MODIFIED ANTIBODY CONSTANT REGION Technical Field 5The present invention relates to
antibody constant regions that have improved physigcochemical properties (stability and homogeneity),
immunogenicity (antigenicity), and safety, and/or half-life in plasma; and antibodies comprising the
constant regions. Background Art 10Antibodies are drawing attention as pharmaceuticals as they are
highly stable in plasma (blood) and have few adverse effects. Of them, a number of IgG-type antibody
pharmaceuticals are available on the market and many antibody pharmaceuticals are currently under
development (Non-patent Documents 1 and 2). Almost all antibody pharmaceuticals currently available
on the market are of the IgG MOSUBHHAIANTER QIPE AidivodiaNarBekgpedied be useful as anti-cancer
antibody pharmaceuticals since they can bind to Fcy receptor and exert ADCC activity. However,
binding of the F¢c domain to Fey receptor, which is important for effector function such as ADCC, can
cause @éﬁ%ﬁﬁ%verse effects, and thus it is preferable to eliminate such binding activity from
antibody pharmate yitesdatintensiad et neutsaizibgdiclagicattactionhs (htarhpaténpReedment 3).
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6 with another amino acid; [5] the IgG2 constant region of [4], in which the amino acids at positions 20
(position 137 in the EU numbering system) and 21 (Qosition 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids; 5[6] an IgG2
constant region in which His at position 147 (position 268 in the EU numbering system), Arg at position
234 (position 355 in the EU numbering system), and/or Gin at position 298 (position 419 in the Eli
numbering system) in the amino acid sequence of SEQ ID NO: 2 have been substituted with other
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Brief Description of the Drawings Fig. 1 is a graph showing the result of using gel filtration
chromatography to analyze the 30 content of aggregates in WT-1gGl, WT-1g02,
WT-1g04,1gG2-M397V, and IgG4-R409K purified by hydrochloric acid elution. Fig. 2 is a diagram
showing the result of cation exchange chromatography (IEC) analysis of WT-IgGIl, WT-1gG2, and
WT-Ig04. Fig. 3 is a diagram showing predicted disulfide bonding in the hinge region of 35 WT-IgG2.
Fig. 4 is a diagram showing predicted disulfide bonding in the hinge region of 9 1g02-SKSC. Fig.
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Fig. 18 is a diagram _showing a DSC-based dssessment of the effect on denaturation peak by the CH1
domain &ySTERECEF DOSHRE dd P a Rt ARRE dnd- ok Hhabersgs uthe A4relsrmaereink ghe
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administrat] | , rgl, Fv3-My 3, Fv4-M7 -M83. Eig. 23 is h
showingtﬁtqh% 'Er#n%;{cﬁ%séé% gﬁoﬁcﬁ%ﬁgﬁgﬁ %é%?&gséo Sﬁglﬁéi%ag?g’e%%?ﬁﬁl %ﬁ%%ﬁ%@%%@h%ﬁ%ys
after intridelGad B8 nnsarsins st PO PEREAS: sen (G itasmen sy radom iz coefvoNeIs3. Fig.
2435 a geagbcihevingpthiatinse yasysas of plasma concentrations of WT-IgGl, WT-M14, and WT-M58

after intrayen administrat gtly#‘g Rn transgenic mice. Mode for Carrvina Out the Invention
15The pﬁgﬁgﬁﬁ%ur{ﬂ%%ﬁﬁd%@an I g%/gc‘golnstant regions whose physicochemical properties

(stabilityl BA§Hdrreeseity), WhRfdtericity, safety, and/or pharmacolcinetics have been improved by
altering {iratamiDecagH:SeUewcesd/amapgipody constant region; antibodies comprising such constant
region; pharmaceutical compositions comprising such antibody; and methods for producing them.
20Herein, the constant region refers to 1gGl, 19G2, or Ig04 type constant region. The antibody constant
iselestils) i inEentanibody constant region. The amino acid sequences of human IgGl,

1902, anghlgEid:rORSIRNSSRAPBS AETKkDaRNUMan IgG1 constant region, SEQ ID NO: 1; human 1902
constant region,.SEQ ID NO: 2; and huma ,I%G4,constan%r giQn, SEQ ID NO: 3). The amino acid

substitution-contaiNiRG SAHBBE BOR AR APEIGHS B2 Btha TRE AR R RS ARES S corfprriassths:
amino acittlstibstitrtionsentionadificptiongeasiting s dheyroapvisetbacavinmacidegubstitutions of the
present jantinReFho Rsseﬂ@&%s%?ﬁ{?%aq%mm@gﬁm%g‘éﬁia%egﬁe%g,ba%}gutions of the

present invention in the 1gG2 constant region comprising the amino acid sequence of SEQ ID NO: 2
ing de RJESRSASHREFE FEGEHARI SIATHRA AR B B icH alier&iMstitutions and/or modifications
in the amino acid sequence 300f SEQ ID NO: 2 and further comprise the amino acid substitutions of
the present invention, as well as Ig02 constant regions that comprise the amino acid substitutions of
the present invention and further comprise one or more amino acid substitutions ancUor modifications.
The same applies to IgG1 constant regions comprising the amino acid sequence of SEQ ID NO: 1 and
IgG4 constant regions comprising the amino acid sequence of SEQ ID NO: 3. The sequence of

35human Ig04 constant region has been altered to improve the stability of the hinge region (Mol.
Immiinal 1002 1an‘20/1Y-105-2Y Eirirthearmore the ciicaar chain at nncitionn 207 in the Ell 11




More specifically, the present invention provides IgG2 constant regions in which Met at position 276
(position 397 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 has been
substituted with another amino acid. The type of amino acid after substitution is not particularly limited;
however, substitution to Val is preferred. The antibody stability 10under acidic conditions can be
improved by substituting Met at position 276 (position 397 in the EU numbering system) in the amino
acid seg4BHEEYof SEQ ID NO: 2 with another amino acid. The IgG2 constant regions provided by
the present invention, which have an improved stability under acid conditions, may also have other
amino acid suRstttions. deletions, AdAoRARURRR RIS Aianaas ik NaveRtlpast the
amino acid substitution described ‘above. 15The present invention provides IgG2 constant regions with
reduced'FiEiRIBGEREIREPAT e region. More specifically, the present invention provides IgG2
constant regiqgs i whigh f¥s &f Resiian:dd dpositiondisia the-fiddswmberiay sysiesnjoAsg%at
position 16 (paﬁjg%ﬁ@@éig,tm% U AuAMReHBG systemid and/er Koysiah Posiliersilda fgasitidre 219 in the
EU numbering:systamidn 28 the-amine acichsequpnee ot S BB HNNONDhayebaem substituted with
other amino agiflsichBedyPendaeping aridrefiassultstitvtidrOe habpaiticularly limited; however,
substitutions qf Sex a6 s abRg Stien.bdrtpasition t3 i thedEld numbiing 6ystemdsitys %Arg at
position 16 (positinpd 33cimthe EU Aumeeiiagrysten)ddng SiepddriGys 2 (position 482ifpbsition 219 in
the EU numbating, systemy) {1gG2SKEE ratapieiérede25ToiseG DSy tidnshearitdbiuce the
heterogeneity QiigipaiaeiEam dffedningt¢eionaftgGzy THEC G oonstantiregions of the present
invention compisingrminaiasity substitutiegisinbludenyBednbtantyef ok chnastsmgeatiéast one of
the three typegyefiaiorina@eidhsubistitutibas rescriep:ab dve; Hpnstien $3¢ (pGiticordiam fgions
preferably corprisensisboistifwtians piGlys abipositivrsdpheans CHSER pPBSNIBNn31L0teviis Sther amino acids
or all three 30t4pe®0f Haecamiaticacich shibstitutisngaidgeritfddodusain.  The 1gG2 constant regions
provided by the present invention, which have reduced heterogeneity, may also have other amino acid
substitutions, dglglionsa AdAMans. AHIRIBSE HANG: ARONNBRMIRYARS ALERRLIE AmiDaAe
substitution described above. For example, mutating Cys at position 14 and Arg at position 16 in an
IgG2 corEmF3atefloPcdRiprising the amino acid sequence of SEQ ID NO: 2 may generate
non-natural, novel peptide sequences of nine to twelve amino acids, which can become T-cell epitope
peptides, and {2, g generale mBLNLgeME sk s S e Inradhsian ofdheaming acid
substitutions described above, the generation of non-natural T-cell epitope peptides can be avoided by
substitufify R 2 FEHMNBI (position 137 in the EU numbering system) and Ser at position 21
(position 138 in the EU numbering system) with other amino acids. The type of amino acid 5after
substitution is ol parieLlady ImiadphemeyhaHRsiiuiaps Al G- (I P Al Rasiion.a0 nddily for
Ser at position 21 are preferred. The present invention also provides IgG2 constant regions with
reducedSF‘EVrFé?déqut%QWfﬁggactivity. More specifically, the present invention also provides 1gG2
constant regions comprising 10an amino acid sequence in which Ala at position 209 (EU330), Pro at
position 210 (B/3¢1), %BQJP&IJ&G? B%%'éh%‘h%%%%%&%%)c%ME%t%%Q&%ﬁlﬁn%%%%ﬁQ 580 REQ ID NO:
2 have been substituted with Ser, Ser, and Ala, respectively. The substitutions for Ala at position 209
(EU330F&higsrobrE AP Ohidn 210 (EU331) have already been reported to enable the impairment of
the Fey receptor binding (Eur. J. Immunol. 1999 Aug;29(8):2613-24). From the 15perspective of
immunogenicity,risk, howeyer, ese altgrations are netarelened because they seault i generation of
non-human derived pe fides that can become T-cell epitopes. OV\%VGY, the F—le% receptor binding of
1gG2 caffB&Ted VP Nibstftuting Ala for Tlu- at position 218 (EU339) at the same time, and the
9-12 amino acid peptides which can become T-cell epitopes are derived from human only. 20The 1gG2
constant regiong of e, presentinvention. comprising aming acid sybstitutions compglse at least one of
the three types of amino acid substitutions ddescﬁ%ed aTbové’; owever‘?1 the ?385 constant regions
preferabij'€seaprise AP R R NpeS of the amino acid substitutions described above. In a preferred
embodiment, the IgG2 constant regions of the present invention comprising amino acid substitutions

include IgG2 constant, regions comprisin ino acjd 25sequence in which Ala at position 209
(EU330). Pro AL R Y AT S St SR ARG P L8y e e i bequence o
SEQ ID ¥Ussuprmge YeeR SUBSHtdie A Eer, Ser, and Ala, respectively. The IgG2 constant
regions provided by the present invention, which have reduced Fcy receptor-binding activity, may also
have other ami oa%ci sybstti%t:il%nss, %glgé(ié){\g, %Qndéﬂ?gs BC%aQtd/(t)r ingertions, as %gngllgs theX have at
least the amino'acid substitution descnbed abova. - inﬁe ﬁreaéleﬁ? hvention Sbr}%w es lfbo(fﬁl constant
regions WitHerse SERAIENE i idséterogeneity. More specifically, the present invention provides
IgG2 constant regions comprising an amino acid sequence in which Gly at position 325 (position 446
in the EU numbhering system) 35and Lys. at position, 326 (position 447 in the EU nymbering system)
pave been deldiet T T e E A T TR B e A b BB from
the C terminus of 13 antibody H chain can be reduced only when both of the amino acids are deleted.

The 1gG2 constant regions provided by the present invention, which have reduced C-terminal
hatarnnenecityy mav alen have nthear aminn acid ciithetitiitione delatinne additinne and/ar incartinne Aac



14 In another preferred embodiment, Ig02 constant regions of the present invention include 1gG2
constant regions resulting from the deletion of Gly at position 325 and Lys at position 326 in the
above-described 1g02 constant regions to reduce C-terminal heterogeneity. Such antibodies include,
for example, IgG2 that comprises a constant region #omprising the amino acid sequence of SEQ ID
NO: 5 (M14AGK). Below is a preferred embodiment of Ig02 of the present invention, which has
reduced heterogeneity in the hinge region and/or reduced Fey receptor-binding activity. Antibodies
comprising an Ig02icendtaairegiet, ahenpiksingidnl aminblhddseruensdad NeaerriaRg eFesittth 209,
Pro at positi%%ig&g)g Jhr at a11?)(3§‘:|:'[.i0n 218, Cys at position 14, Arg at 10position 16, Cys at position 102,
Glu at positioni 20, and Ser at position 21 in the amino acid sequence of SEQ ID NO: 2 have been
substituted with other amjno acids..The.t f ami ' I HiQRdsRah parigibely isited;
however, substituti ast‘g?lge? f’rcif%eé“% léﬁﬁfo%ﬁ%%%g%ﬁ%%%g%gghﬁéthe EU ﬁ%mbéﬁing system), Ser
for Pro at posifioei 20@¢position 331 in the EU numbering system), Ala for Thr at position 218 15
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU
numbering Wg@ﬁl}ml_gsﬁmﬁg%@@&@mmp 16 (position 133 in the EU numbering system), Ser for Cys

at position 102 (posifion 219 In the, UL IUMREHING: SYRISM <(EltdOt Rt nesigR-dY (aasHianebionin
the EU numbering ?é/jsetgfﬁi?%{nlav |3{/% %rcéggr%gt{positjon 21 (Sbositionc%% in the EU numberigg system)

are preferrathi20SirhRye thonea Al esBIong MdbRIE 2B AMTRIIGRSS A B LR RS Somprising
the amino ag{d seRUeRseaPhIBE R N@bBiy(Mafohoasntitg), preferreganvivdandnafegG angonstant
regions of the present invention include 19G2 con ' SWERg, f | Ghhat
position 32 BRATH E)lﬁss‘iti(ﬂ%ssaz%3 Slirﬁ%h%lea %e\ﬁg%ﬁﬁ)%%%é% cons%a{nﬁt{%%?ggiﬁtigeg ucO .
C-terminal hetenngeheityirkESsch sehibisdinslmacide oreiiEeam ﬁé??&é?eﬁ?é?%ﬁ?ﬂigﬁlga&%ﬁ&%
region compfisingths, ARINoRACIH:SRAENGE RUBERQ BN 2hBIMBGAGAICH fromBietdd+dsanbther

preferred embodiment of the 1IgG2 constant.regions of the.present j t&q Wwhich have imprayed
stability und@’fr’é@‘tﬁcWﬁ%ﬁ%ﬁgﬁff%&ﬁ@é&’%@%‘é%%%ﬁ% ih the ﬁ%\g%egregg%n. 30102 constant

regions i%m@giameqm@mhaahig maeéfemaztgmﬂg@;dm@@@mWWEQW&? %&?W&%ﬁ%
position 16, 4] - osition 20, and Ser at position 21 in the amino acid sequence
of SEQ ID m?%@‘%%%?%éh@éﬁ%ﬁ@gewm other amino acid .Ihe t}é e 1;1 ar?énso aecljg) fﬁetgms of
substitution is not p%&ﬁ?ﬁ?%ﬁiiﬂﬁ%‘&?%%ﬁ%?,t%&ﬁ%%] ?’oﬁ%ng%{}af r E}Fett%a?posﬁgn % (position
397 in the Eddfayynibetingogysiein)riSierdoysRSChsaicgopitipertias (staition 284 hame egiABRring
system), Lys.for Arg at itio itl | LTRGBS SR caRssfBb at jlon
102 (positioH %n&%g%g% ﬁ%ﬁ%%%%%%%%%ﬁﬁ%%m at position 2%(&9(5@%%%57; inﬁgﬁu
numbering Syxtbed), ennsten) Teri o RRAFEERIN %B%ﬁéﬁ“ﬁ%cﬁféﬁgﬁ RUMBErng sySten) are
preferred.  for SrshdaZ2eanstanbreginriicdlydtdorexanplentii®oordeant regions comprising the
amino acid uence of SEQ ID NO: 6 referred embodiment, the IgG2 constant
TSRS nah ool T R e 5

regions of t mnclude [gG2 constant regions further comprising the deletign,of Gly at
position 325(ahatuyszat ansiiedn @PE R RN OB eS8 oA SIS RS PETER S tibodies
include, for exgenplg. 48633 aRStaRLIsSieng compisieg dpaninmipidseguahoeni®lgitsl MBI,
(M31 AGK)._10Belaow. is anathe ed embodiment I regiens plihemresent
invention, whicH ﬁa%%w&%ﬁa%@?g%seﬁ%%@(ﬁ %g%%%g Eﬁc@?&%}?gé@r}%oﬁn%% regions .
comprising mammmmg@q&bmm@%@ﬁ&%%ﬁb 14, Arg at position 16, Cys at position
102, Glu at \%Brﬁéiﬂﬂrg& AEbSEF S8 ResiionsRh imibeoamineatideseayeitetl Gt D3 have been
i

substituted other amino, acids. 15The type of amino acid after. substitution i j
limited; howéReFiQIAtUIRIHSE & g@ﬁ%? Sé’tg%@::?lolﬁ ?X%Sﬁ%ﬂ%@?ﬁ?ﬁ]@%@#&ﬁ%ﬁ#ﬁ Igﬁystem),
Lys for Mg ahpeditione k6 {pogitiothd agnincheit seausntrenh §EQIRMOSEr 38t Cys at position 102
(position 219)(/&5 é'}{?s\,%%dﬂ%{}ﬂ%%?%@éﬁ'@gi Mo Gt RositienaR (FositioGI3 poshipkBR6

temy), an

numbering s Gly for Ser at position 21 (posifion 138 in.the mberin t are
preferred. (P@Efé‘PPI6@2%%%%%@%%@@%2‘8?%@5&%g??é@%&%fﬁ%t%ggi%ﬁ%ﬁﬁﬁng the
amino acid sgameBEa0iERR) D MO anfindi4d) sequetsandiie? proiétted embodiment, the 1gG2
constant regiofis, of s Prcaell [ueANan slidedaGieonsient peaianalatbescamprsinaiindsletion
of Gly at posHi A32574N ysS at ' [

osition 326 in the above-described 19G2 c t regio ch
antibodies inomﬁé?ﬂ‘@géﬁa%?e?F&&Wﬁ%&%@ﬁ?@oﬁﬁ?&?ﬂﬁ%ﬁ?ﬁ?ﬁ] J f@%ﬁi@ﬁ@lﬁggﬁf QID
NO: 57 (M40AGK); TheresestinmniompyideadgGaqenstat SEQARE NOmpsibarnanhsbraesd
sequence in Whtﬁ]ht%{j at.go%iéigg_ 14 (position 131 in the EU numbering system), Arg at position 3016
(position 133 MhEEUAR

mQDerlng system), Cys at position 102 (position 219 in the EU numbering
system), Glu at position 20 (position 137 in the Eli numbering system), Ser at position 21 (position 138
in the EU numbering system), His at position 147 (position 268 in the EU numbering system). Arg at
position 234 (position 355 in the EU numbering system), and GlIn at position 298 (position 419 in the
EU numbering system) have been substituted with other 35 amino acids, and simultaneously Gly at
position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in the

Ell niimberina evetem) have heen deleted in the 1A aminno acid cendiience of SEO ID NO: 2 The



The type of amino acid after substitution is not particularly limited; however, 20substitutions of Set for
Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102, Gly for Gin at position 20,
Gly for Ser at position 21, GIn for His at positions}47, Gin for Mg at position 234, Glu for GIn at position
298, and Ala for Asn at position 313 are preferred. Specifically, the present invention provides an
antibody constant region comprising the amino acid sequence of SEQ ID NO: 37 (M73). 25These

o anans elaan e bREmARH e IR NG LEANARAL S/ PERRIELIIBY DOACYLY, Teuced

|mmun nlc rlsk |mpro nder acidic conditions re erogenelty |mproved
pharmd&% WHO @ﬁé‘?@%ﬁbﬂﬁﬂd |Wﬁ%b%ﬂf§5§]ﬂ@&%ba}lb%hm thestijgadeuiibtant region.
<lgG4 rmm@gxedtﬁr@@mﬁgno acids> 30The present invention provides IgG4 constant regions that are
stable Cld nditi More caII he esent inventi rovides.lgG4 constant regions
compri :b %no acl fre ll?gn%e nw %n Eﬂ% at pcgéltnf tbofﬁ)og%@ é@lfnl%eufi% bering
system}léﬂth@'@&ﬁ?é’f@l@&i %W@f%ﬁ@ heNd) Bumhstogaystdslitatsdonith Grosttien 4A%ino acid.
The 35teernf amineacicAfiansubsiiluigRdsprt Ratisiady dintied Rowe vakSHRsitutign iR 4 ys is
preferred. The antibody stability under acidic conditions can be improved by substituting Arg 17 at
position 277 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3
with another amino acid. The 1gG4 constant regions provided by the present invention, which have
an improved stability under acidic conditions, may also have other amino acid substitutions, deletions,
5additions, and/or insertions, as long as they have at least the amino acid substitution described
above. The present invention provides Ig04 constant regions with reduced C-terminal
heterogeneity. The present invention provides IgG4 constant regions in which Gly-at position 326
10(position 446 in the EU numbering system) and Lys at position 327 (position 447 in the EU
numbering system) have been deleted in the 1gG4 constant region comprising the amino acid
sequence of SEQ ID NO: 3. The heterogeneity originated from the C terminus of antibody H chain can
be reduced only when both of the amino acids are deleted. The IgG4 constant regions provided by the
present invention, which have reduced 15C-terminal heterogeneity, may also have other amino acid
substitutions, deletions, additions, and/or insertions, as long as they have at least the amino acid
substitution described above. Another preferred embodiment of IgG4 of the present invention,
which has improved stability under acidic conditions, reduced heterogeneity in the hinge region, and/or
reduced Fey receptor-binding activity, includes IgG4 comprising the constant region described below.
20 1g04 constant regions comprising an amino acid sequence in which Cys at position 14, Arg at
position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at position 100, Tyr at
position 102, Gly at position 103, Pro at position 104, Pro at position 105, Glu at position 113, Phe at
position 114, Leu at position 115, and Arg at position 289 have been substituted with other amino
acids, and simultaneously Gly at position 116 has been deleted in the amino acid 25 sequence of SEQ
ID NO: 3. The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for Arg at
position 16 (position 133 in the EU numbering system), Gly for Glu at position 20 (position 137 in the
EU numbering system), Gly for Ser at position 21 (position 138 in the EU 30 numbering system), Thr
for Arg at position 97 (position 214 in the EU numbering system), Arg for Ser at position 100 (position
217 in the EU numbering system), Ser for Tyr at position 102 (position 219 in the EU numbering
system), Cys for Gly at position 103 (position 220 in the EU numbering system), Val for Pro at position
104 (position 221 in the EU numbering system), Glu for Pro at position 105 (position 222 in the EU
numbering system), Pro for Glu at position 113 35(position 233 in the EU numbering system), Val for
Phe at position 114 (position 234 in the EU numbering system), Ala for Leu at position 115 (position
235 in the EU numbering system), and 18 Lys for Arg at position 289 (position 409 in the EU
numbering system) are preferred. Such 1gG4 constant regions include, for example, 1IgG4 constant
regions comprising the amino acid sequence of SEQ ID NO: 8 (M11). In another preferred
embodiment, the IgG4 constant regions of the present invention 5include IgG4 constant regions further
comprising the deletion of Gly at position 325 (position 446 in the EU numbering system) and Lys at
position 326 (position 447 in the EU numbering system) in the above-described IgG4 constant region.
Such antibodies include, for example, IgG4 constant regions comprising the amino acid sequence of
SEQ ID NO: 9 (M11AGK). <lgG1 having altered amino acids> 10The present invention provides IgG1
constant regions with reduced C-terminal heterogeneity. More specifically, the present invention
provides IgG1 constant regions having the deletion of Gly at position 329 (position 446 in the EU
numbering system) and Lys at position 330 (position 447 in the EU numbering system) in the IgG1
constant region comprising the 15amino acid sequence of SEQ ID NO: 1. The heterogeneity originated
from the H-chain C terminus of an antibody can be reduced only when both of the amino acids are
deleted. The present invention provides IgG1 constant regions with improved pharmacokinetics. The

present invention provides IgG1 constant regions comprising an amino acid sequence in which Asn at
nncitionn 217 (nocition A24 in the El]l niimbeaerina evetem) in the aminno 20 acid ceadriance of KSEO ID NO-



Alternatively, the antibody constant regions described above and/or antibody molecules comprising an
antibody constant region described above can be linked as a form of Pc fusion 5molecule to
antibody-like binding molecule (scaffold molecules), bioactive peptides, binding peptides, or such.

The antibodies of the present invention also include modification products of an antibody comprising
any one of the constant regions described above. Such antibody modification products include, for
examplewstgtibo%es linked with 10various molecules such as polyethylene glycol (PEG) and cytotoxic
substances. &t eéﬁiﬁ%f}af dification products can be obtained by chemically modifying antibodies
of the prEddht ila@htonstiithgiis fof [Hodifyihparibadias askiakiepeiesiablishesiinihis figldnd he
antibodi : ' j j i ibodies. "Bispecific antihody" refers to an
antibod%%ﬁaﬁﬁqﬁé%?r%ﬂ%?nggi%m %f}l%%ggr%)g@ﬁg t %%%é&gg%rﬁ? esi‘?:{g%ﬁelr%n eeap%%)nﬁ)e%‘?ﬁhe
epitopes’ HHHGISE BE@%@M%%%@g@é‘fﬁéf@&ﬂ@b@i&wg@ﬁﬁ%@hﬁbf‘é@iﬂ@§9idss The antibody constant
regibns {esuribeilaosecar fionisedidstalionsianifiegionTiae apinedyAgainst an-sbiligry antigen.
The anti | { ' it e ibodies of the.present invention can also be
obtained ,l%jr%ig%:) e, ?k{légﬁfg% nSItﬁr?gta%%% c_?%teﬁa gr%lg_(%)%rilrﬁ%ﬁ}( %%o %&é’ﬁt?%%(ﬂ‘égoﬁft‘[ﬂ%
present %%gem%ﬁf%‘%lgﬁ@@?ﬁ@r@ BHTRGZREFYESHRIIEB Bitcafinuiatidedpiesobsfibk& WitN@irdino acids
of interebtve trercoutstantse giith. ditethesisdalcsapstituting one or more amino acid residues with amino

acids of ' I le, site-directed mutagenesis. (Hashimoto-Gotoh, T., Mizuno, T.,
O thsahfzrfgéﬁ( - an(liJts El%l%ﬁ E%S?%%rﬁ 8%%%%%‘&%6‘81%%%%%%5&@%8&%@&3%%%&%‘& for
sit QdireE%W&@é?F@Qé.%@r{é%w%ﬁi’ég} HR1ER7 sumbleng\wy Scrah @ Shiithsikibn 339 in the EU
ESOIigomuﬁbeﬁdg@igefé@,dzm@fﬁﬁeﬁﬁwfﬁw E@\gﬂﬁgﬂ&&lg@‘;ﬁt&\%{ﬁz %K&%yﬁﬁté}ﬁggﬂﬁ}f%%g%
nzymao -500; Kramer, W., Dr , V., Jansen, H. W., Kramer, B., Pflugfelder, M.,
and Frltim%g?&%ég%g%%%j %?r%?g&%mggﬁip%% %“81‘1‘&‘?{?1‘%&?88{?&%)@1P@cieasma{h%b%%ah%@&&non.
Nucleic MgrRerps sys581) 10 (0urition 56 1K thmBH \WyrshediFzity $4erd), Qlig riuglestide-titai et
constru@iumeisuHatQR s M g@g@%ﬁg@@%é\ﬂ@@% L -367; Kunkel,
T. ﬁ Rapid Qnd .efficigﬁ,s@specific mutagenesis without pge?l%%czgg%g%%& F%%%ﬁﬁ%t?%ggd. Sci.
USA (1 ?éﬁn ngfci&%). These methods can be used to substitute target amino acids in the constant
region ofédritergstdsonstranigioraeiddlofihigidstther compirisendtiet @mbotinetttaohiai-artizodies,
an antibggyitha biros, 1e-anrantigeRof 3 is fiest.pr. wn. o thase skilled in
the art. \%%ﬁelbn the prepar d antibody is%%t?&?%%féﬁ]?nﬁﬁ@g gr%lérrr?g lgf?%zlr:& %9e ]ﬁlut?}]ea%%ed. The
binding ﬁ‘éﬁbl?%gﬂés antibody can be determined by known methods. Next, one or more amino
acid resl@lies lg@ieconststmmegagion whitiethatibndy arkldeteied:ions BIstipdel withoaminpeacids of
integest numbMare sRegifical - ' | 0 dsfor producing antibodies,
which cgrlﬁn ise tﬁe@sgtep Lof‘@?ﬁ%iﬁ%&%%ﬁ& ]g%gé%??égsg%?%%hg?r&r& \}v}ﬁ%ﬁ%%éng%emo e amino
acid resfﬂﬁ% eﬂ%éyémiam% RSP AR iR S mbaTae wigicaming Grakion iérashaRl a DNA
encodinguambkrotgiyseng, () liéptisigshd BXpuessibly prodbstm @t stendph Headirslsien of the
productigisthedssatie RIEsenI0YBRLPISAXRIASHAY AiRNA.L9encading an antibody H chain in

which one ir more amino acid residues in the constant region are 1(?8!3% or substituted with amino
acids of interBE( SR ISHN EaRRkl 2h whinboythessamprsendal eivrd deth Blrtaiportivhich one
orHore Brhifpositichrésiduabd Ethecabstant segion) ard deletedaisubstistswith aming @eigsrof
interest m%gé%&%_for example, by obtaining a DNA encoding the constant region of a wild type

H chain, and introdicing‘an appropriate 15substitution so that a codon encoding a particular amino
acid in thel LBRJESH FOGRATE R &2 ahasH e i st vt Adstposition ey hanivietyE H BiMbegoding an H
chain inswhish)oregostpese@mingreid sesisies inthe carstianhregianayecdeisied Qi subgituted with
amino agj ' t sQ be prepared b signing. and then chemically synthesizing a DNA
encodir?@ aﬁt?éft{gﬁ élﬁ%vﬁ%: %Ir%n&g%g SSIER ‘h%&élc%%%%ﬁféé r{ﬁﬂ@tb%héggﬂflréﬁigﬁjof the wild type
H $Rhain e kristt sesubsatadersitianatiifersition biSriretasEU nufhertypeystany bisaaid substitution

includegifiantstiugionadiesesioe hbeminubitkisaimiind dng e MmAUVENARNAsAAGRding an

H chainﬁjvl\{hic Qne or rporg arﬁi?ﬂ acid resjdu%§§ 25the constant region are deleted or substituted
with amino acids of Miareat can aIso s BREeR CSBInEtiThtBY FhrFARRARE &gt in

combin&ki® ABLBIORsitaITaReASE 0EIBEE, TorQamine ¢ theenonifsitatinhvitia divAseraodicigsa variable
region andiaiNcenansiag acaasstant 9ciaRcR s eominatanof a0 sceding an fap region
eto. nec

arg%a D %Qs%(ljingzﬁ(% .Fg[ reg@n, buit? are not limited ther A DNA encoding a .g?n can also be
prepared asA combination B DA DRGSRt Ho RSB S GRPETIFE. de SeeiBEH DNAS
include MEhEthgdsstasiribed below. For example, an H chain expression vector is constructed by
inserting a DNA encoding an H chain variable region into an expression vector along with a DNA
encoding an H chain constant region. Likewise, an L chain expression vector is constructed by
inserting a DNA 35encoding an L chain variable region into an expression vector along with a DNA
encoding an L chain constant region. Alternatively, these H and L chain genes may be inserted into a

single 21 vector. Expression vectors include, for example, SV40 virus-based vectors, EB virus-based
vaectnre and RP\/ (nanilloma viriicel\-hacad vectare hiit are not limited theretn Hocet calle are



<Methods for improving the 1gG2 constant region stability under acidic conditions> The present
invention also relates to methods for improving antibody stability under acidic conditions, which
comprise the step of substituting Met at position 276 (position 397 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2 (IgG2) with another 25amino acid. The methods of the present
invention for improving antibody stability under acidic conditions may comprise other steps of amino
acid Su?@ utior?, z long as they comprise the step o_f,substitutingi Met at position 276 (position 397 in
the EU 58 ﬁ§ GORNATA S LINABISR ISt MO HIP B SHpP S5 33 okl STH¥r amino
acid. Theytype)ofaginpatithafté(seisttutithiisthetfiadieulsstinkimnitednholevepsibstitution to Val is
preferregm'g%mbqg &gfgmgge%%g s%HFé?ﬂgu@ﬁH % é@ﬁ%@ﬁtfﬁy@gé{iﬁgﬂt% 'IPI;%% ei}allejstltutlon can be

achieved, for example, by site-directed mutagenesis described above or a met escribed in the

Exampl S8 GRS R kR SHBPHEORe L (B EHER (S g the & Hommberina gEstegib Al G2 constant
regibn> position T4E (pratibni afeintios Blseuslbien tosmathods forreducing ZHibedbatessasmeity,

35whic [ 5-53}99 f ituti 0sitio itiop. 131 jn the EU numberi
system%%é%oggﬁ%%%ﬁ%@ ﬁﬁr;? tﬁgéﬁf)‘rsﬁ Lﬁ%ﬁéﬁ%éﬁgggs;tgr%?%ﬁé?&né%% np}g]salf’iorslRL 102
(positiorf AT PR ARG BydeRl rrmbesingmt sem. e ABEISE SEaDoe of(§FER) with
other aniiindigcizidavhbdatpebbamminbDvadichaféensiifstiition is not particularly limited; however,

substituti f itio , Lys for. Arg at position 16. and Ser.fo S at posjtion 102
ariéorefﬁ?ﬂﬁ??%%%%ﬁ%}%?é%ﬂﬁt T Bt i Bl ool S L By
cohtpriseetRasEiep<tof andiotddimsthssiransreay mrhlas Haypstinphize (hesistep B SubdetElihg Cys
at positiaim¥efppsiyerhyl in the Eli numbering system), Mg at position 16 (position 133 in the EU

numberi S , and/or Cys. at position 102 (position,219 in,. the umbering system) in the
amino ag%]ssgélq%?ﬁ)jrcgoo EECSXI%ORI%}: fg _”?’%‘é“}ﬁg{ﬁ&& REFAHRM a&’& %HB%t@J%&h%r)%{ ‘
particuldHyniertes) syHemubshe toiroceribeqroachiel SHFdPEXamp sty siteubitétted mitagenesis
describegi@hevaeina sBRthod described in the Examples. In the amino acid substitution, all of the three

amipo agids d ibed above may be substituted.or one, or two (for example, positions 14 and 102) of
thaih oy R SR PG AT IS RS e o G Bees oA Tl Gr e
C-terminainzhaiing sEiienn, Sige® ddndtaAli@diohz 16T HE présani tdyendiaf aposictaies 10, 1E3hods
for reduetty syltady heteragensibnhich 09T aR 16 SiRKCe AIGCILALAGSIER A8 (Position

446 in the EU numbering system) and Lys at position 326 _(position 447 in the EU numbering system)
in an Ig@%sgb%tﬁ%ég%ﬁ}&mr@%%@ gr@rﬁn%%ei?f‘é B OFYEEMPERES: SYStEHe methods of the
presentiesrentival Yor kedubiey sultitiodydeidragemeityimegcobmmistothenstes of guitoenacid
20sybstifiion,2536n8 &s ey eAmRieesieR.tdeled f ilign 446 in the
EU num n;gﬁ% tem) and Lys at po}s%?ségrt%SZ (pgs@lb%%}f%%g%%ﬁ?ﬁ%%%ﬁ%%%%@@%%i f??an 1gG2
constan ' mprising the amino acid sequence of SEQ ID NO: 2. The method for amino acid
substitufibf] ibsig(pactostanyigited! THE, subistittiiciccanhpraebigledoionexath ey by sitaiditected
mutagenregis destiips ﬁﬂﬂ)tg%% E&g%e iyt Methods for impraving the
pharmacolci%)etics by ﬁ%@%ﬁ%%mino a %g of | C%H;%nggﬁ%rggg%?j?séo %g%%galﬁltrﬁl#vgﬁtion
also relAELRETHBHEEE ST improving the pharmacokinetics of an antibody, which comprise the step of
substitufirg] btid g pesitinan defiddA683hAlgahpagitioNn &84 (EH36EL paTUpr REat Pasitiom298
(EU419) I [ il .amino. acid sequence of SEQ ID NO. 2. The
methodgg;o_g%gtﬁg %ﬁ%@%&%%%%%%%v?%tﬁ%eﬁk@dralm%%so cine i‘(l:gsS é#u g%%ﬁlﬁ%gﬁ%ﬁ?&%prise
other stéﬁ’étof amino acid substitution, as long as they comprise the above-described step. The type of

amin(o apié]aﬁeﬁg?bsﬁﬁwiﬁm hs;gmhqu@waﬂﬁdmﬂjaﬁgh@e?m]yﬁgewmp%&%% ')iﬁ&i?osition
147 (E in for a ition 234.(EU355), .an u for Gin.at pqsition 298 4
preferré%@%e%?eé%ﬁi}rﬁ}%ﬁ%ﬁ 150 re%fgg 0 %aé%ﬂo% S 5P ]r%%?’g? t#@%ﬂg gdﬂiﬁﬁaﬁjof an
antfhodPURERIPESTHBABR; the step of substituting Asn at position 313 (EU434) in an IgG2 23 constant
region coMpAisiag: theramiROragiensAaNERReof SERsIRNO0S @bdadMiEd il he bips.efamiag acid after

substitution is articularly imited: howeyver, substitution to Ala is preferred. The methods of the
presentsl?ﬁ/t{e?r] b%;rﬁc))'flﬁ%%Sf?){/%gmgpgﬁ%?ﬁ?éil%&%E@f%&ﬁf?ﬂg&ysﬁ? comBFiRasHRE R ps of
amino adtessigsftRivnibediompaberoy sompris€ YheGabovenddsgribebstepl xMitiiids for improving
the phaﬁ{ﬁgﬁe@ﬂﬁ@@, HbsUiiRgiBMR AR RS, GRNEARLIEIONS s ste&*j?%y?é?”t nvention
als%)% relatgssﬁtonnigg‘n ds for %&OV@%@ Eha macokinetics of an antibody, which co Prlse the step of
substituing An'a .&gﬁ’igﬂ & iREP RS TH'EBHs{AI FoRSHIEBADFRFSE el dmindh4cid
sequendd o SE@rineNGtem T hndyise Bfasiivn A¢idrafitiosulRitnting B natmisstiadlayldinitadhe
however, substitution to Ala is preferred. The methods of the present invention for improving the
pharmacolcinetics of an antibody may comprise other steps of amino acid substitution, as long as they
comprise the above-described step. 15The present invention also relates to methods for improving the

pharmacokinetics of an antibody and reducing the heterogeneity originated from deletion of C-terminal

amino acids, which comprise the step of substituting Asn at position 317 (a1434) and deleting Gly at
nocition 229 (E1L1I44RY and | ve at nacition 220 (EL1447) in an 101 concetant readinon comnricina the



(e) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
'sequence of SEQ ID NO: 2 with another amino acid;_(f) substituting Arg at position 16 (position 133 in
the EU numbering system) in the amino acid 15 seq&ence of SEQ ID NO: 2 with another amino acid;
(9) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid; (h) substituting Glu at position 20 (position 137 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 with another amino acid; 20(i)

substitutAfySeraE seasaeE (FiSitioN RS inattecbEen subshiorad withtetmriartimoamids acid sequence
?f SEQ IR Asah el e Ao, 3t ﬁﬁﬁ@ﬁ%ﬁ%ﬁ%ﬁ&éﬁ?ﬁ&%?@&ﬂ bY9 ALARAIA" ?;Q
positiong. ar , umbering system, respectively), in the aming acid sequence o
o 2 e DR E R0 YRFTH) WO AR e AROHETH S9akle tone
of Ser fORPIREIHDEFHIR09 (position 330 in the EU numbering system), Ser for Pro at position 210

(position 8linTieoRd:Rumberng ysiam). A\e fopdlral RASHRR1S $RasonR39.in the. EU
ysr?emri, Ser for Cys

numberin em), Val for Met at position 276 (position 397 in the EU numbering Sys

at positigﬁsf%ks)tposi%c%a%sitﬁ?ﬁlig(é)ﬂs‘ﬁlﬁﬁé ity LBeSkATmpeaR Arsiemh dsich RS esitioh 133 in
the EU rnsbiiomgl&ysiéhe) EEeninbSirg ay gosiliof 1102 Rektiosithonikeiththe7Eh/ e migering system),
Cly for Giaiensitiona (paaiien 4 364 e hDumAPHSe AYSIER) AN9.Gho[oL, Serat position 21
(position 138 in the EU numb stem) are preferred. e present invention also refates to
method<Tor redd iﬁ%qﬁ?@??qué%% it) Grig PRE G FForUPR Mg o sy RS ea R B2 agidshods for reducing
aniibody[ Witéro deGidinpustgmatetbfrofif BECislii fusthancierpmeshadsiond edueing e, gxﬁtwfﬂding of
an antibegy ad<pf i 1§61 region comprising the aming acid sequence of
S 1D MO D P oS e 8 e U
numberiig™ FYAUEHEamino acid sequence of SEQ ID NO: 2 with another amino acid;  (b)
substitufi?] Rimatapositibo Bl tensitiegids timireshy humbeinaaysignenia HFSaning aeids.

5seque R : ' r aming. acid: substituting Thr at pasiti osition 339
in the ErL‘[JQE}uo%bering%%gt)g%%%%ﬂggﬁgﬁg‘%gn gg&?&%& 8?’§E’<5‘°1‘6 %@%@%i?ﬁ%ﬁﬁl@%&igb acid;
() Substftif FEVATGEB RONsABb BN SOMMTisBERLE miminseenid sy of SRQHINCadd
sequende f3Em4R a‘.‘dﬁbciﬂw&idm@laﬁihegiaﬁ%mgﬁiﬁhé%@)aﬁﬁﬁétﬂéiﬁ%qu%@é mﬁ'@ﬁé%@ﬁion 133

in the E mgﬁﬁ in_ the amino acid sequence of SEQ IR NO: 2 with another amino’acid;

(f) substkl'tbugplun Cyéﬁgf%éqﬁéﬁﬁé%%ggﬁﬁ% m%lﬁlg é@ ?fﬂ?ﬁ%%ﬁ %@’é"[@ﬁq)oi%%ﬁ@e% NG atfd

sequené@%fﬂ%@@%%@?@wammwmmdmg thegyrsinssticidisg Glca v SEEDT 2N (pagition 137

in the E{BOLurthering Sxse03)dorienaraienasichaseauencerdi SRR L@@}Q&&@@t@ﬁﬁh@b@&é@o acid;
[

(h),gubsti igﬁ%? at pesition 21 (position 138 in the EU numbering system) in_ the amino ac
sequen([%,t &ng %’B%{%{)Oé{%?t ng%%ﬁgglg%?ﬁglg%?g W&Q@ﬁiﬁg%ﬁ%ﬁ)@&ﬁ%@%dﬂys at
position@é@éﬁ&iions 446 and 447 in the EU numbering system, respectively) in the amino acid
sequengefaHoRdR Mottty RgRhaARNg A altersubstitdion is net nastiey gy imited;
howeve;w&g&%ipns of Ser for Ala at position 209 (position 330 in t%%l EU num %%Jn%ggﬁkgtggrtr%, Ser
for Pro at positiornr 210 (position 331 in the EU numbering system), Ala for Thr at position 218 (position

339 in thakenramiedinepayiemy, tBecdost@y gegiposifianylehéuuitipto 1R:in the EU numbering
system)jdajsfoidgrabResitian RResit | | ' S for.Cys a
position[ﬁ% ( gsition th%éggthe EU@[ﬁ?‘n%gg%%%g%%%%%h%glot}rgé‘]%gagtygég%ﬁ %%[ 8%if|30%¥f§é in the
EU numpe iﬁg% LIRS AHRY CRRBH S SHTPBERIBR Bf fossiRBragianireY it bERnB 2) stem) are
preferred. The methods of the present invention may comprise other steps such as amino acid
substitufigp andsdsiation. 28 longas.hey comprise the steps described above. The methods for
30amin(m_s>—:g%%lﬁm eletion are not particularly limited. The substitution and deletion can be
achieved, for exalfpleSByS5HR dREIBY thi taguhetivsnsashiirain ehermnatnampy desorifies thehe
Exiéimplesntent offaggresseet imVehtin 5 SU TelaGs twMeimrsdon eisomy he heterrgesgity originated
from th%ﬁmg@dr%gmfgc@% g&g% J:,Of_ﬁr improving antibody stability under acidic conditions,

ibody

35and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which
comprise in an lGE22S A AEY AR BrsTRt helawies astbanag e SEYTING: 2 26
(M31LIGHK3lythe sfaps G5 (Fa) BlDSHGR g dWITalgEesition 276 (position 397 in the EU numbering

system) in the agi id of SEQ ID NO: .2 t{% ngﬁ;er aminq acid; (b) substituting Cys at
position_14 ozlic":%rrln(?’1%01él %ﬁ#ﬁ%ﬁ%ﬁ%ﬁ&%@%ﬁggﬁ \1\#1 %0 f}%”gg?ﬁ%‘%%ﬁ{%%%ﬁ SEQ ID NO: 2
with anothEr&rno acid; (c) substituting Arg at position 16 (position 133 in the EU numbering system)
in the amino aciﬂig.eqﬁ@maa@ﬁaﬁﬁ@okari\g@i—&wm@i\ﬁﬂm{emgfi@&@ﬁﬁ%%%iﬂﬂgpys at position
102 (position 219 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 with
another amino acid; 10(e) substituting Glu at position 20 (position 137 in the EU numbering system) in
the amino acid sequence of SEQ ID NO: 2 with another amino acid; (0 substituting Ser at position 21
(position 138 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 with another
amino acid; and (g) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the

EFll 1Eniimbarina cvetem racnectivielv/) in the aminno acrid ceaadrience of SEO ID NO: 2 The twvne nf




sequence of SEQ ID NO: 2 with another amino acid; (d) substituting Glu at position 20 (position 137 in
the EU numbering system) in the amino acid sequegce of SEQ ID NO: 2 with another amino acid,

(e) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid 35
sequence of SEQ ID NO: 2 with another amino acid; and (0 deleting Gly at position 325 and Lys at
position 326 (positions 446 and 447 in the EU 27 numbering system, respectively) in the amino acid
sequence of S%t% ID NO: 2. The type of amino acid after substitution is not particularly limited;
howeve¥$9@b§ Ritions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for

Arg at position Taypbaitioiiabashirstive/ml thumiseling syssers)cheitorcymabprsiion 03 S(position
219 in tgﬁa@ﬁi@#%&%%ﬂ&’l‘?ﬁﬁ%ﬁ?@'“ at position 20 (position 137 in the EU numbering

system), and Gly for Set at position 21 (position 138 in the Eli numbering system) are preferred. The
present invention' &1§d5 & I4aaB: hsthies they Trsdli o gativmpehange rbsenatazmngin 886 from the
hinge regigiys$ tgGamamatsodfor imiisodingiaimacelensiicskandiesdOmeinods dfor redusing
antibod;A erage ity originated from C-teliiiinus, all of which comprise in an IgG2 constant region
comprising the amiro acid sequence of SEQ ID NO: 2 (M58), the steps of: (a) substituting Ser for Cys
at position 14 (POSitibBIeWS foHEENIThohibR AMgwYstE) Iate WihitheReil detgéehce of SEQ ID NO:

2; 15(b)wubsifyieEKL y Toryaaiosidow Tanoaitiensh3ddndhe Y numbering system) in the amino

acid sequence of.S ID NO: 2: (c) substituting Ser for Cys at ti 0 Siti in. the EU
numbering systerlﬁ) %n Ke aELOPn‘goPlcf';)lci(§l %gaﬁé}r%ggggf %{é% PB)[R}%S‘?Sz df&tsﬁé%ﬁ%géwiﬁ Fat
gdé(iti)on‘{@ (%ﬁﬂ%l?ﬁ%@%%ﬁﬁﬁﬁﬁ%%ﬁggwﬂﬁm acid sequence of SEQ ID NO:
; (e) substitutimgsGlyifar. atBosit sitign ) e N amino
acid se @% %Q}#f%hzé%%) s%ﬁ#ge?hﬁl or His_at pggg%?%%s%%%?g%qgﬁé Eli
numbe:}r@né@ggg n "ami RS % N éé(?‘?ﬁ“ﬁ@:l;ﬂ’%@) substituting Gin for Mg at
position 234 (pdsifiol355 gmatesEomingrtoaniragisysteitd mieamWd dgid s ehielteoNSEQRTED,NO: 2;
(h) substityting e forf3inat PRsition 208 PRIINALSInIAE L AYMPeriRg System) in the amino
acjd sequence %I% géglé%r%%azé}%m ﬁg%%t?lgggaﬁ (glé f\%%;‘)smqn 3355 an?fg%é ggt osigg%gé%gositions
446 and 447 in the' ; BRLRR ARrArteh e A ID NO:
2. TWe grE<eYitinvehitibhl A0 Ke lad KA ivEthadifat highicimgantitody. heterogeneity originated
from the hinge reglomaf Iogimeihests (Be aayng A mASRldcics aRiRr ggg%%{nﬁgf&@?ucmg

[ comprise in an’l region

antibody. heterogeneit orl%%gted from C-terminus, all of w _
comprisi %%%@aéﬁéﬁﬂgﬁb% N el coneassttipaser: (a) substituting Ser for
Cys at position Fig(péskiodii@tuin sthevtih tumbearingfeysiemyithinge 28raminesagitsammnce of SEQ
IDNO: %ﬁaﬁ?h%?%ﬁ?@i—ﬁf@mwA@ 0, Wﬂ“%?ﬁ'&%ﬂ 133 in the EU numbering system) in the
amino acid sequence of SEQ ID'NO: 2; ’cégubstnutlng Ser for Cys at position 102 (position 219 in the
EU numbering sy/&erh}iit €1anbh shawdngdis Sk eneesssiod plasmeRencontial aatiWing Glyansr Glu at
position QT {elisitide:lidFincthe E4dninierog sykiemhiRdRe amnesicichirguence of SEQ ID NO: 2;

(e) substituting f r itl , ition 138 in the EU numbering syst in the amino acid
sequence of SE%%’DB{\I %ﬁ? £11%91 tg%é%%%ﬁ&% oFFe %@?ﬁ%ﬁtfgﬁl eﬂ"?[ ?gBE}%i%?n%g %?ﬁhe EU
numberitg Sy&tentY TnES ethth & do Grafieniaesreaee mmigsatie) eubstanineRG indmzans at
paxsitionzidd. (position 355 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2;

(h) substituting &/ Ginat position 298 (position 419 in the EU numbering system) in the 15 amino
acid sequence §1 %é%lﬁ:? ﬁ%gg 5 ﬁf’%ﬁgﬁi u?%lgorlk_leaxf]g%mnca °5%%%ﬂ&%§?%§§ﬁsﬁ?%§m? e EU
numberffi§ %%@ém hﬁtﬂﬁ@gaﬁ_ﬁm biclioserpiemiaast GEQ spiNDS2permorjntdletivg BTY angosition 325
and Lysratpostiom@46-uogitians:44kisas, 44010 thel ki numbering gystgbgspectively) in the amino
acid sequence qf. : : 2, e methods of the present invention may comprise other steps

d %fISEI(; LD 1O %mzs 'l"}h i atgad ft t t E ther st
such as amino acid suﬁsﬁtuﬁ%_rn R B SRR e&f?fﬂ?ﬁ?%@? & BAspd 4SS5I Above.
THE methog5¢et emfipisraernsitb bitthioh Rhd dpitionsérmnof patitidularhctipiteshbedsesbdtTuticn and
deletionfoayyibesachieved, for example, by site-directed mutagenesis described above or a method

described in the_Ex les,.25<Methods for | ving the stability of an IgG4 constant region under
acidic conditiorfgfg'alr?%ﬁedﬁ%g%f R%ﬂ%&%&%ﬂ&%%@ﬂ%&é&%ﬁ%&%ﬁ@%ﬂ%@% stability
under apkdik eptditiods, deiigin cyshprisefhetsibgtoksustiutiiispdy GiEl podiHdH/239.(position 409 in the
EU numbering syst tat Jegian. ISR MSANINGAG u f ID
Nr?' 3 with aun&(g%ﬁ%rtqﬁlr% %%%g%fl?\%%?nﬂeétﬁgdi of thegp?r?e?ejr% invention fb%%&%ﬁﬂb%fﬁ%b@gf stability
u éer atidig i /ﬁwtomprise other steps of amino acid substitution, as long as they comprise
the step of subskitetiRiyiAagapbositiom28Be(pasitites 409 (HeE BUMA BPRrh SRS teim Fivutheramino
acid sequence of SEQ ID NO: 3 (human IgG4 constant region) with another amino acid. The type of
amino acid after substitution is not particularly limited; however, substitution to Lys is preferred. The
method for amino acid substitution is not 35particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples. 29

<Methods for reducing the heterogeneity originated from deletion of C-teiminal amino acids in an IgG4
conctant renioNn> The nracent invventinn alen ralatece t0o methnde for rediicina the hetarnneneaityy of



deleting Lys at position 327 (position 447 in the EU numbering system) and/or Gly at position 10 326
(position 446 in the EU numbering system) in an Ig%l constant region comprising the amino acid
sequence of SEQ ID NO: 3. The method for amino acid substitution is not particularly limited. The
substitution can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples. The present invention also relates to methods for improving the stability
under acidi%r 5canditjon ethods for reducing the heterogeneity originated from C-terminus, and/or
method$For'f 158053%? és CYR binding of an antibody, all of which comprise, in an Ig04 constant
region comprisiritettisl asvirgapbidhesdugnbe mASEQ IR BB MIASKIuRS SENSEL @ svbgttuting
Cys at iti S i Ok in the amino acid sequence of SEQ ID
NO: 3 %ﬁgﬁ%%@%ﬁ% 2%8%%5?#%%% @iéé%%%%%sﬁa péeéfi%ig%eiéghf% Hetu numbering
system)% 118 acid sequence of SEQ ID NO: 3 with another amino acid; (c) substituting Glu at
position 20 (posRign223¥ argthshEbomdnghdengrsysienysio titRamnr asid: B68EQ ID NO: 3

cystem) e s L P B R e it B 7 Sk v

at positiBEFQ%(Wéition 214 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3
with another amiig 2Bif; a(@raslbsiituiing Betialneniien dORRekMELL Rthg kbldmpering

system).| [ i of SEQ ID NO: 3 with .another amj ; substituting Tyr
at ositig%%‘;g‘o%%%ﬁgﬁiﬂeg%% ar%er%lgr?r‘{ansoysstgm i %8*%%%@%@%&?&% 6‘?95EQ ID NO:
3 Whith afeRHeh divint &idv4rydapentiidy @y at position 103 (position 220 in the EU numbering
system) in the aftino4eRid gegeneaaf s gﬁbﬁQiﬁeN%WHP%&QH&e&o%@H%agi%% ofﬁh)rﬁi@%f&tggg IF[’)V?\I gt
positionyQ4,\(pysitio umbering system) in the amino aci sequence o :
3 with another g’ﬁn%ﬁcﬁ%)g;%ﬁ%ﬁgfﬁg 0 & gﬁ%%{lf8§({§8§?ﬁf}f 955 {HHRERIG Biffbering
system) in the amino acid 30 sequence of SEQ ID NO: 3 with another amino acid; (k) substituting Glu

at positipbdd Bfrostion 233 héherkkiagmbering system) in the amino acid sequence of SEQ ID NO:

3 \fv%th another agino acidtg. gx)[.substitut'n PFB? t position 114 (position 234 in the EU numbering

system) in the amind acid 5 ¢ geqﬁgﬂc?éoc‘)’f‘%g@’ qab?%ﬂﬂtéﬂ@%‘ﬁ?ﬁmaﬁﬁo%m&%tituting Leu
at positiBIPRES (peHidif asdihatie Eueityn bering cystiity,inafetyamidoashdsegurhes afBF (D NO:
3 with apeshenaming BeigheANdeleting(5y-at pasitian a%%aaa%@ag%%ﬁé&ﬁ?&%nufﬁ%eak%g system)

in the amino acid sequence of SEQ ID NO: 3; 10(o) substituting Arg at position (position 409 in the
EU numBarig Srsta) SR A A 18 AR DRt A0S ES BORTF OR At SRk Auttpy aeid; and ()
deletingh@peiyiospod®3sethdrilys at position 237 (positions 446 and 447 in the EU numbering
system, respectivabp), irHhe AN ' , type. of amino acid after
substitution is.not arficuIarﬁ%?ﬁgggv%?%%%&%%ﬁ%%ﬁ% %‘,%gta tpr(e) ition 1 f’position
131 in tAB* Bdﬁﬁﬁﬁ??ﬁﬁ5‘3&%&‘&%@’?“&@%&%?’A#ﬁ’ﬁ%@%ﬂ%’eﬁ?@é@ﬂbﬁa@a-in e EwnuRsiskring
system)eGipiorsGllhatposition 2@ QlosiibipGA L imshetreb umber ing System aSlydarSgstaidosition
21 (posit i thepet um M [tion. 97 (position 214.in the EU
number%%%?g%/g%m M fdrTSer at pos%%sggﬁg%a%%%%lﬁ g@#ﬁ%ﬁEéﬁé?ﬁ%{gﬁ% é(;’s%ecﬁﬁs@é’r for Tyr
at positi 1?62%&(&%%%@%19?&%@@9 %ﬁ&%{gﬁﬁal%gtéw,a@yw@n@g}qu@@stm@@mition 220
i(r;lzﬁfe Ethmpnmerhgmmemﬁwmﬁmﬁmmepaﬁﬁmﬁ%@@ﬁﬁmx@% ﬁ&hﬁ%&éﬁ}wpgf §yst§m),
u for iti it} Fiak numbering system), Pro fo osition 11
(positon S5 R e ey St M S e U oeRor 2se e e

numberfRg SGSESMPriRingdhe amiae seidiaistitutignssaiche 288simtievENion iibrileystespnand 25Lys
for Mg atgiositom@aeanp dsitionidd Aok eekbo uriies 1D JYeLeMhakeiP e €bhstant %?oﬂl%?ds of

the pre ' ' myprise other steps, such as amjno acid substitution and deletion, as long
as they%(?géé pirglgé,\la}lt’r%e% I;%}S%ég %&%ﬁggl gt%%?é&%ﬁkésr%% o413 Ir?ﬁ%niéﬁi%ﬁﬁg%ﬂ’tﬂi%dam‘b@%?ion are

nottparttdit&® Fidied 2pré SukergaspHsritteruio eold bebathitved oftthe yarnpleidvysiiendicected
mutagenesiasipsTibeskabowe: e maibad HdescrbaddniheErampiess SMaNRs.fo ﬁﬁ?&l&{?&?ﬁ the
e

heterogeneiy originated from deletion of C-terminal amino acids jn an IgG1 constant region>

prese ntglrg(\l/egr}%%%lgg?smop fOISea 10 e @ﬁ?o%?%r?‘é@&%f&%ﬂ%ﬁ&ﬂ#@f%&%ﬁ@&%hi&?’ééﬁﬁb?ise the
step of deRdighHEACAtEBSIEBIT RO eeitiprsiErlie e tel Acidratipringe3FEYERIL) BH Lysdt position
330 (oritiane s kagi5d BuRING B LBL LA SARIRIIABEISHIIRBATP BALIG aing actd
s%%uenﬁgrgf SIE 4”{?01@3%&1 .reThe nlfletl'lgds of thfe gresent 31 invention for reducing antibody
héteroganady may compHsESIRE PP ARG LERPLUsTht fohE X ofoks b aseiomiDire the step
of deletignupshil B8sifiom3880) (Posifion FaTtliartherk thaungaetihgisysiars)iand Glynahpesition 329
(position 446 in the EU numbering system) in an IgG1 constant region comprising the amino acid
sequence of SEQ ID NO: 1. The method 5for amino acid substitution is not particularly limited. The
substitution can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples. The antibody constant regions described above are not particularly

limited, and may be used for any antibodies. Examples of antibodies which use the constant region of
tha Nnrecent invzaention inchiide: 10 (a) a heaw chain that comnricace the aminn acid cedirience of SEO ID



32 D-mannitol, and sodium chloride. These can be used in conjunction with suitable solubilizers such
as alcohol, specifically ethanol, polyalcohols such ags; propylene glycol and polyethylene glycol, and
non-ionic surfactants such as Polysorbate 80Thl and HCO-50. Oils include sesame oils and soybean
oils, and can be combined with solubilizers such 5as benzyl benzoate or benzyl alcohol. These may
also be formulated with buffers, for example, phosphate buffers or sodium acetate buffers; analgesics,
for examBIn §rocarnet rgl){drocl;ir)lorr e, stabilizer s for ex alcohﬁ henol; or antioxidants.
The prepared injectons are ypecoa”ang“ JEotE arﬂc?%%ﬁ’s%% S’rﬁéﬁgém? nitfetration is
preferabipiest gbdisitgd Fen eyl nardpepifidatigddiiidEscodinjection, intranasal administration,

intrapulm@@mgqﬁgryﬁgag%ﬁ@cwggsutaneous administration For example, injections can be

administered systemically or locall njection, intramuscular injection, intraperitoneal
injection, or sub Fa?rrggié fﬂj‘ée&k%‘gﬂr’ 8?%2%] GRS R RIS AT AT TFRRION S S Fiately

seléctedeidopmiifitpts.15the age and symptoms of the patient. A single dose of the pharmaceutical

composition convaiping anrRAtibodi gra HeMRUAIRAIHR SRE.TISAN AN 6AD; B%@?ég%rél 0"

example, from th ange of 0.0001 t0 1,000 mg per Kg of body weight. AIternatrve ose may be,
for exarRBRIGY %eg (EPgHicR 800 1818, B%Wﬁﬁﬁrgﬁﬁmmémﬂ% %Qé‘?g%ﬁﬁrﬂf@g%ﬁrese

values. Nk ddse bav subtitioted adrhnmeﬂmnamwyrdépemmgrpﬂdﬁmahemw dfogys2eheight, age,
and sympigiis.andiga) e AaneRderel seesiebRioasiilad i ol AReAEIRD, the

three-letter and srngle etter codes for respectrve amino acids are as follows: A) Arginine:
Art(R) BBIRHRARGRAPARIGDI NS R HHREER DA SERDT e St snpseopGilidRamiEoG AP (@) Brutamic
acid: GlE{R)BAkiycmneyGiy(G) thistidine atis gdhésotett BEQ1D (NQ.eigifiR: dnethék hiysingsillys (K) 35

Methionine: Me%g@gax@am%grgsﬁ@a% @; olneL I (RLSSING: Sgr(S)Threonine, Thy ()

Tryptophan; Trp (W) 5Tyrosine: Ty prior art documents ¢ are
incorporsibd by waderanid Gangibiohsm aral E%(E?’HEI@ ¢ GHIEPEIABE oW stitttiness Selanventisididonsther

specificatly/de sesibishwith tefgranteiqitve Fieampies kb isincitndewanstiigdaspeing limited
theereto. [Exam vement of the. ofl 2 andl der ac ondition
% onstructio pﬁ%&%@&&gﬁl&v@%{g orSfor géif A%H 5h% i d‘ﬁlumra‘ﬁ”rdr|U‘z‘ﬁ’(-57’§j(lﬁH 585?8F1§n?rcbodres

and exp?é‘ﬁ‘?éﬁ%‘ﬁhe antibodies To reduce the Fey receptor binding activity, the constant region

of a humanized mﬂempmﬂdam@ @eqné@é@ﬁﬂbaﬂmmw@am@ 8%&:@%@%’@1&&;%&%&@@&%?3 Feb.
15;53(4 §5}£. %) ch 1s()?lf Was subst ted Wlth 02 or, l??&%w Mot. 32 unol.
1993 J I o genera ?éj g5t I{I’ % & ID NO:
14). An Emrwambémm@ﬁﬁnamé&@ﬂwagt@@eﬂlm éﬁﬁmmlﬁ@slmhee&ﬁmwmﬂmy%ich

theconstanimegionrialBLRABIZECSPN) mobm@%mg%@@ﬁ%r@a&mﬂ}e%&aefasﬂrgested

e e s R

The nuchotide Ls sequence
PRISM %@kpmgééuﬁememrIAmem BW(D@NQ\SSEqUénbes {ApptiediBiostisteinss)) using the

BigDye @emraatprvsﬁq&eewﬁ '§ eg\}\%@asgﬁ ﬁ&gr\%ﬂ %@gﬁ%@ %%%EHC“OZ
manua e c g an gG4 were expresse
by the n%ﬂf %&Wé B@o@éﬁ ? ?ﬁ%‘faaney cancer derlved HEK293H cells (Invitrogen)

weéle suspended B@wﬁiﬂtﬁMﬂmwﬂange@csup@lmtwngedmmmﬁ@&faﬁétﬁbWQhlﬁ@fuagﬁiﬂwfrogen)
The cellg,(39-mtipla é%f@ﬂr%%}ﬁ'% biastorfnt MAReRY ﬁ%’ﬁu‘e{ﬁr&»ﬁ?ﬁ%ﬂrg)@:%%}%ﬁggﬁgﬁ%ﬂﬁﬁé}&scelIS

(10 cmin cj@giter ORNING) an cultured in a COZ2 incubator one whole day
and night® ‘iﬂ’éﬁﬂ?ﬁf%‘%nrse?ﬂ%?é’&%% ydsshiis %@%@?ﬁltﬁ}’@ﬁ@i@@ﬂﬁlﬁ medium

(Invitrogmh))mmecaddhﬁcﬁlbmirammrém‘raMmrﬂdlglﬁﬁamwaa(iag&ugpfefeﬁﬂblw\m@{mlned 35with
20.7 41 gf LA Laiyeyleniming ﬁa%%eggggg %31?5'626\2911%% DR Ted. The

resultrng mixture was incubated at room tem or 10 minutes an ef'he cells in

di %IWQ@MW&WWé@&Wm 37C under 5% COZ) for 4 to 5 hours. Then,
6.9 ml of CHO- srﬁacmenmmuam thpviine gen)idedbadiedradhe sNehasnanditheheelsadgesdncubated in
a Co2 'ﬂ%’té%é%é QQX% %Q%tﬁg%t% Suchichﬂl l’ were %olleegg]t_ekr%a (ghcentnf gﬁd (approx.
S, ou

2000 g, 5 min;ro erature to remove he ce A Kilter

MrLLExrfP@flewmﬁrb%yswaémpr&e%érb%%@ ar@eqmtrrw descrrb):qu@hﬁmzed PM-1
antibody (PM-1 ¥ erf@émheﬂ@egg O PYEXid (AEHAMAE S B eawreﬁcm in an Ig g@dﬂ%ﬁmzed

P 1 VH + | GZ H chain SE ID NO; 13 amrno manize 1VH+I1gG4 H
chaln SED D1 IMIt%mrno acid s%dﬁ%% Y ?’un |cg‘grofr1)qic;)ii‘%\{;\;:T)e).fJ %Rffaitaé‘%n TIEH through
elution f%miﬁéwnceewﬁnﬂydmbﬁmm BUA) @’&lrlph@@lrbmsepﬂ'amﬁ@}ﬁmeﬁi@mdﬁmméham
Biosciences) suspended in TBS 15was added to the obtained culture supernatants, and the combined
solutions were mixed by inversion at 4C for four hours or more. The solutions were transferred into
0.22-um filter cups of Ultrafree(R)-MC (Millipore). After washing three times with 500 ul of TBS, the

rProtein A SepharoseTM resins were suspended in 100 ul of 20 mM HC1/150 niM NacCl (pH 2.0) and

the mixtures were incubated for two minutes to elute the antibodies (hydrochloric acid elution).
270lmmediatelyy the aliiatece were natitralized by addina A 7 nl of 1 B M TriecHC1 (nH 7 QY The aliitinn



Gel filtration chromatography analysis of Vv'T-IgGi. WT-IgG2 and WT-IgG4 purified by hydrochloric
acid elution 25The contents of aggregate in the purq'ﬁed samples obtained by hydrochloric acid elution
were assessed by gel filtration chromatography analysis. Aggregation assessment method: System:
Waters Alliance Column: G3000SWx1 (TOSOH) 30Mobile phase: 50 mM sodium phosphate, 300 mM
KCI, pH 7.0 Flow rate, wavelength: 0.5 ml/min, 220 nm The result is shown in Fig. I. While the
content of aggregate in WT-1gG1 after purification was about 2%, those of WT-IgG2 and WT-1gG4
after pu‘gﬁi@a%ﬁiﬁwgré%iﬁgfg%gﬁ?gsugﬁ SR LR BT W Aol i AaraTei AG ¢ yaPSEMBRRS acid
elution, dasdrihyeé abtrast e & aaton df Gehatetunstahle landtopdseptidsdendie pidddaggregation.
Thus, t jli ighc. it

"elabilty HoaBanddos HRdanag gﬂﬁ%ﬁy&*%ﬂéhﬂ@ﬁ@?%ﬁﬁé&%ﬂ

Ye fian fhat of
IgGl. Protein A has 35 been frequently used to purl : €s,/an mof cufes are
eluted fBATPRSTPAPREEERIROTERRIBEHET HdthRSberarinmeravatidmevimerrfaragirstiwhen
developifigrighsrialdoulzsmaspbirntate liicale; iBogeneralyntitiadeuifrgeacitiaeaadiinndt is thus
desirab ilit er acidic condition is higher. However, the 5stability of
o SN e e

IgG2 an inder ac ition was found to be lower than that of IgGl, and suggests
for the first time ThaPaseeat i seprop alsp sraaiseriatidmerymatamera ddr aaedEayition in
developieg:pasz bafne tedvitglecules as pharmaceuticals. It is desirable that this problem of
denaturation/aggregation.be qgvercome when developing them a rmaceuticals. To date, however,
no report has.bﬁﬂ%ﬁ%ﬁ%ﬁéﬁg&%ﬁﬁr&ﬁ%} o‘rres%ﬁ\c/)%gi ?f?l rﬁ%g?essrlrg{‘lﬁr&ﬁgﬁfﬁgﬁ%ﬁ’g%%ﬁigﬁﬁg}ﬁution.
Prébaraioriing agiscsamase it WclyGR ahtogitior & KEUAarPatetaw ti® ddM@R331), The

el i s oo e i et
gGl. Thus, alter S0 n molecules \ere tested to 15 improve the stabjlity under
acidic c%@aﬁﬁ%ﬁf@k&%& él)%rggfgg’rna%%ﬁgafgre?ﬁeécggﬁgant eg?&ﬁ??j??@&%%%@&’?ﬁ%}%&%&, one of the
potentidFd&Eiab anhipfdecorsnastinnatlfiCEdomdlilidraveadrtadudiet ot theel instabiileythe the CH3-CH3
domain;intefaseniVethion ikiaR; inthe ELLRumbes tedol 25 Or argini t

p ssitioni4 91in théM %6Hm@b?§ﬁ%ﬁgs§g?aﬁ%%%zp as th %ﬁtg?ow (ﬁ% é%ﬁgwéjtﬁgg@élcﬁ}%%?face.
Sihte pBETRAS S S S 2D e S eh K SO 4 DATE ShE G e pectively,
an aIteMﬂQ@mﬂ&Mtﬂm@%ﬂmM@eé@ﬁwﬁMﬁdﬁmﬂmﬁfWih@m%dmmeoptpos}ﬁmne%i in the
Eu numberag Sisia HaGRMER, shQdDNRA8(amionas saausnonepdanaiaied 1G4

ution of lysine for d@rginine at pgsijtion in the EU numbering

ibod he sub ) |
grgte?n f@@%%%%ﬁgé@%%%d 16 ArhindHPR) a0 RERLASS ArudrépaRsgoRTHEHEmRRS Used for

construatindeerpr Ssimnhvectorsipr the antibodies of interest, and expressing and purifying the

anjgpodies, wererﬂee[g@m@oﬁampégmg%f?ﬁé@?e@e;ﬂmsmg{f&n%ﬂlgm ﬁﬁgﬁ@&ﬁ 3&%&@8&

filtration chromatography analysis was carried out to estimate the conterits of aggregate in purified
sample SYBRIRE ELL§ARY A6 Oh it dEesFEpga oh ?FB%HW%WW?@@N&@I‘?@&’%H%&%@ ReWEYAthod:
Systemtha/ag€rs ditistaoer€tumnpreEa000 SYixIricEQE Qi Makilerptirsenbd HiM soditiniphosphate,
300 m lowy. . I - [ r e resultis shown in Fig. 1. While
the corﬁ%%?%% gg%%@%i%%ﬁ#g@%ﬁ%%ﬁ%%@ \%aésjg e?é)gg%taé%%%}sefgl&lr_l T ngg% %IH -lgG4
after pufffEREBHAR EPaiRmBtiH SubATYRORY IBsHIASE thecenatar e Biong grappmsine vy rIRtB At altered

fceés domqitml@ﬁﬂﬂﬁ&?)ﬂaadﬁ@iliﬁﬁ?@@tﬁ%&?@)gpmmmﬁﬁgﬁm(g&@%@lwéﬁ@éﬁﬂ |z§l%bs’1Et{)H§
inding that the stahilit an | i nder acidi ndition cap be
improvgj %15 sugsti jﬁ r?ge v%}?ﬁ%o?o?rlén%t %Sﬁ?neogﬁ%@ﬁg%a# %Lb?ﬁmstlhgesqﬁ%fer%uvr‘ﬁ ha%%zg ?/rStem or

lysine feRErifTEPEEIRYOW at position 409 in the EU numbering system, respectively. The purified
antibodies of wergdiptyz edragainsbaaoliinniel 29 MMpresitmResiaie, RRMMNaGEaH:6,0

(EasySEP, TOMY)..DSC measurement (measurements of midpojnt fem ture and, Tm value) was
carried 6%%135%%%%%}% 7 %flgf’f@%aﬁr??ro%edﬁ grl%ﬁoa%%@p?‘g%é%b%gﬁ@g%Hso?% 588D.1 mg/ml.
Fiherskor thsariiapbing lergrsragde'of 2hisasatamaiupatih obwndgo desaivd oG4,

19G2-M397V, arthighd-RARKwareARtRERIRGs: Tharesuitshanerinalihe Tmyalye,for the altered

CH3 doggﬁérr] was igher in IgG2-M397V and IgG4-R409K as compared to WT-lgG2 and WT-Ig04,
respective y.o’gﬁls1 jggests that IgG2-M397V and IgG4-R409K are also superior in terms of thermal

stability as compdged spevifitdd G ZhamedeTt ig@ehtres peetiviely [dGEG 2anstiig G4iare expossihpoacidic
conditiognimndriisdnagtivation Rreassiad B4Re 1 8pyIification RIgGesad s %ﬁﬁ%@{ﬂog%ym&{%y
denaturation/aggregation e above processes was problematic. However, it was disCovered that
the-probB o LTS BR MUy TG L SN FHP ISR RIDUR R YA ESBHRFSES B G2 and
Ig04 constant segicagnditestRBECEIBIlS Atidns TWer baevesdnel to dvasireryd el tie devetapingdf G2 and
Ig04 antibody pharmaceuticals. Furthermore, the usefulness of IgG2-M397V and 1gG4-R409K was
also 20demonstrated by the finding that they are superior in thermal stability. [Example 2]
Improvement of heterogeneity derived from disulfide bonds in IgG2 Purification of WT-IgGl. WT-IgG2,

and WT-1g04 through acetic acid elution from Protein A 2550 p.1 of rProtein A Sepharosem" Fast

Flow (Arnersham Biosciences) suspended in TBS was added to the culture supernatants obtained in
Evamnle 1 and the combinad coliitione were mived hyv invvercinn at AC for forir hotire or more The



GradientB: 50%-75% (75 min) in the analysis of WT-IgG1 B: 30%-55% (75 min) in the analysis of
WT-Ig02 and WT-Ig04 The result is shown in Fig. 2;WT-1gG2 showed more than one peak in the ion
10 exchange analysis while WT-IgG1 and WT-Ig04 exhibited a single peak. This suggests that the
IgG2 molecule is more heterogeneous as compared to IgG1 and IgG4. Indeed, IgG2 isotypes have
been reported to have heterogeneity derived from disulfide bonds in the hinge region (Non-patent
Documept,10):. Fhus, the hetero-peaks of 1902 shown in Fig. 2 are also assumed to be objective
substanéﬂlett/g%%ye %%%l&gﬁ%egg ¢ é%\%% ?Pgﬁ%foﬁgnd?g%iﬁ%%%%@?ﬁ%@%ﬁ%%@}?ao manufacture them
as a pharmaceufibalgthrgasteiecainne praitsth iy tiseotsiuttiveentiostanbid/ fslataddubstances
related fieterogaaeircheiveen, RrAYuioRsyd BilerheMeoRn8AUssIRas RS AIRNSRROHS) BRstances are

desirable as much as possible for antibod lecules developed as pharmaceuticals. For wild type
IgG2, there 1S a prob %ghacs) %%%nacs)é%e e?l?vv%ﬁri{;%ﬁtif%ﬁm?ﬁ ﬂ?@e\‘%’ﬁfﬁﬁ&ﬁr‘i‘?ﬁ%vwgﬂﬂ%ceuticals.
Indéed, US2006510728e Aty tritosHowhe? prioaidesilgt gGRtgitasgianpusthétercepadks as a result of
the disuffiderhanmisHiniian exchange chromatography analysis, and that the biological activity varies
among these pe ks..%JS 00%(%194280.5@ reports ref Idin%in the purification process as a method for
combining the h2RS8H5RRKs GBS S gHY SR TH BT REes f 8L s e i@ Bradhddsifis costly and
complicatesdtiothik] foprferrdtsnmethe Etd nuorbiimipgttierhp tdrg-aaaieitinto?a Sipgletiones i 25 thased
on aminpaighsstiuienndthaventhe hetarosneiysriginater fran ﬁﬁ%&&%&%@%ﬁhﬁﬁmge
as been publis

re ﬁ)n should be overcome to dgvelopHI%GZ as pharmaceuticals, no report ed to date

on'd ettt AT BIARGIHFE T SHRARADIGH ArRfYS s SHRHHIRS WiPrepsmaBina saidssebapsent of
altered WiTisig@2i< kibsiitutiaims ansbhirngémpgior 2kisodheivimbilidtibere Bie vedoispateatial
cisuifice, boplgeies 127APdatR MpIsSHe Aosse AU ALR ternaepely derived fomhe

hinge region of 1902 were differential pattern of disulfide bonding and free cysteines. gt as two
cysteine&"@tnﬁas%ﬁgﬁg B LRSS TR Ee USR58 ataRniiie e d dpesitiny &Sk biohs BRd
cysteinesadiedegsiottine taml (HpahBigeac ysities10gIgdsidyate e atipobiticnhdiindheskbh)

nuyaberi Stem4n CD@!%‘( gﬁ [ d L chain C-terminal c ine, and two .
cgl:?espé%? w&cysgéiniﬁsl%r?éz Hc am%p%%%%%%ﬂﬂ% %ﬁ%éﬁ%ﬁ%ﬁ ?)%Sr%gn%er.eé)pfeescﬁ %C%Yffl%hoélre are
eight cySteiHEs IBO3 898t anh RECDRAIBISIRG Bhisertngeltsid et Tyes effibnaminaragibdy is in the
associateddirmaftdeiaickistney, hedsedieason:or tinsatiowsibeigRaansp spaiamgdya.to wrong

disulfid gc&p&g%fﬂg%&x%%gg%&he Hég ebre@i%n sequence and CHI domain of IgG2 were altered
to reduce‘the Sheterogeneity orlglnatedn rom the 1g0: Inige region. Examinations were conducted to

g
avoid the heterogeagit} arrgE e enbefiarahnil paitarhtes nisstfitinbenting wridtiws oysteirds. The
regolt ofsexaminingsaious eltereba)tibosies ﬁé@ﬂ?@éﬁ&@ﬁiﬁmﬂﬁ@@ﬁﬁﬁi%&%%m\%@&ed
without g%%ggrs_'ngl he tahcirw al stability by substituting serine and lysine for cysteine and arginine at
positions 131 and 337in the EU numbering system, respectively, in the H chain 10CHI domain, and
substituting serif@¥ibrdisstemersismssitiolr 823 optiant rpierirgriptsmngppertimyecot dakaie of the wild
type 19Geanatani regionsequencahrrainalter d082-SKeGIdoE 2 S % RERIPHE AR, These
substitution%gvow‘dlgrnagtle IgGZ-%Iﬁﬁ.}C to form a horH %%&(])us covalent bond between H and L chains,
which is"8 tisttfide BFhd BERVEEN the & HE B the e At R0T EpREthatt BEsRiBIBeRiAkie EU
nunberfhg sydneraciEiseqrsaye of SERdIndiRodddesbribe dulrsRefedenitk Ekarmpiénbweids used to
construct an exgﬂ'séigg'@e yﬁ&&éﬁéﬁ/ﬁ%@%@g%ﬂﬂ@@i@&%&ﬁ%@aﬂwi%tl&%%@%rf hﬁ purified
gG2- and wi e - were analyzed for homogeneity by cation exchange
chroma?%ﬁé%??%s%%%%ﬁg%ﬁﬂM@%&QE@WQWW RHERRENE SN FRPPeHRE
WCX-1F(Dimpex)tivoBilé (mageon 325 mihdESaNatiaintkstem), Ala foB T25 mpbMEBS-NaOH, 250

rriM Na , N i ' - 5Q0%:100%.(/5 min)
o @%}5@@%&%&%%%%&%%@2 B R e penk

The result | :

e WIS A TG T Set g FhRPS g Lis RRAIPR HASa Ry oo eaTbIce bonds
in the hifigeAregionesitig PSaaodigoavitided thy ESingualiertiosesrue)) Ssrthestyuseddaganerate
IgG2-S i fermatig ' iStHfi Obetween the C-terminal cysteine of the
L chaing%%lgégtg?ng?%eo%ition 2%%%%5%@?1%%%%%1 Eslsasts ?ﬁ%LP e§ ?n%ﬁ%%ﬁ%e%lgg}aﬁtyﬁr@of
thermal ERERAREISY GFW PO By Vot g8 PastiegE3-Orston s detaeriidaimpenagssyremiethods
as descuifeagtéfefrxdmple 1. The result showed that WT-1gG2 gave a peak for Fab domain which has a
lower Tm value fo]e€]] ile | . id not give such a peak. This suggests that
Igg%-SKSC is a%g%l%é%gﬁlﬁ%k%e%%%été@%%ﬁa%rgé?nlg g?ﬁ ola\ﬁ:f'%Fg E%I]t?ﬁ)su% 81%581962
was thoBigHeGR e B BEEREHNBIchiMHfeh is 39 important in developing antibody
pharmaceuticals, it was found that this problem could be solved by using IgG2-SKSC for the constant
region sequence of IgG2. Thus, 1g02-SKSC is very useful in developing IgG2 antibody
pharmaceuticals. Furthermore, the usefulness of 1Ig02-SKSC was also demonstrated by the finding
that it is superior in thermal stability. 5 [Example 3] Improvement of C-terminal heterogeneity in IgG

molecules Construction of an expression vector for H chain C-terminal AGK antibody from WT-IRG1
Enr heteroaeneityy 0f the C-terminal ceariencec nf an antibodyy deletion of C-terminal 10amino acid



40 cation exchange chromatography analysis are described below. Chromatograms for humanized
PM-1 antibody, H chain C-terminal AK antibody, and H chain C-telininal AGK antibody were
compared. Column. ProPac WCX-10 (Dionex) 5Mobile phase A: 25 mmoUl MES/NaOH, pH 6.1

B: 25 mmoUIMES/NaOH, 250 mmoUl NaC1, pH 6.1 Flow rate: 0.5 mlimin Gradient: 25% B (5 min) ->
(205 min) ->67% B -> (1 min) -> 100% B (5 min) Detection: 280 nm 10The analysis result for the

non-altered hurﬂ?niz% PM-iangbo , ]-1 chain C-terminal AK antibgqy, and H chain C-terminal AGK
antibody is showr i Fig. B - Accordimgd lﬁgﬁﬁ% FRSERIERH Y, RN HBre prolonged
retentiomeipde fga77 wenstinthie grein ek ftetn thari¢tietionin Tileran pestivit 8 Ly smt besiton 449 and
an H chaigioiesmymenwitBRrigiehEl et Pasiiend gidhadHeRsbeofba Dasicasgkwas
S|gn|f|c§ntl I’edléagd in tgliﬁ(rr é,s chain (f-tirgﬁw | AGK antibody, while no such significant reduction
was ob @Fée%ﬂh SR BRI Y P AT R KBS RS 8 G AR R e AR aE fBterogeneity
of the Hurhérecuisbgpipade oS BAIYIVNEN thdtive\GEgrminal amino acids are deleted from the H chain.

The temperaturg g iR plgnal uatanalilio il Criaipal Al anbgp iR dedgrgined by

DSC to_ assess the effect of the deletion of the two residues at the H chain C 20terminus on thermal

stability M EHOFREBRE E ihe Jun s TR P ARNISSHGEH AS RS Ry RLer diRaiRg oEHIN- acetic acid buffer (pH
6.0) containing AsGtmdiNa@iptisitipngi Gz donfientAfgbtharongihidgaaration teihumanizad PM-1
antibody & TNe RabAGK anti (I f tion foyter dialysate)
were erﬁ%%%g%ﬁ%%%%ﬂéwzlls an@%&%@fgéﬁ?ﬁ%%%ﬁ%ﬁﬁ g@?ﬁl{gfa%%rgg %ﬁp}g@.o?ﬁéh, aqsamples.

wiPe SSRGS abresitinsd (Aui i pas g RiAL MRt iyt AmimERiA peaks
were assigredd ROSBIoIBE0; rimunbleg\skistieited 99, Aldi-brnd Redesult showed that the

C-terminal deleggg 3?9 Seegllacom ienamaldenaliaion empsAs of phckagrman. - Thus,

the heterogeneity originated fromt -terminal amino acid can uced'wi r%uﬁiffecting the

thermaSYERBBE S tisa dor Y s dlansiiarc202itesitianj 3 dndhe Bly emaBotreraysieny. deaifetonstant

region @rthe poditetiderseaurneesieyel BHEe allabiipgensian), agiqes phupanatibpdies 19GI,

gG2, a 4 tain Gy and Lys.at positions.446 and 447 in the umberi stem in their

S R e er G PP AR L Rt GohEh i Ebvered i

this exdBlecEng BiFem)idasirelseacprsition 4pihesitientd 1gGrthnE IyGunboristmsisteginiier 41

[Exampfer4]y¢angtisiaian of Mbédckonithaove! aptisized %ﬂ&@@%@%%@ﬁion 2¢Vhen an
ere

antibody pharmaceutical is.aimed at.neutralizing a tige ctor, functions such as ADCC of Fe
domainégél?}%%zgzgs%% gnd%‘élre%lrlg ﬁ¥§ ?%Wt@%gyr%géﬁﬁgpﬁtmﬁc@%@éwg hé& Birdtng to Fey
receptoFs EshrEd &y enuhdsworefskeom the perspectives of immunogenicity and adverse effect
(Nn-patent Dosu&nq(?@z%aﬁﬁaéﬁ-ﬂégﬁﬁwﬁaﬁ@;%@@Qa&ﬁ%ﬁ%@ﬁ%kﬁ%ﬁ@&i&%gx&&}é%%%AB

does not need to, bind to Fe ~Re it.only needs to specifically bind to IL-6 receptor and
neutraliZe its B%iiosgel 3?%%%%%%@&0 %ﬁeﬁ%@as a therapeutic agent for diseases associated with
IL-6, such as rhieuanetioid ritfeitisl @0@dnseclisBlarehstese sspiment afftMizbaGHt, iMIbAGIG, and
M17AGK. 8y reGeRiisharbinsing Tegﬂwﬁgr&%t@%ﬁeﬂ'eﬂ@xfa%%mm@mq fardmpairing the
Fey receptor bll‘%%&l%l to convert th@%gG antlbod¥ from 1gG1 |sog/pe to 19G2 or 1gG4 isotype (Ann.
Hematdi*T9§8 Jti! é?@)%m%ﬁc 18He o085t ERtRtaFeHifatiELr BiRersiRey
reteptobramasttiodief introdiechog anmranificiaGaltaratiomintecE e donsain haddeamigpone thd-or
examplmmgeaﬁgﬁgrow%w g@g@—&%g@i@pdy and anti-CD4 antibody cause adverse

a

effects, amino ac%i mutations that are not preésent in the wild type sequence have been introduced into
the Foy receptorBiiGRegI6hRSE feE erb A dismid s 18 BFEEesigF) 0hlE Biesdsulting Fey
receptoirnemiindinly @Ot GR3 @nd antiDp4meihotlizscereizivneaty witesshatea doads {pn-patent
Docum%ﬁgg@@&@ccording to another report (Patent Document 3), Fey receptor-nonbinding
antibodies can be prepared by converting the FcyR-binding domain of IgG1 (at positions 233, 234,
238 236, 327, %@%&ﬁasm TRIRB ORI B ATPESR AT Srttra s iuRhid deh e Poaitionsiiéns 233,
324, 236yancashion they Kk raumemlmgmyﬂm 8b4a04 _ﬁ@p@ﬂi_@ﬂ“ﬁogﬁ%nm aalaté%% ﬂbshﬁ)ﬁud
number : ver, ifa e-mutations are introduced into , hovel peptide
sequen%%esmgg%yi%gpﬁﬁ%ag(%%%ﬁvéﬁi%ﬁﬁo ;I\r%%% gﬁ%%@ﬁ%ﬁ%ﬁ?ﬁi #“gg?l EPitd BeftifEs, will be
generated, and tHRs RS 65 dBENAaGHMlPToEERIEI 91sis e witadydmitsdrkivetisnld be minimized

in develapaiaisisedwahasmaeestisadsicigearmede anove proklemyatieralions.n tedgG2

copstant.region were onsidered.,In the R-binding domain of 1gG2 constant region, residues at
p%‘sg?[iorréyﬁ ’pg%’ogn%gggas%%g%unn%%ggﬂ%u&@e&g%sg%e |$f§f§?€?§icd§ﬁgtﬁ@?8mﬁﬂc}iﬁg sequence
of IgG4(®AfilEQhddé Bt PeditidnymBeinaayas).aed 36 s tiepBtitinnhBe (iresisipst@iP aralantibo acids
of nonbinding type. Thus, it is necessary to alter the amino acids at positions 327, 330, and 331 in the
EU numbering system to the sequence of IgG4 (G2Aa described in Eur. J. Immunol. 1999 35Aug;
29(8):2613-24). However, since the amino acid at position 339 in the EU numbering system in 1IgG4 is
alanine while the corresponding residue in 1g02 is threonine, a simple 42 alteration of the amino acids
at positions 327, 330, and 331 in the EU numbering system to the sequence of IgG4 unfavorably

naenaratece a nnovvel naentide ceaadrience of O amino acide nnotentiallyy carviina ac a non-natiiral T-call



43 immunogenicity risk) to reduce the Fey receptor binding. In addition to the above alteration, to
reduce the immunogenicity risk, mutations were intraduced at positions 131, 133, 137, 138, 214, 217,
219, 220, 221, and 222 in the EU numbering system so that the pattern of disulfide bonding in the
hinge region was the same as that of M1 LIAGK; a mutation was introduced at position 409 5in the EU
numbering system (Example 1) to improve the stability under acidic condition; and the amino acids at
positionls{ 4 GCagd 44¥ in th(;} Eg wglbering system were delete_%&l?é(ample 3) to reduce the C-terminal
heterogeneity. FRerS T {3 PIREGR A {PREHOSES O ULBAmPrLing PAGRUSED 1D NO:
20) wastearforrdetedt bysitivodudipesineitaiéns ito FhedgBhechnstontregianpaépasitions 233, 234, 10
235, 236, 327, ' 1] cribed in Eur. J. Immunol.
1999 Au -29(8):%3%{1?{3} ﬁ)za%%lgggﬁ e F%H‘:r%gg’%ﬁl %?r%‘%gér?%gg?%%?gﬁé‘“’t%gnasn‘%?r%%lé%‘g 5°
positions %46 &r ﬁ%?ﬁ?‘fﬁ@%%&?ﬂ%@%%é m to reduce the C-terminal heterogeneity (Example
3). 5 WT- W Zi@ran viEF-M b G mas, use deltberstahattiancb T was ssad asts L
15chain; ibadi RHESS Urifi the methad described in Example 1.
Assessnr%lgr?t%g? TE%A%%%%%%@M _17A(?3(§<C,§§ c%%ﬁ%f?@%ﬁ%&f@i} %e@‘é%g?)or #’r?&%ﬁ&% BEyRI
binding R34 188sESs BHBS TheVpriessaiing dafed moastma serivsing Ricantbois, inahwdn-flerived Fey
receptoridimpleiigfor doayRn! yipioinhilized dnforhesensas S0P WasR: Alowred o jutgract with I1gGl,
1gG2, Iq@/ﬁ M@i@(, M14AGK, or MIAGK 7 as an analyte. The amounts of bound antibody were
compared. The measurement was conducted using Recombinant Human FeRIA/CD64 (R&D systems)
as' Human-derivB8 28/ R Engeeeafages e mbodimentaad kheMiaGiA crostant il T @R ths sameples. FoyRI
was imrmbilited oritpliiesenshicedigeMeBIAGORELERAmine coupling method. The final
amount of immaghpize Rl was about 13000 RU. The running buffer used was HBS-EP+, and
the flow rate ng tZL% a%n%ﬁagfh%%g?ﬁﬁ emgglﬁéﬂe%%ﬁg}f%aasc&%ﬁgygac%%d& HERPHES-EP+. The
analysiFcRiBeaitng tfepysiaiomitotetlss Ghset pewiiqhaenth8ee 4 Puitbma hititedyrsatution was

injectechaiddséhecsitasEBROUDNMDYIRS Bidisspcialian Rhasemhers ie-inigction was switched with
'FIBS-EP+. Afteg-hhe dises{%ciation gchgs%&he sensor chip was regenerated{?éinjecting 20 30jil of 5inM
e

sodium hydroxide. The aSSotIAl G isSh AtAHOR Ay Pl RETEREI LS HEBtstE BAWSHtRlysis cycle.
VariousSBRtgtgRonitsidanéresin ooridpto Iduipini tenstr grarts A analytem dgGtetgGRydd&!, M11,
‘M14, and- M pwerernisciesiinihis oidene Hiisserss-obiniactian w&sfs?egf@fmg}vg/{@nﬁr']aﬁ result of
comparjson ?3;:93@ %rl]tﬁ] terr mgd amou%s& bc?und antibody.is shown In I%;W e comparison
shows that the amount 0 u%gbhr?ﬁﬁlgﬂﬁ? A TSR tHE S5PerdaTLr0 oo G s ol
MILAURuEVEnEGKstenm AnGHEY ThuSgitahpesitue Aedptetithel BeyR illingiefvaie dygedad2, M|
1AGK, Midhvetrradd MI7AGK was weaker than 44 that of wild type 1gG1 and IgG4. The
FeyR_Ha bindi sessed by the procedure described below. Using Biacore 1100,
human-derived%&%‘aﬂéc% P S BRTRA S RS PTG AR ifiged evRefanssienrapwasndiSwed to
interactamitndl gt @R rigG4 SRQAGRIMIGAGK)or M17AGK as an analyte. 5 The amounts of bound
antibody were gampaied. W, ing.Recombinant Human .
FcRIIA/.CI?é%\ea % D systgrﬁf)r%g %%%%%%ﬁv%é%%%%ﬁ%ﬁ%ﬁ& ,ﬁﬁ_’@ﬁ‘f%ﬁ’lﬁ’@%ﬁﬂ 14AGK,
and M1PAGH 18Qa AINEnHSRaPs WHSSHHORBMERE SHc BRise s ERPoMB TEINCOREY bt the
arfine qoapling3dethalic Thevinddsariiediy Ghiounabilizedicey R Ikunaenaboui-3309:RY. fhpe running
buffer usgg was ; : 20 ain..Then, the runni was injected until
the baselin Y:yvl\%e’ls,ﬂ‘:g s%%ﬁ?z%gﬁ%%ggr%%iaur msre&n v@gs%c%ﬁ?e%céj# S‘P‘iﬁé’mmﬁ abilized. The
immobiﬁ% "&%Ila was allowed to interact with an antibody of each IgG isotype (IgGl, 1gG2, or 1IgG4)

or antibody intrddsqedseithimeiatansNtcbAGIO dh4AG e S6M LAABHIAS ANanalyig;d he amount of

bound anti runping buffer d was HBS-EP+, and the flow rate was 15 20
41/min {g'll'Egtgl&egr?n%é a}g&l}%e}?npgr?tf ¥e§ r% egr%a%or% fv}\%ar@ Qf? &HT%%?&%V#@% ﬁ@ﬁ%ﬁl R T or it Bt thereof

wal adjfsteasisandihithe 20 irebaing AuieE v A inje presitiond Bl dpamsitimnipiér actiwitil the
immobitinerbéreyRilasAfip Gnierasion.ihe aniienvas dissaciated framnkeyRiia.and dhe. sensor chip
was re injecti 00 kil of the running buffer, As analytes, 1gG4; 19gG2, IgG |, MIIAGK,
M 14AC%}%?§{1%£9&1&?7¥£§J ﬁov%grg“'egi %11}etgc§%‘e%{|Inmf]fr11|%4 ord %g S5 s é'arfsé?EWHﬁB%tﬁn%é“@b%é%éB fice. The
result oFEOMHBEINEEIE ST E8Ra) ot iiat arstinS bt hensidcantibbity the fthnimatids shoyrein) Figd &3 fhe
compamspﬁm@dbﬁm@%%@EWﬁ@s%@%"B%ge"%é&‘?s%@ﬁﬁﬁgd'g%% >zﬂf%f2 =19G4 >
1 AGKn:0 M%%AGK :iMa_gaAﬁgK. Jh@ it was revealed that the FeyRlla binding o [\/I?L GK,
14AGK, and 7%{6‘1 WaS WeaKer t n%f?é’f&%ﬁ?@géo%@? (G820 Shahboumbering resirab
bindingakas Bsaepesiti oy 1Re (pesteoiufé Hiestritdd betobertisingsRiagbeed 369, deisenidekved Fey
receptor b (hereinafter FeyRIIb) immobilized onto a sensor chip was allowed to interact with IgGl,
1gG2, IgG4, MI IAGK, M14AGK, or M17AGK as an analyte. The amounts of bound antibody were
compared. The measurement was conducted using Recombinant Human FcRIIB/C (R&D systems) as

human-derived FcyR1Ib, and IgG I, 1IgG2, 30 19gG4, MI IAGK, M14AGK, and M17AGK as samples.
FcyRIlb was immobilized onto the sensor chip CM5 (BIACORE) by the amine coupling method. The

final amoiint of immohbilized EavRIiIbh wace aboiit A200 Rl Then the riinnina hiiffar wwac iniectead 11intil




stability at high concentrations. The conditions were as follows. Antibodies: WT-IgGl, WT-M14AGIC,
WT-M17AGK, and WT-M11AGK Buffer: 20 mM histjgine chloride, 150 raM NaCl, pH 6.5
Concentration: 61 mg/ml 15Storage temperature and time period: 40C for two weeks, 40C for one
month, 40C for two months Aggregation assessment method: System: Waters Alliance Column.
G3000SWx1 (TOSOH) 20Mobile phase: 50 niM sodium phosphate, 300 rnM KC1, pH 7.0 Flow rate,
wavelen%lrlmizlL c()).asc i@Islmin 220 f%é%%ﬁs&diluted samples were analyzed The contents of
aggregate inthe |n|ﬁgil%f:r%a ations (immediately after preparation) and formulations stored under
various condition$sV&rs eSaminedchy aftdrfinbaivntoin dmstographiegsdestebetbalkowe. Differences

(amountsiiekaassdhisthesaryent ghageregateyelativertothe, intial farmaulatiops are shawn inyFig. 11.
The res d that theg}?§uﬁ§%‘r%§;% ate in WT-M14AGK, WT-M17AGK;, and WT-M11AGK
a -

sho :
increasedi DAY SHERHY RS R wer & Roon He R RAHE Yo htdn G ot Arg at
Furthermpovisicas28hoend iGlEifpr Kinthiepasidom P68 imereadertddab fragment was comparable between

WT-gG1 and WLAEARK awhiles30 ﬁﬁ@eﬁﬁlﬂyﬂfém&%%ﬂtlgo\éérTéM%%g#éagr%Egggégr%néa GK were

er of the amount in WT. Degeneration pathways of IgG type 10ns

about one guart e
include ?5?#?8@8 ﬁ%%ﬁég%%%@iﬁomab degradate as described in WO 2003/039485.
Based on the twbheritesentaggeatati proaiit SRl agmenitge peialicm Wi kdAekhardiiVT-M1 1 AGK
were d : tor stahility: in fo i mpared to WT-IgGI. Thus, even
o 2 e B A RE S el e e e
antibody PRERRAR ddaRsthe ﬁ%@%ﬁ&@ﬁ&éﬁgﬁmuwmhﬁﬂaﬁ@ﬁskQﬁép@géx@nw-mm@k, 47
WT-M1hafEKsrind Wil | AGK apesitansanipagion Wk iexhe Gechiomiow DEpsestionsfmore stable
high-co tion liquid for i icular, M14 .was expected to be. very useful as a
RESHIE @P@gwﬁo@ Krp m@%%%éﬁ M MRS SERGS PA eSS ;g%g

novel constant region sequence that w he’ins Ity of the ‘origina Siecule

under aEHiRGEEEERGY OIS PRI Srrstl arighidretherbi aisuiidad syrien), tGtnhinge
region; (R)sitairbdod tpdsaorecEpiarhidl Haxen erininizednumEes of nowiRaptide srAUeRCEsOf 9

amino aci [ tentially serve as T-cell epito eptides, and (5) have a better stability than
MR e R e e ek el
M14AGKIs@iREHR B3& mprtianidsd andhe Eblnsumbtimug iy seege@ bpgacpesition 26 gpositcacids at
position$4330., 83 Elandn3esin; et Hmbes RISy Rl Gk MITAGK-(MBLAG fp SRR ID
NO: 7). An expression vector for a sequence of antibody H chain whose variable region’is WT and
constant region sequence is M31AGK (WT-M31AGK, SEQ ID NO: 15 22) was constructed by the
method describdddriyRefelamiromeshadier BubMinGiwEsMe1pEK Bhdydimaad; Wskvkvenain,

WIsM3kiktinnamesprassed epdputbed Dy sheynethod dessrbadin Refsrence oampled, 102, In
add|t|on¢? T- gl@%@tl\NThg%% af%j n$/VT-M1 AGK VfTer expressed and purified at the same time,
and analyZed by catidn ANeR A 4& ChrSmATS REHY B4 e%?o%é&ﬁ?@%%ﬂﬁ%d@b@%\ﬁﬂrﬁé at
conditiopgsiiéeri dadHe s dtio Aexatamtjioodm atdgfap iyt sl psisonicm 4 Taltews: feedmatograms for
WT-IgG2, WT-l\@p%é‘i@&}@rn%ﬁ%Eé%@i%%%%r%@m&aéﬁ%%&égg&rﬁf%ﬁ%%9%%%%@@%8&9 Mobile

phase A: 25 mmalil MES/Na 63 6,1 mmol/1 MES/Na

mmol/INSEFS I%F_Le% 0B WMBirin @ &ent: 0% B (5 min) -> (65 min) -> 100% B -> (1 min)
Défection: 280 rheThentibatisinesuit forivT Ha@XhedToMidiaEio andWBMdRL P& Keseshpwn in Fig.
13. LikesIMieacs, W baGicuas Sepaastialp iR bealiigdan a sihale peaksuhie

30WT-IgG2 gave multiple peaks. This indicates that the heterogeneity derived from isutiide bonds in
the hing%%%%ﬂl%tﬁ@%@é‘? h LsoyEGRrFEacrkRTifis anae K bghes Siphilisy MsBepssséinnsinthe plasma
retentioncafipiiisda v 86MethGd fonestimaiag:the retention in human plasma The prolonged retention
(slow elgﬂg@iﬁg‘)igélg%g@&ﬁﬂ@aj&wsma is known to be 48 due to the function of FcRn which is

known as a salvage receptor of IgG molecule (Nat. Rev. Immunol. 2007 Sep;7(9):715-25). When taken
up thto endosom@é TIESSTHIRYFEERD BFIERERAZMIRO TR feriswithah BRA feigiwox. pH 6.0), IgG
moleculesodinidiie. FCRn expressed in endosomes. While IgG molecules that do not bind to FcRn are
transferred and ' sqsomes, those bound to.EFcRn are translocated to the cell surface and
then released frgg}gé%%%%rgbﬁ%é} |h?cl)eplf£1§ssrer’fgt glgvaelr}?ll?rl} er?‘tfﬁ%e%e%@% %%aﬂ%ﬁ%l?ﬁl%%%?&?%&%x. pH
7.4). 2KRBWFdGCINFRECIRtIBBGRe ST dLPRSTHEN 68T, (RiGizion &9, iartha §llnisolypig Tiseplasfna
galf-li;/esletamasegtaatsgzpm?m@@qm mtg%;t@?l@ﬁ abeutadaxs fRbleG Jarﬁ)ﬁﬁ) '&fﬁﬂ; aﬁ;\wt 29

is for 1gG3: and 16 or | Nat. Biotechnol. 2007 Dec; 25(12):1369-72). 10Thus, the
etantio B P e A e A S oG PRy e B B o
antibod iR 1§58 -as Proanihedutitzhibigennser acigs crpdzican day Bainpetved dyepbstaitiop further
improving the pharmacokinetics of these IgG antibodies include methods for improving the
above-described binding to human FcRn, and this is achieved by altering the sequence of IgG
constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J. Immunol. 2006 15Jan 1;
176(1):346-56). There are species-specific differences between mouse FoRn and human FcRn
(Proc. Natl. Acad. Sci. USA. 2006 Dec 5;103(49):18709-14). Therefore, to predict the plasma retention

nf 1aC antibodiece that havve an altered concectant reainn cenitience in hitman it ie decirahle tNn accpace the



~ obtained DNA fragment as a template, a DNA fragment encoding the extracellular domain containing
the signal region (Metl-Leu290) was amplified by PGR, and inserted into an animal cell expression
vector (the amino acid sequence of human FcRn as set forth in SEQ ID NO: 24). 30 Likewise,
oligo-DNA primers were prepared based on the humanP2-microglobulin gene sequence disclosed
(Proc. Natl. Acad. Sci. USA. (2002) 99 (26), 16899-16903). A DNA fragment encoding the whole gene

was prepared by usin u-Placenta M ath n-Ready cDNA, CLONTECH) as a
templat® 2R AR gﬂgﬁ? éﬁ%@tﬁ%ﬁﬂ%@' ) antag arid ﬁ?ﬂl%ﬁ%ceaolg%%ag ment
encodﬁ@ﬂﬁ@mﬂmlﬂ%@mﬁtcrc@nﬂmhm@&ontamlng the signal reglon (Metl-Met119) was amplified by
PCR and 'nsertﬁa@&a@@ﬁmﬁh&%bﬁ%%%ﬂe@ yesig b Aming A6k %@ﬂ&?ﬂ%%ﬂ&@%

by the

P2-microglobulin as set forth in S Soluble human FERn was ex

followinFHSEE Hare" sHEReaNHe o AN AR AP ﬁﬁ?ﬁéﬁ@@@ﬁ%&%@%@éﬂ& ffivere
intrbducedititascetd/of thehiomgnehnlyryeniekitneyachnce thdetivied aelllddt EiaR ek dhibvdttogen)
using 1064 Fetal Bovine 5Serum (Invitrogen) by lipofection. The resulting culture supernatant was

collect ngand FcRn was purified using 1gG Segharose 6 Fast Flow (Amersham Biosciences) by the

method describ®BSRTSSIARIAYRBICBOTE WRsS 12 AN TESE0T HierdrfrdsrpiRcation using
HiTrap geddibpéediylealthcare). The binding to human FcRn was assessed using Biacore 3000. An

antibody was 1 It R gl od llized onto a
sensor chip, hu%%gnbl #géﬁ @vgsg%%é_gﬁoa;@%% % LH%%% ?ac%%lrg\%%ﬁ?h a’n&%%) %}‘%@ the affinity
(1¢D) wﬁ@@ﬁ&@%@dﬁﬁbﬁ%@%ﬁt%&%ﬁaﬁﬁrh&ﬁqt@Rﬁﬂ%é%méwvﬁpﬁcﬂé?nlUbﬁ 2Bbit
anti- humm&g&gmghﬂ%mwewiﬁmm@mxgdfr?m@@e%l%er&m@iﬁ@ @?&@85&@/ the )
amine cou m osphate buffer ining 150.mM. 1 1 as the
runnlngsgﬂ gal%ﬁgﬁg@g%ggy w%zgls (??u e wﬁc A rlﬁ%tg I-JLI er)tc%n%ta%nméﬁso%fn? g(—.yn 0, and
|njectedcmé%bmﬁt@l@hé@H@“ﬁ%ﬁ?ﬂ%ﬁh@ggﬁh@ﬁlﬁﬁwmlﬁ?@the binding of the human FeRn to
eSO whs e °°“f‘3?ﬁf@%‘hmﬁ*“"‘§%@?ﬁé“%w o e oty before t
s am was o calculate ount of hFeRn e anti mmediately before the
o0 of 30 FEH EE SRR B ARNS DB HD A0y RIPROEA PP AR ISER by fiting
with theastﬁadylmemﬁmitymeﬂﬁ@dy/&gsegﬁnmerpIamaumwm desmipethabeRn transgenic
mice The phaffﬁlﬁ&@l@ﬁ&‘é@&%@d‘é&mﬁﬂa’ﬁ%ﬂ&f B YeesROIAERRN: WEORLT gliea 276 +/+

mice; Jackson Lahoratories) was, asses ollowing p ure. An antib dy Was mtravenously
adminis?@?é‘g% LA A<D %‘?ﬁ‘@iﬁﬁ%?ﬁ%@tﬁﬂ%ﬁﬁ%@d‘%\ég%’&%@&%‘%R S hoints.
The colkectetobloodingscimitie diafelyes d gif ugethasitg, G&Ocqmstwmtg'@f@iei&zhudihmem obtain blood
plagma. The sepasa t@&’n@!ﬁﬁ@@% a8 SRIedsinPalieesah akid Aq ek RRIMHRL) ¢SR AT e RiRAMa

concentration was determined by ELISA. 30 Predictjve assessment of the Iasma retention of WT-M14

in huma'e &t BB Hngs %?W%‘gﬁlzgn%e\?\ﬁw%% A EHHTRNE LSS S aOB 1M re. As
shown iiyEableodisithre e (i inatigatstth A0 8 @ intngGHYVIDA Plowmassiightlyl GFe Gler thaositat of
WT-I9G|.; S0 able JGR(RM) el LQEJS%QK WA M4 185 AsshovanEig. ﬂe‘én*&ﬁ\%‘?*éﬁ{ecf'%ﬁth

retention in’ plasma was comparable between WT-IgG1 and WT-M14 when assessed_using human

FCRN trAHSIEHREnm REESST AR mirivIP BERIGTR S5 (R RS PSR 2 3 RevfioiF 151 3A dNPraeding i region in
- hirfan gompacd BIBQAEhBIhe IgG1 constant region. [Example 7] Preparation of WT-M44,

WT-M58, and W F%‘B’P%H@\A&H‘%@ﬁ&v SARRMAALIIS Okf’}?#ﬁvi\}%_%ﬂﬁﬁ if &5‘%&@% WT-M58

molecule As de in Example 6 asma retenti uman N transgenic

mice waSTeHHRME %rtf%t(&qu?@@lokhﬂ)\ﬁﬂﬁ’%ﬁdéé 18 thedebl B prbsrEcHIEsEte - HidRIde those
to lowerAlhg dspe&ﬁ@cmq B@atsﬁfcamaatib@ﬂymdﬁﬂnmm epkangedhs hinding:iedoaRrn Here, the

modificat bed b e mtrod ced tajm e the cin IICS fWT M
Specmcam i ? ?OW|ggh % onsw ?L{eel(i c}c% efo?/@‘?si\/}g_n[ggt? wgsl,nprep%i:{ed from
w?rGM1@%@3@%@:55%@@4@%Bgmﬂ%mﬁeﬁm&h@%Mﬁ@aeﬁemem%nkwﬁnunon
of glutaypgdestiysticine ANpskiasr sy gubﬁttgw@mﬁbglyigwﬁeﬂgr S¢gdiTeaPesHig3%D; and

substitution of gl mlc acid for 20glutamin pasiti he EU berl m,. These four
substltuE’%ns%lwg‘ierge5 ntr uced Hio q%ﬂn %85&9 ge?\reéri e Sf\}fgg %835&% ggé H& r}%{?SEQ ID
NO: 26)nERpraissi @ﬁStﬁé@b%@hf@fera@mzby {19 sperisionctBbdndbedribedinbErmgmissmWEMSS
and L(V\f&) wera H§§ﬂc§§l'd506ﬁli§h%}922®h@tﬁe @egﬁﬁﬁseﬁhgw W@@%&%ﬁﬂ%@ﬁed by
od described in If’%%m e, 1. 25 Constru ge WT- M7 é%lfé On the (ﬁ}&er hand,
THIRB 2id S8 SRS K02 %s éPa‘%%‘&‘ {136 1§EE
su bstltunumbimhgmmemi, tAdadoi tﬁ@l&@i@@ﬁl‘p@sltlb‘h @emtﬁm%dm&w@bwmmmmﬁmd
sequence of SEQ ID NO: 58) was also generated by 30deletions of glycine at position 446, EU
numbering and lysine at position 447, EU numbering to reduce H chain C-terminal heterogeneity.
Furthermore, WT-M73 (amino acid sequence of SEQ ID NO: 28) was generated by introducing into

WT-M58 a substitution of alanine at position 434, EU numbering. Expression vectors for the above

antibodies were constructed by the method described 51 in Example 1. WT-M44, WT-M58, or
\WT-M72Awac 11cad ac H chain whila | (WT) wace 1icad ac |l chain WT-MAA \WT-MEL and \WT-NM72



WT-M581.17 WT-M73 0.42 As a result of assessing WT-IgGIl, WT-M14, and WT-M58 for their
plasma retention in human FcRn transgenic mice, g shown in Fig. 24, WT-M58 was confirmed to
have increased 15 retention in plasma relative to WT-IgG1 and WT-M14. Furthermore, WT-IgGl,
WT-M44, WT-M58, and WT-M73 were assessed for their plasma retention in human FcRn transgenic
mice. As shown in Fig. 15, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved
pharmaﬁoldlpetics relative. t%‘g-ﬁgGl..Th ar aﬁﬁgeti s-improving effect correlated with the
binding a%%ivﬁry‘ét%ghﬂr%%%nl‘—; 7P B R EFORRF IR ey 5%was 20improved
to about 16 timewo fg&dofonstaty @igibhisificidiieg fuggestplthapthe pharmacgionetinspf dngibedies

with the M3, GenRpiantdeaiQir SEHMARdS dlgg significantly enhanced when compared to antibodies
fect of the novel constant regions M14 and M58 in

! . &
with the 1gG1 cgnstant region.  [Example 8] E
reducing heterogeHe] %Pé%%&‘ﬁ&ﬁfﬁ%ﬁ&&i@&he Igid QeuiapbirFioBr kibRrIcse AR VaBH®Nstrated
thaf the heltedo de@éitymiginatgidfrofurthe himyeridgintholitgEdrconldiberpehited 306 qpoveding the
1902 con feoian i i i< L i T). 1aG2 type
antibodieas@(‘){#} er th anﬂtgﬁg%%ﬂir%%a%%g%&gkﬁ/l{% %?1% gfu%?#y@r‘é%&@éﬁéﬂdg’ t?@s%%%% %er% er the. g
heterogSFaTca 5ROy GBI SO dBHT A dReiemstatiTe grithodies eluds fomgrampleantibodies
other thigGthednsraanizg dnR bkpiihodhwatdnihe Rt dudh ce e BB QamibashoR RHASGKthe amino acid

sequenqqg@f ﬁMé‘Q?ﬁWOF H{L.39 VL as set forth in 52 SEQ ID NOs: 29 and 30, respectively);
anti-IL-31 receptor antibody HOLO (the amino acid sequences of HOLO_VH and HOLO_VL as set

forth in SEQ 1D No&reseniAnventipapravidetyEHinerasiin sgianantitosd oS (verdnsino acid
sequendesnigidiy VH and DNS_VL as set forth in SEQ ID NOs: 33 and 34, respectively). For each of

these antibodie tibodi ith.5 19G1 constant region.(SE NO: 1), 1902 constant region (SEQ
ID NO: 2), or M% @(%g‘ig%‘%{ eogﬁgg{)@%eéqigxlgfgv%sv%&g é:gﬁseralte%‘.gmns Vénéetﬁgrated
antibodiéisiieroh Sz st dgsiionetePogenision i tcitiths Bk mampsdneovricoyraphy ysagesitatequate
gradienBaOIQpa@iﬁ@pmgriﬁt&éI@M m&ﬁﬁggjﬁ?@ﬁ)\oﬂﬁ%l%@mﬁ@?ﬁqgﬁa% &&HFH%%%‘)@&EHA‘ 20 mM
sodium acetate (pH 5.0), mobi ¥ M 10 sodium acetate/1 a .0)). The
e e G AR ary BEAF LGN I EBRE — As
shown ifFERUusE cshartisishy 6ftheedefetad oregivhdromthrnfdBlaype istslaartgRtghe was
demonstrated tacrease: helererRNabynet iébﬁ&@aﬁﬁf@@i%&@ Iy @d&%ﬁﬁﬁﬁ . Aptbody
(WT), butalso i }tlhe anti-{L-G rece rtlglr(‘;an ib(%m £21-11L39, anti-l%%gﬁ%rﬂ?creptor 15 an%%%ggLo,
and ant-RANICL S BSA BRIE R EAPAEE 1B AGERBR SR BUTBEZEE RN B hose
antibodissisnedmveiinl fisirtonsitken f8diGroitioMHB4 do MEELT husitienvassdsmonistthteshthat,
regardiessdiehiR AP oS BOUIS N OF 2HIRALYVATIRRIGERCIAM SERURNCE IS Jagier gRginated
from natural I%(%é gﬁuld e reducedalb% substituting ser‘;&f for cysteines at position 131, EU

numberfig;ih AP B R AR SR HBR S e FETF R EmBIATHEISY i 8 thopefamiAge of H
chain. [Examplel8} Bfsetviny smdicel ponsten tregistanVifsg tonibgyiogeb dgibiasmaitalgnatiesitioyarious
antboclessAs deserbselin Fesmale f. as damansialed ihataapyRisionof Y cansiapLiggion 25

from 19G1 into M58 in the humanized anti-IL-6 receptor PM1 antibody (WT) improv ndihg to

human Igj(‘?ﬁﬁaﬁﬁ‘?f BRARH AR STIETRSan FUTRoY EoRS LM ORISR, e BPIBGHS I RPEBERES other
thah theohGR@A2&d0P NEL(MRBDody were also tested to assess whether their pharmacokinetics can be
improved by coryeriingthel : TolgH! ibadi r than.the humanized PM1
antibody (WT),v?Zl?eig?;l gr%ﬁf_&gf%?égg%? gﬁ%ﬁ%?ﬁ?%&%@?ﬁﬁho ag%?lgga 5%%%35& of
HOLO_VFEERPH BE e oginays S8 s s e HsrNDEaacith s st neipnsc iplayprmadditioRANIC_L
antibodyrddhiSiftivetamings doig se quentesat RS WHhandNG ¥lapsetfestibid §F-D NOs: 33 and
34, respectively): . ibQdi jhodies with 1gG1 constant region (SEQ ID NO: 1)
or M58 (SEQ ID%&r%ﬁR@é&%%%%%@%?ﬁé& éagéa%{fgg Yor %rélljrggllﬁ i%ngy 0 fidmary &%@rﬁ) & the

méthod PESER SeLIATSSIEEREREOTRe rERE R she\pE FimefinatihodissTafishe BresentdpvEpRWTHOLO

DNS Ig@id A2 bt 3 VM 58Et0300 1dn83s theyAwshvmdin hablndy tousa.denansialgghhat as a
result Ogﬁﬁl{}lger éo&lcl)foghgn conﬁtﬁ%r)%region from the IgG1 type to M58, as with anti-IL-6 receptor
antibody . the bindings fboth 5 thie anti-IL-31 receptor antibody HOLO and anti-RANICL antibody

DNS to human E&RANHRPdIRnpEdhearasan suygbsnsale pebsisinnpdiitd egeduttssichiietipe of
antigen_afns@th ﬁ@@gpém&mﬂ?meim?ﬁg%mnﬂﬂ@eﬁﬂaggeg%}gﬂe.etiql%é{bﬁ'%(#% éﬁﬁ%@&fé\éﬂ?gﬁ&h
copwerting the constant region from.t type to : xam ect of cysteine in the
Cﬁ‘%/ doﬁ%ﬁ%ﬁr ?Ye%&%ﬁ%‘n e@%%@g%%ﬁ%ml%ﬁé%%rm% i ‘é&ﬁﬂ%f”&%’%@%@fﬁf@s% th8%hinge
region st EIdicd ol e nvendaubslithtedimediseasertred dtdtpjeneitized aatibralitlgGR.
Assessment of various altered antibodies revealed that heterogeneity could be reduced without
decreasing stability by using SKSC (SEQ ID NO: 154). SKSC (SEQ ID NO: 38) is an altered constant
region obtained by 15substituting serine for cysteine at position 131 and lysine for arginine at position
133, EU numbering, in the H-chain CHI domain, and serine for cysteine at position 219, EU

numbering, in the H-chain upper hinge of the wild type 1gG2 constant region sequence. Meanwhile,
annthar nnccible methnd for decreacina heternnaeneityy ic 2 cinale crthetitiition of carine far cveteinea at



Tm/t WT-1gG1 94.8 WT-Ig02 93.9 WT-SC 86.7 WT-CS 86.4 WT-SKSC 93.7 WT-M58 93.7 The
Tm values of WT-IgG1 and WT-Ig02 were almost thgysame (about 94C; Tm of IgG2 was about 1C
lower). Meawhile, the Tm values of WT-SC and WT-CS were about 86C, and thus significantly lower
than those of WT-IgGI and WT-Ig02. On the other hand, the Tm 30 values of WT-M58 and WT-SKSC
were about 94C, and comparable to those of WT-IgG1 and WT-1gG2. This suggests that WT-SC and
WT-CS are maykedly ynstable as compared to_Iggﬁ, 55 and thus, WT-SKSC and WT-M58, both of
which aﬁé’tﬁbo Brise* GBRCGEaER éLFo?Itti)%? 58 f T REgSanL BIVERHOR A HRUBREESH the
developméhtadfeantibody pharmaceuticals. The reason for the significant decrease of Tm in WT-SC
and WT-CS relaj ISHD QNG ifferences. i -disulfide- ' t
T8 or WT G e et e PG AT I
WT-IgGTOMFEREE! PO AMBE-BAERER Aot A STAEI B S foFv BB A FSrOF ab
dorfiain ntoleoulsastaibeBG] ArbMAIng Srelaechl g dsen ffidloadbrcdRinbicdioiv @ ekt fgsstherdaly domain.
WT-IgGlgeg{.?&gaa{,esacﬁhoulder peak on the lower temperature side of the Fab domain denaturation
peak. In general, it is considered that a single component gives a sharp DSC 10 denaturation peak,
and when two ol BGFEHEORIBS AES REAsT Rl fRYeRiom Aba includramedifisrtierauedusty i present, the
denaturatithodgalobeeiing sy oader Spacitisally réitcabdve:dosgrbederesult suggests the possibility
that each of WT. - T-CS contains ftwo of more components, and thus.the
natural-IlgG2 he%%%%%&%%%%ﬁ%%{gg g%?%%ﬁdﬁ% Stfé"é R 9%8“ 5?108 %ﬁ%@f&?h\f‘g&;nding
sufestearREsodayles sushasnplys IS Am gl veb(BF Gl eatsevtatssacisubraness. dotneinaarididyolved
ibn theI Wﬁ@ﬁﬂiﬁea@ﬁﬁ%flﬁi@éﬂgﬁﬂ@%iﬁﬁmw%ﬁ@E&Sﬁ%ﬁgﬁg@&@fyﬁg B SYSterese! @ﬂ%&%réainge t:egllion
ut also.thase in t 1 ain to.decrease the D etero ity. Furthermoye, as describe
above, stabi |§%bm%p§%%?%%twgéb$w&ﬁ%%§ éﬁ%%ﬁ%%%’c#&%i’ﬁ%&l%ﬁ%E}E{iteines in both the
hinge region and Grapéibaties eir&s msetimierl omhayslsofipriinepetifigestitdicfroni Brppefspective
of heteragepedy aaetalabiitanBtoanth@Sawhichsatpi consianld sgipnsd nlnghcatwithsarine
sufé;tltugﬁ?efgrr1 toer;l)[,“t)hg h”?ﬁ r%gllon cystelrF)e, are insufficient as Cé?ns ant regions to decrease
hetdrogEheiy Sriginatst from the MG TagISPETIEE 2 it WSS SRt SRt h B AR S eneity
could be significhheyiduréncens i gieriadénimipeh dyS2-equvalert stabiihstanysgloerithe cysteine
at positighib3dy BEhRRNHNEEIIAGY %Hg%&HﬂrH@migeW?éﬁ}é%Mﬁ%%imﬁ%&?e in addition to
cysteine at hinge.regio "%%Ch nstant regions include M14, M31, M58, and M73 described above. In
particular, M58 ang %ﬁ%’ %?ggi’g B TRS T HERB R Pa T aind RindSF FReBiaftacolcinetics,
and thefelére mgnsibedted io beevenpediefahtw cinstaattibgibesdbthantibody phamiacesticals.

305 xample. LG neratiomat fuly humanized antilk-S.ressniarantibadias 'EM}%@{%{ PIC/PD
To generate a fully _humamgg@g§%-lb6 receptor antibody with improved PIC/PD, the molecules

describ&@BERG REPE-crdd SRR OB OB N RSTE RO TR S (SEDaDIneacis )]
chain, Vifft¢SE QMO Ex aFinsdol owdirg et inutapzenizes (HaShienept oot g wereTorepared
which u stantregion, § . A1 hain, YHA:M73,
SEQ ID K Q%%Q;%_’géin, vuﬁga%%p%%%%?%%gﬁx% %%%@n%@%ﬁc g%ﬁa%@%é?ré’é%\é?g D: 46;
L chain, e stikegind raprsapssobans (A8 56 a3 L eReiny fisembSmgldMD NO: 44; L chain,
VIS kapphg SRl idmted haraffnitiss of Piepafiogiydd\dkneT d:dM3 3 ardibnsN8R.against IL-6
recepto%ﬁ thak of K inities_of ti- IL-6 receptar antibodies
determined ar(§ g%@ﬁﬁ?‘l E‘%'bélz%%gg ?Eé%%%%?é%@é xa%’ﬁ”fg?nr%e&higgﬁ&%%ﬁgﬁﬁgﬁ:é f)t?wfl)éér%r %%er’

BaF/gpTdo-# frElzifh hothaeonrdrdupder ot wonisst b dlaonuviroidasimstthawetiool (the
Enown (;ughsaﬁmimanﬁrdleie Jjaﬁepmamﬁxmmfwib@dje;R@ﬁ@ﬁ?nv@,aﬁamﬁk@,mﬂ V<|28Ft1-21 i
lgG1 ] in MJS 2007/0280945) (see Reference Example for met . The.resulis obtaine
de%ermir??‘%%%%%%%é%f%% |(\i/2i 25 0 %ﬁggeoa% %%?é‘% U8 a%ﬁ%%“ﬁ?%%ﬁésm%'gﬁ?%OE ’
(TéCILIZS Aé?frhég%ﬁ%lWﬁi{éms@amma@qﬁﬁﬁﬁmc@téﬁmn@@mmmmmm) and Fig. 20
(TOCILIZRAIAR E¥3rdTsh. Zn6cr 1M A3Auitha finghkr6ssmoentiation of 36,8g/mbAashavR in
Table 5 F{%-Mgu %‘dtlé\{élfM’c?S hag%c:-it O{JI;[ V\éocto three times i%:er %f]fi%/ty Uﬁ%n TOCILT7UMAB,
while FvE183 SIABIHECBE TH0PSAES hGHer SR HhEH FOCHA 2 ARSI to

measurénfigeesifinity of Fv5-M83, instead the affinity was determined using Fv5-lgGl, which has an 1gG
I-:lype constant y@eﬁ%&ﬁm&%@ﬂ%&gﬁ%ﬁﬁﬁlﬁﬂmgﬂ%@ ﬁﬁi’%iﬂﬁs%g%gé?ﬂi [Ugy). As

S nin Fig. 20, Ev3-M73 and Fv4-M73 exhibit slightly sttonger activities than TOCILIZUMAB. As
shg%n |r11nlt—e|gesibg ’E"\%Wﬁgg’ HYE 09%5&8%%%%?%@8&? fﬁﬁ%@ #hn POBRSSPEFRERS than that of
TOCILIzotbaByinstéerne 6 fE00/ intibitorgnconoehtidtion bEvE:MaRalso Sxhibitslaloutilfginfabehigher
neutralizing activity in terms of 50% inhibitory concentration than the control (the 20known high-affinity

anti-IL-6 receptor antibody). Table 5 k2(1/Ms) kii(1/s) KD (M) TOCIL1ZUMAB 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 The
isoelectric points of TOCILIZUMAB, the control, Fv3;M73, Fv4-M73, and 25 Fv5-M83 were determined
by isoelectric focusing using a method known to those skilled in the art. The result showed that the
isoelectric point was about 9.3 for TOCILIZUMAB; about 8.4 to 8.5 for the control; about 5.7 to 5.8 for
Fv3-M73; about 5.6 to 5.7 for Fv4-M73; and 5.4 to 5.5 for Fv5-M83. Thus, each antibody had a
significantly lowered isoelectric paoint when compared to TOCILIZUMAB and the control. Furthermore,
the thectBHRAMSERIRG AEHBMRTH B30 A Mo fegioNEXH-IRA R RS AR I8y SN Trytke

(GENETéGRRBOR ATt Phéyrestlisheded dhisdtthedhedteticahisaslecticneini was 9.20 for
TOCILIZUMAB; +/. trol; n X 1. for Ey4-MZ3: and 4.27 for.Fv5-M83. Thus,
each antibody hg%g%gagi%bh%ﬁgé{r% o%vgé%%%g%%%?ﬁ%%ﬁétév tlé(r)ldt\:s/lozr(r)wr ared %én‘%@é% 5AB and
the contfEHREIRAFigHIERepRaAnacokinetics of Fv3-M73, Fv4-M73, and Fv5-M83 was thought to be

impFovethydigneesimpaion 10k 3G d 20 MABaanth thicarirel of el enitapesin ihevasiabtg.region

(et S BB B0 A RS AR A b Ch VT Piopes,

of whichh%Eﬁ;Fééuld bind to HLA. In contrast, the number of sequences that were predicted to bind to

T-cell e@ppgswwgmgwwtybﬁ%@/@, Fv4-M73, and Fv5-M83. In addition, the
framework of Fv3:MZ3, Fv4-M73, or Ev5-M83 has no mouse sequence and.is thus fully humanized.

These suggest t eel p%%tg%f’}%ﬁ%gﬁ(riﬁ}%%%%ggm&?ﬁ ﬁ%] %Péegsﬁﬁi%ﬁﬁ}%%Ec%’é??ﬁsﬁwg-w@g#m-|v|73,
antf Fv5emR g g e aBihpdy f deainoc whitl Mad ] Bxaeia ipiaduss tives o fifebpinmarigied anti-IL-6
receptorRANEIREIE IRk eYSREACHOLT QGHs IEIMAB:: the £omsToh EXGMIS A UAtMIS, RRddGy5-M83

was 15intr. ously,administered once at a dose of 1 mg/kg to.gynomolgus monkeys td assess the
R AR R P A B (o RS BB AL RRS o A s

time courses o ?ﬁelr b}ilgs%
concentratidnl aieb g ouhsEs e TG Ol BTN ARSI NTSit Bed i PB;rauneF G- Mahpitebinttasieigus

adminisy QR 3R SNAWME L5 rddien gsuILstowsd that sach et RYlb i Eﬁ(%gﬁﬁ%oﬁﬂg{éd Fv5-M83
bited Bﬂ%lﬁcaﬂt%{gﬁgmved harmacokinetics jn cynomolgus 20 monkeys when compared to

e

TOCILIZBRAE SIS tHEZSriPsP SR B 73 A AR AR A0 SRESHSUTSBAPRNG GHSH BV ed
pharmaeoibieticd edherresimpared to TOCILIZUMAB. The efficacy of each antibody to neutralize
membrane bound EYREMBIRUEIReNaY st un FPCRBIPTNAR ASEES P CYRAmAaUE AkeY -6 wes

administered subcutaneously in the 25lower back at 5 jig/kg every day from ay 18 after
antibody STER TR IEy $1E987 TEPRIHECTI> SRR e tiBteRb Corrlentransmaedon
animal wasi gietetwinketi@dchenisaliyery (shesRiefe reDteExamfilesfo proesinod) whhe imesonsse of CRP
consentialian alteradminis len:aleach aiPan IS AoWRINTRin%, 18453895 B sficapy of each
antibody to neutralize soluble cynomolgus'monkey IL-6 reCeptor, the plasma concen ration of free
soluble SBRATBIHO RS HORKEGSi -6 receptor in the cynomolgus monkeys was determined and
percentage of salublgpk-& receptatideubalizaiiariviecaleiiated: (SRr Referepee exanmpla for
method%&ﬁ%@gtﬁgw@e of percentage of soluble IL-6 receptor neutralization after administration of
each antibody Is shown in Fig. 23. _Each of Fv3-M73, Fv4-M73, and Fv5-M83 neutralized
membrane-bourfilEyREHBIGAREE Aifeding a5 fd cdsipimveis pas asmvraseinayche sdpsrassed
Lheﬂncrehsecﬁisﬁﬁﬂég\f@ﬁ armae@efi@@bwngm@wmﬁ%ﬂﬁpammlﬁtéi\fﬁ%é@ms?@qu@ Q%@Q@d
nown high-affini ntizlL- epter antibody). Furthermore of Fy3-M73, Fv4-M73, an
v M S B L BE ol 0 e P s e
suppressd bHetiEr 048 0 frevcadiuble vdtolegisnmtke P Nicersedingraovestaio negomendd when
comparegktochDEHISHMAB R Gonttel Fhbese; indinos drmansiaiethatralkofify3sM i
Fv4-M7§1b H(Ijnl:gg 83 arez%ﬁi%o&lg %agtaami?gs he neuté?lizstion of membrane-bound and soluble
IL-6 rec&ptors than TOCILI ANS TS Bt oP Bk AR M VS RFPFEAGFY AP alet 8arkably
supfériomarseiskliting the neutralization. Meanwhile, Fv5-M83 suppressed CRP and free soluble

cynomolgus monk&s dksGLeRMALMOB-SIRRAMEEHEY HNL 3 aRd EVA-MAn T B LypM83 is
considered to beﬁtron%%%%r#} -M73, Fv4-M73, and the control (the 10known high-affinity anti-IL-6
i

receptor ahtibody) it f S Y ESI0E S SomEYF R A L GRERIEISd that
results intdvinsiofveyrbin otgisnimn keys: pefiecothestro alyeg affitity DNERYBaMER-foad Hechegeptor and
stronger:piplagicabagctivity REFva-M88 inLihe %&%&Qz&%?}é %ﬁﬁ%{@&a&l%&%ﬁﬁ?gf%ogm

Tls-gi?se findinggq%u% esbthat Fv?g 73 and Fv4-M73 are highly superior in sustaining eir activities
as’an arfthbe: %18 HBIBFHAZIRGCEHRHEYS I EPESTPRMEES Feng MmN A recadingsmtlel, and
thus enablgnasighifitaiyredatertiwidasatesid ehlehapqf-adminigttatiaretadihermagi&vs-M83
was demonstrated to be remarkably superior in terms of the strength of activity as an anti-IL-6
receptor-neutralizing antibody as well as sustaining their activity. Thus, Fv3-M73, Fv4-M73, and
Fv5-M83 are expected to be useful 20as pharmaceutical IL-6 antagonists. [Reference Example]
Preparation of soluble recombinant cynomolgus monkey IL-6 receptor (clL-6R) 250ligo-DNA primers

were prepared based on the disclosed gene sequence for Rhesus monkey IL-6 receptor (Bimey et al.,
Encambl 200R Nhiicleie Acide Recec 200A 1an 124 (Databace icecrieY'DNDEEA-A1Y A DNA franment



(hereinafter clL-6) was obtained through further purification on a Superdex75pg26/60 gel 10filtration
column (GE Healthcare Bioscience), followed by copcentration with Amicon Ultra-15 Ultrace1-5k
(Millipore). Preparation of a known high-affinity anti-1L-6 receptor antibody An animal cell expression
vector was constructed to express VQ8F11-21 higGl, a 15known high-affinity anti-IL-6 receptor
antibody. VQ8F11-21 higG1 is described in US 2007/0280945 Al (US 2007/0280945 Al; the amino

id f H chain and L ch tforth | ID_NOs: 19 and 27, respectively). Th
ntibocy VAT CTEGON A ORSIROLIAS B9 ST B S LOHEEH S SFnER BN DRhs

(assembiscRERINGBAMAasniBethasitne) dunstardctogioputTdne :anitibndyd/drtadite and constant regions
were combined pRIgqeiie by SR ECR AR ARiNSeranin AR AN Tl £l RAEssion vector
eofl

to construct expression yectors for the H chain and L chain of interest, The nuc de séquences of
the resu‘i’i‘ﬁg‘ BLIBAARRAYEs WP Filoa By thedRay kisirmbsdiisls sihes AHRe art. The
high-affif{iyisest-laBstecepioy)arii ad yvgibae midtoo aahi eviatedhass Eoriin Vpaka ek Pasted and

purified yging the, GRSt %@aﬁi%ﬂéfssﬁt‘;%ﬂg g%ﬁm%ﬂ”%%%%gégﬁ%ﬁﬁ%%@g%& The IL-6

Assessment for the biological activit human gp130 ]
recepto@ﬁ‘é‘ﬁﬁ%@iﬂ@’a{éﬁgﬂ {fad %ﬁg sEOGERY e endRiopb XpinehRsesrhatesmerigetions -6
rBecFe g/tor(—t;ﬂ@ ac?énamm NAftes Biceeciasbes (}nﬂhslﬁemgﬂsﬁcgggsymiﬁmemwggﬁm?jis]
a n : e ml or
gpA30gplls 8’&9%?&%%?:%!@%%% %Zﬁ%%%l%ﬁl HOLNR dg%gnﬁgé{r%@gﬂr%% RIS

60 ng/ml human interleukin-6 (TO concentration 0 , respectively),

apftopriche Bassimrstisembinarismlb athisred -eieeslrerqpraie), hedipofrmBssting QR
suspensiorisiutefie eispepsad (&A1440ne!13dnt0 98-k PlRe (G RNINGIRbes, dheppseifiediantibodies
were dilyt ith P ining, 10% PBS..and adde a ell (50 O/well). The cells
were cu?tilf]er%é\ll\%gti's%@}ﬁQ@e%ﬁé‘gfggtﬁ%rc%?géno%}?%%%{?gggégh (&%@%ﬁgﬁv K‘IJF-%?ESC%}EIUO 60
Laboratoiedpsyad diidted ot witkRBED exirae mgtbhd atiet e likef the reagent was added to each
well, the absorbange ab4bAdybiEafRIenErvaNalenIty SIS JIBABHEthS GSHNRIRE

CLASSIC (TECAN)..After culturing far two hours, the rbance at 450 run (reference wavelength:
65@ nm)CS\}gaes‘l';t %(Qas)alrlgc? }%'Sfﬁ?aﬁ%?%%%&a@p &F %tgﬁ?%%s Ag & ’S%Ja B&LBY using the change
of absorisariéeraanitipaddlisaneparatingid cacsiudi foorethatedsforatpdisdishindinguto edaeceptor
Antigen supibathhraarionidastic s IvasiBoabres winehRiacors 100G E-Healthearek s
512344-an&b dy interaction. astmeasured by im biligzingﬁa ropriate amounts of anti-IgG

100y -chih B O FE 5T BHes U Co BT HIT by AR COSHARE mEAIE B dEr Ses of
interest ertorthecdhip, dicBiH/P4pwin Ahend Brvtirig {5.-6ffectaptbra@RBst audijyistedeac hanyarious
coment%gt%ﬁﬁgﬁﬁ@ghglﬁggggmrﬁ%% I measurements were carried out at 37C. The

kinetic parameters, association rat nstant Ica (1/Ms) and dissociation rate constant kd (1/s) were

calcuIat%%%w%%%@&%ﬁé%%é%&%%%ﬂwgmwrRﬁ%ﬁ)%ﬁ%@termined based

on the rate conslamtprebbmet respaotvelparaimetarsmahediciermipesvigingBiadoweabilif9 fmdiuation

Softwarg 4@k Healihsaraini/ E’d}hb%ﬁe“&@?ﬁ%s @f@%ﬁ&%ﬁﬁﬁ'ﬂ%%‘g&&ﬂéﬂ M Eéo%ﬂf'&%’%%%nmp-
20The plasma concentr n

and free soluhle IL-6 receptor in mgonkeys entrations in Cé molgus monkeys
were detBFiim By ERSNTEMYE RettdurttsctmesosRidA M artleG2) rith eanthentration of
CRP wasndetesoiine dihitmethadofithtept anatyinee(fiBAFG20Ro g hibdbbiBdiesiBystams 4ajdising
Cias R GRIHIANTER, CHEMICANSG Qed NG hndilS RlASIIBERNES IR 168 Ol IgE SRS 8(%‘%0'9“5

t
monkey IL-6 rege{qtor in 25cynomolgus monkeys was determined by | rocedure agescribe _B%Iow.
All 1gG S tHBEHEERy AGhai ResTHBNKE RAEitishi i indha £ resehorastibem) iatkeamirmanih 1L-6
receptoseqitied wBEEQ BNl monkeydixé eeptasdomplaxyiftbephasmaiweareadsorbed

onto Prqigi i ) lgus monke sma on n appropriate.amount of rProtein
PRI o e R R R P R
sohttion for WS SpTRPREH Wk Asgh BRIy Atspamdted ntrifbg sulesdbitian eas bohsioryedafpassed
through etherse) wicsirthatpassestibserahisdResebcdiain PRI A-Beunthant iman G seceptor

antibody:gplubl nomolgus monkey IL-6 receptor complex.,Therefore, the ¢ tration of free
soluble IL- _eﬁel%gesét)érr r(:earlil%%gd%?e%%ﬁ}}%%ﬂ BS* e ﬁﬁn‘aé{ﬁ?g%lot%%e ’f‘i%ﬁi%etglcgflsocfl)&%g]gﬁﬂﬁmlgus
monkeyIR&i8teceptor in the solution that passed through 35Protein A. The concentration of soluble

cynomolgus mormkeythsénteaeRibwaR SRIRIRIRETUSING Fomethedinewpdehess skilled in the art for

measuring.the concentrations of.soluble .61 human IL-6 receptor. Solubhle cynomolgus monkey IL-6
roaaptor (L G B BT 42 AL RELT BR e A T 2 PSR R JEREERRRSe of

soluble Hyséerageisterhposradinatfotporstonal dalatebiets follunhaygnfospsidm) Fred/soliislet heSitieae ptor
concentration after antibody administration x 100 5 Soluble IL-6 receptor concentration before antibody
administration Industrial Applicability The present invention provides antibody constant regions
suitable for pharmaceuticals, whose physicochemical properties (stability and homogeneity),
immunogenicity, safety, and 10pharmacolcinetics have been improved by amino acid alteration. 62
CLAIMS 1. A human antibody constant region with reduced C-terminal heterogeneity of any one of:



(a) a human antibody constant region that comprises deletions of both Gly at position 329 (position
446 in the EU numbering system) and Lys at positigh 330 (position 447 in the EU numbering system)
in the amino acid sequence of SEQ ID NO: 1, wherein the deletions have no effect on the thermal
stability of CH3 domain; (b) a human antibody constant region that comprises deletions of both Gly at
position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in the
EU nu ring system).in the amino acid sequence of SEQ ID NQ: 2, wherein the deletions have no
effect o @ﬂ%&ﬂ%ﬁm I&W?Beﬂ’fﬁiﬁé’%ﬁam%mﬂ I HSGAPEERSEE (b that
comprigés(ib|stitnstbé:bothnB Igcatsp o Stionyd2 6 positio ncdd Gftartheb Eltuiomberingaystaar)vand Lys at

position; 327 gpasifieR.f AL IR g RN mpﬁér@yéxﬁtﬁ&%deﬁhgfﬁggmg%nﬁ%ﬂggﬂ%ﬁ OESERJR NO: 3,

wherein_ the deletions_have no effect on the thermal stabilit 3d 2. The antibody

constarfPFégid AR 2 (b mmRitficrethe ARfMBCHReds af BSsmBaay g inasr 8du5Hene EU
nurhbering iRyBtértpragéhépostioncddiptivdhehEd bepnblaings ygidna)betitb{posit dongd3B thdhe EU

numberj el 6 itian.3974p.t Js ' t (positi '

B e e L ey
numberfH§ &/BRSIHP O HRisHEM 137 iR BrfEUPHIREERS § Sl AN/ 2 Y pbRAMHIP2IS T the EU
numberipgsEisieIny have: e ngybsti ith piles amine Asidsqdkntbe Bl Konst ion of
Cam L {5t e A QSRR T PRI ST ) o g 44 postr
131 in the EU numbering system%, %ﬁfﬁﬁo& ion %3% m_tﬁea@{} numbering s%%er%?@%%%& ion 219 in
théOEU #elnsnedinysostarie. du Mssiitnsied miHaseneys fentpde g uysteny method dpemitheA 138 in the
Efli rIIU_mbierm S5 tﬁ,mr)] laﬁmec Q@@m%&@&i@tﬁfaﬁl&ﬂﬂ,_gm@f ﬁi@_m&a@ﬁmﬂa&g@%@mme' VaBERSEARY region
of clai whijch the at position osjtion | umbering system), Arg at
positor TG AN o T TR A Spah e R T B T s e e
numberifd&yetsf; GRramgobiibeioggnssiY on 2iBntes therE Uelriipb efifgeysinrh ingep atidasition 21
(positioanlB&indhestakt ReiRRring system), His at position 147 (position 268 in the EU numbering
system), Arg at.position 234 (position 355.in the EU humbering,system), and Gin at position 298
(b0 419 i 1HE EEPRMBETI SpSRIAE BELH Sh ekt DA AR SO GRS 5. The
antibodybhstamprss hectepaiiiel¢bng fiyhichotis @yd2at(position 44 (pabitibh) 18Mnirethg EU
numberige: S¥Siamm)L A AHRARNCIDE GRARKOMN 133 iRetRe EHMRReINdSY SR 16 abRgsilion 102
(position 219 in the EU nymbering system), Glu m 0 (positjon 137 in th numbering
eter B SO OHESE OSA TS E LT BONIG Syot i b R AR (posion
268 in_t_hﬁfﬁlﬂmufnbmisgs;eﬁbpd%(rgempg@iﬁ_ﬁm 284 (pasiticy 855rinithe cE‘lammm beildng system), Gin
atppsitionaatdpesiiand’a dhe st aurRarag sysismh 00 ASRIRASHION GG B Sion 434 In the

EU 63a numbgrlng systém) have been substituted with other amino acids. 6. The antibody constant

region of CIZHPAFE)SiRVRIATER ARG P P AR 00 RS B 84 SIS T4 RRFANE SYRTRMD &iRY
system)gSisitionti; ko CoiRrioiig 1H0AMAR) 408, tQdemrcb IR (D3NN 231 TH3andASd 138, 214,
217, 219, 2405383808205 & FARLMPETRGSYStemJ sepaRtively kA RASILNS 413, 114, and

115 (positions 233, 234, and 235 in'the EU numbering system, respectively), have been substituted
with oth&FaRRifo ACTHS; U HbranMEERaR AT B WPdSEIPS SesH R B URHSEINE system)
hazsbeervdelgigd fo7 imbsanighbd phansteskiregianbef eibsmtdtidy) aininwhichdAld aiEDsbinng209 (position
330in tli)g g>numbering system), Pro at position 210 (position 331 in the EU numbering system), Thr
at positior% 18 (position 339 in the EU numbering system), Cys at position 14 (position 131 in the EU
numbering systém, DAGEFEE BUSRIRD ES PRSI s EUnpRIRIBBg He Ssrarasolipsigsdsiion 102
(positionR iy thenich) diunpsbifige Sysiemdukstinatosition 30s(ResitioNELRER), thegkl yambering

system) r-at position-21 (position .t W numbering system) have been substituted with
other an%%%@?%g%& g%a(fd)f %Igﬂlslt?n% (:gl%?i\%fl%laéﬁﬁgj& ?bigrllr%%vrﬁllé 18%: %?Blélgllﬁgn 4 (position
1380in tREIEID HiAISGHARE Sy, ARG\ Bosition TE T (oS sPe i s HombRImgTsySem), Cys
at pobsiti_m %ﬁ&ﬁm@ﬂﬁ%@g&omﬁl_&&ag?wﬁBagwiémb@rﬁ{@p@g@@mﬁgng%ﬂi(ﬁm 'ﬁﬁiﬁ%&% the EU
numbering system), and Ser.at positio .(pasition in the numbering system) have been
eSS S R s S e R
sequen®aiorBEGY [Ned 5100V ubstintetiboti(sboresthiis pégionmtcom ArisigA6® diimboadiog
sequenge Qfsaf®@ IRANLU 7551 larft bunTaP GRLRGA RASIENY ragigD Comprising dhe amino acid
seguence of S ID NO: 9. 12. A human antibody constant region comprising the amino acid
setlience of SECTPNGBEVEHR AR IBARS o PR Ed R ST KPS S D acic
sequencsttf@EQVIDCIE spmpaisAthe semod stibsdytoun dtemetrsgidihooohhprEIné themanidgGitid sequence
of SEQ ID NO: 43. 15. A human antibody constant region comprising the amino acid sequence of
SEQ ID NO: 57 (M40AGIC). 16. A human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 55 (N/186AGK). 17. An antibody comprising the constant region of any one
of claims 1 to 16. 64 18. An anti-IL-6 receptor antibody comprising the constant region of any one of

claims 1to 16. 19. A pharmaceutical composition comprising the antibody of claims 17 or 18. 65
ARSTRACT The nrecent invventore criccaeaded in imnrovina the antibodyy concetant reaion to have




Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro Lys Asp Thr
- Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys 13013 §.4O Val Val Val Asp Val Ser His Glu Asp Pro Glu
Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165170175 Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 Lys Ala Lea
Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220 Gin Pro Arg Glu Pro Gin Val Tyr Thr
Leu Pro Pro Ser Arg Asp Glu 225230235240 Lea Thr Lys Asn Gin Val Ser Lea Thr Cys Leu Val Lys
Gly Phe PYF8REFEE S-S PRYIGEE R AR 2ol siienep of 0 QMR IHH v M Elu ABRE 380265270
Asn Tyrdfysrithe 3tid RfeRubMabtieniAspt erkamthyiatddhedke2 /628028 h ea AriSer Lys Leu
Thr Val S inGi - X : r Val Met His Glu Ala
Lea His%eﬁg'T%%gg%?%&%%%%é éﬁ%ﬁ?&é@e@%ﬁé’f@eﬁ} {g%%gé%%?gg E%@%%%é? 212> PRT
<213> HIBHRS S8 prat Saptse P SepyRf Ppdre ot S ubsHEPPRS g tharacPrPEsR Ber Arg
151015 HevdldeSeibaduiSer Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro

Val Thr f c Gly A . 5,.Gly Val His.Thr Phe Pro Ala Val Leu GIn Ser
Ser Gly %@Lﬁ%ﬁl @%@%eue@%%ﬁégié%ﬁbg% or &7 As ﬁ‘ejfcfﬁ/ hcrc}&ﬁ]aﬁlhr
6570758817 Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 [hr Val Glu Arg
Lys Cys Cys Vafi&dipfeyenPriovBigda b raldtka By entBHT1 GnpiyvhauiMeinbenaesiawenthibPie Glu
Val Thr Cys Val V I?/I%[CAS%X%S;’,O&Q%MOX% Ssgﬁilt—hg C%{LSJ Aéﬁp PSE%; Glg \;3@1&5&1& Asri '%g Tyr Val Asp
Gly 145%@%8[1 Ié\a]{?a Gl . q? IS s?n_ aLys hr%_ys rop,&rg u (lsl in PHE A& 5170175 Ser
ThrlPhecapgtararvaips spmarisng therapany afidiscGisrsp T HE D01 B51J0 LeboemnGly aysnGhgityr Lys

Cys Lysavtat Siesshemiby ss@bt bawidie-kOh20Rd0RAlavRrOsI8 stiiansid Aitdle BeirdysdT hritys Gly Gin
Pro Arg Gl 2%02]13{2?20 Pro. GlIn Vgl T¥r Thr Leu, Pr%hPr' Ser Arg Glu Glu.Met Thr Lys Asn-
A ah &

22523025 Al SerLey Thr Cy¥ LBFVENS price et s 28255
comprise other steps of amino acid substitution, as long as they comprise the above-described
step.

15 The present invention also relates to methods for improving the pharmacokinetics of an

antibody and reducing the heterogeneity originated from deletion of C-terminal amino acids,
which comprise the step of substituting Asn at position 317 (EU434) and deleting Gly at position
329 (EU446) and Lys at position 330 (EU447) in an IgG1 constant region comprising the amino
acid sequence of SEQ ID NO: 1. The type of amino acid after substitution is not particularly

20 limited; however, substitution to Ala is preferred. The methods of the present invention for
improving the pharmacokinetics of an antibody may comprise other steps of amino acid
substitution, as long as they comprise the above-described step.
<Methods for reducing the FcyR binding while maintaining the human sequence in the [gG2
constant region>

25 The present invention also relates to methods for reducing the FeyR binding of an
antibody, which comprise the step of substituting Ser for Ala at position 209 (EU330), Ser for
Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2 constant region
comprising the amino acid sequence of SEQ ID NO: 2. The methods of the present invention
for reducing the FeyR binding of an antibody may comprise other steps of amino acid

30  substitution, as long as they comprise the step of substituting Ser for Ala at position 209 (EU330),
Ser for Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an [gG2
constant region comprising the amino acid sequence of SEQ ID NO: 2. The method for amino
acid substitution is not particularly limited. The substitution can be achieved, for example, by
site-directed mutagenesis described above or a method described in the Examples.

35 The present invention also relates to methods for reducing the heterogeneity originated

from the hinge region of IgG2, methods for improving antibody stability under acidic conditions,



Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys
Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290205300 Ser Val Met His Glu Ala Leu His Asn His Tyr
Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325 <210> 3 <211> 327 <212> PRT
<213> Homo sapiens <400> 3 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Gly Val His Thr

Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser
Leu Gwﬁﬂﬁé?w@%ﬁ% Y?‘rﬁf?fg}%%%ﬁwa&%%?a%%rmqasﬁlw Pgrehods Adp Lys

859095 radgdited BRIFSER bysifyr GlynPeaiBod Oyl Bf ovRike CysutiecAln £y o0d0RLL0 SibRhe Leu
Gly Gly gglgg?ﬁ%%é’Qﬁh@%’@@%ﬁ%&@&&%&fﬁi@é&éﬁ%ﬂé&@@%&%% Vet lle Ser Arg Thr

Pro Glu Val Thr Cys Val Val Val 130135140 Asp Val ! ' al GIn Phe Asn Trp Tyr
Val Asp(il@i%igg%l@ﬁ RPsfiEoR 3P (arsiaion ARS [y the fl pumheringseTir o) dnchs prina 6siE70175
TrpbLeusAsmetily ¢ySERIGITW(-yEs Wiyl dysthéabbtidstid;,ys Gly Leu 195200205 Pro Ser Ser lle Glu Lys
Thr lle : ly. Gin. : re.Gln Val Tyr Thr.Leu.Pro Pro.Ser Gin Glu
Glu Met 1%%%@%%%(%%%%%6%@? gn@%@?@%ﬁgﬁ {%%%glxgysg %??“ gﬁletglﬁy?rﬁlr% {élrég\sp
245250988 8RR VE(GR Wiy & hidernoies goeng p6iGIu Asn Asn Tyr Lys 260265270 Thr Thr Pro
Pro Val (e yvbsirSere/ T &lycseiona Phedidunlys Seariy 528028 Meplsudhy MahAsminssaSar Arg

eSS SR L s e
Artfficial dpobstisntne Mef attnsising yitpesiéen sdiftindhaeElionun berpasysiam) Se thrantipe &hdPro
Ser Val £gadiee sLSBAIaIPTocRer ek histA&laihSesidhr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val
Lys ASp(J)stu%%é%%g Cys at position 14 (position 131 in the EU numbering system) in the amino acid
' sequence of SEQ ID NO: 2 with another amino acid;
() substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
15 sequence of SEQ ID NO: 2 with another amino acid;
(g) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(h) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
20 (1) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid; and
(3) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.
The type of amino acid after substitution is not particularly limited; however,
25 substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Val for Met at position 276 (position 397 in the EU
numbering system), Ser for Cys at position 14 (position 131 in the EU numbering system), Lys
for Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102
30 (position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)
are preferred. '
The present invention also relates to methods for reducing the heterogeneity originated
from the hinge region of IgG2, methods for reducing antibody heterogeneity originated from
35  C-terminus, and/or methods for reducing the FeyR binding of an antibody, all of which comprise,
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M86AGK),



Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala
Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Sgr Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly
Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 10
Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg
Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp Pro Giu Val Gin Phe Asn Trp
Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
1651701}1?53@8? r Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly

Lys Glu(@ystbysii@ysel jiz iabGeti ds A0y &GlyidreB3Rrin 195 P00205 tReinB ey dtent in kiys ThintaSer Lys

Ala Lys Gly Gin Pra N@@%ﬁ?%@ Q GinVal }'&/r Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
Asn 225530058 340 11 ga Val Gl T Oﬁi{l Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270

Thr Pro®tSUPSHELHARE SEPosiion |§71 @%H@@ﬁél ESanimenng 356288 Inslieraninalasish Lys
SefArgstgpdade GiBKEHAINY A Rhk SenieyamBe2as300 Ser Val Met His Glu Ala Leu His Asn His Tyr

Thr GIn 0,5erle 0} 325 210> 5 <2 24 <212> PRT
<213> A(\I? ?u% | <22 H&%%&Og%k%%a%tl c?aql{m slflyt/lﬁt ?é%i{)zlélﬁ%e%%e se%%%%ey STZ?BJB 1388 i Ser Gly
Gly Thr%&%‘%%lﬁ’é@@@@ﬁ@e@n ‘V’éhl?;‘@ RPEYN30 Phe Pro Glu Pro Val Thr Val Ser Trp Asn
Ser Gly BlatstithtinSey3a4pdat oty qubh&ﬂm Pheniie BlaMahbaihe iy ah Sarikelwrhets hyjaSer

505560 V Pro % [ Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn
Val AspJE e@%&fé@i IX é‘hr‘ﬂ/s A A 95 Thr Val Glu Arg Lys Ser Cys Val Glu Cys

PrH)Pro(e};ﬁélb&TémégP%glﬁmsmlﬁr@Wmdiélymﬁb@ Ebrvanparing epsehe Prépaminsaeid Lys
Asp 115206 dhskeuVEoie Saifasott Bradsluckal Thr Cys Val Val Val Asp 130135140

(D) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(g) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
15 sequence of SEQ ID NO: 2 with another amino acid;
(h) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid; and
(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.
20 | The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser
25 for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering systen), and Gly for Ser at position 21 (position 138 in the
EU numbering system) are preferred.
The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
30 amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.
The present invention aiso relates to methods for reducing the heterogeneity originated
from the hinge region of IgG2, methods for improving antibody stability under acidic conditions,
35  and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which

comprise in an IgG2 constant region comprising the aminoe acid sequence of SEQ ID NO: 2



13 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val
Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185490 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
Asn Lys Gly Leu Pro 195200205 Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu

210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val
Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly

Gin Pro@y]A%@s%gg{ I_l%/s Thr 260265270 Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
Tyr SerLy ¢ %fér Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu

3053108058betBHmMeM S @t Praixa1 D264 potition 398 wh2-EPRimbBE: B Aytificial i 2RO 2B Amidn

artificialls sysHbeszeapentide SeqsensR FAPOR 8 Sgiger Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
Pro Ser Ser Lys. 151015 Ser Thr Ser. Gly Gly. Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530
phe Prd BRIV V%@élr“ﬂﬂpigﬁﬁ% é&ﬁ@@éﬁﬁlﬁ PEEPSBABILEHNAIIASTHIBRE Pro Ala

ValbLeusgincder SESEEN D2 Bith 506680 atinyacihr Cys Asn Val Asp His Lys Pro Ser Asn Thr
Lys Val géfo&bxﬁ\@élﬁgg% DrpbekdEiA S dEone A MRl ﬁ%%%gr{g%?s%t%§ i%rﬁlt%‘ﬂgri%[é)aﬁi]cri Lo

100105 Pro ro Ser Val'Phe Leu Phe Pro Pro Lys ProLys Asp 1151
Met Ile é@”ﬂ?ﬁﬁ‘fﬁ%@ BN 2t R0t GaNYRPASH 130135140 Val Ser His Glu Asp Pro Glu Val

GlIn PhedysubitinTimd\ Gy e Giyidd 505 (HE51E0 218l (G ihd/BUHismisniAlsbysTinlie Rinbrg@lu Glu

Gin Phe, 1R HAATS R N Fhe AnAl Yal Sk yal Leu Thr Val Val His Gin Asp Trp 180185190
Leu Asn%ﬁ%Lys GI% Lys Cys Lys Val Ser Asn Lys]; GI% Leu Pro 195200205 16 Pro Gin Val Tyr Thr

Lel? Pro@riPaiatigesaivaherrgion s L (rosiam bk b ptssBlrumbsinssusiesy) Thibe yarina avid] Lys
Gly Phesdgueiive SR RGO 2260R abotleriatiGduadich Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys

Thr 260&? ?@g&ﬂ%@’ LPLP p%?iltib?llﬁ'f‘ E;E’ogﬁcr)ﬁo‘ %Qgeihl ﬂ?éa E%hfugl gnlﬁegusgfrs%nslﬂn"%se amino acid
sequence of SEQ ID NO: 2 with another amino acid; and
(g) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
15 numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2,

The type of amino acid after substitution is not particularly limited; however,
substitutions of Val for Met at position 276 (position 397 in the EU numbering system), Ser for -
Cys at position 14 (position 131 in the EU numbering system), Lys for Arg at position 16
(position 133 in the EU numbering system), Ser for Cys at position 102 (position 219 in the EU

20 numbering system), Gly for Glu at position 20 (position 137 in the EU numbering system), and
Gly for Ser at position 21 (position 138 in the EU numbering system) are preferred.

The present invention further relates to methods for reducing the heterogeneity
originated from the hinge region of IgG2 and/or methods for reducing antibody heterogeneity
originated from C-terminus, all of which comprise in an IgG2 constant region comprising the

25 amino acid sequence of SEQ ID NO: 2 (M40AGK), the steps of:
(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
30 (c) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(d) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
() substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
35  sequence of SEQ ID NO: 2 with another amino acid; and
(f) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU



275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val
Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys SerLeu 305310315320 Ser Leu Ser Pro Gly Lys 325
<210> 7 <211> 324 <212> PRT <213> Atrtificial 17 <223> An artificially synthesized peptide sequence
<400> 7 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly
Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn

Ser Gly AIaJE§ U Thr Ser 354045 Gly Val s Thr Phe 0 Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
505560 THT EEPE &Y VRPVAFRATHVAY Pyt S%Weﬁﬂ?%ﬂ FE8767580 Tyr Thr Cys Asn
Val Asp His Lys Prot8er #{smiiftwr dojd afmrAsbstxystﬁEQ@%ﬁﬂmﬁmmly Bkrgth&s}ﬁ%@ys VaI Glu Cys

Pro Pro &M&E&ﬂ&@&@%ﬁf&%}é]&%aﬁcﬂ‘i \}ﬁb’oMﬁBM SLATG Eﬂrfﬁﬁb@%g%% : 51 Va' val

Asp 130135140 Val Ser His Glu As he Asn Trp Tyr Val As 160 Val
Glu Val £8 ARPAiep O trpsins A&? @%ﬁ?@h?%%iﬁ%ﬁ?é%@g@ﬁ PR 1A VaI val
SersVal {pesifibn Va9 Uathd BIGimAa s $80185GI0 foe GAsa Gdyitiys ﬁ]l@p@ﬁi@iﬁl@?&i_&& ¥al Ser Asn

210155 B eV Fy L P POt A ok Gl et Ty R BBEB N8B cin va

Ser LeuaT‘hP’éﬁ%n‘Leéu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 19 Thr Pro Pro Val Leu Asp Ser
Asp Gly Ser PhRipreeniiyrdaoh uha 7526028 mahbdhrof abAsmbymBes Ay Beldsi &ireEin Gly Asn

e amaR R i S i T el
artificialfpeiodies s peipade ifiniidie cpit s nigimded fipm/S-Grinassel Varbisd Feppise Ala
Pro Seribenliys2%b83arbesgldt derfnking ihd Afida Adailetely S VAN ARD §) 1202530

steps of:
(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;

15 (b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering systen) in the

20 amino acid sequence of SEQ ID NO: 2;
(e) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
(f) substituting Gln for His at position 147 (position 268 in the EU numbering system) in the
amino acid sequence of SEQ ID NOC: 2;

25 (g) substituting Gln for Arg at position 234 (position 355 in the EU numbering system) in the
amino acid sequence of SEQ ID NQ: 2;
(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2; and
(1) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU

30 numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.

The present invention also relates to methods for reducing antibody heterogeneity
originated from the hinge region of 1gG2, methods for improving pharmacokinetics, and/or
methods for reducing antibody heterogeneity originated from C-terminus, all of which comprise
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M73), the

35  steps of:

(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the



20 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr
Val Pro Ser Ser Ser Leu Gly Thr Lys Thr 65707580,kyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr
Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu
Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser Gin Glu Asp Pro Glu Val
Gin Phe Asn Trp Tyr Val Asp. Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
GlIn Phe®REHCF PRECS§E|S MR £ys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro

1952002 SlentiBeinkel @l fdrySrEat HosBiem )6 (Atsitips Gy GirhP U NG 2E034R220Ptie GIn Val

Tyr Thr Eﬁ%@%ﬁ%@ﬁ:ﬁ@ﬂf@@ # MeL hbr Lys Asn 225230235240 GIn Val Ser Leu Thr Cys Leu
Val Lys Gly Phe Tyr Pro Ser Asplle 245250255 Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn

Tyr Lys ﬁﬁ%%%é&%é%ﬁ?r&wm%ﬁ%d%@%ﬁ%léw Bhapnkerias Tieeringae
2752802861 ceaciBhelisdndspillYBGED AQ: Tp GIn Glu Gly Asn Val Phe Ser Cys 290295300 Ser Val

Met Hi . ! ! Thr Gl r 5 er Leu Ser Ley Gly Lys 325
10s 8 D B D S e S B e
sequen@@dxpesidsaanenes o EQIB N Pré:Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr

Ser Gly @)yTistiAtan| GlyeorGht @ysdsiiol 3l LysshtimTRRA0 2688 B hakber bl peeMaldine Val Ser Trp

Asn Ser G| ég%ié%%@f’%e?rf%@@ﬁﬁ%\é?l His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
505560 Leu Ser Ser Val Val Thr Val'Pro Ser Ser Ser Leu Gly Thr Lys Thr 65707580 23 Thr Val Glu
ArdlLys Eerubsiiniadilndysbisrbresttipn PAJ Mastismdl osthedProveieainasksere Sethival Phe
Leu PheaRdiadieid yegReack vs A0 1105120225 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val
val ASpé?%‘és?%ﬁﬂ"gng Gln for Arg at position 234 (position 355 in the EU numbering system) in the

amino acid sequence of SEQ ID NO: 2;

(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the

15 amino acid sequence of SEQ ID NQO: 2; V
(1) substituting Ala for Asn at position 313 (position 434 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2; and
(j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.

20 The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.

25  <Methods for improving the stability of an IgG4 constant region under acidic conditions>

The present invention also relates to methods for improving antibody stability under
acidic conditions, which comprise the step of substituting Arg at position 289 (position 409 in
. the EU numbering system) of an IgG4 constant region comprising the amino acid sequence of
SEQ ID NO: 3 with another amino acid. The methods of the present invention for improving

30  antibody stability under acidic conditions may comprise other steps of amino acid.substitution,
as long as they comprise the step of substituting Arg at position 289 (position 409 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 3 (human IgG4 constant region)
with another amino acid. The type of amino acid after substitution is not particularly limited;
however, substitution to Lys is preferred. The method for amine acid substitution is not

35  particularly limited. The substitution can be achieved, for example, by site-directed

mutagenesis described above or a method described in the Examples.



Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn
Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165139175 Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
Leu His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195200205 Ser Ser He Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu 210215220 24 Gin Val
Ser Leu Thr Cys Lou Val Lys Gly Phe Tyr Pro Ser Asp He 245250255 Ala Val Glu Trp Glu Ser Asn Gly

GIn Pro S n Tyr Lys Thr, 260265270 Thr.Pro Pro Val,Leu Asp.Ser A ly Ser Phe Phe Lou
Tyr Ser@%@?@i@%ﬁg cél){pg'l%? {}%%%S‘fifé’ %%%F‘g rfg mdéﬁﬁi (&Ifﬁ Aésﬁeggsf%ﬁﬁé@gf’ é%/g S
29029530 025K PEFIREIRREOBTU Ala Lou His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu
Ser Leu <210> 1ResakicnBaR emibainRREIsRE 35 stificial r52 20632 3 A aidifisially synthesized

peptide sequence <400> 10 .25 Ser Thr r%l C@{ T%I%r Ala Ala%P uGly C skgu \gé/ﬁg Asp Tyr
202530 PRE Bl LiePre URITHE ar'del 1%66 45 Ch RO HHpsoie | His Thr Phe
ProSAla N b@in Gy Sur surdd ys a pmji Ser H05560ive ¥ SeinShe W ek fdrmy alyBrom$er Ser Ser Leu
Gly Thr i THan 68X 0780 DEHlIRiGYs ﬁ%@ﬁ{ﬁﬁ%@d‘i&%&ﬁﬁ@§ﬁ%ﬁﬁﬂ@!i§%ﬁ%ﬁﬁ&h&ﬁ 859095
Lys Val @ng}ro_g i @PC Asp Lys Thr H‘I’Eéhr C%je ro Pro.Cy OOdlL0511 Pro Ala Pro Pro Val Ala
Gly Pro Sérvar %@ : Fﬁe P e‘F¥f35: g5 0f s FTSETS (Y SURL foF FRAUSH e S SZERG Fhr Pro
Glu Val mhy Qysprisk 18038400 28nital Asp GhstitatiGh asébhgsai!\mwarhys%hhty&fnd Arg Glu Glu
16517054 AHNTIN AR5 S 7TIHOANY 2k ¥ 8l é%@(ﬁhhﬁ&béﬁ*iﬁ%’%&%b '5&5&%@%?%%?93%' sp Trp
Lei,l Asn Gly Lys Glu %{I#;ﬁ%gws Val Ser Asn Lys 195200205 Gly Leu Pro Ser. Ser lle Glu Lys Thr
lle'8er S ARYRE BITBOPRS AT /0 CROGAPRTHF €50 PTETPIOScRARING) Gl
Leu 225230285240cTdfrilyQ K3MNGird VallBenlethod HoCysihe ndidbhlysiftyoR lenby pRtir 248250255 Ser
Asp lle AgiNal Glehd Witthrel/Ash R RNEC G U AMPRSBPEILEREA Y YR LY HIL Frg.Fro Val
Leu Asp Ser Asp Gly Ser Phe Phe Leu
above or a méthod described in the Examples.
The present invention also relates to methods for improving the stability under acidic
15 conditions, methods for reducing the beterogeneity ori ginated from C-terminus, and/or methods
for reducing the FeyR binding of an antibody, all of which comprise, in an 1gG4 constant region
comprising the amino acid sequence of SEQ ID NO: 3 (M11AGK), the steps of:
(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
20 (b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
(c) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid,;
(d) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
25 sequence of SEQ ID NO: 3 with another amino acid;
() substituting Arg at position 97 (position 214 in the EU numbering system) in the amino acid
sequence of SEQ II> NO: 3 with another amino acid;
(f) substituting Ser at position 100 (position 217 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
30 (g) substituting Tyr at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
(h) substituting Gly at position 103 (position 220 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid,;
(1) substituting Pro at position 104 {(position 221 in the EU numbering system} in the amino acid
35 sequence of SEQ ID NO: 3 with another amino acid;

(3) substituting Pro at position 105 (position 222 in the EU numbering system) in the amino acid



275280285 27 Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn 305310315320 Lys
Ser Leu Ser Leu Ser Pro Gly Lys 325 <210> 11 <234> 327 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 11 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 28 Leu Ser Ser Val Val Thr

Val Pro et 36k §§§Egg[§§¢5h§ %&mgtﬁg]%ﬁﬁ?ay& lle Cys Asn Val Asn His Lys Pro Ser Asn Thr

Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cé/s Asp Lys Thr His Thr Cys Pro Pro Cys
100105806 HFiMENS G bR Dot B Prsider 93P phibe rrw&lb%ng@fﬁty@i % A neasidys Asp
Thr Leusbdekhte SESE@IWB(G &ith dabihbr Sysyabi30135140 Val Val Asp Val Ser His Glu Asp Pro

i o TR bR R R A IR O e 5o°

Gy’ LeusPoeBe: @%?EI@ é?d\@sﬁmtméns@ew@mg 2§6:Gly Gin 210215220 Pro Arg Glu Pro Gin Val

Tyl; Thr epstse fRranparotre wﬂt@fumgqp%%ﬁmsﬁ%%mﬁﬁxmgg@%@rﬁﬁhlﬁy i Eys Leu
Val Lys

Gly Phe T rP e AIa val G Trp Glu Ser Asn Gly Gin Pro Glu Asn Mn
260265?7% ﬁﬁy?iys%ﬁﬁw%@aﬂ $ %’m‘}?sp ly Ser Phe Phe Leu 275280285 Tyr Ser
Lys LeuTPHisletingsplyys Switog hifp(mﬁt@m B inshadl 20029530 Rikng ér hpssérostlidlet His
Glu Alagequaf{& AsREGsIDYNDhs Gin 305310315320 Lys Ser Leu Ser Leu Ser Pro 325 <210> 12

B TSV A5k B Al iy PR C L B G e i o 1 B APTE S Lew
Thr Cyss&iueyes Seb B}/ IDyNSes e hansgberapino acid; and

(p) deleting Gly at position 236 and Lys at position 237 (positions 446 and 447 in the EU

numbering system, respectively) in the amino acid sequence of SEQ ID NO: 3.

The type of amino acid after substitution is not particularly limited; however,

15 substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20
{position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU
numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102

20 {position 219 in the EU numbering system), Cys for Gly at position 103 (posttion 220 in the EU
numbering system), Val for Pro at position 104 (pesition 221 in the EU numbering system), Glu
for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113
{position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and

25  Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred.

The methods of the present invention may comprise other steps, such as amino acid
substitution and deletion, as long as they comprise the steps described above. The method for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method

30 described in the Examples. _
<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in
an IgG1 constant region>

The present invention also.relates to methods for reducing antibody heterogeneity,
which comprise the step of deleting Gly at position 329 (position 446 in the EU numbering

35  system) and Lys at position 330 (position 447 in the EU numbering system) in an IgG1 constant
region comprising the amino acid sequence of SEQ ID NO: 1. The methods of the present



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505563 1ys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys
Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 31 Pro Leu Ala Pro Ser
Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro

Vel T Mokmeh T MRl RS R S EIESEDRY (@I P LD e FTo Ala Val Leu

165170175 Gin Ser Ser Gly Leu Tyt Ser Leu Sef Ser Val e 185190 Ser Ser Leu
Gly Thr EREHHHASH A8 loge 2t dhev srmasirnidhe,op ot fsksterors SepRitoTRBLye sl mff T8 Lys Val
Glu ProthygSemﬁy&ﬁspslyy&ﬁlaﬁdﬂ?&tﬁfdsiﬁl@nﬁﬁﬂp&éﬁi@ﬂ%@xy%rE{AimBEﬁzﬁl dyelehpu Gly

Gly Pro. 3 R tll Ser 5250255
32yPro éﬁ?a%zggl}_%yg &%%%E%g\ﬁlﬁ) 'I%?rlé}g #Ifés%g%?% &%\Eﬁ mﬁﬁw 1i\la ysIIIl ?.%s Pro

AréGIu@G@ﬁPWFM%@Hﬂ?QPW%@@@% V@Sé?h?ﬁﬂﬂéﬁl?hﬂ Yepthigvadks @In Asp Trp
Leu Asmﬁhynblséﬂﬁlmaaﬁ&k%a%@&wskx&@yﬁawamiesﬁ%ﬁnbmmrm B{%él@x@ﬁ%l@ Glu Lys

325330335 Thr Ala L Gln Rro A{g % Pro GIn 4 350 Leu Pro Pro

Ser Arg Asp G lel Eemﬁ#gﬁ deSE algﬁggﬁé“oﬁ%é‘)é‘fl P&E é?y Pre yr Pro

Ser AspufecaRy v @Tﬂbpfbeﬁalu @mpba@é @é»rbAérf:Gﬁb@mumk@@MMgﬁgm Q§/§1¢mr55hthro Pro
Val Leuig356320392703: 33 Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu

é 425%3)0 Ala Legl His ﬁsn His Tir Thr Gln S S r Lelé Sgrrﬁ%{; Gég gﬁ%@é@i Lys <210>
801 19)fE2 5% PR ma@ 2 AR I(Ii’;) &%h sequence
<400> 1B)Gihegsy CialndipGinpisScthe e Giyl seqrendengSBle BeNCMEFVEILNIAB.eu Ser Leu
Thr Cys@yu NeahSh&h T ettt iheoahNeh40%2808ence of SEQ ID NO: 44 (VH5-M83);
(d) a light chain that comprises the amino acid sequence of SEQ ID NO: 49 (VL1-kappa);
(e) a light chain that comprises the amino acid sequence of SEQ ID NO: 47 (VL3-kappa);
15 (f) a light chain that comprises the amino acid sequence of SEQ ID NO: 45 (VL5-kappa);
(g) an antibody that comprises the heavy chain of (a) and the light chain of (d) (FV3-M73);
(h) an antibody that comprises the heavy chain of (b) and the light chain of () (FV4-M73); and
(1) an antibody that comprises the heavy chain of (¢) and the light chain of (f) (FV5-M83).
<Pharmaceutical compositions comprising antibodies>
20 The present invention provides pharmaceutical compositions comprising an antibody of
the present invention.
The pharmaceutical compositions of the present invention can be formulated, in
addition to the antibodies, with pharmaceutically acceptable carriers by known methods.  For
example, the compositions can be used parenterally, when the antibodies are formulated in a
25  sterile solution or suspension for injection using water or any other pharmaceutically acceptable
liquid. For example, the compositions can be formulated by appropriately combining the
antibodies with pharmaceutically acceptable carriers or media, specifically, sterile water or
physiological saline, vegetable oils, emulsifiers, suspending agents, surfactants, stabilizers,
flavoring agents, excipients, vehicles, preservatives, binding agents, and such, by mixing them at
30 ° aunit dose and form required by generally accepted pharmaceutical implementations. The
content of the active ingredient in such a formulation is adjusted so that an appropriate dose
within the required range can be obtained.
- Sterile compositions for injection can be formulated using vehicles such as distilled
water for injection, according to standard protocols.
35 Aqueous solutions used for injection include, for example, physiological saline and

isotonic solutions containing glucose or other adjuvants such as D-sorbitol, D-mannose,



34 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu
Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Ley Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Vall
Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GiIn Gly 100105110 Ser
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Cys Ser Arg
Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val Se(;]%r[g 1451501 518].;) Asn erdGIy la Leu Thr SecriGIy Val His Thr Phe F%% Ala%)/gj Leu
165170775238 8 AP ERE R FitGin RGN E5s RSTVANALS S SR BRS 19BSHH505 ser
Asn Thetgsayalonbpl spedificallyl ghanig nyfsapbaysuvhias prantensgrodt yadralRibytys Pro Ala
Pro ProgiabAlaEhoRie-Ses i aldneslaeRa23023824& e RorRiol(s Pro Lys Asp Thr Leu Met lle

Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser, His Glu.Asp Pro Glu Val Gin
760265270 PhORSITHS S SOl Al VTR VLA Kuh DR CILHFRY YL 5B B Arg Glu
Gl§ GlnePhenagrbSeodthroP henayg Aleihvdl SEra¢aniaua2e020 5800 ErMaltl bl fitssGlor Asprifde, Leu

Asn Glytys it ¥k EMRhYS 30R3E0RER32 A3 IREL Yar GRS FOoRL Rseurind¢al Tyr Thr
Leu Pro Prg Ser 340345350 Arg Glu Gly Met lelr L)is Asn GIn Val Ser Leu T%ﬁy}; Leu Val i_ys

35536088125 PHY RS AR by AP endlp i Eertsn ClEEHE R B8 GIu Asn
Asn Tyrtypisallgralihnd?ed Rro MApetdminksprpeledsp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys

Leu Thr Val Aspys SeAadiR S 405410415 518, BhrARR-1akPhs SEEENS Seralddet His Glu

Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210>
14 21 IS 1IN pRpABARSTRHAT H CPaRA AT RN AR RACSZBEYE ptide sequence
37 <40Qzrhthisdaiial Girok exatapi € injSaiotdyc rbcGljnhieisiad Pagsteroi Sy Giridall9Hy Thr Leu Ser

) Leu Thrh%ya%gﬁguyﬁ’l}§c?{0§,|:I,n-&m%édlgrﬂﬁgéﬁfnéﬁﬁrgg&ﬁggeal injection, or subcutaneous
injection.
Furthermore, the method of administration can be appropriately selected according to
15  the age and symptoms of the patient. A single dose of the pharmaceutical composition
containing an antibody or a polynucleotide encoding an antibody can be selected, for example,
from the range of 0.0001 to 1,000 mg per kg of body weight. Alternatively, the dose may be,
for example, in the range of 0.001 to 100,000 mg/person. However, the dose is not limited to
these values. The dose and method of administration vary depending on the patient’s body
20 weight, age, and symptoms, and can be appropriately selected by those skilled in the art.
As used herein, the three-letter and single-letter codes for respective amino acids are as
follows:
Alanine: Ala (A)
Arginine: Arg (R}
25  Asparagine: Asn (N)
Aspartic acid: Asp (D)
Cysteme: Cys (C)
Glutamine: Gin (Q)
Glutamic acid: Giu (E)
30 - Giyeine: Giy (G)
Histidine: His (H)
Isoleucine: Ile (I)
Leucine: Leu (L)
Lysine: Lys (K)
35  Methionine: Met (M)
Phenylalanine: Phe (F)



His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser
Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Sej;Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin
Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe 115120125 38 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val Ser Ir _14_5F;L50 5160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165170??@%% $81'Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu
Gly Thr EsmsrnehBan(SThr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Arg Vall
Glu Ser%(};ﬁ{{l@%@@-fro 210215220 Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser
Val Phe 225230235240 |_eu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro 245250255
Glu Val THPEREasa NI Asp Val Ser GIn Glu Asp Pro Glu Val 260265270 39 Lys Pro Arg Glu Glu
GinsPheTAsssiser Tihr(EFyr Arg Val Val Ser Val 290295300 Leu [hr Val Leu His Gin Asp Trp Leu Asn Gly
Lys GIU\}_MWSV%V(S\I%O%”?’E’SZO Lys Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser
325330335 Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr [hr Leu Pro Pro 340345350 Ser Gin Glu
Glu Met Thr Lys"MPTih avbisameats tHeE et @ anaypostsb 5L s oone thyi PRESE: Asp lle Ala
Val Glu Trp Glu Ser Asn Gly 370375380 Gin Pro Glu Asn Asn Tyr Lys [hr [hr Pro Pro Val Leu Asp Ser
Asp 38%@%00 Gly Ser Phe Phe Leu Tyr Ser Arg Leu [hr Val Asp Lys Ser Arg Trp 405410415 40
Asn His in Lys Ser Leu Ser Leu Ser Leu Gly Lys 435440445 <210> 15 <211> 107 <212>
PRY <213> Artifitgegiabelow.<ho peepantinneating syhitbeiapeptpibe dsebedwitaodsroatptie Gin
Met Thrisip@rs Peat ek hef lotht SefistiaeSas bahSlimi0kar&sp Ser Val Thr lle Thr Cys Gin Ala Ser
Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle

354045
[Example 1] Improvement of the stability of Ig(G2 and Ig(G4 under acidic condition

15 Construction of expression vectors for 1eG2- or 1eG4-converted humanized IL-6 receptor

antibodies and expression of the antibodies

To reduce the Fey receptor-binding activity, the constant region of a humanized
anti~human II -6 receptor antibody, humanized PM-1 antibody (Cancer Res. 1993 Feb
15;53(4):851-6), which is of the Ig(3] isotype, was substituted with 1gG2 or IgG4 (Mol.

20  Immunol. 1993 Jan;30(1):105-8) to generate molecules WT-IgG2 (SEQ ID NO: 13) and
WT-1gG4 (SEQ ID NO: 14).  An animal cell expression vector was used to express the [gGs.
An expression vector, in which the constant region of humanized PM-1 antibody (IgG1) used in
Reference Example | was digested with Nhel/Norl and then substituted with the IgG2 or IgG4
constant region by ligation, was constructed. The nucleotide sequence of each DNA. fragment
25  was determined with a DNA sequencer (ABI PRISM 3730xL DNA Sequencer or ABI PRISM
3700 DNA Sequencer (Applied Biosystems)) using the BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) according to the attached instruction manual. Using the WT L chain
(SEQ ID NO: 15), WT-1gGl, WT-1gG2, and WT-Ig(G4 were expressed by the method deseribed
below. Human embryonic kidney cancer-derived HEK293H cells (Invitrogen) were suspended
30  in DMEM (Invitrogen) supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells
(10-ml/plate; cell density of 5 to 6 x 10° cells/ml) were plated on dishes for adherent cells {10 cm
in diameter; CORNING) and cultured in a CO; incubator (37°C, 5% CO,) for one whole day and
night. Then, the medium was removed by aspiration, and 6.9 mi of CHO-S-SFM-I1I medijum
{(Invitrogen) was added. The prepared plasmid DNA mixture (13.8 ug in total) was combined
35 with 20.7 pl of 1 pg/ml Polyethylenimine (Polysciences Ine.) and 690 ul of CHO-S-SFMII
medium. The resulting mixture was incubated at room temperature for 10 minutes, and then



Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 41 Glu Asp Ala Ala Thr Tyr
Tyr Cys GIn GIn Gly Asn Ser Leu Pro Tyr 859095 Ty Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105
<210> 16 <211> 445 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 16 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu
Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro
Pro Gly Arg Gly |Leu Glu, Trp 354045 21%9 r lle Ser Tyr Ser Gly lle. Thr, Thr Tyr Prq Ser Leu
508560 A A 80 i TR B4 Vol THEACIARRPTHTAGE 0 5 DS a0 ke Sor Leu
Ala ArgGhis)Tor Al Mbovksp TieTr 6.6 inlGHWGIY 19610811 tngdnutronvar Tgeny sleS ed 8wrtatasSer Thr

Lys Gly ReRes el #hE0814 et AbaBRIP 1h U FAAKaYS: $6 Y& %ﬁsThrﬁ%rc%Mé%ﬁ hkabla Leu
130135140 Gly Cys yr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser

euVal Lys Asp T
Gly Ala VS PRI ARG S B Bros fad (B BT BTHRPETT S SEPE) B Ser Lou
Ses SeravdlstéalliFed tabBgh G22-180 fids1 S0l SEEXSH-ONe(SliiHordkin The Samfles Gy MorkthhAsp His
Lys Pro,:86200205 43 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr
Cys Val Val Val %%E%P@é?ﬁ%ll FRRP B ST VYT Z8bRBE AP PHEAEA Y Tyr(aimRsp Gly Val
Glu Valddid Acnuédeelys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val

Ser Val Leu 250293300 T LSV AT Fmkewhen Sy GBE QIS

305310315320 Val Ser Asn Lys Gly Leu Ille Glu Lys Thr lle Ser Lys 325
GHRAGIn Pro Arg@\pwseirsd By Vi L8l PR Prins 81 B2 R85 (panisig & spiupisSer Asp lle
Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu

Asp Ser}f‘uﬁ%z%'t o%soW?g%ROWT-IgGl and WT-I1oG4 through elution from Protein A using

hydrochioric acid

50 1l of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS
15 was added to the obtained culture supema‘ian{s, and the combined solutions were mixed by
inversion at 4°C for four hours or more. The solutions were transferred into 0.22-pm filter cups
of Ultrafree®™-MC (Millipore). After washing three times with 500 pl of TBS, the rProtein A
SepharoseTM resins were suspended in 100 pl of 10 mM HC/150 mM NaCl (pH 2.0) and the
mixtures were incubated for two minutes to glute the antibodies (hydrochioric acid elution).
20 Immediately, the eluates were neutralized by adding 6.7 ul of 1.5 M Tris-HCI (pH 7.8). The
ehation was carried out fwice, yielding 200 ul of purified antibodies.

(el filtration chromatoeraphy analvsis of WT-1gG1, WT-1pG2. and WT-IgG4 purified by

hvdrochloric acid elution

25 The contents of aggregate in the purified samples obtained by hydrochloric acid elution
were assessed by gel filtration chromatography analysis.
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxl1 (TOSOH)
30 Mobile phase‘: 50 mM sodium phosphate, 300 mM KCI; pH 7.0
Flow rate, wavelength: 0.5 mI/min, 220 nm
The result is shown in Fig. 1.  While the content of aggregate in WT-IgGl after
purification was about 2%, those of WT-1g(G2 and WT-igG4 after purification were about 25%,
This suggests that IgG1 is stable to acid during hydrochloric acid ehution, and by contrast, IgG2
35  and IgG4 are unstable and underwent denaturation/aggregation. Thus, the stability of IgG2 and
1gG4 under acidic condition was demonstrated to be lower than that of IgGG1.  Protein A has



Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 GIn Gly Asn Val Phe
Ser Cys Ser Val Met His Glu Ala Leu His Asn 420426430 His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
Gly Lys 435440445 <210> 17 <211> 446 <212> PRT <213> Atrtificial <220> <223> An atrtificially
synthesized peptide sequence <400> 17 45 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr
Ser Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr

lle Ser Tyr Ser Gly lle Thr,Thr T Pro,Ser,Leu 5055 s Ser Arg Val . Thr,Met Leu Arg Asp Thr
Sor Ly K R SR BT R PRI IS SaF 8, 0 PR R AR AL R Arar Cys
859095uatieragidecoeditiie Alg FddiTon. Aoy sasspatipnTwhch Senaipd 00tosEYelGeng GVal Thr
Blu Sor e A s gl e 6%@“;?%@‘ N o Ala val
u ser r alLeu SN Ser aleu [ oer. al Rl r e.Fro Ala va
Leu 16@1’?%&% B s&%%ﬂ@yﬁ%?ﬂw%% E%B”éé? CLHosP F‘?’H#Vgﬁ o sgoiﬁ‘d’féﬁéo Ser Ser
Led GlysEhilityoThgG3/afhigCysideciiah Aspdr sidys Rmuiito50009 0518kt Fiwdrysavdhasd Lys Arg

Val Glursgn LysdTaGly£rg RiofilahedR @é?eﬁ%%’f@lﬁéfﬁ Efﬁ&%&ﬂ@&g%ﬁ%&t%h Gyl Pro
Ser Val Phe 225230235240 Leu,Phe Pro Pro@s Pro'Lys Asp Thr Leu Met |le"Ser. Arg Thr Pro

245250358 ERORAN TP YAIVEIG P ABF (B SBIREEH PRI BREEIT AL 26035828 B Bhe Asn
Trp Tyr sl prepiGlyof detiurdabhlis: gegatilznllyscier@nt2 8028 e il dnghiheMalsiarttiscGiticAlsp Trp
Leu Asy Gl Lys, Gl Tyrhys Gys 309310315320 livs Vah Sias AR Lys G R B SerSllle Glu Lys
Thr lle Ser 325330335 Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Léu Pro Pro 34%0345350
SéP GIN TG RMPFRIEYE-Asn GIn Val Ser Leu Thr Cys Leu Val 355360365 Lys Gly Phe Tyr Pro
Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 370375380 Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro

Val Leurhsh, Re 0 SR PERIARRAP P U ove) BBV de8 g Sl itk GHCHY ¥@AGP Ly Ser Arg

Trp 405410415 ‘
The stability of IgG2 and IgG4 molecules under acidic condition was demonstrated te

be lower than that of IgG1. Thus, altered forms of IgG2 and 1gG4 molecules were tested to

15 improve the stability under acidic condition. According to models for the constant regions of
IgG2 and IgG4 molecules, one of the potential destabilizing factors under acidic condition was
thought to be the instability at the CH3-CH3 domain interface. Methionine at position 397 in
the EU numbering system in IgG2, or arginine at position 409 in the EU numbering system in
1gG4 was thought to destabilize the CH3/CH3 interface. Since positions 397 and 409 of IgG1

20 intheEU numbeﬁng system are valine and lysine, respectively, an altered IgG2 antibody that
comprises the substitution of valine for methionine at position 397 in the EU numbering system
(I1gG2-M397V, SEQ ID NO: 16 {amino acid sequence)) and an altered IgG4 antibody that
comprises the substitution of lysine for arginine at position 409 in the EU numbering system
(IgG4-R409K, SEQ ID NO: 17 (amino acid sequence)) are prepared.

25 The methods used for constructing expression vectors for the antibodies of interest, and
expressing and purifying the antibodies, were the same as those used for the hydrochloric acid
etution described above. Gel filtration chromatography analysis was carried out to estimate the
contents of aggregate in the purified samples obtained by hydrochloric acid elution from Protein
A

30  Aggrepation assessment method:

System: Waters Alliance

Column: G3000SWxI (TOSOH)

Mobile phase: 50 mM sodium phosphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 mi/min, 220 nm

35 The result 1s shown in Fig. 1. While the content of aggregate in WT-IgG1 after
purification was about 2%, those in WT-IgG2 and WT-Ig(G4 after purification were about 25%.



Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 420425430 Asn His Tyr Thr Gin Lys
Ser Leu Ser Leu Ser Leu Gly Lys 435440445 48 <®40> 18 <211> 445 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide sequence <400> 18 Gin Val GIn Leu GIn Glu Ser Gly
Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser
Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle

Ser Tyr.Ser Gly lle Thr Thr sn Pro Ser Leu 5055 Lys Ser al Thr A Thr Ser
Lys AsnBS i l%( %ﬂ;e Légﬁg L& §Iér 8r #ﬁ ﬁc%g%spmﬂﬁr sblﬁ%%ﬁr Cys
8590951 oA 130u warqwm@ﬁré@lr: Q@ma g%@Tﬂlﬂ@?S@@Cﬁro Sévs/farene deIBAROELS M Lou Ala
Pro Seft‘s?@ﬁh%%t%@ffﬁﬁﬂg%ﬁ @qﬁwmma%ﬁ%paé%ﬁeﬁﬁ%% oV by sudstnlikdhe

Pro Glu Pro ThVIS 501551 S Lou Thr S Thr.Phe P
Nis val 101 42 e oL By LRI 307 ShPE e Ly ?%%ﬁ%?%%ﬁ? e 100
SefAs mﬁl@@l@t FowiGin 40% m@amnngmmmﬂsmstm@mgéﬁmmﬁsé repgpotiss bfs Val
Asp LysyEhr Malyald ATBAS SShLES o Bl 248 1m22Q Gs BRI 1GHS Ry Hé\'@ﬁ% fyepVal Ala Gly

Pro Ser V. 25230235240 50 Val Thr Cys Val Val Val Asp Val Ser_His Glu Asp Pro Glu Val
Gin 260DBEEb P SRS G VCR, DAY ASTISER IS 78 1§/ 28580805 Pro Arg
Glu Gluc@meRhat/Asa Batinp mﬁh@ﬂ@ﬁnﬁ@bﬁé%l%@@@ﬂ@ﬁﬁ@mﬁbnmmmﬁ @ilouABd Trp

Leu Asqn@xlpys@mgﬁfﬁ&xstﬁaﬁﬁaﬁ%ﬁ%éﬁ rhadel ofdhagi M IB¥E YL St o fdp Pro lle Glu Lys
Thr He Seér Lys 325330335 Thr Lys Q\éGln ro Arg Giu Pro G|n Val Tyr Thr Leu Pro Pro Ser

340345350 K ela et Yhiid REFAR Varge dekmne ey s Iharoulispowss 85385 16l phe

Tyr Pro GéucAsp the Atarkth DB dopEionSe hikhor Gyl €610 -370376 380 16GEBAPIE BhwmirearddtdSer Lys
Leu Throvel e Lyg ReFfY84 RGUALM LOR sugpests that [eG2-M397V and IgG4-R409K are
also superior in terms of thermal stability as compared to WT-IgG2 and WT-Ig(G4, respectively.
Ig(G2 and Ig(G4 are exposed to acidic condition in virus inactivation process and in the
15 purification process using Protein A. Thus, denaturation/aggregation in the above processes
was problematic. However, it was discovered that the problem could be solved by using
IG2-M397V and 1gG4-R409K for the sequences of IgG2 and 1gGG4 constant regions.  Thus,
these alterations were revealed to be very useful in developing IgG2 and 1gG4 antibody
pharmaceuticals. Furthermore, the usefuiness of IgG2-M397V and 1gG4-R409K was also
20 demonstrated by the finding that they are superior in thermal stability.

[Example 2] Improvement of heterogeneity derived from disulfide bonds in IgG2
Purification of WT-IgG1, WT-IgG2, and WT-I1gG4 through acetic acid elution from Protein A

25 50 ul of rProtein A Sephar«:wse?fM Fast Flow {(Amersham Biosciences) suspended in TBS
was added to the culture supernatants obtained in Example 1, and the combined solutions were

mixed by inversion at 4°C for four hours or more. The solutions were transferred into 0.22-pum
filter cups of Ultrafree™-MC (Millipore). After washing three times with 500 ul of TBS, the
tProtein A Sepharose™ resins were suspended in 100 ul of aqueous solution of 50 mM sodium
30 acetate (pH 3.3) and the mixtures were incubated for two minutes to elute the antibodies.
Immediately, the eluates were neutralized by adding 6.7 pl of 1.5 M Tris-HCI (pH 7.8).  The

elution was carried out twice, yielding 200 pl of purified antibodies.

Analvysis of WT-1gG1. WT-1gG2. and WT-1g(G4 by cation exchange chromatography (IEC)
35 Purified WT-IgG1, WT-IgG2, and WT-IgG4 were analyzed for homogeneity by cation
exchange chromatography.




Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Mn 420425430 His Tyr Thr Gin Lys Ser
Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 1955211> 443 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 19 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly
Leu Val Arg Pro Ser GIn 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
202530 52 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr

Met Leu %rgfésgﬂ hr %_ﬁ{étgs As&@in Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp
Thr Ala @aﬁ r yrIE%/s 88 "Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly

100105110 Ser Leu ValShsteval BateSexibdaser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala

Pro Ser Ser Lys Ser Thl@%ﬁhﬁ{y@y&hﬁ/@b@mb@&h‘lgpl35140 Gly Cys Leu Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser%%i% 50155160 Asn Ser GI;( Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala

Val Leu 165170175 53 SABHe KT B Yo @5MEn Val Asp His Lys Pro 195200205
Ser’Asn Thr Lys Val Asp Lys Thr Val GB: AfgniyS EISQysOH BiRLORESR28 46y $Are. Pro Cys Pro

Ala Pro Pro Val Ala Gly ﬁ%g{ev‘%ﬁgg&\;ﬁg @g@gg%ﬁ?@éﬁ&?e Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser Arg Thr Pro Glu 245250255 %S'Ehr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val

| yS \ .
Gin 260265270 Phe AsiPRHFPVA A G/ Varalindearalxes afa Tdefht Lys 275280285 Pro Arg
Glu Glu GIn Phe Asn Ser Thr Plie 20%:\3a03/@i5Setny ah lesi 290285300 THpMalMalis GHASp Trp

L 0 G Ly by 66 W ASIGRAT0 S0 LA Smdg G o Vol T

Thr Lou Pro Pro Ser 340345350 Ar Lys A ] erceu T ys Lou val Lys
3555360888 engermalisis piyle s Adptibanh Wareltrerhdhited arsigieoraicin Brio SrESSMsMIat Glu Asn
Asn Tyrthy SO rhbiePule Ry anvad haerdpades Aspoaly385a9039b4001964 PhmnPha LigaTyr Ser Lys

Leu LTehJi%I{)i‘ A é%%%%%ﬁoyéﬁ GRARHALRGY FHASVA BRGSE SIRSe el MeL His Glu
region (Non-patent Document 10).  Thus, the hetero-peaks of IgG2 shown in Fig. 2 are also
assumed to be objective substance/related substances derived from the disulfide bonds. It is not

15 easy to manufacture them as a pharmaceutical in large-scale while maintaining the objective
substances/related substances related heterogeneity between productions. Thus, homogeneous
(less heterogeneous) substances are desirable as much as possible for antibody molecules
developed as pharmaceuticals.  For wild type I1gG2, there is a problem of homogeneity which is
important in developing antibody pharmaceuticals. Indeed, US20060194280 (A1) has shown

20 that natural IgG2 gives various hetero-peaks as a result of the disulfide bonds in ion exchange
chromatography analysis, and that the biological activity varies among these peaks.
US20060194280 (A1) reports refolding in the purification process as a method for combining the
hetero-peaks into a single one, but use of such a process in the production is costly and
complicated. Thus, a preferred method for combining the hetero-peaks into a single one is

25  based on amino acid substitution. Although the heterogeneity originated from disulfide bonds
in the hinge region should be overcome to develop IgG2 as pharmaceuticals, no report has been
published to date on a method for solving this problem through amino acid substitution.

Preparation and assessment of altered WT-1gG2 CH1 domain and hinge region

30 As shown in Fig, 3, there are various potential disulfide bond patterns for an IgG2
molecule. Possible causes of the heterogeneity derived from the hinge region of 1gG2 were
differential pattern of disulfide bonding and free cysteines. IgG2 has two cysteines (at positions
219 and 220 in the EU numbering system) in the upper hinge region, and cysteines adjacent to
the two upper-hinge cysteines include cysteine at position 131 in the EU numbering system in

35  the H chain CHI domain and L chain C-terminal cysteine, and two corresponding cysteines in
the H chain upper hinge of the dimerization partner. ~ Specifically, there are eight cysteines in



His Tyr Thr Gin Lys Ser Lou Ser Lou Ser Pro 435440 <210> 20 <211> 446 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide seggence 55 <400> 20 Gin Val GIn Leu GIn Glu Ser
Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr
Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr
He Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr

Ser Lys [ AI rAla Va r Cys
859095@%&1& gﬂ?l_ug? ,&S.F%A\Qrégﬁ Ihr%&#@ 9%& Eﬁ‘ g%r‘% g? b&% %‘Egﬁfﬁ%‘)@efﬁ aI Thr
Val Ser@a‘mg s&hﬁm@ysb@wepﬁass%rf%hpﬁénﬂraMBe@@@pm@EéWQ wgﬁ@srﬂﬁdphe Pro
Glu Probéatifar aval feerchepeitdp150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala

Val Leu 1651701/5,Gin Ser.Ser Gly Leu Tyr uSer | Val Thr Val Pra Ser 80185190 Ser
Ser Leu Gly Thr mlufﬁefyglﬂe %ﬂsﬁ:&sn Xl(jﬂ épmﬂs(f?%?/géﬁﬁﬁﬁ}% gf} AS(Igli r ys Val Asp Lys
Lys’Val wstarpeeneiy segiogisdape yecde621gnge regionis EvadiraieoPreregerisakiPrydido Val Ala

Gly Protheh&2an3823b 340 val &Jé&d—@i@f%ﬁtﬁf%ﬁf%w FEalEvs Hsiithy d-RusMet e%%rsArg
245250 5 Thr Pr Glu Val Thr C S, V |V aanb @0 Val Ser Hjs Gllé'l Ep Pro 260265 57 Lys Thr
R b Bahe

Lys Pro rg Eﬁu C? Yeiith 1"I”lyi/rrl ﬁp’r P\73F ?‘%@Eﬁ‘w lEetau His Gin
Asp Trpal‘_’éuimmhﬂuyée@ﬁﬁsmg Q@S@EO@@S&Z@@L@S@?S&W&ES@&WWSS@W foegRtaiBer Ser lle

Glu Lysaﬁaragg%ﬁ?eo%wgo%g rbysAda 1y -Gk Gin Bﬁ%&rﬂn% B&R&&Q& {Mr TH 241340345350

2 Glu Leu, Thr Lys Asn Gin Val Ser Leu, T 536 Val Lys Gly Ph
IRErecs] s eb s T on Yo satau Tl G ndeopes Lo el s G Phe

Pro Prohyate efitAck3853003944 00 Se(RspraiuSarBhe Riednes (fyreBefleydd@UIRBYAl Asp Lys
Ser  (1gG2-SKSC, SEQ ID NO: 18). These substitutions would enable 1gG2-SKSC to form a

homogenous covalent bond between H and L. chains, which is a disulfide bond between the
C-terminal cysteine of the L chain and cysteine at position 220 in the EU numbering system (Fig.
15 4), |

The methods described in Reference Example ! were used to construct an expression
vector for IgG2-SKSC and to express and purify IgG2-SKSC. The purified 1gG2-SKSC and
wild type 1gG2 (WT-1gG2) were analyzed for homogeneity by cation exchange chromatography.
Assessment method using IEC:

20 System: Waters Alliance
Column: ProPac WCX-10 (Dionex)
Mobile phase  A: 25 mM MES-NaOH, pH 5.6
B: 25 mM MES-NaOH, 250 mM Na-Acetate, pH 5.6
Flow rate, wavelength: 0.5 ml/min, 280 nm
25 Gradient B: 50%-100% (75 min)

The result is shown in Fig. 5. As expected above, IgG2-SKSC was shown to be eluted
at a single peak while WT-1gG2 gave multiple peaks. This suggests that the heterogeneity
derived from disulfide bonds in the hinge region of IgG2 can be avoided by using alterations
such as those used to generate IgG2-SKSC, which allow formation of a single disulfide bond

30 between the C-terminal cysteine of the L chain and cysteine at position 220 in the EU numbering
system. The midpoint temperatures of thermal denaturation of WT-IgG1, WT-1gG2, and
IgG2-SKSC were determined by the same methods as described in Example 1. The result
showed that WT-IgG2 gave a peak for Fab domain which has a lower Tm value than WT-IgGl,
while IgG2-SKSC did not give such a peak. = This suggests that IgG2-SKSC is also superior in

35  thermal stability as compared to WT-IgG2.

Although wild type IgG2 was thought to have a homogeneity problem which is



405410415 58 Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440445 <210> 21 <211>
443 <212> PRT <213> Atrtificial <220> <223> An agificially synthesized peptide sequence <400> 21
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys
Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly
Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 59 Leu

Arg Leusﬁg %t%hé%@ﬁ%&%@ﬁﬁ%@mﬂ Y &é{éfﬁé&@%?a%:}%ﬁ%%%ﬁ'ﬁwg Thr Thr
Ala Met Asp Tyr Trp Gl 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
Val pheSﬂ é@énﬁl@gcpﬁ%rél&‘r WS IEDEIREPT RPIPESIP IR RN AlBualdeCEy 35140 Gly
Cys Leuvwal WBP&EYEIB?@?I@@JHI%&?MM&&@HJ@ %&ﬁﬁ%ﬁéﬁﬁb‘iﬁ@fﬁﬁé@b‘%la Leu Thr
Ser Gly e r r Ser Val Val
Thr Val érai;er %go‘i%%%%‘% uﬁ%&hﬂ%&ﬂhﬁ&ng}ﬁ %Iﬁ %%( %—Y {%“ﬁ’%f %ys Pro
195200205 60 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe

Pro Pro sl ysiAsp TdndewMetdention Asgrbbeiio,Glu2d525602bRval Thr Cys Val Val Val Asp
Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala

Lys Thr Lys 275280285 Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val VaI Ser Val Leu 290295300
Thr Val Lot A 8310 0 , i IBRDORY 5320 WALGEIIAsn Lys Gly
Leu Pro Ser Serrdd)e Hétarbg@ﬁny be &e rd-iesﬁ%é@ a‘é.l?olﬂé% %ﬁ&@y%méﬁg&k@{&ﬁm\/ al Tyr
éeu Pro Proéﬁr r 340345350 6 Phe T I Pr%%g%@z% lle Ala Val Glu T lu.Ser gﬁ.n Gly Gin
5350Br8S R uleyla}ljiysfui1 ﬁr I9 %&B‘%gf?&gp Eﬁ %%B%%@ Ser
Phe Pheof the Tye Setermpmnalcaning vaﬁmmcysegedh@nﬁc@@mbmamm@@ip@gmm Val Phe Ser
Cys Serysehthis)Cluridabaihddis ARRN heterogeneity is preferred when developing antibody

pharmaceuticals. Actually, in humanized PM-1 antibody TOCILIZUMARB, the major
component is the sequence that lacks the C-terminal amino acid lysine, which is encoded by the

15 nucleotide sequence but deleted in post-translational modification, and the minor component
having the lysine also coexists as heterogeneity. Thus, the C-terminal amino acid sequence was
altered to reduce the C-terminal heterogeneity. Specifically, the present inventors altered the
nucleotide sequence of wild type 1gG1 to delete the C-terminal lysine and giycine from the H
chain constant region of the IgG1, and assessed whether the amidation of the C-terminal amino

20 group could be suppressed by deleting the two C-terminal amino acids glycine and ivsine.

Mutations were introduced into the C-terminal sequence of the H chain using pB-CH
vector encoding the humanized PM-1 antibody (WT) obtained in Reference Example 1. The
nucleotide sequence encoding Lys at position 447 and/or Gly at position 446 in the EU
numbering system was converted into a stop codon by introducing a mutation using the

25  QuikChange Site-Directed Mutagenesis Kit (Stratagene) according to the method described in
the attached instruction manual. Thus, expression vectors for antibody engineered to lack the
C-terminal amino acid lysine (position 447 in the EU numbering system) and antibody
engineered to lack the two C-terminal amino acids glycine and iysine (positions 446 and 447 in
the EU numbering system, respectively) were constructed. H chain C-terminal AK and AGK

30  antibodies were obtained by expressing the engineered H chains and the L chain of the
humanized PM-1 antibody. The antibodies were expressed and purified by the method
described in Reference Examptle 1.

Purified H chain C-terminal AGK antibody was analyzed by cation exchange
chromatography according to the following procedure. The effect of the C-terminal deletion on

35  heterogeneity was assessed by cation exchange chromatography analysis using the purified H
chain C-terminal AGK antibody according to the method described below. The conditions of



420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Leu 435440 <210> 22 <211> 443 <212> PRT
<213> Artificial <220> <223> An artificially synthesiged peptide sequence <400> 22 GIn Val Gin Leu
GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn 151015 62 His Ala Trp Ser Trp Val Arg GIn Pro Pro
Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu

Ser Ser Val Thr Ala Ala.Asp Thr Ala Val Tyr.Tyr Cys 859095 Ala Arg.Ser Leu Ala Thr Thr Ala Met
nep TP e D BT S TS TRV P SLF B, A S TR, BISUal phe
115120RR6 Paotibed v\l FhauseriSunibgs/Seamthiogyr B8/ IGhhaihrAlariail A3 0dd5idi0ov@ly Cys Leu
Val Lys AaihdngPhe Pro Glu Pro Val Thr Val Ser Trp 145150155160 63 Gin Ser Ser Gly Leu Tyr Ser

Leu Ser Ser Val Val Thr Val Pro Sey 1 0.Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val
Asp His Lys Pro 19520&@%@PA§F?%§§]1\9956A%3%5 Thr Val Glu Arg Lys Ser Cys Val Glu
210215220 Cys Pro Proviohsdpbasda Pré:Rloivab AIMEy/ Re@BepNHal. Phe Leu 225230235240 Phe Pro

Pro Lys Pro Lys Asp [hr Leu Met lle SeipArg Thr Rronatd 2473080258 VAl INRGYS %{ﬁl o/al Val Asp Val
Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys

Thr Lys 275280285 Prot ATy &15'Sid BiffBhe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 64

Val Ser Asn Lys Gly LeGRdieAtaBEé Ba Giit)ys Thodlenfse -+ ¥ BB 3303 3biTheLy0GIB Gmisd Arg
Glu Pro Gin Val Tyr Thid gu.Bra.Brgy 361 340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr
Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
3%‘375380 Pro R 2BRYATRYILE thr pepralscisd panized R lsupikedval) Guim8oisonisd Ser Phe

Phe LewuRyinSeodyshé W thaal Aambnysd SEKARGIHHAGINA06418440 Gin GheAdmyal Phe Ser Cys
Ser Val Mgt IR S HSiREEY 1S AR0 ¢ SUIPRARMAIR DTl RV Bi b8 S T B e38Y fnfn
peak contains an H chain C terminus with Lys at position 449 and an H chain C terminus with
amidated Pro at position 447. The intensity of the basic peak was significantly reduced in the H
15 chain C-terminal AGK antibody, while no such significant reduction was observed in the H chain
C-terminal AK antibody. This suggests that the C-terminal heterogeneity of the H chain can be
reduced only when the two C-terminal amino acids are deleted from the H chain.
The temperature of thermal denaturation of the H chain C-terminal AGK antibody was
determined by DSC to assess the effect of the deletion of the two residues at the H chain C
20 ierminus on thermal stability. For the DSC measurement, the antibody was dialyzed against 20
mM acetic acid buffer (pH 6.0) containing 150 mM NaCl to change the buffer. Afier thorough
deaeration, the humanized PM-1 antibody and H chain C-terminal AGK. antibody solutions, and
the reference solution (outer dialysate) were enclosed in calorimetric cells, and thoroughly
thermally equilibrated at 40°C. Then, the samples were scanned at from 40 to 100°C with a
25  rate of about 1K/min. The resulting denaturation peaks were assigned' (Rodolfo et al.,
Immunology Letters, 1999, p 47-52). The result showed that the C-terminal deletion had no
effect on the thermal denaturation temperature of CH3 domain.
Thus, the heterogeneity originated from the C-terminal amino acid can be reduced
without affecting the thermal stability of antibody by deleting the C-terminal lysine and glycine
30 from the H chain constant region at the nucleotide sequence level. Since all of the constant
regions of human antibodies 1gG1, IgG2, and 1gG4 contain Gly and Lys at positions 446 and 447
in the EU numbering system in their C-terminal sequences, the method for reducing the
C-terminal amino acid heterogeneity discovered in this example and others is also expected to be
applicable to 1gG2 and 1g(G4 constant regions.
35



435440 <210> 23 65 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 23 Gly Gly Gly Gly Ser Gly Gly Gly;Gly Ser Gly Gly Gly Gly Ser 151015 <210> 24
<211> 267 <212> PRT <213> Homo sapiens <400> 24 Ala Glu Ser His Leu Ser Leu Leu Tyr His Leu
Thr Ala Val Ser Ser 151015 Pro Ala Pro Gly Thr Pro Ala Phe Trp Val Ser Gly Trp Leu Gly Pro 202530
Gin Gin Tyr Leu Ser Tyr Asn Ser Leu Arg Gly Glu Ala Glu Pro Cys 354045 Gly Ala Trp Val Trp Glu Mn
GIn Val Ser Trp Tyr Irp Glu Lys 0 66 65707580 Ala Leu Gly Gly Lys Gly Pro Tyr Thr Leu
Gin oy SRl Al e R TRy 0.8 S RS8P T B AP MG e Ala Lo
100105110 Asn BiyiGin SiibPée tierrsaitinel Ssopmed atyseGalGipgran Snesly «fis1R0iRstich Asp

Trp Pro gl AlBretcNs He Rkl ArehAdReGiGin it 3043814648k LysHlaAlahsh Lys Glu Leu
Thr Phe Leu Leu Phe ﬁg{k%/‘i Pro 145150155160 His Argﬁl_{ﬁgz Arg Glu His Leu Glu Arg Gly Arg Gly

Asn Le"BIECFH7T651 198 B0 BIEPPEEL FISIRG [Lax praR g B S EETSFEERy
18018526 0nPhenSeenicity end By €yscsierldPHeasat Pheufyanys o §3lu [be 195260205 67

210215220 s Rhe faly 1Rro1 ASay ALY SaiRlie dis AlR 525 Seb R8T §1,225230235240 Thr
Val Lys Ser Gly Asp Glu His His T%ﬂs gy lle Val Gin His 245250255 Ala Gly Leu'Ala Gin Pro Leu
>

Arg Val ST AEFEE LS 158 2 Ibsbppepriorand priiifalesdfe hiolomerl sHEGH Arg
Thr Prodidsille Ginival dya BerapegtidisgProidtalStusts 10dkided GlithllYscSenchan Fleahewidsn Cys Tyr
Val Ser Gy, Bhe His Pro 202530 Ser Asp lle Glu Val Asp Leu Leu Lys Asn Gly Glu Arg lle Glu Lys
354045 68 Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys 65707580 Arg Val Asn
His%al Thr Leu Ser GIn Pro Lys lle Val Lys Trp Asp

Construction and assessment of M14AGK, M11AGK, and M17AGK., Fey receptor-nonbinding

optimized constant regions

A possible method for impairing the Fey receptor binding is to convert the IgG antibody

from IgG1 isotype to IgG2 or IgGG4 isotype (Ann. Hematol. 1998 Jun;76(6):231-48), Asa

15 method for completely eliminating the binding to Fey receptor, a method of introducing an
artificial alteration into Fc domain has been reported. For example, since the effector functions
of anti-CD3 antibody and anti-CD4 antibody cause adverse effects, amino acid mutations that
are not present in the wild type sequence have been introduced into the Fey receptor-binding
region of Fc domain (Non-patent Documents 3 and 7), and the resulting Fey receptor-nonbinding

20 anti-CD3 and anti-CD4 antibodies are currently under clinical trials (Non-patent Documents 5
and 8). According to another report (Patent Document 3), Fey receptor-nonbinding antibodies
can be prepared by converting the FeyR-binding domain of IgG1 (at positions 233, 234, 235, 236,
327, 330, and 331 in the EU numbering system) into the sequence of IgG2 (at positions 233, 234,
235, and 236 in the EU numbering system) or 1p(G4 (at positions 327, 330, and 331 in the EU

25  numbering system). However, if all of the above mutations are introduced into IgG1, novel
peptide sequences of nine amino acids, which potentially serve as non-natural T-cell epitope
peptides, will be generated, and this increases the immunogenicity risk.  The immunogenicity
risk should be minimized in developing antibody pharmaceuticals.

To overcome the above problem, alterations in the Ig(G2 constant region were

30 considered. In the FeyR-binding domain of IgG2 constant region, residues at positions 327,
330, and 331 in the EU numbering system are different from the nonbinding sequence of IgG4
while those at positions 233, 234, 235, and 236 in the EU numbering system are arnino acids of
nonbinding type. Thus, it is necessary to alter the amino acids at positions 327, 330, and 331 in
the EU numbering system to the sequence of [gG4 (G2Aa described in Eur. J. Immunol. 1999

35 Aug;29(8):2613-24). However, since the amino acid at position 339 in the EU numbering

system in IgG4 is alanine while the corresponding residue in IgG2 is threonine, a simple



859095 Arg Asp Met <210> 26 <211> 443 <212> PRT <213> Avrtificial <220> <223> An artificially
synthesized peptide sequence <400> 26 GIn Val Gy Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser
GIn 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser He Thr Ser Asp 202530 69 lle Gly Tyr
lle Ser Tyr Ser Gls( lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr
Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys

859095 Ala Arg Ser Leu Ala Arg, Thr Thr Ala Tyr, Trp Gly, Gi ly 100105110 Ser Leu Val Thr
Val Ser CEFRRESE T P AR a0 P Pro100 S PR ol AR RTS8 SaRTs o8 Thr Sor
Gly GlysehpaxiaeAialeey 1afyesbioaene@ips am%m_eygmq@n%@fﬁrmm Pty QTR Ser Trp
145150139400 A ey AP gL hbResdahay alddigdbiRhaRiam anvakh@iediOnd Ak 75 70 Ser

Asn Phe Gly Thr Gin Thr Tyr Thr Cys Mn Val Asp His.Lys Pro 195200205 Ser Asn Thr Lys Val Asp
e T T AT Y TS A i SO 0y S P Bl Y AR B B At O Pro
Se6Val Rbechid PESEG0RSSAMPHERBID Vsl Rrnt fur AspoTiel ApMBtae3R it B Pro Giu

2452503&&1\,{&1@%@5&\{&& 2 VRLASR MRSk GIRGHLABRESBEULYR, Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala L sa'gg b§275280285 Prq Arg Glu Glu Gin Phe Asn Ser Thr -
Phe Arg Val ValBERGAPR & BOSEARRS FrovAPAPATE GHOATH R D e ISR LSRR ys Cys

Lys 3058263t6320sGd:idr sy BimPRibisnnel Rrotehn9aliTynd B euiBeii 0y8enst0345350
Gin G'U%%“ﬁf%@%%ﬁé&@%%ﬁﬁ%@%} ri%éﬁggsp%\c/é{m%?%&%%&{ya&ﬁ%Tyf Pro Ser

Asp lle A Trp Glu Ser Asn Gly Gin 3703753 ro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met
Lelf AspF it &g BEYEaD6ISErPh O PRETANE AP L el i VAN ERESFERY Trp
Gin 405E0ALStHEIH B Iy Asind dbPihrgi e GysdSiiovial 38 éh His K junAdebband-igsfean 420425430 His Tyr

Thr Gin Mﬁ%ﬁﬁﬁ{i!ﬂ? URehke fblsc%fsféfﬂed'&%%égion 219 in the EU numbering system, which were
discovered in Example 2 to improve the heterogeneity originated from disulfide bonds in the
hinge region. Furthermore, since the mutations at posttions 131 and 133 generate a novel

15 peptide sequence of 9 amino acids, potentially serving as a non-natural T-cell epitope peptide,
and thus generate the immunogenicity risk, the peptide sequence around positions 131 to 139 -
was converted into a natural human sequence by introducing the substitution of glycine for
glutamic acid at position 137 in the EU numbering system and the substitution of glycine for
serine at position 138 in the EU numbering system. Furthermore, glycine and lysine at

20 positions 446 and 447 in the EU numbering system were deleted irom the C terminus of H chain
to reduce the C-terminal heterogeneity. The constant region sequence having all of the
mutations introduced was named MI4AGK (M 14AGK, SEQ ID NO: 5), Although thereisa
mutation of cysteine at position: 219 to serine in M14AGK as a novel 9-amino acid peptide
sequence which potentially serves as a T-cell epitope peptide, the immunogenicity risk was

25  considered very low since the amino acid property of serine is similar to that of cysteine. The
immunogenicity prediction by TEPITOPE also suggested that there was no difference in
immunogenicity.

An expression vector for the antibody H chain sequence whose variable region was WT
and constant region was M14AGK (M14AGK, SEQ ID NO: 5; WT-MI4AGK, SEQ ID NO: 19)

30  was constructed by the method described in Reference Example 1. An antibody having
WT-M14AGK as H chain and WT as L chain was expressed and purified by the method
described in Reference Example 1.

Furthermore, in WT-M11AGK (M11AGK, SEQ ID NO: 8; WT-M11AGK, SEQ ID NO:
21), mutations were introduced with the same method into the IgG4 constant region at positions

35 233,234,235, and 236 in the EU numbering system {G4Ab described in Eur. J. Immunol. 1999

Aug;29(8):2613-24; this alteration newly generates non-human sequence and thus increases the



<210> 27 <211> 449 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence 72 <400> 27 GIn Val GIn Leu GIn Glu S(—;{ Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr
Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr %er Asp 202530 His Ala Trp Ser Trp Val Arg Gin
Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser
Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn GIn Phe Ser 65707580 Leu Arg
Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala
Met Aspifyruiegenicisisieky e ocdurs tho Bareeapionbiding JaradéitiamtStrerhoryslGytion Ser Val
Phe 1152032 heln@liynCanldty Ma%,hmﬁ&m{w&?@mﬁ&a\xlﬁﬁ Etrgo\é%ilogﬁrz\;g,l ﬁﬁSTan,h@%éQQJE,551TGSO
Asn Ser Ty, Se Val Hi r.Phe Pro a in, r eu Tyr
Sor Lou S S A EL P A A oS e e R van
Asn His Ik goserion ossde Aamertt thesof MPdhEKs 2 yaatibGiuap fottod Sel aCpesitap KPS
21021522CHEMETHifheGYS s MrE Lt R0 PSR- E the Wi hoi G Mm@y R40:228230235240:5er Val
Phe Leu_Phe Pro Pr La/s Pro 'z;XE Qgg Tgr.Lgé;%l\ég]l lle Ser 245259255 Agg 'é’Pr Pro Glu Val T?r Cys
Val Val Val ASp aslag FEROBIG Sp 8625 A"ARBE AT RS B8 e él’ff@meﬁ)r Asn Ser
Thr Tyr Kéeairsozosaoe!\igiesegeveaity.eu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
Ser Lys Al Lys Gl A B L e R Giu Lew
er Lys S in Pro Arg Glu Pro Gin Val Tyr _ el
Thr Ly)//s @i%?n%@&%e%fﬁf%@%%@? Léf?@ﬁ] L@Wﬁﬁ@ﬁﬁ@?&@@%@&ﬁ%ﬁig%l Glu
TraGlu 3703788807588 A3 GinGiisPio BiuFAbnuAsredyy kysticbh Fhafrddeeidéal hef;885390395400

Asp SerifisRfalt. 3665 REPIR 4136 T3P MS bR UNEY Y ALASRI YR ARRAA06E2 dLRAlR gy His Ala
His Tyr Tor G Lé{ss a%ggslfiggn% %rfi%%lfllds ﬂ?ﬁ%%h%%ﬁ%%ﬁggggg system to reduce the C-terminal

amino act
* heterogeneity (Example 3).
WT-M17AGK or WT-M11AGK was used as the H chain, and WT was used as the L

15 chain. These antibodies were expressed and purified by the method described in Example 1.

Assessment of WT-MI14AGK, WT-M17AGK, and WT-M11AGK for Fey receptor binding
The FcyRI binding was assessed by the procedure described below.  Using Biacore

T100, human-derived Fey receptor I (hereinafter FeyRI) immobilized onto a sensor chip was

20 allowed to interact with 1gG1, 1gG2, 1gG4, M1 1AGK, M14AGK, or M1AGK 7 as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FcRIA/CD64 (R&D systems) as human-derived FoyR1, and IgG1, I[gG2,
1gG4, MI1AGK, MI14AGK, and M17AGK as samples. FcyRI was immobilized onto the sensor
chip CMS (BIACORE) by the amine coupling method. The final amount of immobilized

25 hFcyRI was about 13000 RU.  The running buffer used was HBS-EP+, and the flow rate was 20
u/min. The sample concentration was adjusted to 100 ug/ml using HBS-EP+.  The analysis

inciuded two steps: two minutes of association phase where 10 pl of an antibody solution was
injected and the subsequent four minutes of dissociation phase where the injection was switched
with HBS-EP+.  Afier the dissociation phase, the sensor chip was regenerated by injecting 20
30 0wl of 5 mM sodium hydroxide. The association, dissociation, and regeneration constitute one
analysis cycle. Various antibody solutions were injected to obtain sensorgrams. As analytes,
1gG4, 1gG2, IgG1, M11, M14, and M17 were injected in this order. This series of injection was
repeated twice. The result of comparison of data on the determined amounts of bound antibody
is shown in Fig. 7. The comparison shows that the amount of bound antibody is reduced in the
35  orderof: [gG1 > IgG4 >> IgG2 = M11AGK = M14AGK = M17AGK. Thus, it was revealed
that the FeyRI binding of wild type IgG2, M11AGK, M14AGK, and M17AGK was weaker than



Lys <210> 28 <211> 443 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 28 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn 151015 Thr Leu
Ser Leu Thr.Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro
Pro Gly Arg Gly Leu Glu Trp 354045 76 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin
Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg

Ser Leu .Lhr Th @ﬁ Met Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala
Ser Thrt@éggél(glg:b%ee; a E}h%e@?%ﬂm% Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala

Ala Leu 130135140 isxROgdinding ayasaswsied iy PherProcdiueRiesartileltelial SetFing BiEdm0155160
o Leu S B L e g
L [ a r r
ve Sor RIS I Ly o 10 RS K B AR YT S S B Loo
225230238 200 mHe Frborrg pytiRdy wewspiphradeu Tt teSercbrenTivePeorGit2d 5aBG255 VallThr
i I i . rVal Asp Gly
ol Gl R B A B el RGPl T

Val Glu Val Hj Thr Lys 275280285 ] hr "Arg Val Val
Ser val KL 2RO T A oo A Gy b Sy F G Yo B OyhEgoto.
3053103153260y ahipel MSn(Bi4 GIREp byRhe AtaifRrodiglily meshbhr 11§ 1Refinals?25386835 78 Gin

Gl GIUMSICHI RV FAIUAIE 100 TOF CHfy 3L ¥5 ASR60900 GHPHE.Tyr g Ser ASp

[ S Thr Thr Pro Pro Met Leu
g Ser R B oA UbLBRA 00 SR e PRRREEHFY SERUieed TH s hefp iy sl
405410715 BeasGigrisn Was PiredanCyseSdare\takbiekhiaGlailiadeu iHis Madd25439 s Tyr Thr
Gin LysRerewaeloltknel Fik éﬁiﬁé@oﬁ% 1243 f@é }go?};p% ﬁ%}ﬁ? IEBI, o }g’sﬁétl}/lgrsag}'ﬂaso%ylus
introduced with mutations (M11AGK, M14AGK, or M17AGK) as an analyte. The amount of
bound antibody was observed. The running buffer used was HBS-EP+, and the flow rate was

15 20 pl/min. The measurement temperature was 25°C. The concentration of each IgGor
altered form thereof was adjusted to 100 pg/ml. 20 pl of an analyte was injected and allowed to
interact with the immobilized FeyRIla.  After interaction, the analyte was dissociated from
FeyRlla and the sensor chip was regenerated by injecting 200 pl of the running buffer. As
analytes, 1gG4, 1gG2, 1gG1, M11AGK, M14AGK, and M17AGK were injected in this order.

20 This series of injection was repeated twice. The result of comparison of data on the amounts of
bound antibody determined is shown in Fig. 8. The comparison shows that the amount of
bound antibody is reduced in the order of: IgG1 > IgG2 = IgG4 > M11AGK = MI4AGK =
MI7AGK. Thus, it was revealed that the FeyRIIa binding of M11AGK, MI4AGK, and
M17AGK was weaker than that of wild type 1gG1, IgG2, and IgG4.

25 The FeyRIIb binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fey receptor IIb (hereinafter FeyR1Ib) immobilized onto a sensor chip was
allowed to interact with IgG1, IgG2, [gG4, M1 1AGK, M14AGK, or M17AGK as an analyte.

The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FeRIIB/C (R&D systems) as human-derived FeyRIlb, and IgG1, IgG2,

30 IgG4, M11AGK, M1I4AGK, and M17AGK as samples. FeyRIIb was immobilized onto the
sensor chip CM5 (BIACORE) by the amine coupling method.  The final amount of
immobilized FeyRITb was about 4300 RU.  Then, the running buffer was injected until the
baseline was stabilized. The measurement was carried out after the baseline was stabilized.

The immobilized FeyRIIb was allowed to interact with an antibody of each IgG isotype (IgG1,

35 IgG2, or IgG4) or antibody introduced with mutations (M11AGK, M14AGK, or MI7AGK) as an

anaiyte. The amount of bound antibody was observed. The running buffer used was



<400> 29 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 79 202530 His
Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly LegsGlu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle
Thr Asn Tyr Asn Pro Ser Leu 505560 Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu
Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Leu
Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 Ille Leu Val Thr Val Ser Ser 115
<210> 30 <211> 107 <212> PRT <213> Mus musculus <400> 30 80 Asp Ser Val Thr lle Thr Cys Gin
Ala Ser EhY Adp RS Hedig iAo §88 39 LT Rsn THE MPEHFBRILTRITE 198 2958%Pro BRi Leu Leu
lle 35404mEptratinobf SahGhG e withedSenG hétabPraSaiidngPloe Sengiy1502664 Sea:Gly Ser Gly
Thr Asp I I 5 -Wa T%r K Gly GIn
e S
120 <21b% PRy Es §1ﬁﬁ?%§‘iﬁ’|@spéu%8g and H Serspnriipswasreesnerpiet Ry AeSESNOTyr Thr
Pheé ThuGly herr20RE30bbieMet Assmdlipey dlofig GiGARBQ Ky GEFRKGM LaevdRluahionmendad045 Gly

Leu H - Thy . T i .Lys r | Thr lle Thr Ala
o G B B e el val Ty
Tyr Cys*85uEssom & ixte s tsypmounts gTxyeshamiiboy detrmieeddpsigrr is B 200108110 Gin Gly
Thr LeucWaiphtedfodimersithblRe sada 32teahd2A0iod? 12rRRIdR 1> oMids aruscwus 183 1Asp lle

O S b U TN E T o o
354045 M11AGK, M14AGK, and M17AGK was weaker than that of wild type 1pG1, 1gG2, and IgG4.
The FeyRlIlla binding was assessed by the procedure described below, Using Biacore

T100, human-derived Fey receptor Illa (hereinafter FeyRIIIa) immobilized onto a sensor chip
was allowed to interact with IgGl, 1gG2, 1G4, M11AGK, M14AGK, or M17AGK as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using

15 hFcyRIIIaV-His6 (recombinam hFcyRIIIaV-His6 prepared in the applicants’ company) as
human-derived FcyRIIla, and IgGl, 1gG2, IgG4, M11AGK, M14AGK, and M17AGK as samples.
FcyRIIla was immobilized onto the sensor chip CM5 (BIACORE) by the amine coupling method.
The final amount of immobilized hFeyRIITaV-Hist was about 8200 RU. The running buffer
used was HBS-EP+, and the flow rate was 5 ul/min. The sample concentration was adjusted to

20 250 pg/ml using HBS-EP+. The analysis included two steps: two minutes of association phase
where 10 pl of an antibody solution was injected and the subsequent four minutes of dissociation
phase where the injection was switched with HBS-EP+.  After the dissociation phase, the
sensor chip was regenerated by injecting 20 pl of 5 mM hydrochioric acid.  The association,
dissociation, and regeneration constitute one analysis cycle. Various antibody solutions were

25  injected to obtain sensorgrams. As aﬁalytes, IgG4, 1gG2, 1pG1, M11AGK, M14AGK, and
MI17AGK were injected in this order.  The result of comparison of data on the determined |
amounts of bound antibody is shown in Fig. 10. The comparison shows that the amount of
bound antibody is reduced in the order of: IgG1 >> IgG4 > 1gG2 > M17AGK > M11AGK =
MI14AGK. Thus, it was revealed that the FeyRIIIa binding of M11AGK, M14AGK, and

30 M17AGK was weaker than that of wild type IgG1, [gG2, and IgG4. Furthermore, the FcyRIlla
binding of M1TAGK and M14AGK was found to be weaker than that of M17AGK containing the
mutation G1Aab reported in Eur. J. Immunol. 1999 Aug;29(8):2613-24,

The finding described above demonstrates that the Fey receptor binding of

WT-M14AGK, WT-M17AGK, and WT-M11AGK is markedly reduced as compared to wild type

35 IgGl. The immunogenicity risk due to Fey receptor-mediated internalization into APC and

| adverse effects caused by the effector function such as ADCC can be avoided by using



Tyr Asn Ala Lys Thr Leu Ala Lys Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp
Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707584&lu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr
Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys 100105 <210> 33 <211> 122
<212> PRT <213> Mus musculus <400> 33 83 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe
Thr Phe Ser Ser Tyr 202530 Ala Met Ser Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val 354045

Ser Gl T, e sp_Ser Val 05560 L Gly lle Ser
Arg As)g\l){fgnlbg AF% ,élsﬁn%@ '%ﬁ{ryr é%%% ?é%aéﬁ'l Ie/flett%sn geﬁeﬁrg’ ﬁﬁgé?p&&{rhr Ala
Val Tyr WF@W AW Ty Il e Neaist Fhecpatans wgios seqngnethel AsibPdy Trp 100105110

Gly GInghbthhsdutidavkaditien Yeh&eraBemt lidems210> 34 <211> 108 <212> PRT <213> Mus
musculus 84 <400> 34 Glu lle Val Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly 151015 Glu
Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Arg Gly Arg 202530 Tyr Leu Ala Trp Tyr GIn GIn Lys

Ser SOm&Haﬁgﬁ@ly Ser GIy Thr Asp Phe Thr Leu Thr lle Ser Arg Leu Glu 65707580 Pro Glu Asp

e A Eoe G G B PR AT e el Oy Gy

synthesizedsperatice s e dusrper 40 Gnidsdies SEWTTv £G4 .CWI Pyl $65KaMPheVRIAGE) Add Pro Ser Ser
Lys 151%&%2{@1@%@%@%@ AlaAabaHAOELOIYRERYS AfRRYT 27330 Rhe Fia Glu

aI(Iah al T, Ser Gly Ala Leu Thr Ser 3 5 Gly Val His_Thr.Phe Pro Ala Val Leu GIn
saPser ﬁé%%ﬁ%? imtateit a%&a%%%ﬁf}m Hhiebiirro SBr & ORGIFPHEB ISR efin Thr
6570758@ityTatrhiyscasrenadikes. Hid hy sddtBes AsreTasrfbliewsal Asp Lys 859095 Thr Val Glu Arg
Lys Ser Cys ValGlihG¥ssP0 PRI SPFrANBAUR . WT-M17AGK, and WT-M11AGK
Buffer: 20 mM histidine chloride, 150 mM NaCi, pH 6.5
Concentration: 61 mg/ml
15 Storage temperature and time period: 40°C for two weeks, 40°C for one month, 40°C
for two months
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxlI (TOSOH)
20 ' Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
100 times diluted samples were analyzed
The contents of aggregate in the initial formulations (immediately after preparation) and
formulations stored under various conditions were estimated by gel filtration chromatography
25  described above. Differences (amounts increased) in the content of aggregate relative to the
initial formulations are shown in Fig. 11.  The result showed that the amounts of aggregate in
WT-MI4AGK, WT-M17AGK, and WT-M11AGK increased oniy slightly as compared to
WT-IgG1 and were about half of the content in WT. Furthermore, as shown in Fig. 12, the
amount of increased Fab fragment was comparable between WT-IgG1 and WT-MI17AGK, while
30  the amounts increased in WT-M14AGK and WT-M11AGK were about one quarter of the
amount in WT. Degeneration pathways of IgG type antibody formulations include formation of
aggregate and generation of Fab degradate as described in WO 2003/039485. Based on the two
criteria, aggregation and Fab fragment generation, WT-M14AGK and WT-M11AGK were
demonstrated to have a superior stability in formulations as compared to WT-IgG1. Thus, even
35  for antibodies that have an IgG1 constant region with poor stability and could not be prepared as

antibody pharmaceuticals in high-concentration liquid formulations, the use of WT-M14AGK,



100105110 86 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser
Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His
Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val
Tyr Thr o Prq Ser Gin Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu
Val Lys éﬁy&ﬁﬁ{}%@% g’é}“%@& AE DA FRIRIE TERHIPYESFRE R B R ARE Bernairwaf merPhe
Phe LewEbleSegh-yer276280@85d1ad hmatidsp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys

290295300 S ' g-él% ,)A\LSL iS1. i S 305310315320 Ser L
Ser Pro <210§r¥§%@%%§g%§%T < EBEJ,A_ﬁiﬁggﬁpg‘ﬁ%@i_g%ﬁ) k)ﬁ%:% |é?§ll r%%}ﬁ_?hesizsc: -
peptide SEHTEARIEANPNBE ARY BEPTA IS LThiby Gdhsoni pral peGR sleriborenderasiadiq ys 151015

SersThr QexiEihn((B) TinpritecAlie hetGlyrEity bapiMabl FoashTyA208630: B&GIHiNa! RigsrrBhe Pro

Ala Val el r eu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly
Thr GIn %Sr_#bgé@?_t(??%src o%%%gm%gﬁ%ﬁ’%éﬁ%% “;%S_Dﬁ?é’tes’éorvﬁlsﬁe?ﬁﬁbﬁ%q\‘}%‘f%%8{%331%%’3095 Lys
Val Glu %ﬁléwlgléép@%gﬂ\%b ssjeertiy Trett Rpitops pratisies:apd {Dohms121beres tabiitotem g6 Leu
Gly Gly Prhi@ecddatftteibe dorhaiRerRro 115120125 Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr
Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp

145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 89 His
GIHAsplExsmals Achrarraieicri pypassamey o1 YEBVAGEer Asn 195200205 Lys Ala Leu Pro Ala Pro lle

Glu Lys Thr lle $e14AGIARdxsd hh 2502352 20 nisR Ay GibsRraiGinNal b sEhind.e4 RrouRro Ser
Arg ASpa?nlilflloZ 5051%53 gtz }?055%’[?(9;15 330, 331, and 339 in the EU numbering éystem to construct M31AGK
(M31AGK, SEQIDNO: 7).  An expression vector for a sequence of antibody H chain whose
variable region is WT and constant region sequence is M31AGK (WT-M31AGK, SEQ ID NO:
15 22) was constructed by the method described in Reference Example 1. Using WT-M31AGK H
chain and WT L chain, WT-M31AGK was expressed and purified by the method described in
Reference Example 1.
In addition to WT-M31AGK, WT-IgG2 and WT-M14AGK were expressed and purified
at the same time, and analyzed by cation exchange chromatography by the procedure described
20 below. The conditions used in the cation exchange chromatography analysis were as follows.
Chromatograms for WT-IgG2, WT-M14AGK, and WT-M31AGK were compared.
Column: ProPac WCX-10 (Dionex)
Mobile phase  A: 25 mmol/l MES/NaOH, pH 6.1
B: 25 mmol/l MES/NaOH, 250 mmol/l NaCl, pH 6.1
25 Flow rate: 0.5 ml/min
Gradient: 0% B (5 min) -> (65 min) -> 100% B -> (1 min)
Detection: 280 nm
The analysis result for WT-1gG2, WT-M14AGK, and WT-M31AGK is shown in Fig. 13.
Like WT-M14AGK, WT-M31AGK was demonstrated to be eluted as a single peak, while
30 WT-IgG2 gave multiple peaks. This indicates that the heterogeneity derived from disulfide
bonds in the hinge region of IgG2 can also be avoided in WT-M31AGK.

[Example 6] Assessment of the plasma retention of WT-M14

35 Method for estimating the retention in human plasma

The prolonged retention (slow elimination) of IgG molecule in plasma is known to be



Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val
Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 260265270 Mn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
Asp Gly Ser Phe Phe 275280285 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn
290295300 Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala His Tyr Thr 305310315320 Gin Lys
Ser Leu Ser Leu Ser Pro Gly Lys 325330 <210> 37 <211> 324 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 37 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
Leu Aladredasibe Serqtipn p5FoRs Bhiciis BervaipGlyamesi seadatveof G Oyddoele Rkt \ReAsp Tyr

2025301RkguRE0 @oﬂepvgbmygsﬁewme%q;ﬁwéad&aﬁémg Bk gé;é@%\d@ﬂ {lis Thr Phe
Pro Ala V é .Leu %{? Ser S Leu T Ser 505 ?E) E’ er aI Val Thr Pro Serqger Asn
Phe GIy Thr i 108%% %ﬁs%rﬁ 51136% R%G élg% Y élﬂ”ﬁl)}g Efr@?—’%yﬁ%ﬁ 8 Ala Pro
100105&11@3mmxa| Mﬁl@ﬁgﬁ}mbﬁcms Piaé deenoPhimdro BoBil gy Rrodfysdismd U6 R0EE5AThr Leu

Meg lle %bﬁﬁﬁe-ghﬁh@i@ SebhY @l FBR£¥® YahMatNah Asmd 304 35440 Viah SR Gl Gl Asp FredG U Val
145150155160, Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu

GIn Phe Asn r Val As
Gin Ph%%?n“l a“j %af“f#%‘ﬁs %er‘é“\a/’a?‘iﬁgﬂ%%‘?%ﬂ%?ﬁﬁ?%?%? &%in Asp lip 180185190
Leu Asn Gly Ly&@lwﬂ' yebysreystiysdvialiSandestnt ys@lylbEQ, Peai1 9aRDRZD6 &deypia IlgRu Lys Thr

lle Ser %Y%fﬁgrh!a)ﬁslggé GiBI0 18482 hahn2e0 1ol %atgesz%olu?gé-r@z[ggﬁrli @1\/511&' gG%ly Phe

Tyr P e 245 55 Ala Val-Glu Trp.Glu Ser Asn G sn Tyr L
R00aS Y BRSARD e B AGH S Rl N RSHBALADE] D561 290 DTEBBOAR Leu Thr
Va‘lDAspTIbys Sy Atgrtiqn Giig&U B/ 1460 ViapRheaSebelysv290285 30iGareMal Megddiersd|thala Leu

Eizslgia hUL IPafaBbinG B8RS bR OMOI 2308 A8Yored Tiar Q182 Mzl <212> PRT
ArtifiCi
reported for further improving the pharmacokinetics of these IgG antibodies include methods for

improving the above-described binding to human FcRun, and this is achieved by altering the

sequence of 1gG constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J. Immunol. 2006
15 Jan 1;176(1):346-536).

There are species-specific differences between mouse FcRn and human FeRn (Proc.

Natl. Acad. Sci. USA. 2006 Dec 5;103(49):18709-14).  Therefore, to predict the plasma

retention of IgG antibodies that have an altered constant region sequence in human, it is

desirable to assess the binding to human FcRn and retention in plasma in human FcRn transgenic
20 mice (Int. Immunol. 2006 Dec;18(12):1759-69).

Assessment of the binding to human FeBn

FcRn is a complex of FcRn and B2-microglobulin.  Oligo-DNA primers were prepared
based on the human FeRa gene sequence disclosed (J. Exp. Med. (1994) 180 (6), 2377-2381).
25 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 FeRn as set forth in SEQ ID NO: 24).
30 Likewise, oligo-DNA primers were prepared based on the human B2-microglobulin gene
sequence disclosed (Proc. Natl. Acad. Sci. USA. (2002) 99 (26), 16899-16903). A DNA
fragment encoding the whole gene was prepared by PCR using human ¢cDNA (Hu-Placenta
Marathon-Ready ¢DNA, CLONTECH) as a template and the prepared primers. Using the
obtained DNA fragment as a template, a DNA fragment encoding the whole B2-microglobulin
35  containing the signal region (Met1-Met119) was amplified by PCR and inserted into an animal

cell expression vector (the amino acid sequence of human B2-microglobulin as set forth in SEQ



<220> <223> An artificially synthesized peptide sequence <400> 38 93 Ser Thr Ser Glu Ser Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Rgp Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser
Ser Val Val Thr Val Pro Ser Ser Mn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys
Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro
Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr
Leu Mepﬂé‘@érz@g Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 94 Val Glu Val His Asn Ala
Lys Thr Lys ProSigshd inéatarGHerRhead srpt&sstd 7Skt ibhviherAeghval VahSeladalibeu Thr Val Val
His Gin Asp. Trp 180185190 As s Glu. Tvrk Lys Cys Val.Ser Asn Lys Gly Leu Pro
1952005@%%%%%%#%@?% ??’%%ééﬁ% gl éﬁ?%?r? 1o %rglfg & ‘?ﬂs&ﬁ‘f%‘ﬁ% Gin Val
Tyr Threehreesipladser s arioasdRelline HEKIY bt raurar) 0Eia Vsl dtoTi Cys Lou
Valilys &rk]wﬂt@n?}w&gr@ﬁgr M&Q&ASZﬂ%%ﬂtmyahﬁ%}t@@m?ﬁrmrb@wc@m B8 EiRiAsn Asn
Tyr Lys Thr 260265270 Thr.Pro Pro Met L.e r Asp Gly.Ser Phe Phe Leu Tyr.Ser Lys .
275780388 R A AR T oA L R e e o, T e et e
Leu Senioloipunel 32002 Dpa-l 9% 15373280« fallowp R ryLpathst anffictationasing 33 sap A dfffficially
synthesized peptilesgquence <400> 39 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys

Ser Arg 151015,§ler TQCE.Se{ lu SerFT r Ala AEILgSLeLéCgllg/i%gLeurv (lré/séssxg) T¥ir 2 52{530 Phe Pro
Glu Pro Val Thr V& S&F ngp ASHEEG y AV &UPRF S&Y UAET 08 Teu Sér erva VaThr val Pro
SdilSersn®lelBieTn Glrebtit 8570rs80 Tyh Farbyshwn antibady Iinbydired Sde AsenThr Lys Val
AP Lysc8R908Rn R FYRh Gk Aldddys BEEEAISY ah Gl et B Ry Rb8 Y8R Qhe affinity
(KD) was calculated from the amount of bound human FeRn.  Specifically, Protein L or rabbit
anti-human IgG Kappa chain antibody was immobilized onto sensor chip CM35 (BIACORE) by
the amine coupling method using 50 mM Na-phosphate buffer (pH 6.0) containing 150 mM
15 NaCl as the running buffer. Then, an antibody was diluted with a running buffer containing
0.02% Tween20, and injected to be bound to the chip. Human FeRn was then injected and the
binding of the human FcRn to antibody was assessed.
The affinity was computed using BlAevaluation Software. The obtained sensorgram
was used to calculate the amount of hFeRn bound to the antibody immediately before the end of
20 human FcRn injection.  The affinity of the antibody for human FcRn was calculated by fitting
with the steady state affinity method.

Assessment for the plasma reteption in human FcRn fransgenic mice
The pharmacokinetics in human FeRn transgenic mice (B6.mFcRn~/-.hFcRn Tg line
25 276 +/+ mice; Jackson Laboratories) was assessed by the following procedure. An antibody

was intravenously administered once at a dose of 1 mg/kg to mice, and blood was collected at
appropriate time points. The collected blood was immediately centrifuged at 15,000 rpm and
4°C for 15 minutes to obtain blood plasma. The separated plasma was stored in a freezer at
-20°C or below until use. The plasma concentration was determined by ELISA.
30 _

Predictive assessment of the plasma retention of WT-M14 in human

The bindings of WT-IgG1 and WT-M14 1o human FcRn were assessed by BlAcore.
As shown in Table 1, the result indicated that the binding of WT-M14 was slightly greater than
that of WT-IgGl.

35



100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu
Met lle Ser Arg Thr Pro Glu Val [hr Cys Val Val Val.Asp 130135140 Val Ser His Glu Asp Pro Glu Val
GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
GIn Phe Asn 165170175 Ser [hr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190
97 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly
Phe TyrdpbéeSer Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260265 T PTO PIeC §U Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr
Val Asp tys:SersA =GmM Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu
His Asn HIsTyLs 5.Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325 <210> 40 <211>
326 <2128 PRT¥«2T3> Addficial. 98 <220> <223> An artificially synthesized peptide sequence <400>
Al Al o1 Ol G Lo VAl s A Tt 300530 P o ol bro VAl Thr Val Ser Tro-Aen Ser Gly

a Ala sp Tyr e ro Val Thr Val Ser Trp. Asn Ser Gly
Ala Leuwggrl%%o%%@@%ﬁﬁﬂs%ﬁ%ﬁg &Prs R%F%%%%S‘F%é?ﬁy L%%lﬁi;‘lg &f 505560 Leu
SepbSersvgiastd that WaporgeetSuiav vithe I Tongint Thgies 10 MBSGUT ir chimaByablsh that Alsp His
Lys ProgpetAsnchhkdysMabAsp Lys 859095 Thr Val Glu Arg Lys Cys Ser Val Glu Cys Pro Pro Cys
Pro Ala Pro 100105110 99 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130135140 Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu
Val His Bsmtdd YkPTéparatsor ef AYG-BGI44G RN GM FhanisW T8I 2045 SeavEhmphevedg Val Val Ser Val
Leu Thryal Malddisdzla Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
G%Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu

Preparation of the WT-MS58 molecule
As described in Example 6, the plasma retention of WT-M14 in human FcRn transgenic

mice was comparable to that of WT-IgG1. Known methods to improve pharmacokinetics
include those to lower the isoelectric point of an antibody and those to enhance the binding to

15  FeRn. Here, the modifications described below were introduced to improve the
pharmacokinetics of WT-M14. Specifically, the following substitutions were introduced into
WT-M31AGK, which was prepared from WT-M14 as described in Example 4: substitution of
methionine for valine at position 397; substitution of giutamine for histidine at position 268;
substitution of glutamine for arginine at position 355; and substitution of glutamic acid for

20  glutamine at position 419 in the EU numbering system. These four substitutions were
introduced into WT-M31AGK to generate WT-M58 (amino acid sequence of SEQ ID NO: 26).
Expression vectors were prepared by the same method described in Example 1. WT-MS58 and
L{WT) were used as H chain and L chain, respectively. WT-M38 was expressed and purified
by the method described in Example 1.

25 |
Construction of the WT-M73 molecule

On the other hand, WT-M44 (amino acid sequence of SEQ ID NO: 27) was generated

by introducing into IgG1 a substitution of alanine for the amino acid at position 434, EU

numbering, WT-M83 (amino acid sequence of SEQ ID NO: 58) was also generated by

30 deletions of glycine at position 446, EU numbering and lysine at position 447, EU numbering to
reduce H chain C-terminal heterogeneity. Furthermore, WT-M73 (amino acid sequence of
SEQ ID NO: 28) was generated by introducing into WT-MS58 a substitution of alanine at position
434, EU numbering.

Expression vectors for the above antibodies were constructed by the method described



210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val
Ser Leu Thr Cys.Leu Val Lys Gly Phe Tyr Pro Ser Agp lle 245250255 100 Thr Pro Pro Met Leu Asp
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly
Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GiIn Lys Ser Leu
305310315320 Ser Leu Ser Pro Gly Lys 325 <210> 41 <211> 445 <212> PRT <213> Artificial <220>

<223> An rtiflc i <400> 41 Gi Ser Gly Pro Gly
o VAL BRI N hadhTs IO e S T8 s AT G BB B A B8l Gl Trp
354045284 @haifiyr (W Ga4FyrSENER, | d W THVE 7y mivta &m@eed.aud&@ﬁﬁ'&(d bysiSen#&hgd/al Thr Met
Leu Ar%@%gggi§gx%ﬁsp Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala
Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Cys Ser
Args SerPTaiiSercGhacSandihroAtho/ e tres R0 185 HAOWEIYMGYE MET-VEISL wadd Pl Rea5lu Pro Val

Thr Val Ser Troaa3laQd; %@Qv?f%@”@?rﬁﬂ GITLEEs § VEReh M PEIRIYA MR BEMal Pro Ser

180185190 Ser Asn Phe Gly Thr'Gin Thr Tyr Thr'Cys Asn Val Asp His Lys Pro 195200205 Ser Asn
Thr Lysa¥aseshoryRLAGPigal Gt SRAIVEYE 16, It%s%w& 2&@2&@?@@@9@ Pirgipgs efy & brifiada Pro
Pro ValWib-MBRP4adS#TVEl B hecl @ua22 SR30R35 240 RhaPibddtQ 7y s Prandys smddwilian et lle Ser
Arg Thr\grlolgﬁj1 ngg&a% Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260265270 Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
GIPGin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 103 Val Ser Asn Lys Gly Leu Pro

Ala ProTighalp Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu
Pro Pro Ser

KDWM)
WT-IgGl  1.62
WT-M44 059
WT-M58  1.17
WT-M73 042

- As a result of assessing WT-IgG1, WT-M14, and WT-M358 for their plasma retention in

human FcRn transgenic mice, as shown in Fig. 24, WT-M58 was confirmed to have increased

15 retention in plasma relative to WT-IgGl and WT-M14. Furthermore, WT-IgGl, WT-M44,
WT-MS‘S, and WT-M73 were assessed for their plasma retention in human FcRn transgenic mice.
As shown in Fig. 15, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved
pharmacokinetics relative to WT-I1gGGI.  The pharmacokinetics-improving effect correlated with
the binding activity to human FcRn. In particular, the plasma level of WT-M73 at Day 28 was

20  improved to about 16 times of that of WT-Ig(G1. This finding suggests that the
pharmacokinetics of antibodies with the M73 constant region in human is also significantly
enhanced when compared to antibodies with the IgG1 constant region.

[Example 8] Effect of the novel constant regions M14 and M58 in reducing heterogeneity in
25 various antibodies
As described in Example 4, it was demonstrated that the heterogeneity originated from
the hinge region of IgGZ could be reduced by converting the Ig(G2 constant region to M14 in the
humanized anti-IL-6 receptor PM1 antibody (WT). IgQG2 type antibodies other than the
humanized PM1 antibody were also tested to assess whether the heterogeneity can be reduced by
30  converting their constant regions into M14 or M58.
Antibodies other than the humanized PM1 antibody were: the anti IL-6 receptor
antibody F2H/L.39 (the amino acid sequences of F2H/L.39_VH and F2H/L.39 VL as set forth in



340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe
Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly,Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Sér Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
Ser Arg Trp Gin 405410415 GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 42 <211> 445

<212> PRT <213> Artificial 104 <220> <223> An artificially synthesized peptide sequence <400> 42
Gin Val GiR Eed O elst? Gy prsteneintidlad mesmer @kibedy G10H-Fhibesm8eracéd Thr Cys

Thr Val Sgudabedyf SoLUeVinaseHABD 20263HErAManTsEQeD NP Y al1Asi Gl RepRIR&Hly. Arg Gly

Leu Glu_ Tkp.35 L Tyr | Tyr Ser Gly lle Thr Thr T Rro, Se 505560 Lys Ser Arg
Val Thrﬁét{g%%%ﬁ h?‘%‘éﬁ@f@é%@ﬁ%%%‘@%&?ﬁég?&g@% aﬂlégutgikr er Y5 Thr Ala Ala
Asp Thi®H b O IR NOys Boopbi Atespagivdy)-eulinmeash aithaieraatibmidesasptippdieswdly Gin Gly
LRI hin endahuOnca m i SEID Mot mAnne )
ys Ley Mal lys ) ro Val Thr er Trp sn Ser Gly Ala Leu Thr
Ser Glylf\\lél ﬁé%%ﬁﬁ@@%ﬁ%%e%ﬁ?ﬁt?g GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Serfisrags1gedsatinetiq e GlysTassasidoT e Bye SneQybyXstivatiobpridis Lys Pro

o Pro A Gy B L B e b Asp
ys Pro,Ala Pro Pro Va y.Pro Ser. Val.Phe Leu ro Pro Lys Pro Lys Asp
Thr Leut 8Pﬁ’és)§8ir% %%&eopgﬁegt 02450 Wgtﬂgrﬁ;ﬁ’é' nglk%ﬁhﬁflb%a%mal His Asn
AlR0Lys sPrny 2782804 8%Ptapitd Olu ClhGisseismaTSelt Dhtaied BygafminvaicBangéal Leu

2902953QQbio¥alnval (e GinAsnliprieu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser

Asn Lys Gly Leu Pro Ala Prg_lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg Glu Pro
Gin V;I TyryThrL‘%% 5%9 P i, |l%’ coryvez‘smn of %e co%stant region from an gGlB{ype into an I%G2

type was demonstrated to increase heterogeneity not only in the humanized anti-IL-6 receptor
PM]1 antibody (WT), but also in the anti-IL-6 receptor antibody F2H/L.39, anti-IL-31 receptor

15 antibody HOLO, and anti-RANKL antibody DNS. In contrast, heterogeneity could be decreased
in all of these antibodies by converting their constant region into M14 or M58. Thus, it was
demonstrated that, regardless of the type of antigen or antibody variable region sequence, the
heterogeneity originated from natural IgG2 could be reduced by substituting serines for cysteines
at position 131, EU numbering, in the H-chain CHI domain and at position 219, EU numbering,

20  in the upper hinge of H chain.

[Example 9] Effect of the novel constant region M58 to improve the pharmacokinetics in various
antibodies
As described in Example 7, it was demonstrated that conversion of the constant region
25  from IgGl into M58 in the humanized anti-IL-6 receptor PM1 antibody (WT) improved the
binding to human FcRn and pharmacokinetics in human FcRn transgenic mice.  Se, IgG1 type
antibodies other than the humanized PM1 antibody were also tested to assess whether their
pharmacokinetics can be improved by converting their constant region into M38.
Antibodies other than the humanized PM1 antibody (WT) were the anti-11.-31 receptor
30 antibody HOLO (the amino acid sequences of HHOLO_VH and HOLO VL as set forth in SEQ ID
NOs: 31 and 32, respectively) and anti-RANKL antibody DNS (the amino acid sequences of
DNS_VH and DNS_VL as set forth in SEQ ID NOs: 33 and 34, respectively). For each of
these antibodies, antibodies with IgG1 constant region (SEQ ID NO: 1) or M58 (SEQ ID NO:
335) were generated and assessed for their binding to human FcRn by the method described in
35 Example 6. The result is shown in Table 3.



340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe
Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Met Leu Asp Ser Asp Gly 385390395400 107 GIn Gly Asn Val Phe Ser Cys Ser Val Met His
Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445
<210> 43 <211> 328 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 43 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Gly éﬁblﬁ{’r Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp
Asn Ser Gty Aterteo-Fmr-Ser-354645-+68-keu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
Gin Thr 65707580 Tyr II\ﬂé‘Mgn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val
Glu Pro Lys Ser GsrAsp Lys0Llar His (RiSCys Pro Pro Cys 100105110 Pro Ala Pro Glu Leu Leu Gly
Gly Pro Yal Bhed eu PheyTo ProyId5T20125 Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro
Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145150188%50 Tr08al AsPSIY Val Glud@al His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 Glu Gin
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 109 Lys Ala Leu Pro Ala Pro lle
Glu Lys Thr lle S&¢ tawmiin Rable [y, 21621 emorciraRdiatgiudenlt GinotakbiysT bf heleddeaRro Ser

Arg Asp Shic3ZeR3ARS5240 kbl (S VIEYSAS M@t%f&%&&%%&%’fﬁ%%@%%%@{p
245250 gPrto_@e fs&p lle Ala Vﬁ"gG' Gly Ser Gly Gin Pro Glu Asn 260 8 sn Tyr Lys
ThrThrt to Bro é% élj; %’s%r &R B é@#@é‘}lgﬁﬁt %%@KWWL%FE@@WFWM Asp
Lys Ser mpgrersGinibis Beeeent2O00eEi0y i iheaBe S pé Beryfel dlentiisnGitsddadiey &is Ala His
Tyr [hr SAGHARIR3AB G IegiE B MRHRRbERETIANR $ PR R n I8P a2  BR 218>

Artificial réLg]ign from the IgG1 type to M58,

10 [Example 10] Effect of cysteine in the CH] domain on heterogeneity and stability
As described in Example 2, cysteines in the hinge region and CH1 domain of 1gG2 were |
substituted to decrease the heterogeneity of natural IgG2.  Assessment of various altered
antibodies revealed that heterogeneity could be reduced without decreasing stability by using
SKSC (SEQ ID NO: 154), SKSC (SEQ ID NO: 38) is an altered constant region obtained by
15 substituting serine for cysteine at position 131 and lysine for arginine at position 133, EU
numbering, in the H-chain CH1 domain, and serine for cysteine at position 219, EU numbering,
in the H-chain upper hinge of the wild type IgG2 constant region sequence.
Meanwhile, another possible method for decreasing heterogeneity is a single
substitution of serine for cysteine at position 219, or serine for cysteine at position 220, EU
20 numbering, in the H-chain upper hinge. The altered 1gG2 constant region SC (SEQ ID NO: 39)
was prepared by substituting serine for cysteine at position 219 and CS (SEQ ID NO: 40) was
prepared by substituting serine for cysteine at position 220, EU numbering, in IgG2. WT-SC
(SEQ ID NO: 41) and WT-CS (SEQ ID NO: 42) were prepared to have SC and C8, respectively,
and compared with WT-IgG1, WT-IgG2, WT-SKSC, and WT-M58 in terms of heterogeneity
25 andthermal stability. Furthermore, F2E/L39-1gG1, F2H/L39-1gG2, F2H/L3 9-SC,
F2H/1.39-CS, F2H/L39-SKSC, and F2H/L39-M14, which have the constant region of IgG1
(SEQ ID NO: 1), IgG2 (SEQ ID NO: 2), SC (SEQ ID NO: 39), CS (SEQ ID NO: 40), SKSC
(SEQ ID NO: 38), or M14 (SEQ ID NO: 5), respectively, were prepared from F2H/L39 (the
amino acid sequences of F2H/L39 VH and F2H/L.39_VL as set forth in SEQ IID NOs: 29 and 30,
30 respectively), which is an anti IL-6 receptor antibody different from WT. The antibodies were
compared with regard to heterogeneity.
WT-IgGl, WT-1gG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/L3 9-IgG1,



<220> <223> An artificially synthesized peptide sequence <400> 44 Gin Val GIn Leu GIn Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Sgg Leu Thr Cys Ala Val Ser Gly Tyr Ser He Ser Asp
Asp 202530 His Ala Val Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle
Ser Tyr Ser Gly He Thr Asn Tyr Mn Pro Thr Leu 505560 Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser
Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

859095 | Ala Thr Ala Met Asp Val Trp Gly Glu Gly 100105110 111 Pro Leu Al
Pro Ser SO Ly SR T G i L ABr 880 ) VLAV Lyenaisersadohe pro
Glu Pro MakieterdgehSer Ay paithlSQTahi6ohAsnatertlyyAlsineanThieGen Sty Mrintisd s Phe Pro Ala
Val L | Val.T | Pr 80185190 S

PO i i e G DV s N AN I v 9

Ser Leu hr Gln Thr Tyr lle Cys Asn Val Asn His L er A yS Va Asp Lys
Lys Val A2 Bk mehuondyisg B o4 O sodivmy agpiatel i MyNaS S )5 PrMARSPSNGN Leu
LeusGly iedyl Pobt2ab@ B9 23624 0:Shadel dhirentaoeRhe ProsRsohys Pra Lys Asp Thr Leu Met lle Ser

245250255 112,Rr, 1y TIr r Val Asp Gly Val Glu Val His, Asn 275280285 Ala Lys
Thr Lys Pro Arg‘A(LBSIé?1 Glu C}fﬁ}é#y? Xzs}%]%g%e%rp?ﬁr '?-)’E/Br{h rgb{}s;f%bﬁyﬁ%%%gf! er 5 0 ‘?ﬁ?&ﬁ Leu His
GIn Asp™Pp s awEshAIskiGinoserss ttrsgamityin et J¥ T pad B2 I8AAAsn Inyeontresteu Pro Ala
Pro lle Gletdrygs32ha 303 3kaifcathatdysaiia by sdabeGin ke Angieh REGinY Ty Thi M14

340345 P >er Arg. Asp. Glu.Leu Thr Lys Asn Gin Vgl Ser Leu Thr 355360365 Cys Leu
Val Lys %()‘?Im Tlglaare%[r%@%? %sp Eﬁ‘-ésl? S\?a(%@ge(f ﬁjmlt‘rapl?té?gig%gt%%& lglgllheﬁ%?{[% %gﬁ@ﬁg 0 Glu Asn Asn
TyHLys heterpgemsisy pav iy e earseb 856505 400we ve SenretsPrpiGindSIdic yoAsfiae®he Ser Cys

Ser Val Mgirblis Kelard2&iks430 Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro

435440445 <210> 45.<211>.214 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequengg aﬁgﬂmn %‘o low%etzemgeneﬁy, hign stability 1s generally c?!esued when prepa%ng

stable formulations in development of antibody pharmaceuticals. Thus, to assess stability, the
midpoint temperature of thermal denaturation (Tm value) was determined by differential

15 scanning calotimetry (DSC) (VP-DSC; Microcal). The midpoint temperature of thermal
denaturation (Tm value) serves as an indicator of stability. In order to prepare stable
formulations as pharmaceutical agents, a higher midpoint temperature of thermal denaturation
(Tm value) is preferred (J. Pharm. Sci. 2008 Apr;97(4):1414-26). WT-IgG1, WT-IgG2,
WT-5C, WT-CS, WT-SKSC, and WT-MS58 were dialyzed (EasySEP; TOMY) against 2 solution

20 of 20 mM sodium acetate, 150 mM NaCl, pH 6.0. DSC measurementlwas carried out at a
heating rate of 1°C/min in a range of 40 to 100°C, and at a protein concentration of about 0.1
mg/ml. The denaturation curves obtained by DSC are shown in Fig. 18, The Tm values of the
Fab domains are listed in Table 4 below.

25 Table 4

Tm/°C
WT-igGt 94.8
WT-1gG2 §3.9
WT-5C 86.7
WT-CS £6.4
WT-5KSC 83.7
WT-M58 83.7

The Tm values of WT-I1gG1 and WT-IgG2 were almost the same (about 94°C; Tm of
Ig(G2 was about 1°C lower). Meawhile, the Tm values of WT-SC and WT-CS were about 86°C,
and thus significantly lower than those of WT-1gG1 and WT-IgG2. On the other hand, the Tm
30 values of WT-M38 and WT-SKSC were about 94°C, and comparable to those of WT-IgG1 and
WT-I1gG2.  This suggests that WT-8C and WT-CS are markedly unstabie as compared to IeG2,




<400> 45 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Lou Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle
Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 20253g§_eu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro
Glu Leu Leu lle 354045 114 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin
Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp
Glu GIn Le S 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
Ala 130%5%%&@3\%@" fn2pth WysJad- Ao yiish alaceprasise s Ereriasis0155160 Glu
Ser Val Tynt€iia BlthASH SdotpsnAae Sefchudiynbeddedopalehbol £ Sehahiabauidhs Leu Ser

Lys Ala I IS I 5 Arg.Gly Glu Cys 210 <210> 46
<211> 4?%92%%20? Igbli_‘iﬂ%'gil%@ E%%%&%%ﬁ%ﬁiﬁﬁ? |C|awj§3§%hré%ﬁtz%a *‘8;% ide 36 Oﬁléﬁﬁe

<400> 48 E5rfsrenses &yt diehdebenirg e detwaen ¥ PROSS BTGS20 E26hr Leu Ser Leu
ThriCys Ala Val Bethehnblis SanperiSer tiDAsni22baRiblisAtved BSRIdTHRMRIPEEEIN Pro Pro Gly

Glu Gly e g Fﬁgpﬁ_ Phe I r Tyr Ser Gly.lle Thr Asn Tyr Asn.Pra Ser Leu 505560
Gin Gly k?g %ﬂ;@ﬁr lle Ser%g%,gé%h s?csgesr%%g %‘snsﬂ%? %%%W%@b&%%)foﬂ%e i@%@@ Leu Ala
Arg Thr FrfoREemMeVAsS G grd i GiySereictroptosteo duneteetivalpeak YaltBeFdaiomaiBer Thr Lys
Gly Pro S}l Phlecldb 2032w Ree ekt MatRID weF 2efpeysine 5B Bal-GbGhmbiy Ala Ala Leu

T R R e e
SetUser drapwITHH REAKPREGSERIBDIBEN DTS compeIRiEs GifTdifistmT KnTyal ddsr(@ysehsn Val Asp His
Lys Pro REBeROG SefeAsesdi {isivalidandyshRYahGIY AtadyS Sepdyef), Gly 210215220
L7 above-described result suggests the possibility that each of WT-1gG2, WT-SC, and WT-CS
contains two or more components, and thus the natural-TgG?2 heterogeneity has not been
| sufficiently reduced in WT-SC and WT-CS. This finding suggests that not only cysteines in the
15 hinge region but also those in the CH1 domain are involved in the wild type-IgG2 heterogeneity ,
and it is necessary to alter not only cysteines in the hinge region but also those in the CH]
domain to decrease the DSC heterogeneity. Furthermore, as described above, stability
comparable to that of wild type IgG2 can be acheived only when cysteines in both the hinge
region and CH! domain are substituted.
20 The above finding suggests that from the perspective of hetero geneity and stability, SC
and CS, which are constant regions introduced with serine substitution for only the hinge region
cysteine, are insufficient as constant regions to decrease heterogeneity originated from the hinge
region of IgG2. It was thus discovered that the heterogeneity could be significantly decreased
while maintaining an IgG2-equivalent stability, only when the cysteine at position 131, EU
25  numbering, in the CHI domain was substituted with serine in addition to cysteine at hinge region.
Such constant regions include M14, M31, M58, and M73 described above. In particular, M58
and M73 are stable and less heterogeneous, and exhibit improved pharmacokinetics, and

therefore are expected to be very useful as constant regions for antibody pharmaceuticals.

30 [Example 11] Generation of fully humanized anti-IL-6 receptor antibodies with improved PK/PD
To generate a fully humanized anti-IL-6 receptor antibody with improved PK/PD, the
molecules described below were created by altering TOCILIZUMAB (H chain, WT-1gG1 (SEQ
ID NO: 12); L chain, WT (SEQ ID NO: 15).  The following fully humanized IL-6 receptor
antibodies were prepared which use as constant region M73 or M83 prepared in Example 7:
35 Fv3-M73 (H chain, VH4-M73, SEQ ID NO: 48; L chain, VL1-kappa, SEQ ID NO: 49),
Fv4-M73 (H chain, VH3-M73, SEQ ID NO: 46; L chain, VL3-kappa, SEQ ID NO: 47), and



Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val
Asp Val Ser Gin Glu Asp Pro Glu Val Gin 26026524 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser
Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro

Gin Val Pro P 0 in GGJu.Glu Me Lys A in.Val Ser_Leu Thr Cys
Leu Vall;llgllgs-%é@%%@nl%é' ro égéiﬂﬁn&r%&éﬁﬁﬁﬁg%%%ﬁéﬁ u %p‘%ér Asp Gly
385390395400 b Plimtipedfguepsred &vBysIV uFPRrNEB Aapl FyS-8€8 againg Birb 465p104&GIu Gly

Asn ValBhp el Gva s Yaderingis Alrheuris e 420425430 s Totcphy: Gibysaser Leu Ser
Leu Ser Pro 435440 <210> 47 211> %4 <212> P gﬁ>értlflc@ <22§'§F§é23> An artificially

synthe< ST RUSHE S SHRERCE SRR AT CIRERPRl, SorGErTeR-SBFla Ser Val
Gly5151Bab/ grilS t-eeutehiding TorvBies Giere yerRparGlytd fosdaPTOGILIZEIM AR Hed¥ha@abtmyr Tyr Gly

T o o L B U L B R R R T R bR e T e
rile 1

Tor 8eoN R et I aetbotin LA e oL e R et leJon Bt r g 88, /o
Phe lle RiselRrobRindSrAleGiinGinthebibimBel GijvIM&1eNhE: tikidiSeasital BaF Qysileid eu

Asn AS@f&%ﬁx@%%?g@@ﬂg@ﬁ%%é%ﬁ&%'Fv@%ﬁ%@' ﬁ_@ﬂgﬁf}%@oh@éﬁ@&oﬁﬁfffy'y

Asn Ser_Gin 1451 60 120 Ser Thr Leu Thr Leu Ser Lys Ala Asp Lg/s His Lys Va

G
180185760 PgAEY e % ATHAGE AN M B eliv3aViddy b RyAr AR Wi éeﬁll{@ 509205 Phe Asn Arg
Gly Glu@ys2iaHe 65 Wngil) > MSskadAPRIbIsEL Bx ANifidiahd FROMZ Ry Arbatifioralty

Synthesigegt RERNV: SRAHERARYAAR TOR R VAL WA AUSLAMER GV 084af3L Lys Pro Ser

higher affinity than TOCILIZUMAB (since it was difficult to measure the affinity of Fv5-M83,
instead the affinity was determined using Fv5-IgG1, which has an IgG1-type constant region; the

15 constant region is generally thought to have no effect on affinity). As shown in Fig. 20,
Fv3-M73 and Fv4-M73 exhibit slightly stronger activities than TOCILIZUMAB. As shown in
Fig. 19, Fv5-M83 has a very strong activity, which is more than 100 times greater than that of
TOCILIZUMARB in terms of 50% inhibitory concentration. Fv3-M83 also exhibits about 10
times higher neutralizing activity in terms of 50% inhibitory concentration than the control (the

20 known high-affinity anti-IL-6 receptor antibody).

Table 5

K.(1/Ms)  kq(1/8) KD (M)
TOCILIZUMAB _ 4.0E+05 11E-03  2.7E-08

Fv3-M73 8.5E+05 8.7E-04 1.0E-09
Fv4-M73 7.5E+05 1.0E-03 1.4E-08
Fv5-MB83 1.1E+06 2 8E-05 2.5E-11

The isoelectric points of TOCILIZUMARB, the control, Fv3-M73, Fv4-MT73, and

25 Fv5-M83 were determined by isoelectric focusing using a method known to those skilled in the
art. The result showed that the isoelectric point was about 9.3 for TOCILIZUMARB; about 8.4
to 8.5 for the control; about 5.7 to 3.8 for Fv3-M73; about 5.6 t0 5.7 for Fv4-M73; and 5.4 t0 5.5
for Fv5-M83. Thus, each antibody had a significantly lowered isoelectric point when compared
to TOCILIZUMARB and the control. Furthermore, the theoretical isoelectric point of the

30 variable regions VH/VL was calculated by GENETYX (GENETYX CORPORATION). The
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMAR; 7.79 for the
control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27 for Fv5-M83. Thus, each antibody had



151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala Trp Ser Trp
Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 121 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser
Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser

Gly Gly l 4 u Va VaI Thr Val Ser Trp

145150%5@%%%*;%@ % gt&lfé éé{ts E?F |seﬁ1 ﬁﬂ(ﬁf‘f‘%a ar Ced %56%1) 5 GIn Ser

Ser G|y&@iﬁr|d}ﬁgéf%@WW%P#EWM&&@&M@@&%@@SM&i%s’éaSAhﬁugh?@;@Val Asp

Lys Thr SledATB dnySo ke SoVEOGIN 12100152 20 Gy BsadRio Cys Pro Ala Pro Pro Val Ala Gly Pro
M 2

Ser Val Phe Le 230235240, Phe P Pro L ys Pro L s Glu
245250255 Valjﬂrﬁ%% Q% aﬁilsp aF@er ETHERT A ISJHQ‘EW%Z@O%%’ %’E;{ 'sn Trp
TyPVal WS%V@ﬁM%W@m wﬁ@mgm&mmﬁﬁmﬁ@mg@% Pees @ EH68518)G IR hagaely Ser Thr

Phe Argrivid v ar SRR 70489 300alb W@éW@ﬁkHﬁe@iBf&ﬁﬂcﬁfﬁl&w@ﬁﬁm% ¥d-¥SIBI Tyrlys Cys
Lys 305310315320 Val Ser Asn L s Gl Leu Pro Al IIe GI({Ly,% f]iglle Ser L s 3253 0333y 123
Gin GluBRTRIe PR o] EHDAFS wﬁf%ﬁfz% LVl (R T5EEL B RSN A HE T sor

Asp lle reduved @I VGER Be-Msi @M@WQW@S?SSB@M@MHR@MWW of/BEVBAMTAr Pro Pro Met
Leu Asgraenssn &IY@MM%W Ehe ey T YRRshh P/%%I{Hd alAsRely3 261 A9 TP

40541041 G) n Val Phe Ser.Cys S r Val Me A is Ala 420425430 His Tyr
A o, o S e S MY oA 2 oo s
<223> Arv alififialhsyemhesieddpépicie E8dlvehBe 124 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu
Ser Ala Ser Val Gly 151015

[Example 12] PK/PD test of fully humanized anti-IL-6 receptor antibodies in monkeys
Each of TOCILIZUMARB, the control, Fv3-M73, Fv4-M73, and Fv5-M83 was
15  intravenously administered once at a dose of 1 mg/kg to cynomolgus monkeys to assess the time
courses of their plasma concentrations (see Reference Example for method). The plasma
concentration time courses of TOCILIZUMAR, Fv3-MT73, Fv4-M73, and Fv5-M83 after
intravenous administration are shown in Fig. 21. The result showed that each of Fv3-M73,
Fv4-M73, and Fv5-M83 exhibited significantly improved pharmacokinetics in cynomolgus
20 monkeys when compared to TOCILIZUMARB and the control.  Of them, Fv3-M73 and
Fv4-M73 exhibited substantially improved pharmacokinetics when compared to
TOCILIZUMAR.
The efficacy of each antibody to neutralize membrane-bound cynomolgus monkey I1-
receptor was assessed. Cynomolgus monkey IL.-6 was administered subcutaneously in the
25  lower back at 5 pg/kg every day from Day 6 to Day 18 afier antibody administration (Day 3 to
Day 10 for TOCILIZUMAB), and the CRP concentration in each animal was determined 24
hours later (see Reference Example for method). The time course of CRP concentration after
administration of each antibody is shown in Fig. 22. To assess the efficacy of each antibody to
neutralize soluble cynomolgus monkey IL-6 receptor, the plasma concentration of free soluble
30  cynomoigus monkey IL-6 receptor in the cynomolgus monkeys was determined and percentage
of soluble IL-6 receptor neutralization were calculated (see Reference Example for method).
The time course of percentage of soluble IL-6 receptor neutralization after administration of each
antibody is shown in Fig. 23.
Each of Fv3-M73, Fv4-M73, and Fv5-M83 neutralized membrane-bound cynomoigus
35 monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP over a
longer period when compared to TOCILIZUMARB and the control (the known high-affinity
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al’/gpl 30 assay system relative to the control.

These findings suggest that Fv3-M73 and Fv4-M73 are highly superior in sustaining
15 their activities as an anti-IL-6 receptor-neutralizing antibody when compared to
TOCILIZUMAB and the control, and thus enable to significantly reduce the dosage and
frequency of administration. Furthermore, Fv5-M83 was demonstrated to be remarkably
superior in terms of the strength of activity as an anti-IL-6 receptor-neutralizing antibody as well
as sustaining their activity. Thus, Fv3-M73, Fv4-M73, and Fv3-MB83 are expected to be useful
20  as pharmaceutical IL-6 antagonists.

[Reference Example]

Preparation of soluble recombinant cynomolgus monkev I1-6 recentor (cIL-6R)

25 Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus
monkey IL-6 receptor (Birney et al., Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Database
issue):D556-61). A DNA fragment encoding the whole cynomolgus monkey IL-6 receptor
gene was prepared by PCR using the primers, and as a template, cDNA prepared from the
pancreas of cynomolgus monkey, The resulting DNA fragment was inserted into an animal cell

30 expression vector, and a stable expression CHO line (cyno.sIL-6R-producing CHO cell line) was
prepared using the vector. The culture medium of cyno.sIL-6R-producing CHO cells was
purified using a HisTrap column (GE Hezalthcare Bioscience) and then concentrated with
Amicon Ultra-15 Uliracel-10k (Millipore). A final purified sample of soluble cynomoigus
monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a

35 Superdex200pgl6/60 gel filtration column (GE Healthcare Bioscience).



260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Lsgu 290295300 128 Val Ser Asn Lys Gly Leu Pro
Ser Ser lle Glu Lys Thr lle Ser Lys 325330335 Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu
Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn
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Preparation of a known high-affinity anti-IL-6 receptor antibody
An animal cell expression vector was constructed to express VQ8F11-21 higGl, a
15 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: 19 and 27, respectively). The antibody variable region was
constructed by PCR using a combination of synthetic oligo DNAs (assembly PCR). IgG1 was
used as the constant region.  The antibody variable and constant regions were combined

20 together by assembly PCR, and then inserted into an animal cell expression vector to construct
expression vectors for the H chain and L chain of interest.  The nucleotide sequences of the
resulting expression vectors were determined by a method known to those skilled in the art.
The high-affinity anti-IL-6 receptor antibody (hereinafter abbreviated as “control™) was

expressed and purified using the constructed expression vectors by the method described in
25  Example 1.

Assessment for the biological activity by human gp130-expressing BaF3 celis (BaF/ep130)
The IL-6 receptor neutralizing activity was assessed using BaF3/gp130 which
- proliferates in an IL-6/IL-6 receptor-dependent manner,  After three washes with RPMI1640
30 supplemented with 10% FBS, BaF3/gp130 cells were suspended at 5 x 10% cells/ml in
RPMI1640 supplemented with 600 ng/ml or 60 ng/m! human interleukin-6 {TORAY) (fina!
concentration of 300 ng/ml or 30 ng/ml, respectively), appropriate amount of recombinant
soluble human IL-6 receptor (SR344), and 10% FBS. The cell suspensions were dispensed (50
pl/well) into 96-well plates (CORNING). Then, the purified antibodies were diluted with
35 RPMI1640 containing 10% FBS, and added to each well (50 ul/well}.  The cells were cultured
at 37°C under 5% CO, for three days. WST-8 Reagent (Cell Counting Kit-§; Dojindo




Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Mn Ala Lys Thr Lys 27528028%¢ro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val
Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys 325330335 Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin
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The kme’uc parameters, association rate constant kg, (1/Ms) and dissociation rate constant kq (1/s)

were calculated from the sensorgrams obtained by measurement. Then, Kp (M) was

15 determined based on the rate constants. The respective parameters were determined using
Biacore T100 Evaluation Software (GE Healthcare).

PK/PD test to determine the plasma concentrations of antibodies, CRP. and free soluble I[1.-6
receptor in monkeys

20 The plasma concentrations in cynomolglis monkeys were determined by ELISA using a
method known to those skilled in the art.
The concentration of CRP was determined with an automated anaiyzer (TBA-120FR;
Toshiba Medical Systems Co.) using Cias R CRP (KANTO CHEMICAL CO., INC.).
The plasma concentration of free soluble cynomolgus monkey IL-6 receptor in
25 cynomolgus monkeys was determined by the procedure described below. All IgG 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 pl of cynomolgus monkey plasma onto an appropriate amount of
rProtein A Sepharose Fast Flow resin (GE Healthcare) dried in a 0.22-um filter cup (Millipore).
30 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 I1.-6 receptor in the solution that passed through
35 Protein A. The concentration of soluble cynomolgus monkey I1.-6 receptor was determined
using a method known to those skilled in the art for measuring the concentrations of soluble



Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin
Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly
Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser
Lys 325330335 135 Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365
Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys
Thr Thr, Pro Pr etle sp Gly 3 5390 r Ser ys Leu Thr Val
Asp LyS rgnal})\ Iﬁ 5 n°ﬁog§‘1%ﬂ 5 Y&(f? ?5?1%‘39 %?$s°§2e1$%§€ WG Ala Leu His
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443 <212> PRTTréd 8w petitficials 220315883 Anasiiicialn eunthenizad-p eRliteRROMENIRwEZE Gin
Val Gin IjLeu“%ln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr
Val Se i Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu
Glu Trp 35AS swublg ThybirecntoycoreanlyatomaitEienjibady parBusiraiict05560 %ﬁ Ser Arg Val
The Met LelsAIgphs L@ FeeabloScipiréritatiin Daror/S ey ThiemEe Ser VAl THY Ala Ala
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 137 Gly Cys
Leu Valhgssasd AppiRiabiPro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser
Gly Val His Thr HfeRra.flaNalibay J@ﬁ&gsoﬂﬁagdg iy %&bh@%ﬁﬁﬁbﬁ%}a ghidal Val Thr
Val Pro Ser 18018 190 Ser Asn Phe Gly Thr.Gin Thr Tyr Thr Cys Asn Val Asp S Pro 195200205
Ser AsTPRFLDEXGAPAMEIISH PIRPTAISE (TR Y RPEdroapesiat M@?ﬁ%ﬁ%’@yéﬁ% PRECys Pro
Al) PropfReoivaloklactey m&mﬁah;ﬂbedddnyzzﬁﬁaazaﬁﬂé@aﬁbe Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser His G u Asp Pro Glu Val
Gln 260265270




138 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle
Glu Lys Thr lie Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe
Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
Ser Arg Trp Gin 405410415 139 His Tyr Thr Gin Lys2Ser Leu Ser Leu Ser Pro 435440 <210> 54
<211> 326 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 54 Ala Ser Thr Lys Gly Pro Ser Val Phe Rtb.A84dRla Pro Ser Ser Lys 151015 Ser Thr Ser Gly
Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn
Ser Gly Ala Lew\ HanBe nB58@A5cGliytarak ¢diom itk hed Fred Alatdrali g h StnoGereBe nGlyl ewe Tyr Ser
505560 Leu 8&r Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 140 Thr Val Glu
Arg Lys Ser Gys: Vain@inCiys @rodR s @ ysgiro thia Rront 363 05kiomR o VethAldyGhyp Fiti@eial Phe
Leu Phe Pro @reiliys PioinyeeAdp 1usi@0irs Ten) ewdNies BleoSer g thipProi @ldA7ahThe Cys Val
Val Val Asp 13018840 svSemHis Barmsp Ret! Giaugat G THe RSN g . TyheveinAlsp Gly
145150155160l EnshaxealHig s anale tyeymal 135 By At G PG RIGIn Phe Asn 165170175 Ser Thr
Phe Arg Val \Ralagwimzalangborhircoadtad rpi® Gihahepmiipse 8dalgBagoof Sath §AYERPRgiGIG 2yr Lys Cys
Lys Val Ser ABfsitips &ty iethekd 195760065 Skigent @@tu%ﬁﬁﬁ HeSepsiiendd Listsly Gin Pro
Arg Glu 2102182001 beanasirsioa Sethesiiny asseairval 2SI IPROTYr whergarirsp lle 245250255
Ala Val Glu T RISEIVASA efffEam BrotesrmakHaREHyyr €15 1ameBu 288270 Thr Pro Pro Met Leu

; Seiond] eS| deletens\pl(b Siion P in Gi
A S e e T Ao btk 1 i) Cin Gin

U numbering system) in the amino acid sequence of SEQ ID NO: 3, wherein the
deletions have no effect on the thermal stability of CH3 domain.



290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu
Ser Pro Gly Lys 325 <210> 55 <211> 324 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence 142 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser
Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580
Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lg3 Val Asp Lys 859095 Thr Val Glu Arg Lys Ser
Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro
Pro Lys Pro Lyshaspdidbl20mhReGn 143 al$erakiis] Ghy, AspiRcd GéaMal Gie R e phsividip Z0@r Val Asp
Gly 1451501p64i60:Vz GlutMal HisuAsredda byscitic L1 Broidey BlliGibeGh Plvebksngd 65170175 Ser
Thr Phe ArgsYsteal Ser (Yaditien I3 v ahe/BlHisnieriAg pyFrpri80185480ibed Asn GiyHlys Glu Tyr Lys
Cys Lys Val Senbksing yes@iy)L bt (Proii95200208:SEHSentier BisksisiThil flér®eitioyd AdrLys Gly Gin
Pro Arg Glu 20215220 8rosGintwal. T Thetisan A P Prdlger Ang Gier GaLs MEnThEQ (roAsan
22523023524 GirhwdlSepnbergrsgyerteny/al KyesGiynPhRé Myhpr Serkspikes248280255 Ala Val
Glu Trp Glu BercAsanGhpainPdoraiuotsn menageidys Thr 260265270 144 Leu Thr Val Asp Lys Ser
Arg Trp GIn Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
GIn Lys Ser Eellsen8hod saptrseicisn serlmre ko sdiieh theaaugagridnapRP @pisiomnrificial
<220> <2233 RriaifiEiRIjrshRABSIRERpEplitéPsaiigencE dudEEenmRbsdrahisisR)Ay Pro Ser val
Phe Pro LeuPtsiiste Serisdic iy 18n0esnssyiipsdisipaifern Rin Atg EEPERPERELeu Val Lys
Asp Tyr 202588PHe2BIPBILBr&V AR 1 Narg@beiiasiien g AAPcetiaht Ser dkabhs

numbering system) have been substituted with other aming acids.

4, The antibody constant region of claim 1 (b), in which the Cys at position 14 (position
131 in the EU numbering system), Arg at position 16 (position 133 in the EU numbering
system), Cys at position 102 (position 219 in the EU numbering system), Glu at position
20 (position 137 in the EU numbering system), Ser at position 21 (position 138 in the EU
numbering system), His at position 147 (position 268 in the EU numbering system), Arg
at position 234 {position 355 in the EU numbering system), and Gln at position 298
(position 419 in the EU numbering system) have been substituted with other amino acids.

5. The antibody constant region of claim 1 (b}, in which the Cys at position 14 (position
131 in the EU numbering system), Arg at position 16 (position 133 in the EU numbering
system), Cys at position 102 (position 219 in the EU numbering system), Glu at position
20 (position 137 in the EU numbering system), Ser at position 21 (position 138 in the EU
numbering system), His at position 147 (position 268 in the EU numbering system), Arg
at position 234 (position 355 in the EU numbering system), Gln at position 298 (position
419 in the EU numbering system), and Asn at position 313 (position 434 in the EU



145 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val
Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro
Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115120125 Thr Leu Met lle Ser Arg [hr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser His
Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr
Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin
Asp Trp 180185190 146 Ala Pro lle Glu Lys Thr e Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220
Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr
Cys Leu Valys. (il B TYhN0 561 46 245280788 Alaal Gl Trp Glu Ser Asn Gly Gin Pro Gl
Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275280285cL @y T Mok Ashhise P88 A Or HIRLEID GINGbhRBY ahBAS 23Rk G502 9R49RB00 Ser Val
Met His Gly.AlaqbquilisARB Elisalyblih Siklns) Sebdiesh3qa31031532008erdeeudSer ¢¥0 Gly Lys 325
147 <212> RRT.5@ 185 (petificiali 22033 <2231 Anadifigially synthesized:.pephideseguance <400> 57
Ala Ser ThilysGiYPRaear MapRhedRm Ay MRiIRe 136l Sar kys 151945:%ek ThE SeuGly Gly Thr Ala
Ala Leu Glyfeyssken Maldysuivsiedyg 202830 Rpe-RvelG)mRronval fivsMateriipiAsn Ser Gly Ala
Leu Thr Ses35404%16 Y aldHimbhrble e dit Y ab essaln 386 BahSRULaumbyriser 505560 Leu Ser
Ser Val VakjhieWphBrecSeadaedsn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys
Pro Ser Asn Thr Lys Val Asp Lys 859095 148 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
Pro Lys Asp. Tl k20b28y donkient MeidteoSdriArg THr Bretedh Mal F lpoSysn\2a0\abiadM3p0130135140
Val Ser Hisif5iliue ASp rRrabGtin y/atstein)Phe Agoditpd §it VgloAsip:Gly 146hbFL56160ering

system), Thr at position 218 (position 339 in the EU numbering system), Cys at position

14 (position 131 in the EU numbering system), Arg at position 16 (position 133

in the EU numbering system), Cys at position 102 (position 219 in the EU numbering

system), Glu at position 20 (position 137 in the EU numbering system), and Ser at

position 21 (position 138 in the EU numbering system) have been substituted with other

amino acids.

8. The antibody constant region of claim 1 (b), in which Cys at position 14 (position 131
in the EU numbering system), Arg at position 16 (position 133 in the EU numbering
system), Cys at position 102 (position 219 in the EU numbering system), Glu at position
20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in the
EU numbering system) have been substituted with other amino acids.

9. A human antibody constant region comprising the amino acid sequence of SEQ 1D
NO: 5.

10. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 7.

1. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 9.

12. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 35.

13. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 37.



Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val
Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 149 Ala
Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly
Asn Val Phe Ser Cys 290295300 Ser Val Met His @iy Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305310315320 Ser Leu Ser Pro <210> 58 <211> 447 <212> PRT <213> Artificial <220> <223> An
artificially synthesizadapeptite Seauence 400058 Gingah&Sim oGkl Ter GKRrorGly Leu Val
Arg Pro Ser &im 451015 150 His Ala Trp Ser Trp Val Arg GiIn Pro Pro Gly Arg Gly Leu Glu Trp 354045
lle Gly Tyr lle Ser Tyr Ser Gly He Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu
Arg Asp Thr Berlyss@ibdahe Gem662ak b8 inguishrg the wSmn Seid \ed iRkncAtd A&ABp Thr Ala Val
Tyr Tyr Cys 852095 Mk0AY<Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 Ser
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys
Ser Thr Ser Gly /Gyl Adébaldy leensi80185840GlyrSys: euavahd ysid\sg TyrcPhe F4Q Glu Pro Val Thr
Val Ser Trp MB1SDMB8460K151 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Ser Leu Gly Thr Gin Thr Tyr He Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr
Lys Val Asp LyisAlysntiad Glgdrrprisyse Sy ©ystAgpagys 200235220 THeikis Morl€ys Pro Pro Cys Pro
Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr
Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val



290295300 152 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle
Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu
Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu
Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin
Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro 435440445 64

18. An anti-I1.-6 receptor antibody comprising the constant region of any one of claims 1
iol6.

19. A pharmaceutical composition comprising the antibody of claims 17 or 18.



