZUVA hown 107; the LCDR2
Sequences af HH LRt Siaebears olien s B I SERINEY 8 206, the LFRS
sequence of TOCHIHIZUMAB graphsthowmg the SEQraliRing@ctitilies of ROCLHRY MABuedce aft er
mutation is r 111; the LFR4 sequence of TOCI LI ZUVAB is

o TR B

shown in SE "the LFR4 sequence after nutation is shown in
SEQ | D NO 118g.5[kig.g u]apgr@h shopingathg tig)sH Oy e hR) 2t Rrecans g tFlon 4pih g

activities ofrO@EEUXAM\B@RE3/T28/ik Aficd ﬁt&%ﬁf@@h&ﬁ adhfihiGaionl 9. S5 is a
graph show n @%Eﬁﬁlg coursgs of tgl asma concentration for TOCI LI ZUVAB and

H53/ L28 in IS¢ B SRSt PO R PPN s a graph
showi ng t he tTOELIOUMEB and HBASLBHEN mmﬁrarrsaﬁdummeémad]iﬁﬁhth@dNAB and
H53/L28 in m u m ni

schematic il I[ﬁ%gf';%?}c’fﬁ s?%vrﬁtlaﬁlc lﬁﬁ&{a? ne O‘%%%I?)}faé%ﬁ can 1 %zg)l al rga%nato
anot her ant i geethbyandiges by damqnqmgrfmm a nmﬁbalmﬁ@pc ypiegeant lﬂg?eﬂmdpwmdqe

endosone. [fi l ﬂ% §1PF%Q§ is8 lisﬁngof fnﬁ%a'tleﬂ sf?és tHMtc%ﬁ 'cQﬁfelsblti?i%%éIﬁ@ﬁ 8%%&919&1‘13’1

dependency to bi ndi n

I ndl n
pH 7.4 and di E@&IQ{ZW/& toghe @Lé)receprﬂs (Wﬂang%aﬂgn‘bén%qhssr’e@rlen ZUNAB-
shown in SEQTHhPHY®R 1 &aueﬂcee)flﬂ@@mﬁammg sabwelin BEQAD N0: OS; (BOPWR1i N SEQ | D

NGO 114; the HCDRI f TOCILI I D NO . 95; th
R e s L s P B s PR HCRET Sty ™ 1
sequence of ’II((IC[]]LIIZ[LDMQ@BB issshehvavin SEQ IBERO: BSNGe HEDR 1 bezjubidoflftes equeionds af t er
tati [ -' . NQ. ; MAB
gﬁoanl |02 ISSEQ§F(%WRB %@5’9 dthhé mﬁl At? ence ﬁ“rl%%h?g?}%@&l“g%ghoml isn
SEQ I D NO 1PEQ D Ng: §17Fihg L@R‘sswugm%mﬁtesmwnﬁg is showind 0 tSEA 11y NGy 116;
activities OftheT]@)Rng,EM%ﬁc@BﬂT@@HJ@UMABﬂs Baklon 99 1bNG: 1050hnding. 10 is a

graph showi ng the tine courses of plasnma .concentration for TOC LI ZUMAB and
H3pl /L73 in ?e@agnwﬁ%waélppé%slwmnﬂa@&%{% NEidilh i stration. [fig.
1JFig. 11 i $f1@.9gﬁ@.r911saig@xpmowm@ the WeuteOizipestiOfiePbEFORIICIONIMAB @idi on f or

TOCI LI ZUVAB %}@B F%ﬁg ﬁdﬁuman I L-6 receptor transgenic mce after in

travenous ad I'g. 12] Fig. 12 is a diagram showi ng the result
of assessnmentfipfOfHe 10-i$ @ graphybewmgitheetdime courses of plasma concentration for

TOCILIZUMAB and H3pI/L73 in cynomolgus monkeys after intravenous admin-
istration.

[fig.11]Fig. 11 is a graph showing the time courses of plasma concentration for
TOCILIZUMAB and H3plI/L73 in human IL-6 receptor transgenic mice after in-
travenous administration.

[fig.12]Fig. 12 is a diagram showing the result of assessment of the C-terminus-derived
heterogeneity of TOCILIZUMAB, TOCILIZUMAB delta K, and TOCILIZUMAB
delta GK by cation exchange chromatography.

[fig.13]Fig. 13 is a diagram showing the result of assessment of the disulfide bond-
derived heterogeneity of TOCILIZUMAB-IgG1, TOCILIZUMAB-IgG2, and
TOCILIZUMAB-SKSC by cation exchange chromatography.

[fig.14]Fig. 14 is a diagram showing the denaturation curves for TOCILIZUMAB-
IgG1, TOCILIZUMAB-IgG2, and TOCILIZUMAB-SKSC obtained by differential
scanning calorimetry (DSC), and the Tm value for each Fab domain.

[fig.15]Fig. 15 is a graph showing the time courses of plasma concentration for
TOCILIZUMAB-IgG1, TOCILIZUMAB-M44, TOCILIZUMAB-MS58§, and



het erogeneity of TOCI LI ZUMAB, TOCI LI ZUMAB delta K, and TOCI LI ZUMAB delta GK
by cation exchange chromatography. [fig. 13]Fig. 13 is a di agram show ng

t he resulwoabiawssagsnment of the disul fide bondderived heCeneyamweiwy: of

TOCI LI ZUMAB- 1 gd@, TOCI LI ZUVAB- 1 g&, and TOCI LI ZUMAB- SKSC by cati on exchange
chromat ography. [fig.l4]Fig. 14 is a diagram showi ng the denaturation
curves for TQOMILZLVKANBS73 hluintanZidRABrdng&saic mivd afilelinkiadMOB-28KS6- obt ai ned
by differenti. a%l .scanning calorinetry (DSC), and the Tmval ue for each Fab
domai n. [f|g f P'g. 15 is a graph showing the time courses of plasna
concent r at i offig.d6|FIEA0L$ 7 MaB-shg@ng tHeOGutiadivABethddes FFACICILZLNVMBARGS,

andTOC! LI ZU%M3%1(1W%E /§M§6\sgen| c mce after intravenous admn

istration graph showi ng the neutralizing activities
of TOC LI zum[ﬁnglﬂfe&tlﬁdq; a ZEARl shv\smmlse neytpHFng gFatiey af PCHIEUYABY s a
graph show ngv8ha7nedt M NG Bat/byisol es of TOCI LI ZUM AB, Fv3-M/3, and

Fv4- M3 in B 18 i.s a howi ng the ti cour ses
of plasma coig%ggifg%llér’%a B’ng@a?@lgzmec ﬁ‘fsr%lpiasﬁ%co raggns I0F3 and
Fv5-MB3 in cﬁmml;gUMmrﬂoeysl &v3-aM73, Mvd e ausd Fasinm$s sitayabimolyus fdngeys1 9]

Fig. 19 is a g me courses of CRP concentration for
TOCI LI ZUVAB, agon]%pra o ?ra{‘l'(\)/l}l- Mr3, or Fv5-MB3 in cynonol gus nonkeys

after intravéhigll Fagirﬁ9n$ s eraphisbowingfthgtideMinges GO RIS cencgntagstondhowi ng t he
time courses mcmz@m@%ne& FefrpRivhINg7 4 lor G5 %@?ﬁl@ynb&o@(@ ‘&{Hﬂk%s

nmonkeys after i ntravenous adm nistration of TOCI LI ZUVAB,” contT ol
Fv4- Mr3, or R{istigfavenpps gd@il}smaaonz 1is a graph shovm ng the di fferences in

the formati onfigbotFi@hon® hahowﬁlggﬁe tiBBCEIESs c(flﬂ%ngfge bf\ﬁe@mm@w 6
Fv4- M3 overtlrrelnfor ferent f rrulatlonmé % [ f ﬁ%le
v aph ShowiHEPPRA SiPST B RLEH 1156 G Rl RoRmU S Eitsn SRS Mg
speci es (del canttdW¥vI-NERBeReeM T30 Fvi-M&l ) of the anti body Fv4-M/3 at two
oints in ti . r ] ' r ci es,
Raa concen TraeTTiE 2GIRERR shawille {ff’eie%c‘?sﬁ%a%*foﬁhfﬁé%f 1R el BRE
graph showi ngveighé sprcidse Hdhye of the ankeodyolFvfaM/Srover tite gh qmdl éfafentaforweu ght

speci es ( HMWAL, pfridnigaan) i body Fv4-M/3 at one point in tinme (at 25 degrees
C with different H vaI ues, buffer species, NaC concentrations and with

or without allEReies 22t g gphshevingdhg difigrearesin taiormadon pchigh molscalEes i n

the formati oRveddht bp@libsf’(ﬂéleﬁliw increase from initial) of the antibody Fv4-M73 at two
points in time (at 25 degrees C) with different pH values, buffer species, NaCl concen-
trations and with or without arginine.
[fig.23]Fig. 23 is a graph showing the differences in the formation of high molecular
weight species (HMW) of the antibody Fv4-M73 at one point in time (at 25 degrees C)
with different pH values, buffer species, NaCl concentrations and with or without
arginine.
[fig.24]Fig. 24 is a graph showing the differences in the formation of high molecular
weight species (delta HMW: increase from initial) of the antibody Fv4-M73 at three
different points in time (at 40 degrees C) with different pH values, buffer species, NaCl
concentrations and with or without arginine.
[fig.25]Fig. 25 is a graph showing the differences in the formation of high molecular
weight species (HMW) of the antibody Fv4-M73 at one point in time (at 40 degrees C)
with different pH values, buffer species, NaCl concentrations and with or without
arginine.
[fig.26]Fig. 26 is a graph showing the differences in the formation of low molecular
weight species (delta LMW: increase from initial) of the antibody Fv4-M73 at three
different points in time (at 40 degrees C) with different pH values, buffer species, NaCl

concentrations and with or without arginine.
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[0022]  The present invention provides a pharmaceutical formulation, comprising at least one
polypeptide selected from:
(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), and 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 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);
(c) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 7
(CDR1 of VH5-M83), CDR2 comprising the sequence of SEQ ID NO: 8 (CDR2 of
VHS5-M83), and CDR3 comprising the sequence of SEQ ID NO: 9 (CDR3 of
VH5-M&3);



(CDR of VH4-Mr3), CDR2 conprising theqsequence of SEQID NO 2 (CDR2 of
VH4- M73), and CDR3 conprising the sequence of SEQ ID NO 3 (CDR3 of

VHA- M7 3) ;wOkp10a0p81Rypept i de t hat conpri ses CDR conpri sieagIriaos@quence of
SEQ ID NO 4 (CDR of VH3-Mr3), CDR2 conprising the sequence of SEQ I D NO
5 (CDR2 of VH3-Mr3), and CDR3 conprising the sequence of SEQ ID NGO 6 (CDR3
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invention preferably does not contain HSA (human serum albumin), gelatin, and such
proteins as stabilizing agent.

[0025]  The polypeptide and/or antibody-containing formulation according to present
invention is preferably a liquid pharmaceutical formulation containing a polypeptide
and/or an antibody in a high concentration of not less than 10 mg/mL., preferably not
less than 50 mg/mL, and more preferably not less than 80 mg/mL. The concentration is
from 10 to 240 mg/mL, and may be 10 mg/mL, or more preferably, 50 mg/mL, and
still more preferably, from 100 to 200 mg/mL.

[0026]  Liquid pharmaceutical formulation according to present invention is preferably
produced by not conducting lyophilization step(s).

[0027] A buffering agent which can be used in present invention is one which can adjust the
pH in the desired range and which is pharmaceutically acceptable. In a high con-
centration polypeptide and/or antibody-containing formulation according to present
invention, the pH of the formulation is preferably 4.5 to 7, and more preferred 5.5 to
6.6. Those buffering agents are known by those skilled in the art, and examples thereof

include inorganic salts such as phosphoric acid salts (sodium or potassium) and sodium
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glycol ether, polyoxyethylene polyoxypropylene propyl ether and polyoxyethylene
polyoxypropylene cetyl ether; polyoxyethylene alkyl phenyl ethers such as poly-
oxyethylene nonylphenyl ether; polyoxyethylene hardened castor oils such as poly-
oxyethylene castor oil and polyoxyethylene hardened castor oil (polyoxyethylene hy-
drogenated castor oil); polyoxyethylene bees wax derivatives such as polyoxyethylene
sorbitol bees wax; polyoxyethylene lanolin derivatives such as polyoxyethylene
lanolin; surfactants having an HL.B of 6 to 18 such as polyoxyethylene fatty acid
amides, for example, polyoxyethylene octadecanamide; anionic surfactants, for
example, alkyl sulfate salts having a C,o-C,s alkyl group, such as sodium cetyl sulfate,
sodium lauryl sulfate and sodium oleyl sulfate; polyoxyethylene alkyl ether sulfate

salts in which the average number of moles of the added ethylene oxide units is 2 to 4

and the number of carbon atoms of the alkyl group is 10 to 18, such as poly-
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sucrose an ta!:gorr] 1|ng %(? present invention, the formation of multimers and degradation products
during long-term storage can be inhibited by adding carbohydrate(s) (e.g. sugar(s)).
The sugars that can be used include sugar alcohols such as mannitol and sorbitol; and
nonreducing oligosaccharides, for example, nonreducing disaccharides such as sucrose
and trehalose or nonreducing trisaccharides such as raffinose, among which
nonreducing oligosaccharides are especially preferred. Preferred nonreducing oligosac-
charides are nonreducing disaccharides, more preferably sucrose and trehalose.
[0034]  The sugars should be added at 0.1-500 mg/mL, preferably 10-300 mg/mL, more
preferably 25-100 mg/mL.
[0035] In another aspect, the formulation according to present invention is preferably sub-
stantially composed of the following components:
A)modified anti-IL-6 receptor antibody;

B)cationic amino acid (e.g. arginine, histidine, and/or lysine);
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cellulose, polyoxyethylene hydrogenated castor oil and polyethylene glycol.

[0044]  Examples of the sulfur-containing reducing agent include the compounds having a
sulthydryl group(s), such as N-acetylcysteine, N-acetyl homocysteine, thioctic acid,
thiodiglycol, thioethanolamine, thioglycerol, thiosorbitol, thioglycolic acid and salts
thereof, sodium thiosulfate, glutathione and C,-C, thioalkanes.

[0045]  Examples of the antioxidant include erythorbic acid, dibutylhydroxytoluene,
butylated hydroxyanisole, alpha-tocopherol, tocopherol acetate, L-ascorbic acid and
salts thereof, L-ascorbyl palmitate, L-ascorbyl stearate, sodium hydrogen sulfite,
sodium sulfite, triamyl gallate, propyl gallate, and chelating agents such as disodium
ethylenediaminetetraacetate (EDTA), sodium pyrophosphate and sodium
metaphosphate.

[0046]  However, the formulation (agent, pharmaceutical composition) according to present
invention, which can be used for preventing or treating IL-6-associated diseases
including inflammatory diseases, is not limited to the above and may appropriately

contain other conventional carriers. Specifically, examples include light anhydrous
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composmons are administered to patients by injection or transdermally. Injections
include, for example, systemic and local administrations by intravenous, intramuscular,
or subcutaneous injection, or such. The compositions may be locally injected at the site
of treatment or in the periphery of the site by intramuscular injection, in particular.
Transdermal dosage forms include, for example, ointments, gel, cream, poultices, and
patches, which can be administered locally or systemically. Furthermore, admin-
istration methods can be appropriately selected according to the patient's age and
symptoms. The administered dose can be selected, for example, from the range of
0.0001 mg to 100 mg active ingredient per kg of body weight for each administration.
Alternatively, when the compositions are administered to human patients, for example,
the active ingredient can be selected from the range of 0.001 to 1000 mg per kg body

weight for each patient. A single administration dose preferably contains, for example,
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receptor. Such antigen-binding substances preferably include, for example, antibody
heavy chain variable regions (VH), antibody light chain variable regions (VL),
antibody heavy chains, antibody light chains, and antibodies.

[0056]  Of the polypeptides of (a) to (f) above, the polypeptides of (a) to (c) are preferable
examples of antibody heavy chain variable regions, while the polypeptides of (d) to (f)
preferable examples of antibody light chain variable regions.

[0057]  These variable regions can be used as a portion of an anti-human IL-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 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
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T, Ogasahara, Y, and Nakagawa, M. (1995) An oligodeoxyribonucleotide-directed
dual amber method for site-directed mutagenesis. Gene 152, 271-275; Zoller, MJ, and
Smith, M. (1983) Oligonucleotide-directed mutagenesis of DNA fragments cloned into
M13 vectors. Methods Enzymol. 100, 468-500; Kramer, W, Drutsa, V, Jansen, HW,
Kramer, B, Pflugfelder, M, and Fritz, HJ (1984) The gapped duplex DNA approach to
oligonucleotide-directed mutation construction. Nucleic Acids Res. 12, 9441-9456;
Kramer W, and Fritz HJ (1987) Oligonucleotide-directed construction of mutations via
gapped duplex DNA Methods. Enzymol. 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, as a method for amino acid

substitution, amino acids can be substituted to obtain appropriate frameworks and
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(d) 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);

(e) 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 VL3); and

(f) an antibody that comprises a heavy chain variable region comprising the sequence
of SEQ ID NO: 21 (variable region of VH5-M&3) and a light chain variable region
comprising the sequence of SEQ ID NO: 24 (variable region of VL5).

(g) 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);

(h) an antibody that comprises a heavy chain comprising the sequence of SEQ ID



conprising the sequence of SEQ ID NO 345(CDR of VH5-MB3), CDR2 conprising
the sequence of SEQ ID NO 8 (CDR2 of VH5-MB3), and CDR3 conprising the
sequence WO 280Q0682NO. 9 (CDR3 of VH5-MB3), and a |i ght PChAPZI1V/B0IOZED] €
region that conprises CDR conprising the sequence of SEQ ID NGO 16 (CDRI
of VL5), CDR2 conprising the sequence of SEQ ID NO 17 (CDR2 of VL5), and
CDR3 conpri siN@ 2che/rseisnad ofigiikQain2oMprisik§ théddddemie o¥ISEIQ 1T} N)O: 2
ant i body t hat rises a heavy chain variable region conprising the
sequence of EEQYD 19 (variable region of VH4-Mr3) and a light chain
variable r egl(ljrancaonmdysthatgomelses@qlmmehaaﬁ cSREiiME N se@@®nfe af SRQIID X@gi on
of VLI); (e) t t r

conpri &1 nqt Re Yo a5 B e SRR Rt PRl 5F
i ght dﬂ%gZd véthea@lBrlboch@“gqleéﬁl rﬁbpvesmdoettﬁéd @%@fﬁbh‘@éafb& SEEgepOr pasiboplees

(variabl e regh@Rg @ﬁpe\/ﬂe@bmdﬂfgdacﬁ(/])ty %ﬂcﬁféht ?%a&dk%eﬂ@@ @Eél&ﬁﬁsa@e@ gadyceghai n
vari abl e regi.on conpri.sing, the se nce (varlable regi on

of VH5- MB3) AMBVHOFTYHEY- & ?Ihsu\Pﬁrtl YEICP e Bfﬂﬁ‘?me& ng the sequence of
SEQ | D[0683]24 Hwaar abllbedy aégmework reyods to lﬁeg])nlad vatit CDBAY pidsait iaGemiohass a

h h h VI ht
chai v compri Sraed RO BRSO RN RnketiGe oy st A B adHofone Do
conprises a Weawhje gdpaing of preseitdnvegtivh eregwt pamicelady 118E©dl fﬂ’N@n}”HR ieyHBe M7 3)
and a light (’Ellg'éﬂ 'ﬂo@%@?ré lgh- Ha?veﬁqﬁqyﬁrf)?@feﬂf)l Q. IIPlS'}stﬂgl% 6 yéegilumgﬁld (' )

an antibody that conprises a heavy chain conprising quence QID
NO 27 (VH5- K83 yeda%ﬁ havingghpatpibhisquersspAiteinadyel hdf %@dﬁ‘éﬁ‘éhs W(@Eéjﬂpf@rmo 30
(VL5)t [006t2hdéﬁlﬂen and/obdrasn dﬁﬁﬁ:hlobgﬁ!e g;bm& aﬁl:['ﬁﬂo heidysRd b@l‘ér;tﬁﬂ{ubed'liﬂmin IL-6
receptor antibodi es havin erior binding ac el l en

bhar mcoki nethcaumgyoRirafs PlRes gl aiel T obERER G5 Shasshateuper i or
physi cochem aatiggorlsipéing ists MR sdduomres aamngacdlysﬂadqrmpwtylcané)glselnstedlo be

i nked with forns a
favorabl e anﬁj—%cg %18 g?%t%drpié rﬁhlsg&u%@etﬁglg% daca?h%%%@ 1g&%r?egl ons of
present i nveraniﬂmdydm@m@@m Idawith eoiize aqid pubstitugians el &yt #R Gragerdesused;
however, a hypay)derdeghehR is preferably used. It is possible to use
humander j ved FRS having a natural sequence. Al ternatively, if needed,

subst i 10R6%n, Meryhilgnte sarftant sgiomig bsrused Eaapiagbesty I8 EFOBFNGEEOBES i

am no acids @aﬁlcbﬁrlyﬂﬁﬁl(ﬂdu@tﬁﬂaﬂyrﬁoﬁsthlﬁt&eélbﬁlm\gﬂfehsécﬁ@rﬁﬁrr&a&(bﬂ@gmardgﬁinﬂ @l
sequence so i.nd | N9, 8| te., Mitant FR

h CDR..f or.nrs. d
sequences hatt it OGRS ah SRS g Es Al En Bl By M e R BT uerti
measuring andowmtm@ibmcomnbragdﬁmgleamd fromylgGd, rRi2aGiyéeG4.d7 kappaa@t | body
havi ng an FR 158%6?58 AR 3 WRSE hiid K98 rﬁgﬁﬁé)subgﬁtu@d, HMieted, ROGE andBS -

(1993) 53, 8 ) ) )
inserted 1n the human-derived constant regions. The preferred human-derived heavy

and a

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-M&3), while the preferred human-derived light chain constant regions
include, for example, constant regions comprising the amino acid sequence of SEQ ID
NO: 34 (VL1), constant regions comprising the amino acid sequence of SEQ ID NO:
35 (VL3), and constant regions comprising the amino acid sequence of SEQ ID NO:
36 (VLS).

[0065] Moreover, one or more amino acids may be substituted, deleted, added, and/or
inserted in the CDR sequence described above. It is preferred that a CDR sequence
after substitution, deletion, addition, and/or insertion of one or more amino acids has
equivalent activity to the CDR sequence before alteration with regard to binding

activity, neutralizing activity, stability, immunogenicity, and/or pharmacokinetics. The



[0064] Meanwhile, the constant region bg be used for an antibody in present
invention is not particularly limted, and any constant region may be used.
Pr ef err eawoansy@sgi2r egi ons to be used for the anti bodi e®CraPpnes@nt?

i nvention include, for exanple, human-derived constant regions (constant
regions derived fromlgd, 1g&, 1g&, 1gHA, C kappa, C lanbda, and such).
One or nore aber efdntifio B@iyls bﬁoessmbsdithtedl (Mbte(ﬂ%H&écﬁdnd/ﬁﬂﬂl@ﬁted&@d()topaﬂ nserted

he h d -
chai - const aie by FENEAN R ke it skt ful LR TG RRE R g
t he am no acitdo sennﬁem:@ QIﬂCS‘SEE@dI sDlIN@re Prefeipblyriseanting agd per GPRVHA- M7 3) ,
const agb 0de§9! Gﬁl% r%%gpt%s\ia?ﬂbﬁ%ﬁ% &Qh@s%'aﬁﬂﬁ&ﬂé&e&ﬁ%e%Ee@&%ak@?ﬁ%ol@&le

(const egio constant regions co e amno acid

sequence of eeeﬂn@wm@theeﬁ( bynat Hnb recspiopnlheope wrebmglonmawelqowemr erred
hunman- der i Vegwbs'tlﬁhfonﬁ hRldtiof® RAYi®Bhs, raﬁ&’b@ﬁﬁeﬂtlﬂﬁi é'[d(ﬁ}e Jr%or@’éﬁ‘l’iﬂﬁ RidsqRsSt a"["t .
regions conprisi e ani no. aci onst an

regi ons corrpre?‘%rfli?r]g %YFearﬁWPﬁﬁl ds ef S%é?g‘ilf @é( tgFeg ‘T‘I?‘P&%r lgss). (%ngdséé

const ant r egisolsitaimgRihe 9 Agré hainvraciioresidie wiggohacaniab aSdQof Mtd¥ext 36 (VL5) .

[ 0065] Mbreover [ re ammn be substituted, deleted,
added, and/orlncrllrl]%ee?re R ﬁ?‘e“&ﬁﬂ%?dégd%%‘:éﬁ%g%escn bed above. It is preferred

t hat a [@BR]sedlressoeinaénton aéﬂ@bstlud@mowpeptiedsepnmmsmgdbh vdrghle ragidhor
insertion of jo0€Lel bR am no acids has equivalent activity to the CDR
sequence before alteration with regard to binding activity, neutrali zi ng

acti vi 10684t abfheirespectverisavy eains angl lishhelradns PrbgsragbRadsLae S MiHEHAer o
am no aci ds b@alaﬁﬂ@dmsreaétu]tgaduh dlelaﬁﬁeﬂmaadﬂ@mc@m/ At HigRMtIED te&eﬂi@fi p ar

ticularly limted. ho r efer three am aci ds .or

ror e pref er aBMEls A Gevedeady Bllici-ddigh SRS pfEriaRatl yniRe
amno acid per:m@@Rexc[e(Il&&@]haﬂfha:okmpescEmeﬁemaafea}b Ireduced)immsnefenicitgsand/or
ant i bodi es cg.gp#ﬁ gﬁ?ﬂco%:ﬁergi%ﬁfgr%erﬁe@l ecul e reacting with the anti-hunman

| L-6 receptor a rons may al so conprise substitutions,
del et i dP¥9]addihoboheavy ghainsand hghd chiiohmapplsowemprisqeibstititipnre deleiions. (for

exanpl e, f I V%d@ﬁbﬂso aﬁ&/bﬂﬁls&ﬁohse&%ne%%{&é ahlnb JcﬁHsQFor%ﬂhrﬁﬁlea&h‘AﬁnM adl&ss)
Met hods for substituti ng, one or nobre am no aC|d resi dues W th other am no

aci ds of i nt &F kst preferahlyivergning reifp Pelesy, HRd MOrhpigter¢hly M PH@ningieifs oI [ 0067]

Present i nvemdssRMahsR fbmibsl@teﬁngo@[he/@eﬁ@ﬂedﬁﬁn@@dmm&iueg with@thea ki) &ids
regi ons descri.bed 0068 chai ns and |ight

r bove Th Gt hea
chai ns of the)igg%{ﬁ%i”%%%e Eor egﬁllnB]ee §1§ g de? bg? g Yol ecul e react i ng with
t he ant{00MUnarbubktittiprec dgtaons, mdumoﬂsuamir‘orlmseﬁtlmec)épn@or @antei dpoidd esid$ mayhi ch

these heavy %Q% Héd%ﬂﬂfdritm ﬁﬁl%'rE'%gﬁsf @oﬁé%ﬁ? J%?&Eaﬁg%bgﬁ' or binding

acti vi té(;)] excel ent pnar maco I net | exce r educed
i mmunod@®hiidi t PresgRtingention o) 1@¢1u%)l§)|13(f@éh@fm€@mpﬂ|§mér§]éﬂr hgaxy and bglgghaiphose

heavy chai ns gaqgibki ghdvechai ns may al so conpri se substitutions, deletions,

[0072]  The antibodies in present invention are preferably humanized antibodies.

[0073] Humanized antibodies are also referred to as reshaped human antibodies. Such a
humanized antibody is obtained by grafting a complementary determining region
(CDR) derived from a non-human mammal into the CDR of a human antibody. Con-
ventional genetic recombination techniques for the preparation of such antibodies are
also known (see European Patent Application No. EP 125023; and WO 96/02576).

[0074]  Specifically, for example, a DNA sequence designed such that a CDR of interest and
a framework region (FR) of interest are linked is synthesized by PCR, using several
oligonucleotides prepared to have overlapping portions with the ends of both CDR and
FR as primers (see the method described in WO 98/13388). A humanized antibody is
obtained by: ligating the resulting DNA to a DNA that encodes a human antibody
constant region or a modified human antibody constant region; inserting the same into

an expression vector; and introducing the vector into a host to produce the antibody



additions, and/or insertions of one oropore am no acids (for exanple, ten
am no acids or less, preferably five amno acids or |ess, and nore

pr ef er ablwothrog®estai no aci ds or |ess). Methods for subsPCTUPRMGO@N? or nore
am no acid residues with other am no acids of interest include, for

exanpl e, the nethods descri bed above. [0070] Substitutions, deletions,

addi ti ons, amWecﬂurép@ae Phie@N&pslicatoe Nol ERQBe4(dnddneeiaisnatipatdne Applidatied out

for the vari regions, or both. [0071] Present

i nvention al 8f ﬂ&‘gs Qg%’éé?%es conprising the heavy and |ight chains
descri theaer Sdbo&@mepﬂz&ﬂimpdy'r fremawbikbegdioss td Ire lprkedevith CRRent saertal ® thatgher abl y
humani zed antdHEdGs-, (}W&Zﬁéulgﬁﬁ%%%g §Ré pRdie Ogrﬁﬁo Qéléguﬁs%ﬁf Bed to as

reshaped human anti bo |ze ant |
grafting a cogistiammddiiop agdoe PPN gayesi laﬁﬁom)nt@lﬂh fiaaevrqrly rﬁ‘*?%th@frﬁlhurran

mamal into taHﬁ‘b@R/aﬁﬁbl@ré'giB@n ant| body Con venti onal genetl C
reconbi Q@'}eé on tEChm ques for the arati Onpﬁ?g} such ti bodi es are al so

known (Y&E€1EurbpERAN B CABINLE 1‘? ©F jip 2ligEpd puman gnti H‘éfi CORS GBI ) |

[ 0074] Speci fwhidl dne, orfnadre @midmpicdds lavONlersaened, deaedrndded laﬁdil’ot hﬁért@i CDR
of interest an I rkr FR). of i S linke

synt hesi zed bygaﬁﬂ %rg{i%o\r@yscg{l/ser t?e‘%ﬁgrll é:orhﬁc a%c&lgséoﬁlrségtar d'to? have

over | appi ng ﬂjomtanmﬂ@awttold}’t he ends of both CDR and FR as prinmers (see the
met hod [Q@ﬁﬁr ! %ﬁjeké}n%ﬁ@ %%A$§%818b[%lA rﬁyge@géﬁqla@b g?d%h{a MSCQJRI @ cﬂe‘ﬁq @

l'igating the resu tl ncodes a human anti’body constant

regi on or Iﬁ@r?aﬁn(éﬁtqpﬁlw?’@dﬁéks%h for gl shain; Hyldr kppRy AHE same
into an eXpr @a&ﬁlbdm:aﬁ%ﬁl@éd foR Eé 1, Ohdi R AtHel aAgnd REd ¥&fileBte oI Rapbah9SowiOin

pr oduce the u n t ent at1on No. EP 239400 .and
e nat | ona S HoHLOND: Ao e REeniBiF e S ed ey B sBPiA A O8] Huran
anti body fraskowr o $EQIIDSOL 3. Hte laimmikeatidwdqueddorof &} garsmh édf ebvanintSHR t he

CDR forms a &Bg@(pa%d %n@ﬁlte omié.'&l g%c%lehgodnjlé th[& %91%9 a ﬁ@eﬁfen@g iscghawn

substi tution I NSer

t he framewor kn PEI I@nN@: 3%riﬂ@rﬂm1b@a§ﬁd\mqea@ﬂ ¢ egmma 2 1@@@%} i SEQARANO:

ant i body congbafid th@ﬁh&ébud‘érse@[énéé &r%@ﬂlghhh%ﬁn@éd@%ﬁe&%ﬁ%%n irnGSE(Qn in
whi ch one or more amno aci ds_have been substituted, deleted, added, ~and/ or

inserted in APMA- Jﬁ?.a%laya%f’eq@s@ﬁe 9 Eggamma danshoan 8 EQID NCE Hopdt ant
region of a lhwwmricotide sdtfue@dncodif® thid alino RxBERLdce G gawiEn SEQApaOR 2, C
gamm 3, Cg 4, Cmu, Cdelta, Calpha 1, C alpha 2, and C epsilon can
be used for the H chain, and C kappa and C | anbda can be used for the L
chai n. [(0i&8] amilvothaonate Segueanagbody Créappanisbesmoriedno BEQovOaN®odg8, and
the nucl eoti QabﬁﬁfHPﬁﬁ%og%Rﬁh%& ul li%nhﬂﬁlaﬁahlgb(ﬁﬁ&%rﬁﬁ§1§0§y§Egﬁ ad N SEQ

I D NO 37. no aci equence 0 ganmma I's shown in NO 40,

and the nucl égfti lgdM.dadulekc er kAL way he uash 8 agtbasdy aeaaizgbgidesievels 1gih swn
preferably used in the present invention. IgG1, 1gG2, IgG3, I1gG4, or the like can be

used as the IgG.

[0079]  Amino acids in the variable region (for example, CDR and FR) and constant region
of a humanized antibody may be deleted, added, inserted, and/or substituted with
amino acids after preparation. The antibodies in present invention also include such
humanized antibodies comprising amino acid substitutions and the like.

[0080]  The antibodies in present invention include not only divalent antibodies as rep-
resented by IgG, but also monovalent antibodies and multivalent antibodies as rep-
resented by IgM, as long as they have IL-6 receptor-binding activity and/or neu-
tralizing activity. The multivalent antibodies of the present invention include mul-
tivalent antibodies in which the antigen-binding sites are all identical, and multivalent
antibodies in which all or some of the antigen-binding sites are different. The an-
tibodies in present invention include not only whole antibody molecules, but also

minibodies and modified products thereof, as long as they bind to the IL-6 receptor



in SEQID NG 39. The amno acid sequepge of C gamma 2 is shown in SEQ ID
NG 42, and the nucl eotide sequence encoding this amno acid sequence is
shown i n 8BQo10DosD2 41. The am no aci d sequence of C gaRGR/JB2016/0G8TWN | N
SEQ I D NO 44, and the nucleotide sequence encoding this am no acid
sequence is shown in SEQ ID NO 43. [0078] Furthernore, human anti body C
regi ons may lpeotaiﬁdi fied to inprove antibody stability or antibody

duct it t i bodi f h
Pon - geOr Wigiteidessi TRt CARPIaTa" el IR B B3 S Bohpe s
preferably usz@ntla arntlfohéy foesemtplé, whert 1gbhor Jugldl, and g@:not pg@3ylailly Bhitedrs t he
like can be 'IE% reL%QJrgllmdﬁ Q&l\?{ﬁ" a%%/dr'ﬁeﬁ gi’@r dcﬁp tfaﬂc?g' 0” (for

exanpl e, const g
del et ed, addéamprlﬁ%@r w@odhﬁag@enté% aqke gtbetriani afly vehale éntst@ﬁm éfoa%?éﬁple

preparation. wHag 3G d)&%@h)e%é thifib&E 8N ﬂré‘s\éﬁﬂitnlvélﬂl(ﬁl a%@nd)t%h&&ﬁlr@qﬁﬁted as
humani zed an |bod| s conpri si nﬁfam no a tlﬁ%)bst tutions and_ the lik

[0080] The antl&td 6éVqu 'bF éde Oni‘?f\i‘e‘ﬁlﬂ 6?1“ dy %W?\Yf‘t”ﬁWmBP%?ent
anti bodi es a@rerfapblya@ﬁmtried Vibyol GG arﬂLﬁarthuMly@Bf&Mﬂﬁdﬁﬁm@ﬁblbbﬂdVHSandM

mul ti val ent gﬂnerp SB1eARini }erselﬁ ﬁres 1111) en 1nglnc?u eI e rﬁﬂl%hr%%l W& IL-6

receptor-bi nding ‘ac |V|ty an ra|2|ng ac iV|t Ti¥al ent
anti bodi es ofcompgsipg esfequy@ﬂ%mﬂih@rmnm’o@tlwdelawbmprlvtaalém scammt ofisbel pig S IDIRs
whi ch the antofgﬁzgmpdotagl ng sites are all identical, and nultival ent

anti bodi es in which or sone of the antigen- b|nd|n S|tes are different.
The an [P9%5ddi ereimingodicem PreRRE ArveBfon R@fqy@]gy haye %W%l effstlecula pyep@y phan

{nﬁl ecgl e; t blsaihﬁad zlﬁffElbﬁﬂlﬁs Jsiesr, aﬁ@mmmdlésqﬁapf@ﬂluﬁtgag{ekbe tfa@xam@fe h@ms as

e I N 0 e recep el n nl podi.es are a

ooy Pl g Suayare SRt Mot RRE Sleig el el a8t 1 or
exanpl e, V\holvélolegﬁtﬂ»odlsuch) and are not particularly limted as | ong as

t he h e C and
ooy 1 SO SrFEERD kbR MeRGl ilibde. ?&E&%P%ﬁ M b RO 2ot Y A or
exanpl e, mholl\éealng@lo,rmmmes lntH@denif@neB@mpb's #n Fab'eE@h2.ifrvy eqttvi (@mgh@r@amot

particul arly gy rHlZH%QICS aaﬁldlS@%@)@&lﬂé@&laﬁp(m’siﬁMLﬁ{IIBQIrSt(fd?@X%p@ ch’ﬁfélrse
anti body. However, the m nibodi es gre era rise VL,

particul arl yt%meqseﬁegmmc lygeny hefh W%ﬁé@% af@?ﬁ@ﬁn%‘ﬂc@fié?é}kﬂ e
m ni bodi es i mipibedeRNin pev@nidvemiédicl ude, for exarrpl e, mnibodies conprising

an o TR An ST SR i B S SRR ESuRints B RAMER MionBs ity v “a
smal | er nol ecuimeSWlegmu% hiztrbodi dtagmantsi Bioyines knblwey generdthentitiody bodi es may
form mul ti megs, meﬁ{s AP ke x Pﬁaﬁa ald], hg;gs'i& an@'pla %1% Vd}%gl“eh%mv dy ?Q&és their

mol ecul ar wei ght 1's sonetines gre t’hat "o e anti
encoding such antibody fragment can be constructed, introduced into an expressmn

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. H. Methods in En-
zymology (1989) 178, 476-496; Pluckthun, A. & Skerra, A. Methods in Enzymology
(1989) 178, 476-496; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. et al., Methods in Enzymology (1989) 121, 663-669; Bird, R. E. et al.,
TIBTECH (1991) 9, 132-137).

[0085]  Digestive enzymes cleave at specific sites of an antibody fragment, yielding antibody
fragments of specific structures shown below. Genetic engineering techniques can be
applied to such enzymatically-obtained antibody fragments to delete an arbitrary
portion of the antibody.

[0086]  Antibody fragments obtained by using the above digestive enzymes are as follows.

Papain digestion: F(ab)2 or Fab
Pepsin digestion: F(ab')2 or Fab'

Plasmin digestion: Facb



[0083] Specifically, antibody fragnentsginclude, for exanple, Fab, Fab',
F(ab')2, and Fv. Meanwhile, m nibodies iInclude, for exanple, Fab, Fab',
F(ab') 2, Wo0,208¢l61¢si ngl e chain Fv), diabodies, and sc(PexariEd/ngber chain
(Fv)2). Multimers (for exanple, dinmers, triners, tetranmers, and pol yners)
of these antibodies are also included in the m nibodies in present

i nvent i[o087] [Ogﬂlg]mlﬁmddtb@dlyplfegag mtlﬁOICﬁlﬁlulae a@@lﬁ@igrfga@meh@rlaﬁd@gmi &bithyy
treating antibodies eant| ody

noan 15 gendrins 5 e JGFHAE T trs Bl iuRE pP S hailsh BB ines YRS o,
and pl a8088). ADighodat refeb yo a hivgleneargibodyl fragmsmt(mnamadddulygeﬁm dgnent can be
construct ed, jipiifsQiiced. u@ém?&r R %%?d QR i AT KALI0L G0 O

appropri ate host
(1994) 152, 236416b76:). Bubpdies almdlr@pr%@mipps;ed of tweypolypentisigshpins. F_Iﬁf?%q)fogy

(1989) 178, 4 (ﬂ ptlﬁ)éb'l@aliﬁsméﬂmn@ac&mg(%rvlgancﬁam&lé ﬁerh'ﬂyﬁﬂl@éﬂ
(1989) 178, 47 in Enz 1989 1 652 663;

hod
Rousseaux, Jlin ‘%flalthe Saﬁeﬁ’t%&ﬁ‘sﬁl%n\%ﬁimﬁiﬁbw%‘i %‘%’ %‘6)31% 69! anhFd R.
E. et al., TIVBJ'E(EI—WHJ&Bﬂc)t bond tbi%:ﬁeliath):r Sb@@ﬂ&dllymgemtnbémmﬂmmldqbﬁm at

specific si tes s%tut%g tﬁo 1n1?9d%/ for e%%gﬁpe abé{lt %Vg LA, 30 ti‘l}lzlgdtﬁnf\/rLa%Wlt—ls of

specific structures etic engrneeri g i'ques can be
appl i ed to sgotpded oy e jaow HOJ!YREbtléft eengotliorinbodelé-chamesatiable el fetgmenn

arbitrary porhj anll Abrnd DGR Wi thel Qgglglch‘gﬂt\}apﬁgm régﬁ@g ffﬁ%&@ntoﬁg Q'r&%ﬁ by

usi ng the above digestive enzynes are | ows. Papal n di gestion: F(ab)2
or Fab Pepsi rﬁhed‘ihglé%thﬂ@ﬁtW‘Fé@Ege}lin@mﬁE’S Pl asmi n di gestion: Facb[0087] The

m ni boqp@E®]i N RFeSBIIbodidVEH tihSlR-dhaGl pw@egﬁadsqﬁddmcfsd 89MBRInE VIRGKd WY, vada

iy trary ¥ RS iongust HGHE 1 G onatloayst bt 8144 SR SaaoRes:

anti body fradeckthooiShe Bhﬁraﬂcddyg;geeroﬁodom AnHbbdlieg'eVolP1 3, edd., Rest8i98¢g

Proc. Natl. %ﬂdo ! Sgn#géof \Q%Iagl?ﬁ?%?@(ﬁﬁ %g% %gg' (Qﬁg4)?]%e ﬂ'al& Jiﬁljegloﬁt c).

Di abodi es aré
pol ypept i de @h@Lr@afnoV ¢gign af wWiteray l'a: dmvaqh &Om i @flbo(b{e‘iﬁéii@beld)hemlmk% by a

l'inker in th% ufkla?-fdi‘ llnkﬁgg@err@élonﬁs nbf‘ flCdlEﬂ hﬁﬁt@@m eka%n@@oefnt enough
so that the VL _and VH. cannot bjind to. each eC| ica he nunber

of anino aci &r%%wwée 5% PRI CARLAtME 4‘40Hk@req g2 fr%%l %ﬁg%f{%us edio e five
resi dues. Thuigker Bpec\:fhcaaipdu iﬂ'ﬂ)(ﬁﬁﬁl@d@ds@thetphptlc&&ﬂﬁeﬁcﬂey@ﬂjéﬂIb@R)\xE@inll@h forma

Singt oIERENY Vs Relorb B R R b5, togﬁr%mﬁ%abevd%@bas%s%lgé‘@? w
anti gen bi ndlahgves Firetsa meﬁqodS@:the aompletdineigo acid ssiurgteochddsimed phyipkpt | des
o ggfﬂ?ﬁg t lb_y h&gd 2 yéau%&% Xlonz{ ?gg%)mggbag \%}@g\gg s {4 SE Qempllate tS1in€thed!
V regions by PC
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.

[0091] 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 DNA can also be synthesized by PCR. A nucleotide sequence that can
be used to link the separately synthesized amplification products of V region is added
to the 5' end of the primers to be used. Then, PCR is carried out using each of the
DNAs in [H chain V region DNA] - [peptide linker DNA] - [L chain V region DNA]
and assembly PCR primers.

[0092]  The assembly PCR primers contain a combination of a primer that anneals with the 5'
end of the [H chain V region DNA] and a primer that anneals with the 3' end of the [L
chain V region DNA]. In other words, the assembly PCR primers are a set of primers

that can be used to amplify DNAs encoding the full-length sequence of the scFv to be



Pl ueckt hun "The Pharmacol ogy of Mnocl ggal Antibodies" Vol. 113, eds.,
Resenburg and Moore, Springer Verlag, New York, pp. 269-315, (1994)). The
H chai n Woegiomesiad L-chain V regi on of scFv nay be dePCra@210/00mzny

anti body described herein. The peptide linker for linking the V regions is
not particularly limted. For exanple, an arbitrary single-chain peptide
cont ai ni ng abkguthediRIEM chowRite, heskidueguenads the dds &d uasl tohidklehetkelf the V-

Specifically, it | 0SSi £ e the. pept. i nkers crib el ow or
stoh. 1 0090; it DRV BGRE kb Phedbig R ERDNT T e 5PN e RRRARY by
PCR as descr ithzmdhabbvle.scFy rsstltimate N nertmidisrg antpdificangpl mbdudmsing theci d
sequence or [ j.al ! i INAs shown
bel ow i s use Ssggfby t?g%n%ééét%&ﬂtﬁ“’? ﬁgﬂgﬁcﬁ@%lﬁ% ag{:/g a:lt&:i;i e%Ef%ssequence
encodi ng an Meehgicwnining tess RN saagdirenembinaghcellstirapsigymediith shepmaxs equence
encog! ng ?R b{/&,gﬁ@h Qe&()rs%eaﬁ B@Bﬂtaﬁﬁeﬂ%@'c@ﬁxﬁ&ﬁiﬁﬁﬂ rﬁé”iﬁd)cﬁppﬂrl{he;rgﬁg MquPmCRe )
encoding the' V region of an H chain o chain_are anplifie using a
pair of pri n@P?“tegﬁ]E‘ré?P&l? ﬁ’&)rﬁsé}qneogﬁ% i ﬁ-geng%%a%l?&%s 'i’%ngil‘i’félng&% %WHEH%FGT he
DNA to be anpbinbiradt ceTlhen, a DNA encodi ng the peptide |inker portion is

pr epar he pt i de kinker« h:N n,.al .synt 4 PCR A
nucl eoﬁlgodge?’}-s eq@%ﬁé%ert%gﬁ%%%vggg 3’%‘1&89% 0" Inf)frﬁa lﬁuelgrgséfé%%%%’ealngﬁie nrﬁ%e%yzed

anpl i fi cati onrmpngedus gy ofdel/ Hxggiptas of theaatriodementtaheliBed egdadwof the priners to
be used. Then, vPERks: &arried out using each of the DNAs in [H chain V

regi on DNA] - &88%“ de linker DNA] - [L chain V region DNA] and assenbly
PCR priners. [l pker{éHssenbl y PCR primers contain a conbination of a
primer [obat] anbE@ahsisvd ﬁﬁglé—hﬂaiﬁ'miﬁilbﬁd@?roﬁb&d[ﬁﬁ 1eh@h ol VEG i tfNGL_s akidg a

e e he oLBBRR b R LS b SRs Y 981 80 Nl o
zgrrpl i Iy mA:gemC@Mb@.fOMamld, b_yﬁn@tgg selequenc e liokert he scFv to y ch
of 1 ne (081 or DRADYE g Wt EAFREFLEDEGPhlbply R hRayPidhd froet (VAT
are |linked, afd ‘iheandt\e (WHHIlmkecLilgker iV Hbliskey [jehdram 8¢ NMtermmus of

ampl i ficati ogdNiRduehailPoRPephtR; BSRENDR] the BldRr BF thBBKS VHNGE thB&/Ls is not
scFv-encodi n are_gener at ed, eXpPr essi on vectors contal nin t hese

and reconbi naiFtiteddp fhe abpxsryieaEEn vt thek sk Bearzperkinghy CEel oF st Ye
obt ai ned by cerwenpeasalaremitboBdowFurther, the scFv can be obtained through

conbi nant cel 12 P1FBbGY THRERSAT WheOYERa VL' [0 be1i nked i & not
particul arly I[Vid]tieder [Ad linkey[Vidyinker @fianged in any order. Exanples of
sc(Fv) 2 19 o N Ra B e O Y i by Tk g tvo VES and tvo VLS
usi ng [VL] linker [ VL] linker [ VH] linker [ VH]

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

[0096]  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.

[0097]  In present invention, linkers that can be used to link the antibody variable regions
include arbitrary peptide linkers that can be introduced by genetic engineering, and
synthetic linkers, for example, the linkers disclosed in Protein Engineering, (1996)

9(3), 299-305.

[0098]  The preferred linkers in present invention are peptide linkers. The length of the
peptide linkers is not particularly limited and those skilled in the art can appropriately
select the length according to the purpose. The typical length is one to 100 amino

acids, preferably 3 to 50 amino acids, more preferably 5 to 30 amino acids, and par-



| i nkers and such (Hudson et al., 1999, g I munol. Methods 231:177-189).
Sc(Fv) 2 can be produced, for exanple, by linking scFv using a |inker.

[ 0095] Prwberamlog§i2t he two VHs and two VLs of an anti bo#¢TaPziapeiariged i n
the order of VH, VL, VH, and VL ([VH linker [VL] linker [VH |I|inker [VL])
fromthe N term nus of the single-chain polypeptide; however, the order of
the two VHs a&adlaflwpréfeiablysi2notl§lantthdé addd @oit dxamphQ\ e aafii@mngéyent, and t hey

may be ng in any order.. Exanples. of the arran re l.i sted bel ow
Iy "y Rt S B R BR RS Pl 1PRER AT e PR w1

|'i nker [VH] [&4dentasnker [VH] |inker [VL] linker [VL] [VL] linker [VL]
l'inker [VH liqker [VH [VL] linker [VH [linker [VL] linker [VH [0096] The
am no acid sequence of the mnibody VH or VL nay contain substitutions,

del etions, addi¥iS¢hs, and/or insertions. Furthernore, as long as VH and VL
have antigen- lgRdip@eact i vity when assenbl ed, a portion nmay be del eted or
ot her pol ypepté?dﬁ}z E@Z be added. Moreover, the variable regions my be

chi merized or fhiheh d. [0097] In present invention, |inkers that can be
used to |ink tGig GiptGlhSdy(SEQ DG 45¢gi ons i nclude arbitrary peptide

| i nkers that n i n ) etic engineering, and synthetic

| i nkers, for e%iezrm(%?gl,ly {jhg&éﬁ%ﬁ%lﬁsbgq% closed in Protein Engineering, (1996)

9(3), 299-305.Glyad9&ily the Spr @&} HedQ:iddkers in present invention are

peptide |inkerg, G‘Hﬂ@,b} eno&6hy QEJ fteNespRi de |inkers is not particularly
skilled |

limted and those I'n the art can a{)propriately select the length

accordi ng to t@¥ PuPpsdy Gineer @HQEE NQsA8t h is one to 100 ani no acids,
preferably 3 tgr&iy & Goy &5 dB, (SEYY B Nefseyably 5 to 30 amino acids, and

o000 For  exargica b Cu P SeRERCUERKES 1 hopt i Ge T Tker s i nol ude the
fol | ow ng sequenCGisGlhSety GlyGHeGly&@YQAD/NBes2ter Ay Gy Ay Ay Gy Ser
(591010 g @R RaERLPNE 1) 8)'2Y Y8y s (2312
NO  49) (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 de-
termines the length of the peptide linker is typically one to five, preferably one to
three, and more preferably one or two.

[0100]  Synthetic linkers (chemical crosslinking agents) include, crosslinking agents
routinely used to crosslink peptides, for example, N-hydroxysuccinimide (NHS), dis-
uccinimidyl 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), disulfos-
uccinimidyl tartarate (sulfo-DST), bis[2-(succinimidooxycarbonyloxy)ethyl]sulfone
(BSOCOES), and bis[2-(sulfosuccinimidooxycarbonyloxy)ethyl]sulfone
(sulfo-BSOCOES). These crosslinking agents are commercially available.

[0101]  In general, three linkers are required to link four antibody variable regions. These
multiple linkers may be the same or different linkers.

[0102] The antibodies in present invention also include antibodies in which one or more
amino acid residues have been added to the amino acid sequence of an antibody. Fur-
thermore, the antibodies in present invention also include fusion proteins in which an
above-described antibody is fused with another peptide or protein. The fusion protein

can be prepared by ligating a polynucleotide encoding an antibody and a polynu-



Ser Gy Gy Gy Gy Ay (SEQID NO 5033y Gy Gy Gy Gy Ay Ser (SEQID
NGO 51) Ser Ay Ay Ay Gy Ay Ay (SEQID NO 52) (dy Gy Ay dy Ser

[ SEQ | D NOD 24i0}105812(Ser Gy Gy Gy Gy [SEQ I D NGO 48] PLm/Jviia0/eo1n7i s an
integer of 1 or nore. The am no acid sequences of peptide |linkers can be
appropriately selected by those skilled in the art according to the

pur pose. For c&)@ﬁﬂ&)élﬁ:,odinlgemaﬂl@tlpeptlﬂe oll\lbd)lt_?be;dﬁleﬁle&ﬁinﬂeliitrbdilﬁ:nthﬁhQ;t]DNQflntd’le
peptide linker is t

Dr ot or abl v ond ebret i SetoruR Sphnbe 18 rRGaR e o R oEF 1o BB, ™ ©
agents) i ncl ukiéled or s siticakibagsaigdhe septolator pelypeprgledo bo fused sghi amlanpb‘pdy des,

f | | SS
b.°2<EE?FBS&ﬁ@#ﬁs%@ﬂ%&%%@ﬂ%ségw GSpie LAY FISIERENE T B e )
(DSP), di thi ébi El@@eﬂm&mﬁ A?% %Dﬁaﬂé)cop@ﬂtssp)f Sl?@ﬂﬁ)ﬂh@ﬁ@mgl ycol

bi s(succi ni mrghydues UGk mgtlﬁhu&ﬁgﬁkma%émﬁfmﬁ REAY] M@ Oin ié ﬁugﬁl%wvcsvvn(}m dyl

t | f o- E t dyl
o varatc) (eSS EHSpUE AR MYk e VAR Ay ytopdart e
(BSOCCES ), au alpihs uﬁtﬁm@ﬂﬂgimsu @ctagi mdo[ﬁme;acarfmgmehopyslypeptm& o Baufusede
(sul f o- BSOOCKR, o TNGR6, 64.0% Rl KIS A0RNL S QLS. FSMERG|AUgr avai | able.

[0101] In general, ree | nker s car e require our anti body
vari abl e regl(gin@thlmtrﬁe%ranﬁtbtasw HA Gnrrﬂk@msa hepaggdutinhe, gamenagloilinfeongmit

linkers. [ Olggélor-lr %@taaégldc%?dagé a'n@ l\ﬁ)ﬁp%ﬁﬁtosle 'T)Yr?d?ltl e gﬁlll egohfﬂféréigﬁy anti bodi es

in which one or nore am no aclid residues have to the am no acid
sequence of &MNaitRlG RBclantifles sepdipe Ehese peptidit Plbléf&}’lé‘é)tlﬁ‘?ﬁ ndsditediwithent i on

al so include Blysluaeotme%ebdiﬁg bR aMboell a@ﬂe@ﬁ@&ﬁnﬁﬁsﬂqt feehtamt xagyni s fused
wi t h anot her tid r ot ei The fu5| ;aﬁ an beb{g <glga,[r d by
ligating a p(BBsﬁﬁ]&tf diaPé’ PERE T gﬁ%’geXBFFsﬁﬂg &89) 88%98 Pestt

encodi gl@not Rorepept thdantbodisl depafited de preserft i@veation ntay(aﬂ;udxemgnjmgatsd BNA i nto
an expressi o r

nown ot hoUb oSt ffikeyAD i ASBLIL L 8 KGSHRL LiuBufioplyedAGILANE®, o
to be fused WIE®Q aind kyslurbeidycigs ratdmcwee@émancreﬁv@mrmﬁntrﬁﬁystb@ea krnown
peptide, for ,gxauph@ubdth&; (eh@ﬁ‘ﬁes Iﬂd E}Xlr%t S@éh 00 Eg@%@%ﬁﬂﬁﬂcﬁ&\’caﬁ b61204 1210

(1988)), 6x H's con5|st|ngo S| X hi sti di ne) ‘resi dues, 10

i nfl uenza heRBEHIEHOYHDRMGAHRY m%fafmt eﬁ?/témr:ﬁiaawes %@O@fqrraagh%#ﬁ mag- j
8:—" P]/ fr agge:’lﬁﬂlcaﬁﬁnfaﬁgalreb@/citﬂgl,shﬁi %&ge aroVe, for faxm;ge Us 5@97@&13 and g@ tag, o
al pha- tubuli = t . an rotein ra t| es to be
fubed wi th-t R oiePaRe e, Aelahih g A AR s ot RERU ARl o,
GST (gl utat hltlbn@leS-transf erase), HA (influenza hemaggl utinin),

: mmnog R%Hl i @u%@ﬁﬁ(ﬁ@%h% glgl %ﬁlCS%F%F%liﬁ%hﬁéﬂ gl%ﬁl%e aﬂ'ﬂ?l?odﬁpwith altered sugar

(mal t ose |nd|ng protein nmer ¢
chains.

[0105]  Furthermore, the antibodies used in 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 in present
invention 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 other antigen-binding site recognizes another
substance. Examples of antigens that bind to the other antigen-binding site of a
bispecific antibody that comprises an IL-6 receptor-recognizing antibody of the present
invention include IL-6, TNF alpha, TNFR1, TNFR2, CD80, CD86, CD28, CD20,
CD19, IL-1 alpha, IL-beta, IL-1R, RANKL, RANK, IL-17, IL-17R, IL-23, IL-23R, IL-
15, IL-15R, BlyS, lymphotoxin alpha, lymphotoxin beta, LIGHT ligand, LIGHT,
VLA-4, CD25, IL-12, IL-12R, CD40, CD40L, BAFF, CD52, CD22, IL-32, IL-21, IL-
21R, GM-CSF, GM-CSFR, M-CSF, M-CSFR, IFN-alpha, VEGF, VEGFR, EGF,
EGFR, CCRS5, APRIL, and APRILR.



avai | abl e pol ynucl eoti des encodi ng thegg peptides or pol ypeptides can be
fused with a pol ynucl eoti de encodi ng an anti body as described in present

i nvent i orwwoAofuwsg12 pol ypepti de can be prepared by expr @€E3iJR2p10/h@9%0
obt ai ned fusion pol ynucl eotide. [0103] Mreover, the antibodies described
in present invention may al so be conjugated an tibodies |inked to various
rr’]ﬂ)| ?C ul[eroeguC h\gaﬁomﬂoy pRId8cing Dispedtio Qntﬂiﬁd}éls talkyk@sven. ﬁls)p@glhc (aHElEE)dlﬁrtdn be

yal uronic aci ragi oactive substa scent subst ances

o nescent s aBcreth STbOKRPHIRAERAT e’ SLBLRSEE el BbE IR e s can
be obt ai ned byugﬂ@nﬁmdkﬂywn@dchykm@mawbcmbﬂénm&wuhntmboduaamgwmﬁmoﬁanfor

ZQ;'ngf’gy ”Ddgh%@ an d@@i@?%@g@g?@ abrﬂﬂggnl'%%ng '?Fcl%{, Al&ﬁ%m&gf
i nvention al §‘éﬁl‘i’fh€q”l§ d’éﬂdélei&llﬁ higpsfifiganeodies qan@s@r@@red[mf@mpg ﬂlmgltlmfﬁ‘nr e, the

anti bodi es | rdQIu@ﬁlgr&ffé@ﬂﬁﬁéﬂ&[bﬂaﬂ&ltﬂﬂ@w@derih@Hh&% Wik geifRl dnfib8fleStiBiade
chains. [010 %qg%ﬁ#ggrnnre t.he anti bodi es used in present invention may be

bi speci fic af gensfig SREneqrEANEYES, refers to an antibody that has
vari abl[e107¢gi 04n§ddsh‘&iﬁedr‘t&hﬁ)gnhezaltdbﬂfeeU&fﬂtm@p&s&ﬁmﬁﬁeﬂtﬁ)ntrﬂ‘@ dferinantindody

nol ecule. A pecific od [ nt| e P& |fic
ant i body” t hat Paear a0 PR BhaPaRL bl ERbEA B BB Bl SRRl
or a bi speci fand canfbinby, depenthing I@ncﬁlrrﬁepm“fﬁctahen emthogew-tbc adl wghogt tlseé to

recogni zes thg,diks fhe" a%ﬁﬁ@dn@sr }Rﬁ%v&ﬂ”‘ &s PhPas th%”a?n'u%d}r @dtﬁﬂé&‘ﬂ fﬁhét%nﬁl%ﬁo@l”' z€es

anot her substance. Exanple antigens-th
anti gen- bi ndicAgvalerigosn aatﬂmdsml@é@rfhe Haalfeis%dwpﬁ% IE:%WBM @é@naﬁewae
rleCﬁpt OrT I—\I Ir: %C@mmczeunﬂ pARédthoedytioh. Fdﬂ@xﬂﬁ}@léesﬂheri thVzﬁ‘iﬁﬂ)b@ﬁlsldineHQ@ ihL-6, TNF
al pha
| L- 1 R, RANKL P“%&NK)UC |CCE8%¥ exﬁﬁlplel%eflﬁm%"h’l ai_m‘i‘giﬂ?n“}el_r“@%&slaﬁdﬁ%ﬁ tlel}“Bﬁys
IynphotOX|n adrpliays df yinpdridioadiantibetyaamihd GHT skqugacd Suth Ghihod\ds Aredals«CD25, | L-

| L- 12R, | L-21, IL- 21R, GW CSF,
GMCSFR MC@QM%%L% Eﬁf d%ggiéé\?é@%%\/ﬁé%&: EGFR, CCR5, APRIL, and
APRI LR[PU)B%] Hvéxmoa@%focﬁranpﬂb pmmtﬂngb@@rss ansd suel itbprdsens inyetidmenmbe

Bi speci fic anptifed Sy??nfé%dpﬁncml?%@é@;skﬁ% igxgmpt e, by linking two types of
anti bodj es recogni zin erent antigens. ntlbodles to be |linked may be a

hal f moPESUI e AheHI- Ho%tr%ﬁem% Gnihpdy cap BF RreRAEdalr EXUPRIF DY EPCUC deriiter
mol ecul e contbaiafibh @cﬁﬂllquemﬁmlﬂ 16 ildsB skifledl &1 hataitwbabad orf e k&@juetd bixhPraaduci ng

di fFerent ot RO AnE P BURBESPEHET b B A e anbr BB e an be
produced by gempetdddysiogsmneeing agotypublepidesicoding O] anibodiebased bethebel ow, t he
anti bodi es uged,ha. & a%] SIgng récgﬁ(tSPféc%hl gaﬁﬂlﬁéa‘/%agﬂgégggg‘d{éopo%{ugle%ﬁﬂ@aﬁ%Qn

nol ecul ar wei g t, 1soelectrl pol Nt sence sugar ¢ I NS
conf or mat i on SXPIEREGTIYasEPro#ndk then me@at NG apprpEdte host geHdseedpr emmmost

used to Co, M. S. et al., J. Immunol. (1994) 152, 2968-2976; 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, 132-137).
[0110]  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 vector into which a polynucleotide encoding the polypeptide of the
present invention is introduced.
[0111]  More specifically, the present invention provides methods of producing a
polypeptide of the present invention, which comprise the steps of:
(a) culturing a host cell comprising a vector into which a gene encoding the

polypeptide of the present invention is introduced; and



produce the antibodies. However, as |ogg as the anti body obtained is
functionally equivalent to an anti body described in present invention, it
shoul d bewoanwyesied as i ncluded in present invention. FoT/Jexawpdie77 when an
anti body is expressed in prokaryotic cells, for exanple, Escherichia coli,
a nethionine residue is added to the N term nus of the original antibody

am no acid sQﬂuﬂmﬁmng3&q&ﬂy@#ﬁb@dﬂﬁﬂe@b¢d&h@ﬁeincIuded in the antibodies

descri i n ese vent ti of a t|-| ecept or
antibogﬁgghan P S(ﬁqb ﬁﬂmﬂ%géﬂﬁ ~%£u% Pg@%aﬁﬁé %%%ﬁ%%s known
to those ski IpBégsemptt sl pﬁ’R Sctlp)tlw]:rnAanan,twhdn!_the objecteystioto mt:IObedyd can be
prepared, for,gxafpleND yotl?e‘% %ﬁ&rhgleg SFfPllJ‘vQ&tp%' a?l'aitfoﬁqg ﬂ1e%h%§ d&%ﬁ‘%ﬁ EIRWE hose

skilled in the art based o equence o recepto

anti body obt aiqheds, pCs%iﬂcT,fHD,lSﬂCﬁ a&%PEﬁtEXPF%S]@ané@@ﬁtaé? p@rﬁwlaﬁnysqfdrf%e

prepared by %ﬁﬂ&kﬁ%%hhﬁ&hés&Qhﬂﬂ%ﬁh%ﬁ%&d@n@ﬁﬁ@ﬂuﬂﬂekﬁﬁpEHWh&pﬁye %ﬁﬂn@n
the sequence of an |

receptor-r ant | I nser
pol ynucl eot i dSCtPh{Sds%fﬁ‘)éf’bPrég%(?rblﬁ Eg ﬁd}“ of Sﬂlﬁ’éﬁq@&ﬁf‘é‘%f’%%a‘i aEh‘)"vnltsan
appropri at e haslifics&tidn iQ $eeoli.dn aéohatml wehen@he hddt 1& ceih sath as ll\/[l(l)9‘nIDHﬁ)|
(1994) 152, 2 e Netha
(1989) 178, B’%gu]é%mbl g41t<1t1h%]fr‘%‘°’ My &‘@t\gﬁ‘?é‘!’ Vf/f“’r SN I0ERT ter 08 nﬁ?%sg)
178, 497-515ﬂseﬁﬁmyneX@E%HwemﬁbthEhzynmmﬂed&gsﬁpnmﬂi(VﬁﬁQeﬁﬁsNaRmdsseaux
J. et al. 4?%@1‘6 FA%B@GJ) %139%'2\) 6 )@@é[z %9@] @fa@t}yroﬁotheE(B&fég eVl ker, B.

W, Trends Blotec noI resent

i nvent i on pr ovicaes (18 }éﬁ@s %‘1 %%ul“ﬂ PRYTIAter of Spdt PRepYGCa lmlu@%ep%%sent
invention, orxti (Pha@n@@h)ypemweese@ﬁ@aﬁd(@n ﬁig@mm@@dﬁm (ffnhihsI@@ieYﬁlﬁpt' de

ot b R R R N ST e s T RARL SARPERSS. oy RERadts anes

encodi ng thedpnﬂ@p@ﬂhnde of the present invention is introduced. [0111]

Vore SRPLA Caldifemhdie, BE SRALLIENNUIR-BRIYL SEs IR DRdReAlpEAdyCl NG @

pol ype resent 1 nve rse (a)
culturing a no@bodc'esb¢re@@tn~¢>rs| a5igepl aeqrengedior amﬂhwdmmrhn@, temellepigodl ng t he

pol ypeptide Qfqfeh& (ﬁje?%e'ibt et 1Y EBdcRiBiol. S(198"’75 rl@@‘*%‘?@) mﬁ?@é B)eddBE ploALAGHt he
pol ypepti de encode gene, [01 12] Exanples of the vector include

ML3-type vect@pdhe %U‘@Ylﬂ%?b‘é a§@c { b YectoypRAIpbe InFeftRed AR Bt SHY IPCRASRS pt .
AIternat|veI%ycmmﬁmnbmﬁn@@nedbdyerﬂ&nﬁ@o&mbﬁjone and exci se the cDNA, other

et 710 e AABRAE for b B g 81, B WP 06 RER TN RGP TRF YRS LBRLI T o
produci ng anmﬁb@dheeﬂmes@umhkdﬁnnxpnpbem@mmnweﬂmvmmﬁxpﬁmmoexanpﬁéﬁﬁmhen t he
Expression Vt%%arﬂ)le V\fc]jﬁﬁ %9ft¥0%ﬂ ?EP—'B%‘SE% F‘A% c%s’ REJ‘ 99%‘}‘19(“1 mz@%&% have

features tha iccation in n ad
host is E. c&FF aukrCRNE)NnEY! caberivie REpres I ectasy (fn¢xwmleéhe I'Bag-s
essential t had-BATCOMREVRus RFEdsRSh FsRIONTHRL-BRES arkl JBUPAKS), 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), yeast-derived expression vectors (for example, "Pichia
Expression Kit" (Invitrogen), pNV11, and SP-Q01), and Bacillus subtilis-derived ex-
pression vectors (for example, pPL608 and pKTHS50).

[0115]  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, EF1 alpha promoter (Mizushima et al., Nucleic Acids Res.
(1990) 18, 5322), or CMV promoter. It is even more preferable if the vector has a gene
for selection of transformed cells (for example, a drug resistance gene that allows dis-
tinction by an agent (neomycin, G418, or such). Vectors with such characteristics
include, for example, pMAM, pDR2, pBK-RSV, pBK-CMV, pOPRSV, and pOP13.



its efficient expression in E. coli, fgt exanple, lacZ pronoter (Ward et
al ., Nature (1989) 341, 544-546; FASEB J. (1992) 6, 2422-2427), araB
pronot er WBebtoawoese al ., Science (1988) 240, 1041-1043) pCTAPIMONOVET OF
such. Such vector includes pGEX- 5X- 1 (Pharmacia), "Q Aexpress systent
(Qui agen), pEGFP, and pET (in this case, the host is preferably BL21 which
expresgesio] 7 RNAd@iaby elicashe objectivaddid dtahly bﬁpfmege@asa@qdctmqrfy hednabas.

L0113 P B Py S P LR B ] AT FRTL 25 P
secretion, t ipethpelyBresingndiiced egthenetqribaving$. DIFPFR@,ten@Wh1ch$0nBamaa3|fai the
(1987) 169, 43¢3L I o&%g&? d,§05_dR &%ﬁéeﬁ{&g bmfno éﬂ@eétli)ﬁot%ld%?h;ngl asm

The vectors can Into OS rexa rum

chl ori de et ﬁb@@r&ab@wa&v P@%r(é%% angl gher vactqrps aaalﬂfﬂqddwmgom@@@tr@fase for E.
coli, the veermany cfaﬁ'be m&ﬁﬂﬁhﬁ& ®AéA ih@@bj%’éu@lseﬁ@fah@l@& defe BX[B68Mn, hﬂié@fﬂidl on
i ncl ude, for  ex Ce derived ex ress % ors for exanp

pcDNA3 (1 nvi i} 8 3"@% O%E&—%‘é@’ytﬁg&cgeé‘%x Eﬁsalﬁg é’lﬁ 1@‘?}@)‘5 P8 (hery | p5322)
pEF, and pCDItdﬁl)o;mdsame@te mzzﬁisforded mﬁach @cmremymg amsc/t40rr5pl(cfaﬁon eXginpe) the
Bact o- BAC ggg %'uc?l Icgnuﬁe EseBr Peytgtuge rr%BflcaUO%O gms)dgf%v%i_gBl% ﬁ%%a}

pI ant -deri ve expr SSI on vecC OI’S OI’ exa
vi rus-deri vediexpdeysiims, hmmemasﬂl(otr@rwmsdﬁﬁw,,andw l\@bebvea,rtd apitiéx thew) |

retrovirus- d%%ftléc’)é‘@ RIS fH 1Ry é’&lcﬁl{é"s sthé E%re&&ﬁf%'cﬁyrs Ré%r E’Gﬁ?ﬁse heastinger i ved

expression v for. exanple Pichi a pression Ki nvi trogen),
pNVI |, and SeEl¥cesijle trame%%?cﬁﬁﬁmsge%ﬁhmdéned@msgéEKégerpf:r Es%frlbﬁavatﬂeor s (for

exanpl e, PPL&QShiad ShRBH&REDsy1tlafdidBle (M@Epﬂ) @aqeemry%%mﬂa rﬁcﬂﬁfd&% %ﬁf (gfe?é lst
an cells, |1

used for expr @ﬁ]&?‘n in @nl mal cells suc
nmust have a PP s 2nEEEUULINAELr expression in those cells, for exanpl e,
SV40 prohivter Thelrbdulteaneibodikes deshibad i@ p(rés@ﬁtgl)lvé’fﬁﬂ)n cif 8 1soM‘tddvf~rd>.1ﬁH§0pIr onot er,

EFl al pha proppt &ff{&yoﬁgﬁgltﬂ@ce‘?ﬁ (ﬁll e med l(ﬁ'lsﬁ?}ﬁc%lgisg}ﬁﬁ%d af %?&Qa?nulﬁ%gé 22),

or CW pronoter. able | as a ge
sel ection of apd hﬂ@pg@nwaam@ﬂ@s(?mar@bamﬁ; gan ke &&pugteﬂegﬂ@uaﬁ@@usg@m@mhat

al | ows di s tiBgkdfANsdPYraBbn ﬁﬁ’@ﬁﬁrlfgdﬁﬁ@ﬁrﬂé‘tﬂbds %]a%tlb%&g\%ﬁ{&tloﬂ/ %ﬁf&lﬁbéﬁh&/
such characteristics include, for exanp

POPRSV, and piEped thesgipelonexamals; fhe&ﬁtlb%%%cambé SSB‘F@E@ .avip’il% lftdobys £RNPy
express gene@namy aqeting yncaccgﬁmlng colpyn auaﬂnafogmphy hfﬁnﬁ@d)ﬂ ,Sltradilti@idnod in
whi ch CHO ce s%lﬁ deficient in.a nucﬁﬂhﬁngm d at hwa

't roduced wetH"8 VeSS RN TR (R e T h Dok omiBt PoPiaion.
defici ency (SOS-poizmpylemigeed eldhtiophOtdsis, eoallearof@tlmmgw diabnth, edivisiadlivatiGal d
Spring Har bor, ratory Press, (1989))) and the vector is anplified using
nmet hot r exat e can be used. Further, when the objective is transient
gene exXPldsi drromaiograpby inchudghi foheaom! af iy tycdyo g aahy dprexshphess §hiRg t he
SVA0 T anti gexht@ftapiehydiephsHi®entRafptaphl ans HarARd, whébe phasecdhgs- carrying
an SV40 repl Ingaa(gglrg&ly? Elrllcg acgogp%og chromatography (Strategies for Protein Purification and

Characterization: A Laboratory Course Manual. Ed Daniel R. Marshak et al., 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.

[0119]  The IL-6 receptor binding activity of the obtained antibodies can be measured by

methods known to those skilled in the art. Methods for measuring the antigen-binding

activity of an antibody include, for example, enzyme-linked immunosorbent assay

(ELISA), enzyme immunoassay (EIA), radioimmunoassay (RIA), and fluorescent

antibody methods. For example, when enzyme immunoassay is used, antibody-



and such) can be used. It is possible g9 use replication origins derived

from pol yoma virus, adenovirus, bovine papilloma virus (BPV), and such.

Mor eover ,WOQosavob812y t he gene copy nunber in host cell [PCREB2010/b@977

expression vectors may conprise the am no gl ycoside transferase (APH) gene,

t hym di ne ki nase (TK) gene, E. coli xanthi neguani ne

phosphor i bosybta it @r@s@ sﬁElc @sgpir)ﬁegemabocdémalr@imieasmpemadm oasmtibehf-r )

gene, and such The re ulti ant.i bodi es

descri bed | nopraSioke R FEREL OBl Efkciad) Aty FReshiRgk e QRP s Ly B,

out si de t he eelehsynid sreh m&d]kahme phrosphetdsg is adugd pandi the pldtea sresinbsiagant Adel y pur e

and honobgeno 0 n i ed
WYs ﬁﬂ% o8 é?l'zg e s{flﬁk‘?raé%rh(ﬁi\bﬂé%dﬁ‘ Qnoﬁ% ﬁ)ﬁﬁ% 4t ?&heﬁ &Ldﬁgé fol

usi ng con ventron ration an tho or anti
purification SOWB%&IEHCB@}Y%M qvgluatedthe h@r@pdnnqzag agvatitpl e, the anti bodi es

can be [gemar atmnﬁmu%hqb@‘)mg@gl@ynsappro priately selecting and conbini ng
filtratian, traflltqﬁatlon saltln out, 8hvent

col um chr omat
preci pitation, &éﬁ& In¥SAOR AP BTES RipEpaqepti Sﬂmp?%’ﬁiﬁd]barté’ MBS GROve-
SDS- pol yacry Idamrﬁbed gellypqitﬁletas ap ba[xeangrpdlleﬁto &he phimfaoauﬁar@m;djsﬂﬂons b8,

recrystalliza ds @b 1néengloﬁ ugn be Lse:cll]fgll I .= socltai:)e%rcfal ?eayesl gh %sd §§Um%t8 d aerélrlrg’gl &

affinity chr éna I"on exchanec ro mato rah ropho
chr omat ogr apAjys, g]e¢ plfesdnﬁ feen@oen als@pl@rvsies pieasefoe trwmmh@gmphsfh a!and

adsor ption Ch‘l’i&l‘i{%&g ﬁHHbfs (\xﬂl&ﬁé R8 afl%tﬂ%cfgrtd%kéhfkl b&'recﬁta!n%u%"i’n

Characterization: A Laboratory Course Manual R. Marshak et al.

Col d Spring Mgdisst. Hralssrd exypley elstareey disgpses mﬁ]é@ee @h?’@rﬁé’f B@Ftﬁ%ﬁ? .es can be’
carried out uﬁdthéluquhﬂnph@&ﬂlle ttﬁ@;mh@@ftﬁ;@dw syg‘t@ﬁlcqes\aﬂnb eliopdthiCanndifPLC.

Col umms used af fi chr omat.0 inclu tein col s ,and
oty & co ey e S TR R AR e RN SLED s R D
PORCS, and SdmhweoBmﬁEBda(ﬁons&MS&mﬁm engmdiis, Kdveaspkiekente, Stillent i on

I | ud t hod
(01710 The' PEChe; ARgbRsl ALt e P S B oo

be neasur ed lgynmmd@kmmmsmdylmﬁseswmI@eriatnp arHwitiar ¢hrome ohststivor

measuring th?uﬁﬁ@ﬂa%&s@ds@@@ﬁgm%A\ﬂe Nro 5th§rbs?é?§aft91@ﬁ'sy abthoh Wdlgberfcor exanpl e,
enzyme- | i nked i mrunosor bent assa ) enéégle I mmnoassay (EIA),

radi oi munoag8BfopIMNG VIéIP@Ie‘FCFW%%%%ﬁFP%Wtsl(H )Ry asadial ipEYCtas @iPe,  when
enz_yged! nnun@%saamsﬂs &epaed)steapéma@duagaﬁsammgme sg8hespovate olaﬁceﬂulti'tiﬁéygdd
ant | bodl es an cu a ts ,0 antil bo proau ce S a added to
Shti oon- coar SH<Er 4t g BRABRAE R RotRin) By e e e P PhEedich ac
al kal i ne phosphat.as®n enaddedseranchexive cplcat pgiraingasion; niyatadial Affaretiomashi ng,
an enzyne su & &on dci&eh nR3va ﬁlhﬁia‘ﬁBE%}H B@&BE@H@Ideava%%ﬁﬂzaﬁ%ﬂfif&éfgso]

absor bance is asured to eva tigen- ng activity

Phar maceut i c&hroaénhysidifip delaypdhynesssasitivitn roRtar Gleripaighs. depicsleanpiiéeut i cal
conposi ti ons pdiatheGOIRPJobEn ARitRDAMBERSSFIsRRIpanuveitis, anterior uveitis, in-

termediate uveitis, scleritis, keratitis, orbital inflammation, optic neuritis, diabetic
retinopathy, proliferative vitreoretinopathy, dry eye, and post-operative inflammation.

[0121]  The phrase "to comprise an anti-IL-6 receptor antibody as an active ingredient"
means comprising an anti-IL-6 receptor antibody as at least one of the active in-
gredients, without particular limitation on its content. Furthermore, the pharmaceutical
compositions of present invention may contain other active ingredients in combination
with the polypeptides described above.

[0122]  The pharmaceutical compositions of present invention may be used not only for
therapeutic purposes, but also for preventive purposes.

[0123]  Amino acids contained in the amino acid sequences in the present invention may be
post-translationally modified. For example, the modification of an N-terminal
glutamine (Gln) residue into a pyroglutamic acid (pGlu) residue by pyroglutamylation

is well-known to those skilled in the art. Naturally, such post-translationally modified



pol ypeptide as an active ingredient. Thge pharnmaceutical conpositions of
present invention can be used for |L-6-associated di seases such as

r heunat oiwoantomosgizs. Thus, the present invention al so pcodPagoagents for
treating di seases such as rheumatoid arthritis, which conprise an anti body
descri bed above as an active in gredient. Preferred exanples of target

d|dseas es i NClaHfigy adil ard iR IRY i tH¥ 8L hQd sécﬁl%ﬁé@tl@ 1123 p’%ésfeﬁf 1'n§ré1§t1onl uvenile
i di opat

o senad0IEY 5! st ot TG bty e fp B R0 Hubibiebird mEBfon S °
di sease, |ymbhofany sthwearatA vegac ohaih asposiverd®y, (EUamei:belrmgﬁmaKbmﬁ aikyi sugar
di sease, Stil}ag sg{rlégfés(gref&gm Q! fg&?sgl%lt(ed%géﬂ o%ﬁ% it él%rsﬂgérschaﬁlrrﬁ&?&l&% ation,

age-rel ated nacul eneration psori asi s

psoriatic ar thtippsigon CF erimple Bais e be %féllqyad%wsrpaq%}lcmg%a@@dlmmheu@m

nephropat hy, g8 b@@?[rﬁﬂfdh&h%ﬁ&ﬁﬁ&lﬂ% thell RPRzh €cAPRLAPRLJYitiofPIoD, EU
endonetri osi s, 6$8£at|t|s SH), nyocardial infarction, ar te riosclerosis,
sepsi s, oste&ﬁ gy dlabetes mul tiple nyel oma, prostate cancer, Kkidney
cancer [0Bxel IAlmpﬁeﬂ-hdgmmcss biyeraﬂlfumsta argliatapeatdddycafecaice intunigs ancer ,
esophageal caneer.. col on cancer, cancer cachexia, cancer neuroinvasion,
myocar di al |n?d%ct|on myopi ¢ choroi dal neovascul ari zati on, idiopathic
choroi dal nedsemmples i zation, uveitis, chronic thyroiditis, delayed

ol iy S0 V"i%?w&te i ol E ki PO GBI B i G s M at e
uveitis, sclehﬂimﬁbemedaskmdssb@nghnadeHﬁﬁannat|on optic neuritis,

di abet i ¢ ret&@“fﬁ Fé proliferative vitreoretinopathy, dry eye, and
post - oper at i tion. [0121] The phrase ‘to conprlse an antl-IL 6

recept ¢012mt i Qaeht

recept or antﬁgﬁgi;fékﬁ&Bhﬁqinigﬁe Qf the active in gredients, wthout
particular It . Furthernore, the pharmaceuti cal
conposi tions of llbmexeﬁKEDRm@qmﬂmcmntmvyhicbmla@tmneﬂlh@rbe@oﬁmtv@m%wgﬁicem s in
conbi nat i on ‘é&rﬁé’tecﬁ s &9&%@‘%&5&1&%% %Sa.?ﬁllllﬁg ?@@ILGIZUMAﬁ?(h (;Haﬁl WT-

phar maceuti cal ng§3|t|ons pr esent entlon e used not only for
t her apeuti c 6&?5@@ :E)HG}Sél%6h$6WVEﬁ@9@%$EQéDGﬂPﬁ%§é§rH{@%?QFDAWIno aci ds
cont ai ned : N Schenil dﬂ@l@@arﬁ ogeml: q@ﬁohmrlebmecpﬁla@ﬁahs% thamefrﬁrbmwaﬁfmb@
post-trans a i e or e nodi fi.catio

Rt erm ot ol ey febeRiog e plsirts Rt B Sp i d: Mmoo iics Bhigss gue
by pyrogl ut ary;dlﬁdl logh-b &inig| TORRIAO M AB tshdse RRCH3gd ¢nirt RECABH-1gNA{SEQ@ | v,

such post - ¢ 33a! A, RBELLY SRS G 43 35¢ TSR] Qe 1800 N0

acid sequences in ent 1nve ar c are bound

to the anti bdefeg®r anle:bluomgwl @Qﬁ%tbrélemg@ﬁtusmg&‘]@ﬁgniﬁO ugye mnme%wween
IS BN UL SErGET bt e of oY, s
(r:ras et ufﬁt utﬂ]ﬁtre%’g‘s‘i EIY( me%su%%wéﬁow i e 1b£hea@ﬁvlé9%wowwa} oduci ng
antibodies i ractlﬁsg)fwwrﬁhmaloﬁ@hingozamgplsm(m il e@calttaioabl N6 Ss Bhale/m
sugar chain bl SS %%vntlg P‘? 5‘ Il"he resul?s Showed that the affinity of RDC-23 was about 60 times
higher, and the activity expressed as concentration for 100% inhibition of BaF/gp130
was about 100 times higher when compared to TOCILIZUMAB.

[0129] [Table 1]

ki(1Ms)  ky(l/s) KD (M)
TOCILZUMAB  4.8E+05 20E-03 4.0E-09
RDC-23 BAE+05 4.3E-05 B.7E-11

Example 2

[0130] Identification of mutations for improving the pharmacokinetics of TOCILIZUMAB

via reduction of its isoelectric point
To improve the pharmacokinetics of TOCILIZUMAB, investigation was carried out



nunbering). [0125] Al prior art referggces cited herein are incorporated
by reference into this de scription. Exanples [0126] Herein below, the
present iw0oentwiOmIai || be described with the aid of examrprag20ibyoaiozhal | not
be understood as being limted thereto. Exanple 1 [0127] ldentification of
mutation sites in the variable regions for enhancing the affinity of

TOCI LI ZUVAB  fi@fdehilifybmit@geptias that midalddetrake GOR@RQGURNRAS Jf filcovarabreh

nmut ati ons have. beenln rod cedvva con..structe sa o _inprove the
Tt iy of e SRS BT R e B RET2SPANRE, SitperTRE 8

WI'- kappa/ SEQnmtN® sitsjn thevatlidblGregemeprivich wSor predicted basedeor 4 three-gi-of CDR
mutations r e‘ﬁ?e%kﬁﬂal%%ké’&gdél %??OCERWH@A§ %e@é‘aiéd%ﬁtﬁué@{uek ko8 woRkEPL Or -

The mutations are sh nat tations yiel ded
hi gh- af fi ni tyieqrweLhezmﬂiB:tgaeﬁma@f ReEaRablg F2eta v thRpCE MEiF Y/ SRS NG
55; L chain Bﬁﬁl@b—%@n@a&&%@& DG ae@howl Hlf»‘F%f Bi Ricbmbimatios of blee | L-6

recept or and bi ol 0 sin BaF/ 1.30 e. conpar ed
bet ween RDC- 3%'4Gfif %@%&pﬁﬁ Eé?"gﬂ%e EHPCIP% 8f hod) .
[0128] The resahplepH5HLDB nHtcyammlrgefmﬁQﬂE I\S(DOW‘JLthaiFﬁlblSeka]ppa]SEQ mesul t
of bi ol ogi cal F/ he fina
concentrati or11\I (gfcst SJI) %}gyafpgﬁ)g%r S%He)qﬂl s vm%ioﬁggm% %tt a(ram?cé)sb 14 ICS 1snhowed
that the affinnie,yandbiokndL 3ctiaty deltuinegloistrigndal/ i léﬂewere acwdpztrhféb@tmeclvl ty
expressed as %%ﬂd@@@ﬁlﬁ@ﬁ\d&ﬁ%@e'@?&@héé @;&ngﬁesﬁ%f: ﬁﬁl%é’tﬂ d/),as about 100
times hi %ﬁer when conpar.ed | ZUMAB. 1/ MB)
kd( 1/ s)0 I\/pThFGEIUILtI Oi@mstm%mwezlt @Eh@l‘}’néln @éeleé ﬁmnzgsuee oesuld fge- D5
6.7E-1 1 Exarﬂmd o ‘gicella?c@lm dsmﬂeﬁlu@ﬁtglmmﬁ/g;ﬂ3m(lﬂlaiﬁm@1rt§>nf:aftrahm@6ppL Bgvdshe

0

P aue e Shidh s R . oy e el R L uBs g

I nprove the
outto identi faboutmbaﬁmemhlgh&remdtﬂtaaacum}a bxbrdﬂed eas@ctineationdet H% inhipgomt of
the variable the 1L-6
r ecept or CP@%@M‘% SRl R Rt RO LRI B DO RE e &
predi clét3Badéeblodl a three-di nensional structure nodel of TOCI LI ZUVAB,
reveal ed nut i soel ectric point of the
vari abl e regions wi thout si ddiMecant(s)r efdd¥hg its binding to the IL-6

receptor. TheseTatckiZoM&n i d9E+Gh. R.0EA3combE-A%ti on of these
H53/.28 7BE+05  52E-04 B BE-10

[0133]  The result of isoelectric point determination by isoelectric point electrophoresis
known to those skilled in the art showed that the isoelectric points of TOCILIZUMAB
and H53/L28 were about 9.3 and 6.5 to 6.7, respectively. Thus, the isoelectric point of
HS53/L28 was reduced by about 2.7 when compared to TOCILIZUMAB. Furthermore,
the theoretical isoelectric point of the VH/VL variable regions was calculated using
GENETYX (GENETYX CORPORATION). The result showed that the theoretical iso-
electric points of TOCILIZUMAB and H53/L28 were 9.20 and 4.52, respectively.
Thus, the isoelectric point of H53/L.28 was reduced by about 4.7 when compared to
TOCILIZUMAB.

[0134]  To assess the pharmacokinetics of the altered antibody H53/L28 which has a reduced
isoelectric point, the pharmacokinetics of TOCILIZUMAB and H53/L.28 in normal
mice were compared. A single dose of TOCILIZUMAB or H53/L28 was intravenously
(IV) or subcutaneously (SC) administered at 1 mg/kg to mice (C57BL/6J; Charles
River Japan, Inc.) to evaluate the time course of plasma concentration. The time
courses of plasma concentration for TOCILIZUMAB and H53/L.28 after intravenous
administration or subcutaneous administration are shown in Figs. 5 and 6, respectively.
Pharmacokinetic parameters (clearance (CL) and half-life (T1/2)) obtained using
WinNonlin (Pharsight) are shown in Table 3. The plasma half-life (T1/2) of H53/L.28



mut ations yielded TOCI LI ZUMAB with redyged isoel ectric point including, for
exanpl e, H53/L28 (H chain H53-1gA/SEQ ID NO 57; L chain L28-kappa/SEQ ID
NO 58). wWbeonifossizty for soluble IL-6 receptor, isoel e®CriJe2ponny7?

phar macoki netics in mce, and biological activity determ ned using

BaF/ gpl 30 were conpared between H53/L28 and TOCI LI ZUMAB (see Reference

Exanpl es for ;iBeiniBydhed) adhBkdblion Was pRRsHebd & atfut I BithesTBADr ement i s

shown in Tabl e resul t |oI ical ac ity
obt ai ned usi E@@@Q@l&% ‘(}P[‘FetﬁgFf?a‘ian%W&WP%qB’rﬁ gt 11 Sgcati’ @@}[ng/ m) is
shown in Fi gHS‘}/LM&Eeﬁbdutzﬁle&l‘sca&ﬁﬂnﬁsﬂﬂﬁiont\hzfs iafkhsed ty alfut Hoidé H28ofvas about

six tinmes hi resse conce tion.for. 100%

i nhibition o%@%ﬁgw arsmelvee?jaﬁ g}l?ﬁas ha}bOthili% i clbus 4 8 to
TOCI LI ZUVAB. {¢p@mi3Rat thef alhﬂrmaeqklmtvcwsc]mld@é Sigeifickmly Mtpriﬁad lbyZIthﬂcBngtl@E}BOS

2. OE- 03 4. Ok Q%t nlrt%%TZ)@[E ]?ﬁlr h%%né@ah%%tﬁéitut}%ﬁe resul t of

i soel eié{ii Fﬁf@ﬁ eterm nat| on by I S0el ectri ¢ poi nt el ectrophoresis known
to tho the art showed that the isoelectric points of

TOCI LI ZUMAB

—apoutT o 5 to 6.7, respectively. Thus,
t he isoelectric point

HE3H28—w edueee—by about 2.7 when conpared to
TOCI LI ZUVAB. Furt her m) |'the Tﬁ%or&"(ial “ﬁ?oa ectric point of the VH VL
vari abl e regions was mrfﬂ-/ﬂ?{ksr ed3Y) i W HEENEIBYX ( GENETYX CORPORATI ON). The
result showedTohatzUMBR | thegretiesl | i® el estri c points of TOC LI ZUMAB and
H53/L28 were 9.2 Ed 1. res ctivs y. Th?us, the isoelectric point of
H53/ L28 was redli%ﬁ& by aiégt 4,% whal égmﬁ: ed to TOCI LI ZUVMAB. [0134] To
assess the pharmacokinetics of the altered anti body H53/L28 which has a
reduced i soel eéoi nt, the pharmacoki netics of TOCI LI ZUVAB and H53/L28
i n nornal3gn CQdefﬁaﬁmﬁﬁtloﬁlﬁs mlﬁﬁt@esdiﬁé ehedfnmhfdebbdid OCIHZBINIZB Was

i ntravenously (IV subcut aneo m ni stere g to mce
(Co78L1 69 ChatrBlicRigEs HHBAAT Noic bt g P ueEn EHE ok fETSIFEEOE pl asma

concent r at i opreséien theneariablerrsgienof pl asma concentration for TOCI LI ZUVAB and

Ho3/ L28 after 4 ”élf %)‘é%gé’éj re Q0] %%Rﬁla%ﬁl%ﬂeag‘ri’c%la & E&A&%@‘%@tﬁ §W tion are

shown in Figs. espective inetic paraneters ear ance
(CL) and hal fanalb’lddeus(ﬁg EEPZIWP&(ﬂ\é@th@B M%eWﬁNdﬁbﬁﬁSQmm@s@htthe ére shown

in Table 3. EHQn@[ﬁ@Mabﬁ}eﬁlcltédftg hﬁa-é]-ﬂlgﬂy ?fcel'ﬂ%é{t&ﬁe@@fét%fou!d‘lhﬁ@‘t’(?ﬂ@%s(l €.

adm ni stration was prolohged to about 1. VAB,  whi | e
the cl ear ancé® € & ¥guRsa B aalﬁsmm@uvogq%féf risk). g TR 3 OPEqngkysis was

? g Ic E T ; B E/g lé S cahiFt v sl Xbhin®id M@isio laa@rsasgslg@hdn@ e awild I\w@@ fhf] aﬁmaﬁogemcuy ”
was, readuce nes. |
was found chabkphaedndint el debitreGe Rplerbodd y'i i 85,

reduci ng t he tiaboing activity.

[0137]  As described below, the screening result demonstrated that the immunogenicity risk

can be reduced without decreasing the stability, binding activity, or neutralizing
activity by substituting the threonine at L51 (Kabat's numbering; Kabat EA et al.,
(1991) Sequences of Proteins of Immunological Interest, NIH)) of the L. chain CDR2
(SEQ ID NO: 59) of TOCILIZUMAB with glycine, and the arginine at .53 with
glutamic acid (SEQ ID NO: 60).

TOCILIZUMAB L-chain CDR2 (SEQ ID NO: 59)

TOCILIZUMAB L-chain CDR2 with T-cell epitopes removed (SEQ ID NO: 60)

Example 4

[0138] Reduction of immunogenicity risk by full humanization of the variable region

framework sequences of TOCILIZUMAB
In the process of TOCILIZUMAB humanization, some mouse sequences remain in

the framework sequence to maintain binding activity (Cancer Res. 1993 Feb 15;
53(4):851-6). These sequences are H27, H28, H29, and H30 in the H-chain FR1, and



el ectric point of TOCILIZUVAB t hrough ag no acid substitution. [0135]
[Table 3] IV SC CL T1/2 CUF T1/2 nml/h/ kg day nUTi/kg day TOCI UZUMAB 0. 177
1Q 5 0. 18wo40iw/18682L.28 0. 102 23.5 0.086 29.7 Exanpl e 3 [P0T362010/001977

I dentification of nutation sites that reduce the inmunogenicitv of

TOCI LI ZUVAB I dentification of nutations that reduce the immunogenicity risk

of T-cell epiHANRhPHRKEAIFR I KBS VidinhRPing:; K@&it @MSet b, C@bbl)e% Tu@ﬂ%'é§ of’r esent

in the variahl e -region sequence of re anal
TEPI TOPE ( Met Sogbe@uwegwgimyesamyy aréa Qegiqn se ‘Ff‘é‘cie ain COR2
was predi ct ecrO(CILII@UMAmUMleEn@@IeIse@pnmpBa rédaihedvane! acbdudritidl ¢usdbA (1.e. to

have a sequenceevs\ﬁe 1mmun(|) mc rlSEOﬂleunIILEIW' £SI Skgi T USt C-EI%.I?IIIIVO? Sarlllgh SI S
was carried OUTCYE" EXAN myno achd’ SUBSETED WO ® ce the
i mmunogeni ci tyuldibsKuldf hmrhentedcthefumh@mcwhmuumur@gcmela‘sndQOR he st ability,
bi ndi ng acti yi ;ﬂm Mg tralizing actl VI ty. [0137] As described bel ow, the
screenl res str ted that t be red ced
wi t hout er’f&“ﬁrt‘r)?go‘sy?‘iﬂ}af F}‘an“{ﬁ ﬁ%}?‘ﬁ&o 6$ %ﬁ&@ﬁ%ﬂﬁé&?‘ﬁg% yARYS) ete
activity by Subahizéditvithguttdeerebding diei sabilaty, hibding Reddaty, sr muniaBrzinggetiskebat EA

et al., (199 ' Lpunel ogi r N H) of
the L ohain el PLEREtEs ResribbRL PSR N e T U i 1

argi ni ne at b8Gamizeh HythatraliR b-AaGHD [ISEQ: 16D) NOWEHlow TodIsubZUMAR the dhai n
CDR2 (SEQ I D, gﬂ]} GOR3 i rem)ved
(SEQ I D NO 6%@15{?%I e 4 1FOé‘iJ { %egﬁt}?%%an of }y\%ﬁ%\gggﬁ%;%l ?? T$|9§€® full
humani zat i on SB9WR BeloVar i abl e regi on framework sequences of TOC LTZUMAB In

t he process Ode'@EJIZUZ/MEIMH ]EQrIDN:@n@Dm)use sequences renmain in the

55(4)  651- 6) . HHEGH"S %iﬂaf?é 18 ¥ e R hymea kG L SFaih
FRI , andH71 |ﬁF(D(hEIEUMvaBrHHmr1ERab&EQSIDrN|®bé3)l ng; Kabat EA et al., (1991)

Sequences of R L o] \% bl e

Fegi on sequendiinfi AR RErLETRATSERIEAOL B HuESed (NP imb i 870 2,

potential caddehdfl2iddér eased i nmunogenicity risk. Thus, it was assessed

whet her the fg ﬂﬂf'w g sequence could be fully humani zed to further reduce
Cl

t he i munogeni rirsk of
[0140] Identification of mutation sites to improve the pharmacokinetics based on pH-

dependent binding of TOCILIZUMAB to the I1.-6 receptor
One of the methods for improving the pharmacokinetics of TOCILIZUMAB is to
improve the molecule such that a single molecule of TOCILIZUMAB would re-

peatedly 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 intra-
cellular endosomes via internalization while bound to membrane-type IL-6 receptor,
then transferred into lysosomes while bound to membrane-type IL-6 receptor, and
becomes degraded by lysosomes. Specifically, one molecule of TOCILIZUMAB
typically binds to one or two molecules of membrane-type IL-6 receptor (in a
monovalent or divalent manner) and is degraded in lysosomes after internalization.
Therefore, one molecule of TOCILIZUMAB can only bind and neutralize one or two
molecules of membrane-type IL-6 receptor.

[0141]  Thus, the present inventors thought that if it were possible to create TOCILIZUMAB
that binds in a pH-dependent manner, in which the binding of TOCILIZUMAB is
maintained under neutral conditions but significantly reduced under acidic conditions,
TOCILIZUMAB which binds in a pH-dependent manner could dissociate from
membrane-type IL-6 receptor (antigen) in the endosomes and return to the plasma by

binding to FcRn present in the endosomes, as illustrated in Fig. 7. Once returned to the



TCOCI LI ZUMAB. [0139] The result showed that the entire framework of

TOCI LI ZUMAB coul d be conpl etely humani zed wi t hout decreasing the stability,
bi ndi ng awoOiI20ikes81er neutralizing activity, by substituPCagriheor9Thai n FR
(SEQ ID NO 61) of TOCILIZUVAB with the humani zed H-chain FR -A (SEQ I D NO
62) shown bel ow, and substituting the-H chain FR3 (SEQ ID NO 63) with the
humani zed H ehaima, FEBIISERIAB Which 6#hds shopH- db@lsmwnt HaXhdr lcdWABain telaion FRI

SEQ ID NO 61 Hurralz HChI FRI-A.(S 2 from
Gor i e | GFARAEE DEr Orstos B Corsitsies ity inirps e O
chain FR3 (SEQHCDHN@OH&A)H {sdboughe thaf omimnlvbt:ule ot FCILIZ2NIE caviegdatettlp - 422)
Exanple 5 [0
phar macoki ne'iID ﬁ%ﬂéggrgg% el mgﬁgﬁ%ent %ééptt(frsjlja% E@U%I%%t lenCIhL- 6
receptor One byids tllhéPHe‘i% nf manmfp% wumgd f%]éaVﬁh@PWé’é@ Rhararacelgneyfcs as
TOCI LI ZUVAB icsmb&rell RPTOCELIA1EMAH ecul e such that a single nol ecul e of

TOC LI bi nd and neu lize sev nol.ecul es of the
| L-6 rﬁg@ﬁor . fr QCSIE@@@% t‘%/‘ﬂié%‘)c%i’fet ?mﬁﬁlqm@‘aée@Btoﬁﬂﬂ%’iﬁ‘eacﬂ ﬁéorrq?t-l‘él
receptor, TOG theZuti¥NBies tHeakl&nnglmustriiemgn'iﬁcaﬂgerbdahér&ﬂ wadelahonddicvi a

I nternal i zat Icgrtldlyi'{)]rll Llsecol%?n%lfarr]éjd V\ﬁt(ﬁ)q"n rgJBE %gﬁfatl xgnd L rane tﬁg%gﬁ ?{ﬁagg s?ron%

transferred in yS0S0 oun T'ece and
beconmes degr agegtop pindingos ompered Bpremufralvahbly,,th@ﬁ%)rm BHJl ewbichTObe mbIZUNAB

typical |y bi qeig. &GPk SfibbPnfiDl SRULEHe - JTRABANE ARy blobmbRagRhel (11

a nonoval ent or dival ent nmanher) and iIs ysosones after

i nt er nal i zat itW. TQGEAEHHAB. Bhas H‘%ﬂnéélﬂﬂr@dd atmrLdpm@H:meW}y B and
neutral i ze o @at R&O MEll@LIUBiSE 2004 Hem‘@(rzgngiisszperhhlb -6 TOESERAVIAH Rhth]

Thus, the present in t or ho ht that. i.f to creat
Too L1 Tl B AHEReRh derk HRHED 65 et S i DR T s P R R o
TOCI LI ZUVAB 1555 toei.htiadanee puertieted neditsoalateciomditha Iiné rdxeptos ugdur fthecandit y

reduced under. aghdi f { ﬁQQ?&&sb&@?@l@ﬁk&ll W@ZWR BRicl Bindls IRH{ gpendent

C
manner coul d 8ISSOCIa rane- receptor In the

endosones andepadgnirmanget hempraysado Byons) shblunﬁgoth@ IF@@CW@S%@H -, Whigh is

endosones, agpd ée'll%%%@éﬁ‘i 4nd tE'v&akl? bn@t%QLf@i‘eHéﬂl&dattp‘Pl £, B%&B@S%mh 1s the
TOCI LI ZUMAB which binds in a ent manner could again

menbr ane- t yp&n¢esoga %‘ée%edﬁole%g}e Péﬁg’&ﬂr Mpibscay; thegd ?ﬂji Wt@h@ S,sivs@ha and
di ssoci at i on nidledultd o€ OGBS eptof, ah8 tﬁd}ﬂﬂgﬁﬁcoﬂ(hﬁhcs%lﬁ tﬁakﬁﬁélbtelrﬁ{froved

10 LR, 0SB S aP HE L R D Bl TR OBl BB e

t o have i npr ovée IpHarcpgmakis heinitrodugshistidine residues into the Varlable region of
TOCILIZUMAB, since the pKa of a histidine residue is about 6.0 to 6.5, and its state
of proton dissociation changes between neutral (pH 7.4) and acidic (pH 5.5 to 6.0)
conditions. Thus, screening was carried out to identify sites for histidine introduction
in the variable regions based on a three-dimensional structure model of
TOCILIZUMAB. Furthermore, selected variable region sequences of TOCILIZUMAB
were randomly substituted with histidine to design a library for screening. The
screening was carried out using the binding to the IL-6 receptor at pH 7.4 and dis-
sociation from the IL-6 receptor, or the reduction of affinity at pH 5.5 to 5.8 as an
index.

[0144]  As aresult, the present inventors discovered mutation sites that confer the binding of

TOCILIZUMAB to the IL-6 receptor with pH dependency (the property to bind at pH
7.4 and dissociate at pH 5.8). These are shown in Fig. 8. In Fig. 8, the substitution of
tyrosine at H27 to histidine is a mutation in the H-chain FR1, not in the CDR.
However, as described in Eur. J. Immunol. (1992) 22: 1719-1728, a sequence with
histidine at H27 is a human sequence (SEQ ID NO: 65). Thus, the antibody can be

completely humanized by using the following framework in combination with



conpared to TOCI LI ZUMAB. [0142] For TOg LI ZUMAB to dissociate fromthe IL-6
receptor under the acidic condition in the endosone, the binding nust be

si gni fi camolz9g1vmeiened under the acidic condition as comrpadgehiv/eorider t he
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 anti lpdwmprasst bind to the IL-6 receptor as strongly as or nore

t I OCILI ted that th d | pH i
cener S A7E '?dn%n%f i RINETSERTP K0 5004 Reb: 5(2) - 223 32) " Thus,
i f TOCI LI ZUVABA Mnblhlattwmcfsrnuuauwsphpldé]pgn’@enxarrnldn,riéitpﬂls73rfbbhhfaired to weakly
bind to the lﬁﬂ'ﬁ? I%@P/?E,@Ir D RD: @tgl Lc§a1%@7§ k%gpd/gE an N6: @f)ecq{lﬁle?cﬁ to

di ssociate fro acl |c condi'ti o

rece
Sndosoms. SIEKHIGHMAB with pFeoHieONRE g au@pwwanmasgp@ependem ranner

i's inproved tIQ)GI‘LﬁZUMA(B RieRdcdn@palrdiefol kired: Jfﬁﬁl%PWar@tsoﬁiﬁlg IL46 ré’@@ ©hat Iﬂ{t he
cell surface p to weakly bind to IL-6 cept or

which is the’é 89598 Sq51410B HOTHEHERDANS-tope Fq_CFEtBﬂ/KtB)IEQQ aé‘idrP gﬁdbl'
neutral i ze seuial actbligaylngBadgil30, did-pharreaeRinetics 1al’¢§ind31’ﬁ61gp$1ﬁronm0iﬁdnet ics

can therefor i r o idl.e et or nf g pH
dependence oﬁlu%%ré Ingji% (r:?gor t%a%%‘%%h_rpf%%%ﬁ [%)eferte he ]%_a l?sef((:) g n?etflocﬂ

i nt r odu@EAAi stTMim@ltﬂé@ffdué’sassm for sdlable Ak itaista@torey ipbl/ . 4is ShOEhLlll Z@NAB si nce
the pKa of a-fi %Eéag r@s,%ltrfglsﬂhg Bo1d CaﬁQQﬂ(N;lt}ﬁo‘tQal%qéH @sn?g B?ﬂggli()s(lﬁlﬁlaﬂ% QopPr ;)t on

di ssociation c t ween neu

pH
condi ti ons. ?ﬁl@}éaﬂog@iégﬁg/ﬁ@l Weshowain F@d%meswsmwhqwey t%attfé@ﬂsl&ﬁ i stl di ne
i ntroducti on cb aﬂasle\tamwzmm@ isteRASEThiARitR fdrRoRBd @RS ROAAt p3 7.UCt Ur e
nodel of TOCI LI EUI\/AB her sel ected variabl e regi on sequences of
TOCH LI ZUMAB (BY &hd d)élr?]?yI /%lﬁl? |tuted with histidine to design a library
for screehiingTabléié] screeni ng was carried out using the binding to the IL-6
receptor at pH 7 4 and dis sociation fromthe 11-6 receptor, or the
reduction of affinity at pHIGU®s) o B.(8skas Kn(Mndex. [0144] As a result, the
present inventorecuizemamer eds 1B4+0%t | D0E-83 t estEdBat confer the bindi ng of
TOCI LI ZUVAB t 0 t hiesplil736 r ecegrrans W ¥ hE-pH depreawdency (the property to bind

at pH 7.4 and dissociate at pH 5.8). These are shown in Fi . In Flg 8,
the suB@t48]ut it regasyipmes isaulfor fpemratest wisspeiationeof; EOGILAZL &ermpi/ﬁé

?Flgggl) n25R| A %@gﬂ r{ﬂ%&b}d‘i@ (- bRy er at;%ﬁ?teazﬁrp}t@g id $hofHI in Fhblel IMA4NOI .

i st.idine man .sequence
(SEQ I D NO égljnpaf?ﬁ&éTgFﬁ]g‘qZﬁ%g%\@@F %%CBEOE%P@@%@M ggd”ﬁ} i ng
t he foll ow ngnd thi:r[ﬂ’l\ﬂdfpenddfnce@ﬁmerratel(ﬁﬁls‘ﬁbdliitﬁxﬁlfmh(metﬂnbr[u&l%} [H6recdpred
H chain FR -B nbl nation of mnutations including, for
exanpl e, H3pl /ar(f%c(?? ﬁ!‘gaboqﬂ%q%rﬁgc;/sm ID NO 66: L chain L73-kappa/ SEQ
| D NO [89]cdhable 8] d

oH7 4 BHEB  Kapussy! Kaphray
k(l/s)  Kky(1fs) oH DEPENDENCY

TOCILAUMAB 2504 Z5E-D4 1.00
Ha3plsl 73 7 6E-04 B 7E-04 259

[0150] A single dose of TOCILIZUMAB or H3pl/L'73 was intravenously administered at 1
mg/kg to cynomolgus monkeys to assess the time course of plasma concentration. The
plasma concentration time courses of TOCILIZUMAB or H3pl/L73 after intravenous
administration are shown in Fig. 10. The result showed that the pharmacokinetics of
H3pl/L73 in cynomolgus monkeys was significantly improved as compared to
TOCILIZUMAB.

[0151] A single dose of TOCILIZUMAB or H3pl/L'73 was intravenously administered at 25
mg/kg to human IL-6 receptor transgenic mice (hIL-6R tg mice; Proc Natl Acad Sci U
S A. 1995 May 23; 92(11):4862-6) to assess the time course of plasma concentration.



TOCI LI ZUVAB wi t h pH-dependent binding pgoperties. H3pl/L73 and TCOCI LI ZUVAB
were conpared for their affinity towards soluble IL-6 receptor at pH 7.4,
rate of dwe=zowvmsdion from nenbrane-type | L-6 receptor aPCpHPR1d0@AT pH 5. 8,
b i ological activity using BaF/ gpl 30, and pharnmacoki netics in cynonol gus
nonkey and human |IL-6 receptor transgenic mce (see Reference Exanples for
the met hod). Tﬁl@%‘fa@]na-EBﬁcénﬁﬁH(l)ﬂ tib c@ﬁlfsés%ﬂ%@ﬁﬁﬁwl\i&]% o‘f‘PBgDL% hfeOi- ecept or
at pH 7.4 is shown in Table 4. The ass r the biological activity
obt ai ned usi G EMREF GYNEBSAIPRATC ShOvE e bl 48 ﬂ%ﬁ%@hsweééh%&?wyaw shown
in Fig. 9. Theﬁlﬁeﬂics?dﬂﬂ{@ﬂinﬁmﬂurhhﬁIL bid@leplor Gahspesionpiac alab sighidicdfdl LI ZUVAB
in ternms of afflnl fonrr1211 (?C“IZ@' eptor at pH 7.4 and activity on
BaF/ gpl 30. %‘repﬁ 3@1 KD (M TOCI LI ZUMAB 5 1E+05 1
OE- 03 20h%] 09 |§7\3hv5h4%69 AL WﬁEp@bde[p@nd@} bidgngrarutiesent
result for tl@EO\{/éH ﬁglﬁflcﬁitﬁlﬁﬁff)k(ﬁfeﬂ%ﬂaﬁiacggﬁéﬁdszyb%%rﬁﬁlﬁm{)ﬁﬁe&g ahd Bffhan

menbr ane-typ -6 receptor .4 and n-Table 5.
conpared to YE?WW%% @i“gs‘*ﬁtqne‘ﬁf)lfn@ﬁreﬁé? 303;& Vgéﬂhé& SUSEFHES gl%vas

faster and t s pbtsdﬂ@@lﬁiﬁdil&ﬁa@ifnehh&hle&feéer@f mdiesslocofathe dib-6fre@prorevitir @ee- t ype

| L-6 t t 1 1/ kd
1sy b oeperBa B I3 R B B oy Bt 5 el 1031 9 GaiiNg 76 b
2 5 [0150] Asséintgigfraoske oftigfOal pH 2VIBYBralid3ipins idF@d weed therphaamambustiys

admi ni st er ed .gfijgbe THAKG 1&Br(ﬁ/§§ﬁg@)ﬁgﬁnﬁqﬂk@3&%ﬁt@r GRdis %vﬁﬁ?mbfé‘ﬁoﬁ&}h@@ of

pl asma concentrati on. concentration tine c urses of TOCI LI ZUVAB
or H3pl/L73 Qﬂ‘@?rpeil‘ilﬁnﬁ%ﬁ@ﬁélﬁﬁéoﬁﬁlﬁpﬂLﬁratl on are shown in Fig. 10. The
resul t shovvecE,;.(*mbéﬁe phar macoki neti cs of H3pl/L73 in cynonol gus nonkeys
was significant rrproved as conpared to TOCI LI ZUVAB. [0151] A single dose

of TOCID] BUMAR R of 2he FLET didheanstagt igeioini stered at 25 ng/ kg to

hu megl;,L -6 T cqg@iaod <§ﬁg§9a@ﬂo§eﬂa@%fm6m§mmtm e QQeﬂNﬂﬁﬂls Acad Sci U S
y ess the time cg

concentrati onsﬁﬂﬁg %Y%PFHW intrﬁi Hf‘i%é’c ﬁeIFPWH S‘E‘Biﬁ‘P%eéé) ‘L‘F N&%etﬂ?n

H3pl / L73 af t ef therC-tdraneid @uﬁn@mﬂ lysﬁlb résiduenarat zﬁnﬁib@t\;%oﬂ the El-@rmihal cafhexyt esul t
showed 1 hat tgpéauppcr| " Be krll (r)]febottﬁ of 816 t\yo? %Ir‘nzgﬁa amml(J) acl ,[%lyc[leé:% Ca[e ¢ Or

t ransgenl cC mce vvas stgnitlcan asS compare
[ 0152] H3pl / b7 baghireppried (An?ﬂCBibthezumB7 vart by 360k HéﬁeSﬁde@nlsom ndi ng
properti es, 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 sub-components in which
the C-terminal carboxyl group is amidated due to deletion of both glycine and lysine
also contribute to heterogeneity. It is not easy and would be more costly to man-
ufacture them as a pharmaceutical in large-scale while maintaining the objective
substances/related substances related heterogeneity between productions. If possible, it
is desirable to be single substances, and to have reduced heterogeneity when de-
veloping antibodies as pharmaceuticals. Thus, it is preferable that the H-chain C-
terminal heterogeneity is absent when developing antibodies as pharmaceuticals.
[0154] The C-terminal amino acid was altered to reduce the C-terminal amino acid het-
erogeneity. The result showed that the C-terminus-derived heterogeneity can be
prevented by pre-deleting from the nucleotide sequence, the lysine and glycine
residues at the C terminus of the H-chain constant region of TOCILIZUMAB.
TOCILIZUMAB, TOCILIZUMAB that lacks the C-terminal lysine residue
(TOCILIZUMARB delta K: H chain WT-IgG1 delta K/SEQ ID NO: 68; L chain WT-
kappa/SEQ ID NO: 54), and TOCILIZUMAB that lacks the C-terminal lysine and
glycine residues (TOCILIZUMAB delta GK: H chain WT-IgG1 delta GK/SEQ ID



showed significantly inmproved pharmacolinetics in cynonol gus nonkeys and
human I L-6 receptor transgenic m ce when conpared to TOCI LI ZUVAB. This
suggest s whanio/16818 possi ble to bind to and neutralize ®e¥gP2l10/mbECUl es of
the IL-6 receptor with one single nolecule, by conferring the property of
bi nding an antigen at pH 7.4 and dis sociating fromthe antigen at pH 5. 8.
It was al so oNsdoderdddint Watkdpb&/SERaIDTNCOR KU neticassesad| for Ingerbpétehe byicapsoved

Chan that of ki S5F ke B BEY ST SRR IP iR R Mt

const ant regiuenl; Reduobilophst A wes HemerafeMéiStlya@H (F0L DlazmeﬂH-pbhmBl C
F I I gG
termnus For “%tz%fn%@v&h&ys&&fao@%ﬁaﬁMMNQd n)a Ar@?rem dﬁ’ésv?itegﬁ‘d g

anti body, deletion o termnal am no ac
ani dati on of graskentyiees wicAalhecapasemgnt rgyudiuqbtained ‘?)bcafﬂlé’rl@f(?lﬁ’ﬁ%f(?h%t h of the
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assessnent r @§ proteiph impHEaupy h@@@%@}?lté RBthaiabine #e dery important when de-

veloping antibodies as pharmaceuticals. The IgG2 isotype has been reported to have

very high heterogeneity due to the disulfide bonds in the hinge region (J Biol Chem.

2008 Jun 6; 283(23):16206-15). It is not easy and would be more costly to manufacture

them as a pharmaceutical in large-scale while maintaining the objective substances/

related substances related heterogeneity derived from disulfide bonds between pro-

ductions. Thus, single substances are desirable as much as possible. Thus, when de-

veloping IgG?2 isotype antibodies into pharmaceuticals, it is preferable to reduce the

heterogeneity derived from disulfide bonds without lowering the stability.

[0156]  For the purpose of reducing the heterogeneity of the IgG?2 isotype, various variants

were assessed. As a result, it was found that heterogeneity could be reduced without

decreasing the stability using the WT-SKSC constant region (SEQ ID NO: 70), in

which of the IgG2 constant region sequences, the cysteine residue at position 131 and

the arginine residue at position 133 (EU numbering) in the H-chain CH1 domain were

substituted to serine and lysine, respectively, and the cysteine residue at position 219
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TOCILIZUMAB
As described above, starting from IgG1, which is the isotype of TOCILIZUMAB,

reduction of the C-terminal heterogeneity and reduction of heterogeneity of antibodies
with IgG2 isotype constant regions while reducing the binding to the Fc gamma
receptor and maintaining the high stability can be achieved. Moreover, it is preferred
that the constant region also has superior pharmacokinetics than IgG1, which is the
isotype of TOCILIZUMAB.

[0159]  In order to find constant regions having a superior plasma half-life than antibodies
with IgG1-isotype constant regions, screening was carried out to identify mutation sites
for improving the pharmacokinetics of TOCILIZUMAB-SKSC which has high
stability and reduced heterogeneity related to antibodies with IgG2-isotype constant
regions as mentioned above. As a result, WT-MS58 (SEQ ID NO: 72 (amino acid



NO. 70; L chain WI-kappa/ SEQ I D NO. 54)swere prepared and assessed for het
erogeneity and stability. The heterogeneity was assessed by cation exchange
chr o nmat oyoaptiyioesike ProPac WCX-1 O (Di onex) col umm was wsgdpamdo1avbi | e
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phar macoki netM$s afd TOOTLIZIZMMWABMVEKSE hohiad IFcRasvRiagdesstiakini BiYcoanidA g educed
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KD (2 M)
TOCILZUMAB-IgG1 1.62
TOCILZUMAB-Ma4 0.59
TOCILZUMAB-M58 1.17
TOCILIZUMAB-M73 042

[0163] TOCILIZUMAB-IgG1, TOCILIZUMAB-M44, TOCILIZUMAB-MS58, and
TOCILIZUMAB-M73 were assessed for their pharmacokinetics in human FcRn
transgenic mice. The result is shown in Fig. 15. When compared to TOCILIZUMAB-
IgGl1, all of TOCILIZUMAB-M44, TOCILIZUMAB-M358, 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-M?73 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



at position 355 is substituted to glutapine, the glutam ne at position 419
is substituted to glutamc acid, and in which the glycine at position 446
and the |wei2om/@mb81positi on 447 is deleted to reduce thePo@Ue2YENMETTY Of
the Hchain Ctermnus. In addition, W-M44 (SEQ ID NO 73 (am no acid
sequence)) was prepared to have substitution of asparagine at position 434

to alanine, pahAldc¥RinbkeslifFhimafidstRapIRGe aNbIMBRS HaPRR thddd o dartam no

acid sequence . was produced by del eting glycine at position 446 and |ysine
at position 4%/°%rom M44 to reduce the heterogeneity of the Hchain
Ct er m nus. IrE)a:ﬂﬁ'ptléUn WI-M73 (SEQ ID NG 75 (am no acid sequence)) was

producel-&k%xj ot ay’ | CEEpiOT 3. DL
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human FcRn wa¥ ?M%%g%é@alﬁél%w é%’%ﬁ NG ?séne’vﬁli‘ain,nvﬁ%ﬂiﬁlé)aég]a@l@ I‘fﬁ)n%ﬂ ﬂg of

TOCA LI ZUVAB- MMFvﬂ'mj_d}Z&lMﬁBw«ﬁSMSamE@ NG 20MABhMA 3/ iR Baa@EQ B> NQ:i nes,
1.4 tinmes, %{3.8 times superior than that of TOC LI ZUVAB- 1 gQd ,

respecti veI y 0162] [Table 6] TOCI LIJZUVAB-1gG 1.62 TOCI UZUVAB- M4 0. 59
TOCI UZUWKB- Mo Orhe. atfiifiChilhte gt RrBMI 34 Pv4-0163 indrOCY-M RBUagaiBs 1 Ig b receptor

TOCI LI ZUMAB- Dﬁﬁ;l | =

t heir phar rra%él nmcs I %%f L‘%g%@%l: &gﬁéﬁ%&g@a}i}ﬁ)@f %m?s shovvn
in Fig. 15. Wiantiesorpkasegntipdrodpr thzspinBled 6 regeptogdetaramnad ot pkdR4 w4,

TOCH LI ZUVAB- M@ wn bl OF! e rdliGre MASIr Wy pfl Wﬁlguﬁfﬂlzﬁ?gmctﬂ/fftleé W@fe%b%q)ared

M S O T AR R
particul ar, Tah&b(ﬁi?ﬂik@cfﬂb’eatlm RBfe@efnc@@htthUM&BV%Bll 01 plgsnaesafibel in28S days
P T e T N T S
significantl yermnpngvlwdphlagwalc@hwmes ptesaqantibndins usisg Bohjgal HHare shewt irbodi es
having the | @% I%QT@@ﬂfZUFmE), The c@ﬁﬁgﬂ Iatefd %VS—MS?) with a final IL-6 concentration of

300 ng/ml) and Fig. 17 (TOCILIZUMAB, Fv3-M73, and Fv4-M73 with a final IL-6

concentration of 30 ng/ml). As shown in Table 7, Fv3-M73 and Fv4-M73 have about

two to three times higher affinity than TOCILIZUMAB, while Fv5-M83 exhibits about

100 times higher affinity than TOCILIZUMAB (since it was difficult to measure the

affinity of Fv5-M83, instead the affinity was determined using Fv5-IgG1 (H chain

VHS5-1gG1 /SEQ ID NO: 76; L chain VL5-kappa /SEQ ID NO: 30), which has an

IgG1-type constant region; the constant region is generally thought to have no effect

on affinity). As shown in Fig. 17, Fv3-M73 and Fv4-M73 exhibit slightly stronger ac-

tivities than TOCILIZUMAB. As shown in Fig. 16, Fv5-M83 has a very strong

activity, which is more than 100 times greater than that of TOCILIZUMAB in terms of

50% inhibitory concentration. Fv5-M83 also exhibits about 10 times higher neu-

tralizing activity in terms of 50% inhibitory concentration than the control (the known
high-affinity anti-IL-6 receptor antibody).
[0166] [Table 7]

ka(1/Ms)  ky(1/8) KD (M)

TOCILIZUMAB 4.0E+05 1.1E-03 2.7E-09
Fv3-M73 8.5E+05 8.7E-04 1.0E-09
Fv4-M73 7.5E+05 1.0E-03 1.4E-09
Fv5-M83 1.1E+06 2.8E-05 2.5E-11




[0164] Preparation of fully humani zed k-6 receptor antibodies with

i nproved PK/PD TOCI LI ZUVAB variants were prepared by conbining nmultiple
mut at i onsworeotonessar i abl e and constant regi ons of TOCI LPZUONRB16/009T7 i n t he
exanpl es above. Fully humani zed IL-6 receptor antibodi es discovered from
vari ous screenings were: Fv3-M/3 (H chain VH4-M/3/SEQ I D NO 25; L chain
VLI - kapped7$EQ THa riNek ol&i}sochvidn MF$OOTLIZ‘[&ME\B\[IH33M$3 SQEQFVDNND frdf; L chain

VL3-k [/ SEQ | D NO \Y/

chai no ke, kagsaTRes-p B ot o bRy | M e T AR S e &y s
Fv4- M73, and thevissiBdoagandsbleld sé RefesptroExaweple foonpthpéd thepH Hetenddncy
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anti bodies for the s 6 receptor determ ne are own in
Table 7. Fur w@érah@%tellttmféumdégmwll@@r%é{rﬁwep@v% aé@@malteﬂé@ wer e conpar ed

to th?SG Oftﬁ?@lﬂ%@%aﬂ%d‘oﬂﬁd@@ﬂl@ﬁﬁbr&v@ﬂﬁnﬂ%ﬁﬂ@pﬁw khdyd fttMe QT\sLI -1L-6
receptor antibq escrj hed i

descri bed i nsgga%brﬁedg §ﬁ§3ﬁ%§zle%ﬁ e@ﬁé@%@ﬁﬁﬁn‘wﬁggﬁ% PltoW en'd The
resul ts obt aicoegaley teBI3pELTS, phagnicbeinbiic| @Eve a7 aatd Fv4-MTS vobuld besseg

anti bodies u F are shown in Fig. 16 (TOCI LI ZUVAB, the control,
and Fv5- MB3 \%mfn%ngg%r{lﬁ%lvgcﬂ 6 concentration of 300 ng/m) and Fig. 17
(TOCI LIZAB[T#88M/3, and Fv4-M/3 with a final 1L-6 concentration of 30

ng/ m). As ShewRitedalgelma M3t M2 _have about two to three
times higher affinity than TORHTAZUMIBIS &udpes di/SphB8 exhi bits about 100

times hi gher affinity than TC@W&)ZUM&W,(s;lmpENDm difficult to neasure

the affinity ofF ém MABI St erm ned usi ng Fv5-19gd
(H chain VH5-1g NO4 5&%4'— Eldﬁ VL5153 pa /SEQ ID NO 30), which
t

has an 1gd -type ant EGANSt a egion is generally thought
to have no ef Fﬁpﬂﬁ' ? i o.06 = Fv3-M/3 and Fv4-M/3

exhi bi t{0B59] ghtThe istetc@nirepoias of TF(D(IILEJMIMB) tH'eCﬁnthlHlV&BMMVQHVIm and Fi g.

16, Fv5- MB3 0]0)

greater t han @?ﬁ ]?Sy?r E{e%&{%ﬁ%%t1%6@1&%%1}&”}343{6?@%!6@/:%%5&[lat{gmjgcaonr}%%ln ration.
Fv5- MB3 al so ket i thoseagkallad inghe arelheripgtfeshowed, thag alleuaqe&ﬁgtratpmm Ww4p abaut er ns

of 50% i nhi b'9t33ﬂ’oYT@m2PZUK@IB Bk td §1§ fGIOtHE E&hm(ltatb%ukm\e@s@lﬂh affinity
anti-l1L-6 recegt or _anti bod 0166 Ta | e K& 5E+05 8. 7E-04

1. 0E- 09 Fva- Krs M/ kehoer 56 B g0y ifﬁféi‘e%lv@ gEg5each
2.5E-11] 0167]anfﬂb‘tﬁiyrlﬁtiafslghﬁfldin&§waédl Qﬂel@&tnw@inl;k@w@&n fedtd’3, and

e domonst r a0k ByZ0 NEAY B84 e Snlin i ermbles U CeteRLide BrtE v RLRE o
met hod) , t he vpihide pemaenndy/VL was Calculated by GENETYX (GENETYX COR-
PORATION). The result showed that the theoretical isoelectric point was 9.20 for
TOCILIZUMAB; 7.79 for the control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27
for Fv5-M&3. Thus, each antibody had a significantly lowered isoelectric point when
compared to TOCILIZUMAB and the control. Since it was shown in Example 2 that
pharmacokinetics is improved by reducing the isoelectric point, the pharmacokinetics
of Fv3-M73, Fv4-M73, and Fv5-M&3 was thought to be improved when compared to
TOCILIZUMAB and the control.

[0170]  T-cell epitopes in the variable region sequence of TOCILIZUMAB, Fv3-M73,
Fv4-M73, or Fv5-M83 were analyzed using TEPITOPE (Methods. 2004
Dec;34(4):468-75). As a result, TOCILIZUMAB was predicted to have T-cell
epitopes, of which many could bind to HLA, as shown in Example 3. In 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 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 the immunogenicity risk is significantly reduced in



of the dissociation rate of Fv3-M/3 andgFv4-M/3 from nenbrane-type IL-6
receptor was about 1 1 tinmes and 10 tines inproved, respectively, as
conpar ed WO 2000010k81ZUMAB. The consi der abl e i nprovenent ofCriezpslodependency
of the dis sociation rate relative to H3pl/L73 described in Exanple 5
suggested that when conpared to H3pl/L73, pharnmacokinetics of Fv3-M/3 and
Fv4- Mr3 woul gvhavigs a-vaiNiiz g amtiipysivIRs Qwedl cohPdédlo Theplig BliaARH7. 4 pHS. 8 d
(pH5.8)/ d<p%$&ﬁﬂﬁ%%8) kd (1/s) pH DEPENDENCY TOCI LI ZUMAB 2. 5E- 04 2. 5E- 04
1.00 Fv3-M73 5. 3E-03 10.88 Fv4-Mr3 5.1 E-04 5. 1E-03 10.06 [0169]

The i sqel At rip/PDi Bl Sf AlilyTiXhdnliZUVBE rebdifoCafibbdibs infiMSnidd3, Fv4- M3, and

method known (o REOCO AT YR {iq B £V ML Fadeiy  SROSd WALt -
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TOCI LI ZUVAB.
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 administration of each antibody
is shown in Fig. 20.

[0173]  Each of Fv3-M73, Fv4-M73, and Fv5-M83 neutralized membrane-type cynomolgus
monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP
over a longer period when compared to TOCILIZUMAB and the control (the known
high-affinity anti-IL-6 receptor antibody). Furthermore, each of Fv3-M73, Fv4-M73,
and Fv5-M83 neutralized soluble cynomolgus monkey IL-6 receptor in a more sus-
tainable way, and suppressed the increase of free soluble cynomolgus monkey IL-6
receptor over a longer period when compared to TOCILIZUMAB and the control.
These findings demonstrate that all of Fv3-M73, Fv4-M73, and Fv5-M83 are superior
in sustaining the neutralization of membrane-type and soluble IL-6 receptors than
TOCILIZUMAB 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



[0171] PK/PD test of fully humanized |Eg6 receptor antibodies in nonkeys
Each of TOCI LI ZUMAB, the control, Fv3-M/3, Fv4-M/3, and Fv5-MB3 was intra
venousl| y worhnwssared once at a dose of 1 ng/ kg to cynomoirgezinonkeys to
assess their tinme course of plasma concentration (see Reference Exanple for
met hod). The plasma concentration tinme courses of TOCI LI ZUVAB, Fv3-M3,

Fv4- M3, and giv@mbBB (R kwd lﬁ?h%ﬂ%ﬁ%t@l@% %%%tb@&ﬂt%d?ﬁ% eheyind Fig. 18.
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UV detection over a two-month period under storage conditions at 40 degrees C. The

percentage of aggregates formed in these formulations is displayed over time and is
shown in Fig. 21. A percentage increase of aggregates is an indication for a reduced
stability of the antibody. Therefore, the percentage increase has been used as indicator
to compare the stabilization effect of the different buffers.

[0177]  As shown in Fig. 21, the formulations with histidine-HCI buffer (formulation A) and
the citrate buffer (formulation D) were the most stable, and the formulation with the
acetate buffer (formulation C) was the most unstable. The histidine-acetate buffer
(formulation B) was slightly more unstable than histidine-HCI buffer which is assumed
to be due to destablizing effect of acetate buffer.

[0178] Thus it was found that Fv4-M73 with non-natural constant region is the most stable
in histidine-HC] buffer and citrate buffer, not in histidine-acetate buffer as is reported

to be the most stable buffer species for natural IgG1 antibody.
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degrees C. The mobile phase was A) 10 mM Tris-HCI (pH 7.5), B) 10 mM Tris-HCl,
500 mM sodium chloride (pH 7.5), running with a gradient of 100% mobile phase A,
and then 70% mobile phase A and 30% mobile phase B in 30 min, followed by 100%

mobile phase B in 1 min, which was then maintained for 4 min to wash the column at a

flow rate of 1.0 mL/min. Eluted protein was detected by UV absorbance at 280 nm.

[0183]

and inject in a volume of 100 microliter to the column.

Example 10

[0184]

Sample preparation: Samples were diluted 0.05-0.33 mg/mL with the mobile phase,

Effects of pH. NaCl. and Arginine-HCI on stability of Fv4-M73 at 100 mg/mlL.

Fv4-M73 was formulated to a final concentration of 100 mg/mL in different buffer

formulations (described in Table 10), and the samples were analyzed by size exclusion

chromatography and anion exchange chromatography with UV detection over a two-

month period when stored at 25 degrees C and 40 degrees C, and also on freeze-

thawed samples (freezing for 0.5 day at -20 degrees C, and thawing for 30 min at room
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Figs. 22-25. An increase o he anpu aggregates I s 1 ndicative o
reduced st ab|hPief%gen‘flﬁ’lfﬁHPOffoFéﬁﬂaba@@})dFéPWPW@&@Qﬁ% agdicpesiesmbies in0 Act ual

value (pH)  cubating antibodies under basic pH at elevated temperatures. Considering the results of
Figs. 22-26, Fv4-M73 was found to be stable in solution at a pH from about 5.5 to 6.3

with regard to aggregates and degradation. An optimal stability was observed at a pH

from about 5.5 to 6.3 with regard to the main peak ratio to the total peak area (Figs.
27-28).

[0187]  Within this study, adding 100 mM NaCl to the buffer containing 20 mM buffering
agent and 50 mM NaCl (20 mM buffer, 150 mM NaCl) led to an equally stable
antibody solution as the buffer containing 20 mM buffering agent and 50 mM NaCl
(20 mM buffer, 50 mM NaCl), suggesting that NaCl has no stabilizing effect. While
adding 100 mM arginine to the buffer containing 20 mM buffering agent and 50 mM
NaCl (20 mM buffer, 50 mM NaCl, and 100 mM arginine-HCI) showed a significant
stabilizing effect of the antibody solution with respect to aggregates, suggesting that
arginine-HCl has a significant stabilizing effect. Regarding buffering agents, the
solution stability was slightly better using histidine-HCI buffer than citrate buffer.

[0188]  Regarding the freeze-thawing study ("FT" indicates the number of freeze/thaw
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[0191] [Table 11] Formulations used in Example 11

mAb | Conc. | Formulation Excipient Buffer pH
mg/mL
E None 20 mM
Fyd- F 100 mM Sucrose Histidine-
M73 100 G 100 mM Trehalose HCl, 6.5
H 100 mM Arginine- 50 mM
HCI NaCl
Example 12

[0192] Stability of Fv4-M73 at 200 mg/ml.: effect of pH. Arginine-HCI and trehalose
Fv4-M73 was formulated to a final concentration of 200 mg/mL in six different for-

mulations as described in Table 12.
[0193] [Table 12] Formulations used in Example 12



subj ected a specified nunber of freezekjhaw cycles (freezing for 0.5 day at
-20 degrees C, and thawing for 30 mn at roomtenperature). The percentage
of aggr egabesiocwsgiai ned in the fornul ati ons i ncreased fPoFJIPHIIO/D@EDTAr €
plotted over time and shown in Figs. 30 and 31. An increase of the anpunt
of aggregates in percent is indicative for a reduced stability. [0190] As
shown in Fi gg— 30 andedt 1T ToRas 'uAr};’H{‘]U IU%&ICII;]&?b st cbifgll ity than
for mulation|H showi ng sucrose and tre al pse-have| | ess 'stabi || Zi ng
t han ar gi ni ng i d condition stof edmé(‘t) 25 degrees C
degrees C, S S B B R = o i i P B 1o Ee i B A I B s 115 B S A I SA A s 1SS e npar abl e
or nore stabi|llity than fornul ation|H, show ng t hat| sucrose or
showed si gnifli cant stabilizing effécts in freemethaw ng. [0191] doTabl e 11]
Formul ations |used in Exanple 11 Exanple 12/ [0192] Stability ofEv4-M/3 at
200 ng/ mL: eflfieei7off pbb Argi ni ne- HO™ and {rehal o se Fv4- M3 wa<¥ ar nul at ed
to a final cancentration ¢f 200 ng/ nftistidmes{ x dbffefent for nulfations as
described in|Table 12. [0}93}—fFable 12] Fprmiipations used in |[Exghpl e

12[ 0194] The [sanmpl es werel|incubated at 5 degrees G and -20 degreés |C for
three nonths |and six nonths respectively. |nit@al sahpMdschalpdsriee nognt hs
sanpl es and sTx months sanples were anatyzed by SizZe exctusion
chr omat{ @t phylheisampley wiet mctbaed &S dbgswes Chad -20 degaeryl éorGhre? mengeranent age

i t ely. 1 ples, 't S es a S
of aggregat es;, AGHARARSHeAY ﬂl S&m fﬁr%é'}ﬂdﬁ'tﬁs' ﬁfng 9 h ?i%‘?n&ﬂﬁsr@ﬁ dons

after three nonths and six S 1S shown in Fi per cent age of
aggr egat es i nereawddet byrize ﬁﬂ?lﬂﬂpn ahron@@)g@@&ryé*é@ [A% d?tQCﬁeg as fl‘%fﬁﬁmdalﬂll ons

after three mRakpk AMthe percchBBd Bﬁagg&g%fé@\iﬁhéd@eﬂtgi de°g$ees [cOA-Slinifial mhmeva i n

more stabl 6 Lo P HER g St MO KNG i Eap 2ot e Bare 5)
and nore st abggregitehingfeeseddr@n miitid a¢ alCdupteeal’ ianhdsevsimisitiik aftat thies0 mv
ar gi ni ne- HG Ang J.ea ?9‘59‘@5%53?"%% ﬂ\ge??gl nine-HC ). Addition of 50 nmM

trehal ose shovvegjsorre bS T on Fv4-Mr3 in liquid cond| tion
st ored [B195 dedyr dewndn Fgi. ﬁ@emdhmdmndéwmu stcabd bt yddgdecs &r, vV dwes @p

anti bodi es aiﬁreﬁﬁ& oS LabIe Ratwe?‘ gﬁ%ﬁ{o%s‘iatﬁ‘e atpﬁﬁfs%rﬁa@l@as{ &t%{b de pi%6rHylatli1 ON

for Fv4-M/3 should contain at i nl ne- HC hi sti di ne
buf fer pH 5. 5nargsighleat blgaﬁr&rawetqoaﬁﬁdntrag%ﬁnm s@plejat 1?.%&@4@5&191%11@9@11 As
shO\ém in EI g 1ea§t35tabl@gflfsrmMa@Qﬁ@h -HICON ASIRTRG 3D mMQr&llamg@ﬁﬁm@d sagllé i3
tends to e re st e was a nt re st e at
honer - o o niHETRRL e Pl M sl SR PER A0 e S S
| east st abl e catticaDligqdwl &vrgiuhdtivas of—l&ﬁt)bodﬁddretof@m safrebix mgtrereelﬁalmesferablbomed

i gni {1 cant 1, abi i, Al Plf #5410 ?%ﬁléﬁd\%%tdfl@ al 1694 800 RN RE LRUSLEE 2l

degrees C. Bu en st ore rozen
-20 degrees @istidinetofigepidexstopH @@r@d@é@lﬂlﬁgaltsfﬂélll?@étf ng¢essHE. st or age

[0196] As shown in Fig. 33, in frozen condition stored at -20 degrees C, Fv4-M73 tends to

be more stable at higher pH and was apparently more stable at higher arginine con-
centration (most stable at 150 mM arginine-HCI and least stable at 50 mM arginine-
HCI). Addition of 50 mM trehalose showed significant stabilizing effect on Fv4-M73
in frozen condition stored at -20 degrees C. Bulk substance of antibody is often stored
in frozen state at -20 degrees C to -70 degrees C. Considering the cost of the storage
and shipping at frozen state, -20 degrees C storage is desirable. Preferable bulk
substance formulation for -20 degrees C storage of Fv4-M73 should contain at least
100 mM arginine-HCI with histidine buffer pH 5.5 to pH 6.5 and sugar (such as
trehalose).
[0197] Reference Examples
Preparation of soluble recombinant human IL-6 receptor
Soluble recombinant human IL-6 receptor of the human IL-6 receptor, which is the

antigen, was produced as described below. A CHO cell line constitutively expressing a



and shipping at frozen state, -20 degrgges C storage is desirable.

Pref erabl e bul k substance formul ation for -20 degrees C storage of Fv4-M/3
shoul d combanr/@ssikeast 100 mM argi ni ne-HO w th hi sti diea@/JpegiberopH 5.5 to
pH 6.5 and sugar (such as trehal ose). [0197] Reference Exanples Preparation
of sol ubl e reconbi nant human 1L-6 receptor Sol uble reconbi nant human |IL-6
receptor of &hlabteummm @reb@ﬁ@ﬁdﬁtalnm@h@éqdeﬁcd fremand Ngemnnmn&twmuced as

'Lo6 recept oP T eRG T iod REsBam T o LR BT B8 TH SR "t mo
aci ds report ¢tb88n241, 3B e Gien BakIOY 12808)) V@E%eﬁ%tedmlslahhmn Ilal6. , Sci ence
1988) 241, I L-6
(1988) %QPE%f%aQ Sﬁ §9&ﬁoﬁ>&%§é% er\q@én&ﬁ'ﬁﬁgtc%ﬁ_'fo @?A[ g@g%m

receptor was pu ied ' Trom culture supernatant expres i ng
SR344 by t hr daree eplup chrmpragiapfies MlesSemBpipse S&biratakclyomatagsiplm

chromat ogr ap Bfﬁn@fdhhﬂhitbsg@filﬁ}ﬂﬁﬁﬁgg bR 1H§ﬂdb@hz%d%iﬁﬁﬂhﬂtﬂﬂ'ﬂ@§%ﬂebﬁﬁ%w th an
ant i body spel%g}lgto 8%4 ang119 el f||trat|on ol .um CQ to raphy. The
fraction el ut&d* fafjop & IQpa¥gezRhYy- efffaﬁ%\‘Pn g Pq?le%k

[ 0198] Pr epaﬁ)\aatslu@&'dﬂfthsﬁhall}iuﬁﬁﬁ:&@zﬁﬁfﬁihnant cynonol gus nonkey IL 6 recept or
(clL-6 ig [. r IS

Sequendt F iRt TRaS o e o R R o PR i G £ RN BERTY 250

Nucl ei ¢ Aci ds (Rées- DN@O@H@@H V&ler@mepmd@b@ﬁe)nltb@dlé910£§51€@n6i€)quemmRhcwgrrent
encodi ng themﬁleﬁls:m.@&g{&leﬁuﬁ%n&%y Ehcof 966P N ACREI RS PIBRILLH3RY PCR

using the priners cDNA prepared fromthe pancreas of

cynonol gus rréPR@asemée%lééiﬁ 6Dnd PNA fﬁ%ﬁ%ﬁmcw thw@f)kédnpmpkguam?aml i an
cel | expr essupres fé@éi)tt&’fgené-wis @r b0 b9 FORGEES i, lahd8s a template, cDNA

cyno. sl L- 6R— cel i ne r ared us ector. The
Gt o mear BHFORCUCYHG U r@n%fﬁ%?gﬂae%ﬂ@%% U R

H sTrap col umme(téEinteahtinoarlianBe sgpressie) veaat, aﬂderstatiﬂelemegsatneﬂ{@ilmh An1 con
Utra- 15 U

cynonol gus n&éﬁ%es'h} 1&%4&4611'1 Eﬁrde eélrll{eslsle ngl ? ére%llrelc_1 %)(aﬂ\?\egg&é(grt ai nag ? rough
further puri m@alm ohcye-sdl Eruod@@mg)@;bij) a@lsemsgaritied psingeitbsltep colvmn( GE

Heal t hcare B'(Gﬁ%e%ﬂﬁ@a)re Bﬁc%fé%e) Rhe Iﬂ%%h%tﬁfedr\ﬁﬂpﬂﬁildlﬁﬁﬁltﬁﬂgqmagélsl()'EDnkey
IL-6 (clL-6) &]%nom) gus nonkey 1 L-6 was prepared t he procedure descri bed

bel ow. The ndMilliggic)-de faalqyeiticd sanpls st ﬁ@lublffyaﬂmﬂ]@uwoageya%pégfi%f&r under
SW SSPROT  Ac ¢l sinafterNOL-6RT %4 bbwardphieopgh atthenputficnesdohat o a mammal i an

o preparc a Supaire gl CATe T SR 1 AheRelt BRSHER SN "o cel 10
l'i ne) . [HO]culRrepagativadif uenonfbigant oyidm@gpy oduelyil-Celd.-6el | s was pur ified
s oo R ETH SR (RGP0 Ry 3 S0 Aoy -
purified cleotide sequence encoding 212 amino acids deposr[ed under SWISSPROT Accession
No. P79341 was prepared and cloned into a mammalian cell expression vector. The
resulting vector was introduced into CHO cells to prepare a stable expression cell line
(cyno.IL-6-producing CHO cell line). The culture medium of cyno.IL-6-producing
CHO cells was purified using a SP-Sepharose/FF column (GE Healthcare Bioscience)
and then concentrated with Amicon Ultra-15 Ultracel-5k (Millipore). A final purified
sample of cynomolgus monkey IL-6 (hereinafter cIL-6) was obtained through further
purification on a Superdex75pg26/60 gel filtration column (GE Healthcare
Bioscience), followed by concentration with Amicon Ultra-15 Ultracel-5k (Millipore).
[0200]  Preparation of a known high-affinity anti-IL-6 receptor antibody
A mammalian cell expression vector was constructed to express VQ8F11-21 hlgGl,
a known high-affinity anti-IL-6 receptor antibody. VQ8F11-21 hIgG1 is described in
US 2007/0280945 A1 (US 2007/0280945 Al; the amino acid sequences of H chain
and L chain as 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



sanpl e of cynonol gus nonkey IL-6 (hereggafter clL-6) was obtained through
further purification on a Superdex75pg26/60 gel filtration colum (CGE

Heal t hcarwoBhmwgwssaace), foll owed by concentration w th ReTrdewiubewar 15
Utracel -5k (MIlipore). [0200] Preparation of a known high-affinity
anti-1L-6 receptor anti body A mammalian cell expression vector was
constructed t(ﬂ;s@iiplly&KER)\éﬁﬁﬁgle&i uvmor tha donaut rlaglm Bifef dnkibdgy @dtablel dnd6
recept or antlbo zYt (@ g/geé §cr|be ]g$ 82 7/0231? 45 AI (Us
2007/ 0280945 “AY T e 1}%‘%‘3688‘?1 &R%H‘ce& Y 8¥°H1°bh d"1 ORETH BY et
forth in SEQmalmrhlﬂmn €Xpreasidn V&tontespeﬁmcvaqusmﬂvectamﬁ0bthd;H vizrin aind B r egi on

was construc u sgenbly
PCR) and | thCEQn %t The’ Czeoglggg%@%éeg %f%néwﬁ@e& (Ees varl aé)r?e&and

const ant r eglt%ﬁén%é?}’ea @é%fi ﬂf@@th @Q@Pﬁﬁéifkl‘tlﬁﬁglaé%féﬁlﬁlem aféﬁéfYtah’éﬂerser t ed
into a rmmlréc@Eto@ AR SRIS |(H&eﬂlﬁﬁé@bbﬁ&lzﬁéﬂ‘@t"'E:Hﬁ?ﬁfolW@is%%%f&gbd\/a%@tp@hﬁea or the

H chai n and in of interest.. The nu ti de segue e resulting
expressi on vEPS R RUFEIG ‘?’%’F‘???W@d’eﬁg(?r gbyn‘g qgrflg\?\ﬂq’teg 1} 6%‘81%% lled in
t he art020lhe Mregrraiong expgryssant and ;burﬁ-“icm@repﬁ D@CHEI]‘ZJUMAB Vahianwi naf t er

abbrevi ated a SRILESS | t nstructed
expressi on veiji%@sm%wA% leaglﬁggg ar%&jl ngﬁxé ﬂ?eh e@%f)ztgﬁ fed"Rh
Preparati on, t@@pﬁ?@@&sﬁlt(ﬁﬁtratagmhebmcmdl@tq the) H@fh0¢“mbzd1m@e\ﬂap¢raiﬁd sin-

TOCI LI ZUMAB VAL i Rytifaial, qh@ &R RN %%1&&%{1@% %B@nt@&&gﬁ%}% 1§!0trﬁaﬂ:ﬂn ﬁ&ﬁ &h M

tagenesis Kit (Stratagene) accor hod described in th
appended i n SEPGEHPLYFCHER IRFONSTH e?‘@@ﬁﬂl(?f} YR§198 g ihegHichaigrand & %méOf nserted

lt Et oHrraLmal i Qrﬁte%@tl Th@ﬁM&ﬁﬁF@&%éﬂ%sQ{f&hé @ot@iﬁé@&iﬂfﬁsgﬁ%&t@%\kz% du@]glhglﬁa for
e chal NS, an INS O er es cl.eoll de se 0 e
SO At o T i R R ot S A T
artisans. TheeamnibedbelbesHuerne eevbpym@sskidndycanbe-deetvhd HHIEKEOSH detdinbel ow.
Human enbryo Hﬁ{% ( en) was
suspended i nw[gl\/%mg? nvi tsihg e%dfﬁjg{}gp men ec?f%\:'n fﬁjp%:h}i @?ed‘+ﬂb%‘§/'f0%§ er um

(1 nvi t r ogen) Bovhe Sestrh gInxgragep). iﬂledeléﬂwqre pHatedyirl Odilgter dishdin disbes foor

adherent cel l,ghdidf M {I'Oﬂﬁiﬁﬁﬁéter %Mh@;) ala &ll%hht}ﬂ@f@ﬂoté’x O Rbm16 X
105 cells/m and cultured in a incu atorﬁ%\% egrees C, 5% CQ2), for one

whol e day and"#ryftred fehO: F}‘féb%i;%’d Buregises Fe )by pepThoR @%Ynanddﬁ@te 9 ni
of CHO S- SFMThkn, ke tr!éﬂiu(ﬂ Wud feh@ged by Wasiratidaatd 6JNhal pt € -8 SAM-ABiediunas

i ntroduced i th b t . Th t | t
L roduced | Bt ud P R PRSP S e o b5 bt ture
B er2r12)er at ur e) lipofeceommethod! Tis reaﬂdng tdture slmdlmts‘ weteeplleged, kemuigired

m crone
per nat ants. i\ﬁ{tpl %ﬂlglta%ﬁ 2 ’éé puri f| e(?q‘gu a@ﬁé%&%oﬁg& IS ?&d{}?%ﬁ{siﬁ%g?’nat ants
by a nethod Khsung flﬁowghd%?# gmrpm@tfr ifihres WLhEX(%)sGNg(MIﬂiFRS’F@l tf OptagehR atios e
Fast Fl ow (Amefshat Rhﬁﬁ@dl@srw&@)punﬁ@d ﬂ@hﬂhgbsﬁnfeh@uﬁmg@ﬁﬁﬁaﬂt%y af the

P o R ARE L BAREC T RS 3 20 RHAIE i

(Amersham Biosciences). To determine the concentration of the purified antibody, ab-
sorbance was measured at 280 nm using a spectrophotometer. Antibody concentrations
were calculated from the determined values using an absorbance coefficient calculated
by the PACE method (Protein Science 1995; 4:2411-2423).
[0202]  Establishment of a human gp130-expressing BaF3 cell line
A BaF3 cell line expressing human gp130 was established by the procedure
described below to obtain a cell line that proliferates in an IL-6-dependent manner.
[0203] A full-length human gp130 cDNA (Hibi et al., Cell (1990) 63:1149-1157 (GenBank
#NM_002184)) was amplified by PCR and cloned into the expression vector
pCOS2Zeo to construct pCOS2Zeo/gp130. pCOS2Zeo is an expression vector con-
structed by removing the DHFR gene expression region from pCHOI (Hirata et al.,
FEBS Letter (1994) 356:244-248) and inserting the expression region of the Zeocin re-



were cal cul ated fromthe determ ned vak@es using an absorbance coefficient
cal cul ated by the PACE nethod (Protein Science 1995; 4:2411-2423). [0202]
Est abl i shworioafosst2human gpl 30- expressi ng BaF3 cel | | i neCAIBaEGI@er1 |ine
expressi ng human gpl 30 was established by the procedure described below to
obtain a cell line that proliferates in an |IL-6-dependent manner. [0203] A
full-1ength Risemce g@i@@h@fﬂ}lﬂeﬁgﬂlbmnﬁh TBI6R cIORAl wAs190ifie@ By PCIR Sndlcldlot

GenB k#NM00214 plifi I h
Veotor  poos228 Pt 0 e llES BT serk3S B i BT SBIS8s (8 an oxprension
vect or [@YH]st rilotiedbgramme wb pCOG2¥ bef g DHIORY granixed ypthel3ali3arells €48 arl Of cadly) pCHA
(Hrata et al speﬁge%%nlﬁst %ﬁd {h%g %ﬂ?sec?ét% gﬂﬁV%ﬂébS@#ﬂcﬂo&ﬁngl %@eﬁ%?ﬂser

expressi on r8giron eocl n'resi stance gene uman
| L- 6R cDNA wé IOaPr@fD. Thfeaalf)%/cqﬂ@ﬂaaalﬁa thq gﬁﬁédntrme%mgrqp@wmplwm filgged) to
construct hl ko &iReReHINGa ﬁnﬁ)nléﬂtQ@Q@Mllﬁ4mn@Jdﬁ%@Im'Er d2bn 4RAtedRlidd was

m xed with BaF3 ce . ells n PBS, an the ul sed
at 0.33 kV a d’-‘%@ll' H%Oélgeomff]ﬁf( @EP‘%‘E&W%’ eydge SefHR é‘fiéa Ils

havi ng the geiBs, HyCladicad sblyctedi egzhd@pQR@MIo]rMﬂmmhmhﬁppl@derftﬁt wﬁh&O@/hoI e
day and ni ght RPM 1 i fro nt 2 ng/m
g{( u:g’na(nl:; t%419 kng%)(ﬁgc'n% gq)%gsf)éﬂgfﬁ%%}l R]Emgn n erf"egl{( 119b1

nmouse interle epro OVI he serum er e| naFt er
FBS, HyQ oneyecepivd (R&IDsubEthshythd ddfirTBRRMS D64 iy gp Sibpinemeing S t h

00 ng/m h Kin-6
soluble r ecgg@gph@gﬁwlm " B0 95 AR89 RO B TR chiid ki n-

gpl 30- expr esSHAGn B&fﬂ@@&ﬁ(R SY(SW&Séalpﬁa%ql@?le hyaps e reeppior. ang; tBuszm/bgpl 30

proliferates ukél fohesads m%%m&ethqﬁhlbummcnm;e(rdr ek r@ce@tdrlii&arﬁwsﬁ§ ivit@net
sol ubl e human | L- t hus can be used to assess the growth

r
i nhi bition aé‘flla(}ﬁl?%/ 6er8?‘%t‘lr aéltlg‘écgyept or neutralizing activity) of an
anti - LOB)Y eceﬁmsessrmnt fiob datyhiolp@iZ05dctiAs s by humat gp HO-¢xpecskingBagiB calls act i vi ty
by human gpl f?gfﬁﬁm ng BaF3 cells (BaF/ gpl 30) The IL-6 receptor
neutralizing a was assessed usi ng BaF3/gpl 30 which pro liferates in
an | L-6/1L-6 r%ébt@m@léprelmérﬁhmn&nﬁéﬁty wistagsesscldrusngvidadidéep I hidPRIot 640

suppl ement ed h‘férﬁﬂas iltpa'{? ﬁ%lL%@E@gp%ld%ge&%h{ &aﬂ&?e? eAﬁé{Stﬁl%@ @@a@hé}twﬁl x 104
cells/m in RPM suppl enent ed human

i nterl eukin- W@/yumq%wdcw% éﬁ%rlf’ﬁ$ &%Féfgpéé% Cﬂ&/Wﬁore 6‘t‘SPS’€F1€rﬁ1g?f A% 10°
appropri ate asmnt in0RP8I0] 40l sapplefinted bvith G08GRAHDST, 60afgzlmm&ﬁ158ﬁterIEthO@| |
(CoRu NG | ThERRAHIREI s anruh BAM AELEF ho il BpitotRe reh
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oL S B SSE, RORITkl i e oWl Sroomn
| mredi atel y élf uige vith lﬁ?w&"@t%’ﬂtﬁ@ﬂng hePoridhy end added tagaddvelb(Pap¥crael/, the
absorbance  well). The cells were cultured at 37 degrees C under 5% CO, for three days. WST-8

Reagent (Cell Counting Kit-8; Dojindo Laboratories) was diluted two-fold with PBS.

Immediately after 20 microliter of the reagent was added to each well, the absorbance

at 450 nm (reference wavelength: 620 nm) was measured using SUNRISE CLASSIC

(TECAN). After culturing for two hours, the absorbance at 450 nm (reference

wavelength: 620 nm) was measured again. The IL-6 receptor neutralizing activity was

assessed using the change of absorbance during two hours as an indicator.

[0206]  Biacore-based analysis of binding to soluble human IL-6 receptor
Antigen-antibody reaction kinetics was analyzed using Biacore T100 (GE

Healthcare). The soluble human IL-6 receptor-antibody interaction was measured by

immobilizing appropriate amounts of protein A or protein A/G or anti-IgG

(gamma-chain specific) F(ab'), onto a sensor chip by amine coupling method, binding

antibodies of interest onto the chip at pH7.4, and then running soluble IL-6 receptor

adjusted to various concentrations at pH7.4 over the chip as an analyte. All mea-



at 450 nm (reference wavel ength: 620 ng} was nmeasured using SUNRI SE CLASSI C
(TECAN). After culturing for two hours, the absorbance at 450 nm (reference
wavel engtwo 2680106812 was neasured again. The | L-6 recept @CTAeUH/001971 Ng
activity was assessed using the change of absorbance during two hours as an
i ndi cator. [0206] Bi acore-based analysis of binding to soluble human IL-6
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then runni ng so recept or usted to vari concentrations at
pH7. 4 over t@@fWrep(%Haﬂ%Zﬂ@l)yte AII measurenents were carried out at 37
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obt ai ned by MeR8H¥YENt. Then, KD (M was deternined based on the rate
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receptor (i njlbétrﬁmpt@a(nmc‘élob@ame bugfer was MVMESIE D (p1y 7 4)., 15050MNa®la@d  and

0. 05% Tween %Q?S% :f%é‘n 2(§)h?héﬂ'ﬁl€ke;5}@81€ﬁ‘éﬂdeﬁ' cﬁs’%@&'aﬁéﬂ Qﬂ"ea@fl cﬁﬁ@ Qva@ beasvaes
observed at pH ch he mobj. | e phas di SSOCI ation

rate constantty 5k§| Wlilf«% WhaPHmfl ﬂse @OP\%%P%? %eé%wéama%%@wef%@w (&)
Eval uati on Saf pmrmé@wdeabdi ticiag Blacbie TI100tEvaga0ibh BofthvarediGESHEdlBichienbphase

carti oo out 1RGO MKEKEGNDRA o BYSL 1507 A N R 60 BBs P 30 Mand
di ssoci ati on cvmammle/fnnleﬂlmimg was chrigd\duvES1( p H1BY (pH 36 .ni0Na Na@llnelnd) 05%
Tween 20. Li kgyos Eweéﬁ‘ﬁo %P%@E@&t £saéa?réé%9 Widtiall ?%‘ME§ p‘%}] ?t SB'}WI 4 was
cal cul ated USIaﬁg I acor € va uat 1 on Sof tware lz
fitting onlyNagd addsGdp dtneen 2B Hakewise, thedipsoriatipy gatg gapitant ehdént ataH on was
0.5 m crogram®gas calculated using Biacore T100 Evaluation Software (GE Healthcare) by fitting

only the dissociation phase at pH 7.4. The sample concentration was 0.5 mi-

crogramme/ml. Binding was carried out in 10 mM MES (pH 7.4), 150 mM NaC(l, and

0.05% Tween 20, and dissociation was carried out in 10 mM MES (pH 7.4), 150 mM

NaCl, and 0.05% Tween 20.

[0208] Assessment of the binding to human FcRn
FcRn is a complex of FcRn and beta 2-microglobulin. Oligo-DNA primers were

prepared based on the human FcRn gene sequence disclosed (J. Exp. Med. (1994)

180(6):2377-2381). A DNA fragment encoding the whole gene was prepared 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

fragment encoding the extracellular domain containing the signal region

(Metl-Leu290) was amplified by PCR, and inserted into an animal cell expression

vector (the amino acid sequence of human FcRn as set forth in SEQ ID NO: 79).



m. Binding was carried out in 10 MM Mg$ (pH 7.4), 150 nM NaCl, and 0.05%
Tween 20, and dissociation was carried out in 10 mMM MES (pH 7.4), 150 mM
NaCl , anawO0.2080t0@mwen 20. [0208] Assessnent of the bi ndipag/JpPzibvaemary FcRn
FcRn is a conplex of FcRn and beta 2-m croglobulin. Aigo-DNA prinmers were
prepared based on the human FcRn gene sequence disclosed (J. Exp. Med.
(1994) 180( 6)Likswide, 2B8d-DN A pbtdrd werg r]ﬁp‘ar@lﬂfa@ai Mgthe hemah dka 2geneoyabulin

& ontech) as s Svbrie ARReE RO NAEARHT s oS, D PR BB ARRE ua
fragnent as »NArpgeest emomtﬁawwegtn@wmdﬁprged be PERt wsageiumdnarDNIdmai n
contai ni ng tha, 1974t M%@l}ﬁ%ﬁ &%DW&Q)NY‘E@H?E%MJ& QteQ}{d ﬁ%‘%rg&ﬁuence of

inserted into an ani ma essi on vector no aci

human FcRn arigers. {UsingHhe ﬁthElQﬂ fN@agrngylt Psjadanple, a&rN@éra@mAnmnCﬁémg wer e
prepared basegk QRolt BetaPufRRoA Gﬁﬁln%om&ﬂlﬁgklﬁt&kﬁﬂaﬂr@ﬁﬁe(mm ®)dis¢cl osed
(Proc. Natl E g :E US@ 32 5@3 g 16899 16909& f ragnment
encodi ng theaml?g 1gd GERE iptedlsd il la(Ps(ie FXREHEAT ¥e5X (8BRS cent a
Mar at hon- Readyldcsal}uk,ncé:bﬂhﬁl?ﬁia-betaas nacﬁogl“qbluah as s dortthia Sﬂ@m]am i ners.

Usi ng Egﬁ)ﬁbt agoﬁ'lﬁ)qe FNAU ﬁ&gﬂﬂ%ﬂ% e pres%e& E}ﬁe C%E)EOW]Ing rprocedﬁr%gﬁe? Iglf n%?dclfﬁg tc\gg

whol e mcrogl o I hcontarning signa i'on
anplified bysP@Redft hunwetcBd andlbotaa EHvEOEm eat hnt@dpc@bmtmllveﬁﬂl@r (t he

am no acid S%H&%H%&b%fon%ﬁﬂef&h@er%e@v&'i egl B%EM%H%ﬁtvuf%%hﬁusii%g R I D

NG 80). [0209] Sol ub was expressed oW n
procedure. THBIREHPERD) by Hpker iRt éréeFfeﬁﬂﬂtmg&&Huméﬁﬁerahtanvo\@%sasoﬂected and

2-m cr ogl obulFcRnWRE @uhﬂ&d @ﬂﬂ o samr&;e l6! Fas Off 1o W e it Bm@élympb;ktheney

Tof ect 1 on. TRHGAsSETHG Toarteit LparRar adhaLAH flud D eCRY vas
pu[ |hf |ded usi mljlch@nﬁ mmﬁlﬁfhapQ&{Fa@E H‘daﬁhca(réi)nersham B;(isgben](c:elsl) bydt Be

nmet ho r| ol | owe y

furt he|I pu-ri f| ca %%Ioﬁls%p%df[r QQ%UNﬁX? &&&Z g;ar e). [0210]

Det er mi nat i on Peiftlb.@dy COREPLrattme éh moxsd @hsmmwm@rm@ﬁrbd FatAmsdgrding to a

concentrati o%thdamo%@grgﬁmé@qrpthgg}term ned by ELI SA according to a
met hod known to those skilled in the art. [021 1] PK/PD test to determ ne

the ant?pddy JOHERHEH &R Fl%tﬁmiﬂﬁe fh?eanabwncwt@w telasEs 6RP &0 free

sol ubl e I L- 6 cegegiphOdnd fleelSonibeyE - th’&epﬂoa&mﬁoﬁm@ent rations in cynonol gus
nonkeys were termnecdb " A USLD umetrr} kneo ttoth% 5 led in
the art. o212 TE Eateeimyron Sro el o e SR Het e R SR omt ca
anal yzer ( TBAsing@Eﬁt;thd’cblsrmmatol\vh@hecsaﬂle&hs thermst. Co. ) using G as R CRP (KANTO
(C:J;E(I\)/Irml I m) 'J{(Hygofl en%rgﬁaergléfp d'-gg vspds AR A GE A Pt Raced aﬁa‘ifz@r ?ﬂ%& l:1|29FR
Toshiba Medical Systems Co. ) usmg Cias R CRP (KANTO CHEMICAL CO., INC.).
[0213]  The plasma concentration of free soluble cynomolgus monkey IL-6 receptor in
cynomolgus monkeys was determined by the procedure described below. All IgG-type
antibodies (cynomolgus monkey IgG, anti-human IL-6 receptor antibody, and anti-
human IL-6 receptor antibody-soluble cynomolgus monkey IL-6 receptor complex) in
the plasma were adsorbed onto Protein A by loading 30 microliter of cynomolgus
monkey plasma onto an appropriate amount of rProtein A Sepharose Fast Flow resin
(GE Healthcare) dried in a 0.22-micrometer filter cup (Millipore). Then, the solution in
cup was spinned down using a high-speed centrifuge to collect the solution that passed
through. The solution that passed through does not contain 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 determined 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



cynonol gus nonkeys was determ ned by tRig procedure described bel ow. All

| gG type antibodi es (cynonol gus nonkey IgG anti-human |IL-6 receptor

ant i body,weandisressiuman |1 L-6 receptor anti body- sol ubl ePcyae2ZION/GUI7TONKeEY
| L-6 receptor conplex) in the plasma were adsorbed onto Protein A by

| oading 30 mcroliter of cynonol gus nonkey plasma onto an appropriate
anount of r Plf@fc@éﬂuﬂn@&ﬁh@h@&a&@&toﬂgbmwermﬁm ILCErebQﬁblt SoRIbE) cy(ﬂbh@cguisn a

0. 22- t fi | L .. Th At t
St nnod down "0 by T SrGRCE b RBRE R e Bl Vi Bhauf ac By
passed t hr oudhe pFlventggd off firacasoliide lpaserdior mas uglhulded dyrib fatlontgg forRulat ei n

A-bound anti hupan | L-6 rece or ant. | mol gus m)nke IL-6
eceptor commL LS st e BERN Far R o SRS cBmEIIAR Pl o 1L <
receptor can beSafeelt Hirgueptobgonoedatonibeiyre dnébodgadenistraion on of sol ubl e
cynonol gus nonkey IL-6 receptor in the solution that passed through Protein
A. The concentration of sol uble cynonol gus nonkey IL-6 receptor was
determ ned using a nethod known to those skilled in the artfor measuring
the concentrations of soluble human IL-6 receptor. Sol uble cynonol gus
nonkey | L-6 receptor (clL-6R) prepared as descri bed above was used as a
standard. The percentage of free soluble IL-6 receptor was cal cul ated by
the following fornula. Free soluble IL-6 receptor concentration after

anti body admi ni stration X100 Sol uble IL-6 receptor concentration before
anti body adm nistrationClains [Caim1] A pharmaceutical formnulation,
conprising at |east one pol ypeptide selected from (a) a pol ypeptide that
conprises CDRI conprising the sequence of SEQID NO 1 (CDR of VH4-M3),
CDR2 conprising the sequence of SEQID NO 2 (CDR2 of VH4-M/3), and CDR3
conprising the sequence of SEQ ID NO 3 (CDR3 of VH4-Mr3); (b) a

pol ypeptide that conprises CDRI conprising the sequence of SEQID NGO 4
(CDRI of VH3-Mr3), CDR2 conprising the sequence of SEQ ID NO 5 (CDR2 of
VH3- M73), and CDR3 conprising the sequence of SEQ ID NO 6 (CDR3 of
VH3-M/3); (c) a polypeptide that conprises CDR conprising the sequence of
SEQ ID NO 7 (CDRI of VH5-MB3), CDR2 conprising the sequence of SEQ | D NO
8 (CDR2 of VH5-MB3), and CDR3 conprising the sequence of SEQID NGO 9 (CDR3
of VH5-MB3); (d) a pol ypeptide that conprises CDRl conprising the sequence
of SEQID NGO 10 (CDR of VLI), CDR2 conprising the sequence of SEQ I D NO
11 (CDR2 of VLI), and CDR3 conprising the sequence of SEQ ID NO 12 (CDR3
of VLI);




(e) a polypeptide that conprises CDR gpnprising the sequence of SEQ I D NO
13 (CDRI of VL3), CDR2 conprising the sequence of SEQ ID NO 14 (CDR2 of
VL3), andwQ@DRRB/wes1Rri si ng the sequence of SEQ I D NGO 15PCCDR310H01VER); and
(f) a polypeptide that conprises CDR conprising the sequence of SEQ ID NO
16 (CDR of VL5), CDR2 conprising the sequence of SEQ ID NO 17 (CDR2 of

VL5), and CDR3 conprising the seque%MQ ID NO 18 (CDR3 of VLS).
[Claim?2] A pharmaceutical formnulat X rising at | east one anti body

sel ectedifimam (a) an ag hmempﬁrﬁaﬁ%ﬁ%ﬁmﬁsiﬁg@vyaag%is%o}é%é}stﬁty e
regi on that conprises conprising the sequence of SEQ | 1 1 (CDRI of
VHA- M73), CDR2 conpri sififStHd'%Equence of SEQ ID NO 2 (CDR2 of VH4- M73),

ia_ndhCDFz?,h conpri si Blg t heap£polgparide thaBEnpiyNODRI (&hhEind tthslﬁqLMﬁ&) of and af
Ight chain variable r t\hat I I sLng.t sequence o
SEQ ID NO 10 (CDR of E@LQ?D @dz@%%?fg?lﬁg ¢ )eﬁgie%%o e eI, 11
(CDR2 of VLI), and CDR3fpHD) Mg (hRZegHAC7 Hf aBEQDRD cN@prishg (EDR3

of VLI ); (b) an anti body, i i . i riable region that
conprises CDRI conpri sisﬁéﬁgtn%gogeq é’r??géﬁ(g%%?%%% M4%?CDRI of VH3-M3),
CDR2 conprising the sedbeneelypeptgethat pomerises (IdReogprispgthopsyuengp el CDR3
Cﬁrfpri si ng Llhe SequenC;iSEt&I]ﬁE@):lszﬂl 6f VEBRA79), Cyiie: Mﬁﬁrisi@ﬁ@e@edde?wSE -
"o 15 (R of Viay. REGOINGS hethe Lqaundeor CeRSPRREELE ( Core
of VL3), and CDR3 conprsequange bh8EQdiueOce (ODRSEQVIH3-MI3);15 (CDR3 of VL3);
and (c) an anti body whi i i I r.eqi at
conprises CDRl conpri si@gﬁ@%@&%ﬁ%@%ﬁlﬁsﬁ{?ﬁ%&@ﬁw Dk SQ%CQWNBS),
CDR2 conprising the secfdadle NP: SEDR DoNOHSSMBEDRDRA corpiBisuBathe seqgn@DR3
conpri sing the sequence,afpSEING NEDID §CPRS-M63) ViRt &BRS. cortfbisfelhaht

chain variable region that conprises CDR comprising the sequence of SEQ ID
NO 16 (CDR of VL5), CerEEneeRprEQiRNPhe (QQgséﬁé’é{%WéEQ ID NO 17 (CDR2
of VL5), and CDR3 conpr(dsi palybéiideasteoerisds (G tonPRingd the(selpacobf VLS) .
SEQ ID 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);
(e) a polypeptide that comprises CDR1 comprising the sequence of
SEQ ID NO: 13 (CDR1 of VL3), 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
(f) a polypeptide that comprises CDR1 comprising the sequence of
SEQ ID NO: 16 (CDR1 of VLS5), CDR2 comprising the sequence of
SEQ ID NO: 17 (CDR2 of VLS5), and CDR3 comprising the sequence
of SEQ ID NO: 18 (CDR3 of VLS).
[Claim 2] A pharmaceutical formulation, comprising at least one antibody
selected from:
(a) an antibody which comprises a heavy chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 1 (CDRI1 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 ID NO: 10 (CDRI1 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



(d) an antibody that conprises a heavygghain variable region conprising the
sequence of SEQ ID NO 19 (variable region of VH4-M/3) and a |light chain
vari abl e weghmiosgiepri si ng the sequence of SEQ | D NO 2PCIdaRrG16/01877 egi on
of VLI); (e) an antibody that conprises a heavy chain variable region
conprising the sequence of SEQ ID NO 20 (variable region of VH3-M/3) and a
| i ght chain variabl e re@Lp)n corrpri sing the sequence of SEQID NO 23

(vari abl e regi on of VL3 n.,anti bod hat conpri chai n
vari abl e regi on corrpri ‘ﬂéb 35 é e ?alﬁylﬁﬁfmfaTsl?v ffgll%{b 3'}/r egi on
of VH5-MB3) and a Iightcoo’qmscs @E&lwbh@nsmgltmeqmﬁmﬂﬁ@ IﬂZhHOséeiGEthe)fof
SEQ ID NO 24 (vari abl L&?n m@%s
heavy chain conpri si nge¥ %&g\g pg&%)g tﬁ)@?\%ﬂ&lﬁ%%?}é é gﬁg i ght
chain conprising the sed l}é[ﬁ%'é/l E@R@PQE%V@ISFGIW(HH?OB%E ABiNEd9 t hat
conprises a heavy chai r(cmm&ﬂ\msmmea@eau GRaiffvashiQe k?l(’)\lgha?&)nﬁ pidds Mr'3)

and a light chain conpr n t he se ence 0 d (i)
an anti body that conprl(;lég g‘”ﬁ‘@ﬁwg aﬁeﬂu%ﬁﬁfgagﬁgﬁﬁ g%'éﬁk@ﬁgﬁggEQ | D
NO 27 (VH5-MB3) and a (t]Dghtcombﬁ'i;ingquuaicagf SEQ IDagOeint €COR2 SEQLBR NO 30
VL5 Caim3 Astabl u I r laim1
f)r 2? CE)rrprl Si n]g a hi stf §I ne an d?rﬁ rl}l ?1 Fg eglg? $%$€(31%9€é(|3m 4W9f)gbl e

phar maceuti cal fornul atYb#;aetording to any one of cI ainms 1-3, conprising

at | east one cationic agy 10, Afbbdy W[hghado npgﬂsespa ﬁéa%%'cﬁmﬁ%ﬁ&@&?ééﬁdrﬁﬁht

formul ati on accordi ng to any one cl al risi
hi stidine and/or citrat®@mHyseerDR] C@B@@swﬂaﬁseaﬂemé&é&&@ N 7 60P& 1 no

?Cl d, I1 200 nyg/ rﬂ-dantl b@H%M%dgm%rﬁﬂMsﬁlfg ﬂge &c@#éwayﬁ s&ieID NO: @I(@]ﬁiszhe
ormul ati on according t ereby the cationi is
arginine. [Chaim 71 ThetrGinbid St ChrSEaRE s Merskinee of SES IRRBERY 1 ne
carbohydrate is sucroseCark3 ofeVidb-0d83), ild alight8hainhveriblde regiat thancamoedi ng

to any one of clains 1-dphyr Bﬁlﬁﬁmﬁgﬁl%lréeaﬁéhgi%§§ﬂgf1§gﬁ§f‘%6 ((Elﬁz?'o ?;]ngh.e

formul ation according to any _? Vy ‘pti de
and/or antibody in an a(ﬁlaﬁatcompﬂanglﬂ@aﬁ@quemeﬁﬁﬁm ID NO: 17 (CDR2 of VLS3),

and CDR3 comprising the sequence of SEQ ID NO: 18 (CDR3 of
VLS).

(d) 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);

(e) 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 VL3); and

(f) 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).

(g) 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);

(h) 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

(1) an antibody that comprises a heavy chain comprising the sequence



[Claim10] The fornulation according tgzany one of clains 1-9 containing

t he pol ypeptide and/or antibody in an anount of at least 50 ng/m. [Claim
11] The fwormloaosgsia accordi ng to any one of clains 1-10PCOAPAILINDIIG7T he

pol ypepti de and/or antibody in an amobunt of at least 80 nmg/m . [Claim 12]
The fornul ati on according to any one of clainms 1-11 containing the

po} ?/ﬂpep'f iCIde and/]or ﬁnt :‘dﬂ&BQI [ Nan QHWlH’BSMBB) hlﬁsﬂigm&nai@rc;)ﬁtplbiaihgm& 240

ny ) aim13] The farmul atj di any one of clainms 1-12
having a pHin the rang*&q‘ffin8Fn°§.§§Qf}@cl%og6'?@§r m 14] The formul ation

accor dilfeuma]cl ai m 13 hayiahly phaphhoeange fdrmotation Bctayddgdo cfath diom215] The
formul ati on according t ”&F%- af 5 i =14 ereby the for nulation
is liquid, [Caim16] 'I%e olrn%uene{t&lidélgé %g?:%r f%%bltl%é}b‘l ai m 15 whi ch has not
been sdbjadtidd to | yopht Biaplgtnhermargriicd foypabpioaarendign to pey ersrohslamson.
[Aaim17] The fornul atj-9n.oagERIH 4 GeabQmRNNUONE afinFdcdd.ms 1- 16, wherein the
di meri %é I o% of the polxpeggi@g}g and/ or ?nti Po‘dé nol g.cul es is reduced.
[Claim g’j‘m he formul ath ok FRRSERtGad forp asion agsording;toany oneol S oi n t he
di neri zation of the polypsphipdisingnid/ 00 @M hibtidiye aml/ectitras buffet, nhisOD hed.
[Claim19] The fornul atiQn, according. ny. o | ai-ns_.1- 18, i IS
for subcutaneous adm niosfta?%ietai&é%?c t&ﬁ%é% %mgﬁlac}fﬂﬁé@pongg (%Tanst]t%gé}%lainkzmhzgﬁa

sol ution cont ai ni ng t henkhefi dwdgohydmtgpri si ng addi ng at | east one cationic
am no_qeigfn dpher ei n_t hernbihadiod fcdtait SRR RO FELARKRAAREM
(a) an anti body which conprises a heavy Tthain variable région that

conpri ses CDR conpri sidy BHERIBGuence of SEQ ID NO 1 (CDR of VH4-M3),

CDR2 cqopimsiing the sequeremm@btiSEicbRiNGo aifdCPR26, Gfhe it SdrboldyichtER3
conprising the sequence of SEQ ID NO 3 (CDR3 of VH4-M/3), and a |ight
chain variabl e region tHESCOMEHIASE COR conpri sing the sequence of SEQ I D
NG 10 [CGDhRIS]of VLI), (DRZooowptiesadgegrdilgetosaguwanoéclafimSEQ flufhdd@ompiisihCDR2
of VLI'), and CDR3 conprj §ifg,he sequence of SEQ ID NO 12 (CDR3 of VLI);
(b) an antibody which conprises a heavy chain variable region that

conpri $eBI@BR  conpri sithy fpﬁeulg@‘éfuw@@gmﬁ togEonpofNciains [-BoRtagingAHs- M7 3) |
CDRZ CONpI i S1 g Lhe Sequafieeial aidil b inunFHFA Ofu Yol N Blymmnd CDR3

conprising the sequence_of q D NO € . O
[Claim 10] The formulation according to any one of claims 1-9 containing the

polypeptide and/or antibody in an amount of at least 50 mg/ml.

[Claim 11] The formulation according to any one of claims 1-10 containing the
polypeptide and/or antibody in an amount of at least 80 mg/ml.

[Claim 12] The formulation according to any one of claims 1-11 containing the
polypeptide and/or antibody in an amount of less than or equal to 240
mg/ml.

[Claim 13] The formulation according to any one of claims 1-12 having a pH in the

range from 4.5 to 7.0.

[Claim 14] The formulation according to claim 13 having a pH range from 5.5 to
6.6.
[Claim 15] The formulation according to any one of claims 1-14, whereby the for-

mulation is liquid.

[Claim 16] The formulation according to claim 15 which has not been subjected to
lyophilization during preparation of the formulation.

[Claim 17] The formulation according to any one of claims 1-16, wherein the
dimerization of the polypeptide and/or antibody molecules is reduced.

[Claim 18] The formulation according to any one of claims 1-17, wherein the
dimerization of the polypeptide and/or antibody molecules is inhibited.

[Claim 19] The formulation according to any one of claims 1-18, which is for sub-



(CDR3 of VH3-Mr3), and a light chain vgjiable region that conprises CDRI
conprising the sequence of SEQID NGO 13 (CDRI of VL3), CDR2 conprising the
sequence W 280Q0682NO. 14 (CDR2 of VL3), and CDR3 conpr iPSirAg2aiveo19equence
of SEQID NO 15 (CDR3 of VL3); (c) an antibody which conprises a heavy
chain variable region that conprises CDRI conprising the sequence of SEQ I D
NO 7 (CDRI of VH5- MB3)cutdolbids Lipiipistratidig the sequence of SEQ ID NO 8 (CDR2

f VH5-MB3 d CDR3 th f CDR3. of
U vad) AATa | Fght CRARKHOr AN G RE TR S BN T A0 etk STORBIIS ng
t he sequence of SEQ | D dd@ingl l¢agiBRle cafionit BinincCORE wdenpn ilei angbodyels selgagnce

of SEQ ID NO 17 (CDR2 of MkBdday &nd: g[pfgﬁ]corrprl sing the sequence of SEQ ID
NO 18 (CDR3 of VL5); ( y ‘an a tlg:(? that conprises a heavy chain variable

region conprising the séyesibody Bl Jompriers abeayy ghaiappaableggim bat
VHA-Mr3) and a |ight chan n\é@srcehheoﬁ@ﬁmg 16O hériek 09 SEQEITS RO eNCORAf of SEQ

chai n vari abie rogon COMASDnGRRe ShyBisdl woaked SETD B0+ Ltidb 6

region of VH3-Mr3) and & VH4M7X)haidCORB calpssing gieonqwanpbf SEQIDINGO: 3
SequenCEOf SEQ 1D NQ 2(%51%’33‘ b?ﬁ4%\45595r9dqa Pfht Chgll Va{l Ble?e & Ia gor%préﬁ% D

conprises a heavy chai n-vari abl e 1egi’on conprisi ng ejuence 0
NO 2 1 (variable regi diDBf CWﬁmmg)hfmﬁdufalCt p@ﬁEQdDaNQ il/(é((ilaBﬂ of Médi.on

conprising the sequencemgﬁzgglg hQn%@n gue(n\éé()fg-ﬁbqﬂﬁ@l on @JBRY%@VLI 9) an

anti body that conprises eav rersin se uence D NO
25 (VH4-MW3) and a |ight &%R%C%ﬁ%&ln&mﬁgﬂeﬂwceeﬁq%ﬁaég @E@?lﬁﬁ&b
(VLI'); (h) an antibody vhat conprises a heavy chain conprising the sequence

of SEQ ID NO 26 (VH3- chain c e ence of SE
’D oY 26 (VL3re sd (i %{h ety s oot s b e B s P atioe B e 0
conprising the sequence:onfprﬁEﬂEDElN@npﬁ?ing%\EsewB«ajcea)ﬁdE@IIDg@t 40:6de of

conprising the sequencev B&QO lsfngl-[ﬁé fequlgﬂc%'orps%ﬂ [?AN'@%Q

stabilizing an anti body urln reeze I on contalnlng
t he anti body, conprisi g \ddet @)a@ndl(e]égﬁ C@merlsmg 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 (CDRI1 of VL3),
CDR?2 comprising the sequence of SEQ ID NO: 14 (CDR2 of VL3),
and CDR3 comprising the sequence of SEQ ID NO: 15 (CDR3 of
VL3);

(c) an antibody which comprises a heavy chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 7 (CDR1 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 ID NO: 16 (CDRI1 of VLS),
CDR?2 comprising the sequence of SEQ ID NO: 17 (CDR2 of VLS),
and CDR3 comprising the sequence of SEQ ID NO: 18 (CDR3 of
VL5);

(d) 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);

(e) 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



cationic amno acid, wherein the antibggy is at |east one antibody sel ected
from (a) an anti body which conprises a heavy chain variable region that
conpri seswQRRI0/W681Rr i si ng the sequence of SEQ I D NO 1 @CDRP20ab/o0b- M73) ,
CDR2 conprising the sequence of SEQID NO 2 (CDR2 of VH4-M/3), and CDR3
conprising the sequence of SEQ ID NO 3 (CDR3 of VH4-M/3), and a |ight
chain vari abl e regi on tdf8E@ONNO:289v4DRIe @oprdfSilyy; t he sequence of SEQ I D
NO 10 (CDR of VLI), C%Eﬁcy'@i %)the seﬂuenccﬁ of SE%ID.NQ 11.(iCDR2
of VLI), and CDR3 conpri’sthy gQ SEECHT TSR THING TS THHREBF VRS ) ;
(b) an antibody whi ch dberprqusies @ SE€aly Néhilivarabialskmnrod gildnM&3atnd a
conprises CDR conpri siy

CDR2 corrprl sing the seq@n%@%?%%j%o% §E)9€ efqﬂ%fwg)@hﬁ/ﬁg’%m
conprising the sequence(Vébﬁifﬂ1 2l NYLB: (CDR3 of VH3- M73), and a li ght
chain variable region t@ahn SRAHY RS C se§(a'Héﬁ\l'}5d:H3Q1é 1 u@ﬁceSEQ I D

NO 13 (CDR of VL3), equ of SEQ 4 (CDR2
of VL3), and CDR3 conpr9 W?@d?f@t 4eb7d) qé%tgﬁg*ﬁ &@CQ@P(@B%h%f VL3) ;
(c) an antibody which m@qnmrnlcseESEQHDaN@ ehevibl)yyari abl e regi on that
conprises CDRl conpri si E 7 IV83)
CDR2 conprising the se nce opggéatfg‘ﬂnﬁﬁe§§% @BF@Q& %@es%&
conpri sing the sequencefGEGSHEOND 2KOV H3-KICORSbE lighshvB3pmpaisidzahd i ght

chain variable region tf gggng 8% 1BRbg PEIMPE bl N9 the sequence of SEQ ID
NO 16 (CDR of VL5), R I’T’pl’l?l ng the seguence of SEQID NO 17 (CDR2

of VL5), and CDR3 conprﬁl)san?@tlb%y @é&m@ﬁf@ew hegpy chignempIiging dIsRFIBINCYLS) ;
(d) an antibody that cuUf¥EGHS NO:PgaVHTHBEN aﬁ(ﬁéhglmcﬁalh%hfpﬁsﬁgml sing the

sequence of SEQ ID NO 19 (var [ VH4- M73) and a |1 ght chain
vari abl e region conpri sFHYf T’\Q%S]g{?ﬁgnﬁg 8(15]( 31D NO 22 (variable region

of VLI )Clage)21&n ant i body nidiatd foosmpbilisiag aa ahelaody dviniap direezs/ihatyl ogcleegt on

comri st ng the sequenca iRt RN he Ahubo B LARhRNLRAR ST and @

l'ight chain variable region co
(variable region of VL 3)at10nlc amino acid, Wherem the antlbody is at least one antlbody

selected from:

(a) an antibody which comprises a heavy chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 1 (CDRI1 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 ID NO: 10 (CDRI1 of VL1),
CDR?2 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 (CDRI1 of VL3),
CDR?2 comprising the sequence of SEQ ID NO: 14 (CDR2 of VL3),
and CDR3 comprising the sequence of SEQ ID NO: 15 (CDR3 of
VL3);

(c) an antibody which comprises a heavy chain variable region that
comprises CDR1 comprising the sequence of SEQ ID NO: 7 (CDR1 of



(f) an antibody that conprises a heavygghain variable region conprising the
sequence of SEQID NO 2 1 (variable region of VH5-MB3) and a |ight chain
vari abl e weghmiosgiepri si ng the sequence of SEQ | D NO 22&CTJarilemi1e7r egi on
of VL5); (g) an antibody that conprises a heavy chain conprising the
sequence of SEQ ID NGO 25 (VH4-Mr3) and a light chain conprising the
sequence of SEQ I D NO VE5(MW83)) CDR2)coaipridigl thosqutiatof SBQPID SER aCneayy

Compri Sing the Sequencel o Gal oA 53 Cpvpdyint Mieblos A S b onar
conpri ses a heavy chai nCtditdofi ¥HAgVI8 heaskglighicbaiofvaSiEQe rdidiGhalconiprides MB3)
and a light chain compréskngohBfisiig aaRGEnE oP5RYIB NG 18N ) vLs),
CDR?2 comprising the sequence of SEQ ID NO: 17 (CDR2 of VLS),
and CDR3 comprising the sequence of SEQ ID NO: 18 (CDR3 of
VL5);
(d) 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);
(e) 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 VL3);
(f) 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);
(g) 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);
(h) 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
(1) an antibody that comprises a heavy chain comprising the sequence
of SEQ ID NO: 27 (VH5-MS&3) and a light chain comprising the
sequence of SEQ ID NO: 30 (VLS5).



