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1 MODIFIED ANTIBODY CONSTANT REGION Technical Field 5 The
present invention relates to antibody constant regions that have improved
physicochemical properties (stability ahd homogeneity), immunogenicity
(antigenicity), and safety, and/or half-life in plasma; and antibodies
comprising the constant regions. Background Art 10 Antibodies 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 pharmpgsyicaisaiseyatabie anihernarketizngyrany antibody
pharmaceuticals are currently under development (Non-patent
Documents 1 and 2). Almost all antibody pharmaceuticals currently
Technmaifadlle on the market are of the IgGl 15 subclass. 1gGl type antibodies
arg R pRALe e R an a0l GANEen ABIRAANRDBIRAPRHIEAIS it

hey can bind to Fey receptor and exeit ADCC activity. However, binding

physicgr e Al RO Pyt RO RRERS i FOFERROBT B (BF Y fahetom)» end
safety suchicah 8DEUE | walnoansend iandeeisacpagyiisg téagisstancrthimmit is
preferable to eliminate such binding activity from antibody
pharmaceuticals intended for neutralizing biological activity (Non-patent

t 3). 20 Furthermore, since Fcy receptor is expressed in
antigebegieserting wills amoeleen esptiainaditiza oy ihee ral@ﬁﬁgh@rtﬁatbﬁe in plasma

(blood?d %@%@9@3« g té‘e@t@s b@?ﬁx&%?%‘?ﬁnﬁ&%?‘%’é&%gcg%‘é(o

ng a protein or peptide to t omain IgGI
pharmpcRRittaiE B nzt hermpeiedDprtinferitbory mapaest Betlhaencurrently
under ﬂ&@eﬁb‘gﬂﬂ@@d\y(ﬁe)ﬂ@maﬂm Bedﬁgyugepgﬁoz)is thought to be a cause of the

édr?ﬂlgi?z %ffrﬂn equt gheountered.in ht‘rils%xlr (i a ?a{a__g ale 9l BhARt are of the IgGl

pa ocument ey receptor is
subclagpnslgerbtypafavoiadive eLrnBoE b%ﬁ?ﬁfﬂbéﬁﬁ@ﬁ@ﬁﬁf@hé@@bﬁﬁy pharmaceuticals

since EYUANZRA tb@bwﬁ@r%uve%ﬂf@m@%@imﬁom Hbaz&%rrsmwl@ 6f the Fe
d (%0 se effe%vanqﬂ rr11uno§en|0|t¥or ec% ré“orl %%%gg%g 0 se
Omai& gt 1810 Alter thi™ pe of” % a%f?
unnecwwmﬂwﬁ&ctﬂw ignehBthod @mﬁm@@iﬂma@wuﬂmwﬁéﬂ@dmmmgm from
anuboﬂyh@ga@ﬁi@d&:@ga% %@éﬁcﬁg faflﬁe%ﬁ}&mteom@%fsgr@n%ﬁf{p (N@Fﬁn%@éﬁ{ﬁ)ocument 3).
INNIDItIN Inding to.Fey rec oris artricially .alter the Fe, ao
PurthefRpt ATHET ThEETRELS RIRTON TP ARG AT TEL S e ind to
Fey rewntbbm@ tocusprestvdcd e ffitgend hulé hasiterasiperthédtharemotiprgseinity 1s and
can belBRgWildy %ﬁ%@%@:@eﬂ%ﬁﬂ%%&%ﬂé e &B%ﬁ‘x%ﬁ%@qt?ﬁ@mﬂé%t Document
4 dgoma of Fe (Nqon-patent Docum ents?a% %r% ical trial .
an ;9%%%}?8 d 8{‘8&1?8% ey KX (ielelsiciy Hﬁcep or is
thougligi nobto Fepse o plersaridwmmi-CB4 eitiio dies tnbdtrhdve phasathtdhidaé trials of

TGN 1@@@@%6%9&#%?@59@%@% ent?hﬁsa@ﬂlgﬁnﬂ@m?tf}é@%gﬁg considered unfavorable
in antlgj%%ep g%@e{ﬂm@l 1anrt]elnc?edl ?or neutralizing the biological activity of an antigen from

Back

the perspective of adverse effect and immunogenicity.

A method for impairing the binding to Fey receptor is to alter the subtype of the IgG
antibodj from IgG1 to IgG2 or 1g(G4; however, this method cannot completely inhibit the
binding (Non-patent Document 6). One of the methods reported for completely inhibiting the
binding to Fcy receptor is to artificially alter the Fe domain.  For example, the effector functions
of anti-CD3 antibodies and anti-CD4 antibodies cause adverse effects. Thus, amino acids that
are not present in the wild type sequence were introduced into the Fey-receptor-binding domain
of Fc (Non-patent Documents 3 and 7), and clinical trials are currently being conducted to assess
anti-CD?3 antibodies that do not bind to Fey receptor and anti-CD4 antibodies that have a mutated

Fc domain (Non-patent Documents 5 and 8).  Alternatively, Fey receptor-nonbinding antibodies
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can be prepared by altering the FcyR-binding domain of IgGi (at positions

233, 234, 235, 236, 327, 330, and 331 in the EU numbering system) to an

IgG2 or IgG4 sequence (Non-patent Document 9 and Patent Document

2). However, these molecules contain novel non-natural peptide

sequences of nine to twelve amino acids, which may constitute a T-cell

epitope peptide 5 and thus pose innnunogenicity risk. There is no previous
can be-gpsharen meyl iestehtoe-Reorbivididig g aotivodios IgGd Havpositano?ié, thase35, 236,
327, 39@@_{1%1133-1Mﬁ@!&vﬂmﬁuﬁwiﬁ@%@&i@ﬁgfﬁ@%ﬁ%@ﬂ%ﬂ%ﬂ@@@ﬁaﬂ&ent
Docmgalglgylaé,ﬁ]a?rplpg%gsg}/n?r%g stgflll%/, agzavery cr C|a}?|n the develo merlt |

o antibody pharmaceutcard; FOrHeY e%%ﬁf?/% UiTSERBEnERy ! non-natura
peptidgrgimansdsieomigisolfidel boacénin abidhinge tegigndoast retere (Bpettegikie peptide
and th(N 8PP HEALRYLHBRPLER antBAleN PRcYRGRL ot 51 1R, 888 nonbinding

anyfacture them as a,_ pharmaceutical in large-sCale while'maintaining

. n
amlboﬁ%%%? \V%%Yfﬂg?é?]%g%%gl}@\% hstances related heterogeneity
beMirserpiiodpictio ne:Emisakjmgtesishstbmuéscdiertetinah lin aariudhr Asomogeneity
and stR9R8DIBIEANRRLY m%%@@&&lﬁ}{@!ﬁB?%%BB%H%EH&%M@Q%@% G2

IgG4 are unstable ynder, acidic conditions. IgG typée antibodies are in
S“btypge%%t%f) E?Jb%‘s}’eaf&%l%aéﬁﬁcﬁ@&ﬁ&fﬁﬁﬁ%bﬂ{@ﬁ%fﬁ%ﬂm&%rs&@&kﬁg ipigsm reported
(Non-pietéiRdvandnthid dndsP anactVationeprdoesdt Thust, @itentiemisifieededhem as a

phanna%géﬁéiﬂ%t%%%tﬁgﬁiwxﬂﬁilg%iﬁ%ﬂ&@ﬁ@ %‘.&&Uﬁ%@{&%%ﬁ%%%t@é‘ 4 idBinces

antibody molecules developed as pharmaceuticals are

1 dZ}lr)gferable tha : !
related Rl RSERS B SERIRT B iRBhs. Natbrsingle subsianges aradesialie as much as
possibteeptotibadbincliaglentdbadies desipha-fiacaug2sor IgG4 (Non-patent
Dagemenierdng:Z A PRIEARAckeR Al O bavh T LIARIER 12
desfglrable to gs(c_)?f{]_/e these problems wﬁgne%eéle%%#ﬁg aﬁ%%;)%%leasfl_?ﬁ g ot e m_
generab expRiSELARCIIAC Fonii/ns aniltsoBredisrt v BiReer seiptRipisir Acaikthe virus
inactietinditiens:sand Thesdegret sl iheiedodeneitiiabginaiedilion digdidad 1gG4 during
these O0CRI0 10 NS o Bl ) B R Ol AN Bernsceuricals e
However, IgGl-type antibodies are repyor od to un ergo hon-e zyma%lc
also stpblsimdompiditcrerdiviage inNe@rhirGRashlaCdomitbRenirspitteyoahinding
antibodfes edragfofiol ati0nragd:F alo g a5t 8RREY AIRN7AM MG REment 2)
h ate I Noq-p tent Do nt 11). It is desjrable to, overcome the . .. .
o T AL G Sc IS S STBRS<HED Bha e igadie into
pharmpggHe#fiore, for heterogeneity of the C-terminal sequence of an antibody,
deﬂg@@ﬁﬂf.e @:tﬁiéﬂﬁé@'a?éé]%l@tﬁ%lg Btﬁfﬂ@d@@%@iﬁ@gﬁm@a&%@ﬁ $H@d|egree of
C-terminal ami rou to. eletjon of both of the two C-termina
heter o A Ry P RS REIP AR 1 i type of
antibofipeunkErva®y. igs bisferaplbedielinminaeostchih stelogeneityenhgnatic peptide
bond %@%ﬂﬂ@ﬁ@ﬂﬂ%@%dﬁit& @B%ft}iﬁﬁ@%ﬁé@ﬁr!ﬁg:ﬂ' he censtand f&gﬁfce@a%ﬁ% and Fab
antibo armaceutical.gimed for neutralizing an antigen preferably has
fraem S ST BURPEBHIOE 41 06 OB HSZL S BBV Modidspoible o
overcoBs: ¢bp grnsraboiodl tnapuriseshelt tryshgine antittsihas motiheen remoided.
Furthermore, for heterogeneity of the C-terminal sequence of an antibody, deletion of
C-terminal amino acid lysine residue, and amidation of the C-terminal amino group due to
deletion of both of the two C-terminal amino acids, glycine and lysine, have been reported
(Non-patent Document 12). It is preferable to eliminate such heterogeneity when developing
antibodies into pharmaceuticals.
The constant region of an antibody pharmaceutical aimed for neutralizing an antigen
preferably has a sequence that overcomes all the problems described above. However, a
constant region that meets all the requirements has not been reported.

A preferred form of antibody pharmaceutical administration is thought to be
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A preferred form of antibody pharmaceutical administration is thought to

be 3 subcutaneous formulation in chrgnic autoimmune diseases and

such. Low-cost, convenient antibody pharmaceuticals that can be

administered subcutaneously in longer intervals can be provided by

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

therapeutic effect and thereby reduce the amount of protein administered,
subcutinddyy Eonieluig: thechribodytwiithigh Gssattsiinndoutiat highw-cost, convenient
antxbo@@"}ﬁﬁiﬂ%@&ﬁi@!%@%ﬂ%@%ﬁﬁﬁlﬂf&%r%dﬂté}%ﬁ%’ it I MRCGRRAMs can be

subcutaneo u ns are high-concentration formulation
Prov o e Cpbt T st S, ThPe gV ECH o A heepeutic cfec
and th@@YyWéu%ﬂMthﬂﬂatMﬂsl@dmgmm thmilghtcmlﬁﬂraigmhbmbody with high

stabmfs}g!mhé&l B e AQEUA LB i HRUSHILIS %@nge to secure
thl)?llltgIP hconcentratl However, there is ng reportl ublished on

éﬁf’Sf’?ﬁ?@ié @B?%egpﬁ Blabiens atR >;onc«f:ntmtmn
foﬂnuiﬂtrmcnfgowﬂm@asmb@u@sufmhmm itsototistanhregicnioh tethoflligi-type

antiboR{CIBRAINGRG anibady halidiising Iﬁ@%t@ﬁ@%ﬁ@/ﬁﬁ%&ﬁgﬁ%ﬂt‘bowmem 13).

substitutes amino acids in the constant regio éaé‘Non patent Documents 14

Thus, 115 4 8§2HeHeRSSTHISARAGH 6f REHL ASRGFRtE e ndeeRtE IHEe RO REPOrt
publistegion ibanmtprpeafenabfafeamiliapefdpEativei g tmmemegsisiby fiskodicing

amino R ASHIREH AROYE, WhehLbe.PLIAGSE A3 antibagy {1 Scnfg%k(;ﬁody

to neutralize an antigen, it is preferable that all the pr
half-lifgh 5 Bl0a e SR DERBHRS WHH T Sl siRTEsASEIAE- Pé&?@r?%ﬁ%ﬁ@émn
(Non-piowe \Iscancons lanite dio) ibatmecismiitheiseqiirmentsibsquehbasito the

S0 e TR 00 U R SR

have overcome %’ o]fsrelated

prides AEcrihehatsrssaien in B ase Hfescipibbras mrr{wwp"@éelﬁtto neutralize an

antigefiQCW@@@ﬂeﬂabl%&ﬁﬂi%m/tﬁqimmgk&fé@ﬂ’d@@Wﬁt@fe%éfﬁoBdf@dﬁ@ With regard to
Dewitz. M oclonal antlb(s)ﬁ%x succ:es |nt e ir%c Nature

.C
s o B Frcogy (o005 23 1075 078 R A PBSERAL e b
not bepkrepeariely MBbThE e Ap damendiifcieshpdrcsnssaRboRioPs that have overcome
the pr&haﬂﬁgd&@@bamba@% Apr; 59(3) 389 96 [Non-patent Document 3]

MP K| C Fishman-Lobe
D IR e O o e P IR R aF e e B
[Non- mmﬁmmﬂéhh&mc@M&@lwmmkH Rostiaiveiiohat£B Faden & Matthew C

Dewitie0gpiocrependnauofiasterfinslionsahr. Nedified:ilGAMRRO IR 23,
1073- ody to human CD4. J. Immunol. 2000 Feb 15;164(4):1925-33 30

on-patent Document 4] Guyre PM, Graziano RF, Goldstein J, Wallace
[ Non-paer Bresamedh 2V IP ayVeidiWel [BrelsapWéll Al therepmsit potidodjeeinarket to 2008.

Eur. ]thggﬁleggf }@@gt@@b@q&g@g@ﬁmg&;@mmunol Immunother. 1997
[Non—%g%é &B é%@r‘é%?g %?%%%ﬁ%%‘t %ﬁ@i ]ﬁ/&alggyge z}g rrll“?s an—LobeiE J,

|
Tsui P, Dal Monte PR, Doyle ML, Brigham-Burke MR, Anderson D, Reff M, Newman R,
Hanna N, Sweet RW, Truneh A. Elimination of Fe receptor-dependent effector functions of a
modified IgG4 monoclonal antibody to human CD4. J. Immunol. 2000 Feb 15;164(4):1925-33
[Non-patent Document 4] Guyre PM, Graziano RF, Goldstein J, Wallace PK, Morganelli PM,
Wardwell K, Howell AL. Increased potency of Fe-receptor-targeted antigens. Cancer Immunol.
Immunother. 1997 Nov-Dec;45(3-4):146-8
[Non-patent Document 5] Strand V, Kimberly R, Isaacs JD. Biologic therapies in rheumatology:
lessons learned, future directions. Nat. Rev. Drug Discov. 2007 Jan;6(1):75-92
[Non-patent Document 6] Gessner JE, Heiken H, Tamm A, Schmidt RE. The IgG Fe receptor
family. Ann. Hematol. 1998 Jun;76(6):231-48
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- [Non-BRiSR P RT PR, hhzyrighEsihgsian6i

lessons learned, future directions. Nat. Rev. Drug Discov. 2007 Jan;

6(1):75-92 35 [Non-patent Document 6] Gessner JE, Heiken H, Tamm A,

Schmidt RE. The IgG Fe receptor family. Ann. Hematol. 1998 Jun;

76(6):231-48 4 [Non-patent Document 7] Cole MS, Anasetti C, Tso JY.

Human 1gG2 variants of chimeric anti-CD3 are nonmitogenic to T cells. J.

Immunol. 1997 Oct 1;159(7):3613-21 [Non-patent Document 8] Chau LA,
[Non-pafeniOogenese’) GnkedrEnasraseitiNg G seNIibhiman hertavizegt of chimeric
anti{ﬁ?gl%éq{gﬁﬁﬁ@@ié{[&t@ﬂtikh?ﬂwa_?ﬁﬂﬂﬁngp%w@%&iE%lD?fjg@@%tﬂ002 T

cells arti nist of the ceptar. Transplantati pr
Non-E B e R T4t Bob LS ARSI NS g
humamgd\WeiaeasomntambRuunabirzoty hgaiesi (03 molegidespadkingal blood T cells as
R e AR S R S

mmunol. ; : - -patent Documen u GC, .
(Non- 3R 1995 52ERS & KRB L o SRS L BB Hehdid) A4 L. Recombinant
human\iglurmafztioleofSuogihipidena wRetombindhtd\lod actonal fertipadyitg activities.

Fur. JMMQ@@JQ%EQ%W%@@@M Temperatures. Pharm. Res. 2007
Mar 24:24(6):1145-56 [Non-patent Document éﬁl}AJ Cordoba, BJ Sh

ong,
Péé#{e,ﬁgﬂgha& S, gongarenko PV.
Accurantihodie$ Sncatitidde th LCReoombbgrnBViAnat! et iooib&iomelildie Addic Buffers

UndedBRUSPert It ek L PINGD-RAECHHEPGUPERLLLE ISR KA,

Paisley-Flango K, Tangarone BS, Porter TJ, Rouse’ JC. Cation o
Non- RS HREHIST Bt ThoRe Lo Bl REBSEr IO GHRE i BB gAY Brtic hinge
regionaflagGarttedgmy ofhaithodizalirBiokhem. RQZclandg3a0()78-83{hasl-msitentd. Life
Qe daggjjm%nq 13];Shire SJ, Shahrokh Z, Liu J. Challenges in the

devélopment of high protein concentration formulations. J. Pharm. Sci.

Sopcerse) 13bio

[Non-pgjgnt D& indrisisieilanes mdrneaoniiish Prtexibhgiouse JC.
Cation) bkchahfis NG CTamonds, dtedeodetlguenshita -Nrriif agiReQdTan G 1 heavy

- j Wi er. half;life. J. Immunol. 2006 Jan 1;
Cham'%%%ﬁ:%ﬂ%%@?%%égéggfc@ggﬁ%tgﬁ Ghetie V, Popov S, Borvak J,
[Non-Reigii BORRENES0} D Wit SianEoRe 7. i Witk e i disig thlepment of high
proteifebiivpeLsisteleaabasmig® frgmertbytandemongagsnesais Nat. 25

' | 19 -15(7):637:40 [P 1 .
oG R PR PR e el SRS b B AT 558t hporushita .
An engings20nBra1ds 23 guEdbpiscivsh lensehsaveraltnife b Bromentol 52006 Jan

1;176@9tyesl oy the Invention] The present invention was achieved in view of

[Non-gé egp B\(/J%u%rgrlljt[? } Ce Ic’é 6,n l%b-g\?té\feBorvak J, Radu C, Matesoi D, Medesan C, Ober
RJ, Ward ES. Increasing the serum persistence of an IgG fragment by random mutagenesis. Nat.
Biotechnol. 1997 Jul;15(7):637-40

[Patent Document 1] US 20050261229A1

[Patent Document 2] WO 99/58572

{Patent Document 3] US 2006/0194280

Disclosure of the Invention

[Problems to be Solved by the Invention]

The present invention was achieved in view of the above circumstances. An objective
of the present invention is to provide antibody constant regions that have improved
physicochemical properties (stability and homogeneity), immunogenicity, safety, and

pharmacokinetics (retention in plasma (blood)) by amino acid alteration.
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of the present invention is to provide antibody constant regions that have
improved physicochemical propertie;éstability and homogeneity),
immunogenicity, safety, and 35 pharnracokinetics (retention in plasma
(blood)) by amino acid alteration. 5 [Means for Solving the Problems] The
present inventors conducted dedicated studies to generate antibody
constant regions that are improved through alternation of their amino acid
[Meansdquénbasifid Rendamydroved physicochemical properties (stability and

h 0@1@%@?&%5&0&%&%&&% @.@&éﬁ(ﬁ%uﬁﬂ@é@@é}{%@ IRELES OBt regions

result, the ;ﬁ%’?se t inventQrs s#ccessfu y improved antibody constant

that arg JERBRONS SRR BB UnTBH QA CoEHSIES Atthfeaig improved
physiceelerogehpityperiginétietifiyrand isulfide: bands imthenbjrgeigyion] se@ucecd
phaan@SﬁfQ&?&e'tyA%rEQfgﬁIﬁdtﬁEoﬁeg%ﬁtkhgm&&Jggggé%'fy ﬂﬁgﬂﬂg@ Qﬁﬁgody constant

stabi |ty at hlgh concentrations, as well as discovered hovel constant

region g RN IRNEL STRRVRG G aell Rey HUcBsSFSReey SEaRARe W Riginated from
disulfidirtionidirig theljegeragion, AdafcddvetBeelbepioptnpeptities: ledi-chain C

termm@.@eﬁﬁ@tlﬂa@ﬂgg@tﬁ%ﬁ%{%ﬁﬂt&%&{&%@ta@e&ap§ Q?SEQ{}%:QHQZ%Q% onstant

terms of safety, immunogenicity risk, physicochemical properties (stability
region SRAUSBRTS JeNIB Jediead &?&ﬁ%@&kﬁr@ﬂ Hig 851 WhEPoVEHTBHIRY the generation
of novahiina:Aeisiateiadfaiteantibodies comprising such antibody constant

reqigg %&%ﬂﬁ%@ﬁﬁﬁ%ﬁ%ﬁé’%&kﬂ%& %ﬂ?r@%ﬁﬁs@ﬁﬁ?a}" Sz? %%tl or in terms of

metho s 15 for pro ore pec icall e present i on
safety pygpiuBeEeiAth %@M%ﬁ%&%ﬂaﬁp%@?@r{%@%wm bmag@pﬁmawd
pharmassitiaeycensianireaiprothataabprsasdeded @ﬁ&@ﬁ&@tﬁr@bﬁ@i&@@ﬁﬁh@ﬁsmg such

ant1b0§§%01(r%9an$| %ﬁﬁgé atrrﬁ?aEe% {4 berlnfg %6%% Do Se% gﬁ’; 80(1 and methods

oteins o oglca erest
for Pr%i%a@trbﬁnasomguwﬁmﬂﬁ,ﬂhé E@Sﬁr@trﬁb*éﬂmﬁ@rzgrgygiea}n) in the amlno

[1]a mgﬁ&mwu;&aﬁ&&@;@;b}g%ngba,@ewman antibody constant region

that comprises del t| ns of b Gl .325 446 in.the
@a h%aﬁuar% enﬁ’g“é’% %nmfegrlf(}JnLyq Xl Cl’f%gl f)lcs)é}lf%ﬁ%lﬁ Frihe %‘E?n 329
(posﬂlﬁnﬁ&ferm@%ﬁéﬂezmmhemmmmmam memwﬁfmwﬁm@mw@ interest,
NIH Pad)yeaiam anibody constant,resiondhaicon qggﬁ%&elﬂtmﬂﬁtﬁé Boih b &fng

syt 5 S iR A RE B Alhdaring system) i the amin acid

(b) a hoaprerdibof GEROSIENERISn [RRbeo O B codetetinregidmih Ghyich pheition 325

(posﬁz@ﬁuﬂ% acids RLPRSIIBNS2Q0:teReSiHAR BRONFhe Bl 308mReTiNG 3451 eMhe EU
ositiqn 331 in the EU_numberin nd 218 (position 339 in

e G B Sy B P B S DA ATAEeBH S 1D NO: 2

(c) a bhaves bethodybstityitad r@donithad ten s el elcidsn{ 3 Aoty Gl eopstidn 326

(posititROIAB i3 WRIEH the-rBing aCitbAHRANEQR 2/ FoResiion3RE:m R B n the EU

numbering system) in the amino acid sequence of SEQ ID NO: 3;

[2] an Ig(G2 constant region in which the amino acids at positions 209 (position 330 in the EU

numbering system), 210 (position 331 in the EU numbering system), and 218 (position 339 in

the EU numbering system) in the amino acid sequence of SEQ D NO: 2 have been substituted

with other amino acids;

[3] an Ig(G2 constant region in which the amino acid 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;

[4] an IgG2 constant region in which the amino acids at positions 14 (position 131 in the EU

numbering system), 102 (position 219 in the EU numbering system), and/or 16 (position 133 in

the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 have been substituted
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numbering system) in the amino acid sequence of SEQ ID NO: 2 has

been substituted with another amino acid; [4] an IgG2 constant region in

which the amino acids at positions 14 G)osmon 131 inthe EU 35

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

andlor 16 (position 133 in the EU numbering system) in the amino acid

sequence of SEQ ID NO: 2 have been substituted 6 with another amino
with aagme{@ﬂimlg@z constant region of [4], in which the amino acids at

[5] @@&%&ﬁ%ﬁﬂﬂ%ﬁl}'%t%l&%%%ﬁﬁé'ﬁ&ﬁé@{ )i R0k 2% §858§g8f%[‘)137 in the

8 in the EU numb ering system in the amino acid quence (0]

BU oo GBS B AR AR P Hhg et RIS [EpsiRIgig she amino acid
sequegansiEQefloNGh vhick bisatipesitiond 4th (positianig68dnithe EU

[6] mqgfﬁ@@m&yﬁl@@ 1@%%&?@%?@(%%5{}11‘8% %%%&%05 gn%é?féﬁt#ef Uéﬁmbenng

numb ering system), and/or GIn at ition

sySterhly AR ANRP SR tHRARARIHY dRithe & BHER BRREQFoTNGnd/ i 4¥ka at position
298 (theivsulistituthd Milmotiterianineanids {1 amigGieoRsRMEFIEN ID NO: 2

have B@&C&mgﬁ@maﬁ%ﬁﬁtﬁ(&o btlgaa 09 (position 330 in the EU 10

numbering system sition 331 in the EU numbering system), 218

anqebigan %tW%EUWH%B@r%@%?%%@F@S@@@tW $oritiamé ¥Un the EU
numbasrmgbggmga;yster@oﬁﬁcﬁp@snmﬂésﬁmﬁ&ﬂng Lsmb@ﬁm ﬁs@%%oﬁ@w in the EU

3 erl tem 102 (p |t|o In the
numbt(lq rg Eg#n}%yge sé%o(%osm nt]ﬁ = Er;ﬁ%erl g s O%igl in the EU
numb%n@%wma@(mﬁ@%@ %mﬁkﬁeﬁh@wsb@rmgrsm@rabnm épmmon 219 in the EU
nmnbese@gxme;@)‘ S&@d@ti‘é@mhﬁ\t@elmmm&liﬁge@wm) %&me(p%mﬂfb% 138 in the

G TR B G a———

other @W@érﬁ‘}léhd Lys at position 326 (position 447 in the EU numbering
[8] theshsterapifhandger @pmtaamlﬁﬁth@wmﬁa% AONAR RIS ALRS: 1%'%? Ssition 325

27 7inthe EU 20 num gsystem 14 (position 13
osit R L e G L3 e R AR eSSy e BU
numberPE @wéition 219 in the EU numbering system), 20 (position 137 in the EU
[9] an MECNDESNGaSY SERIBN ANEHEh ﬁiﬂ@%&%ﬁb%@d@a‘éﬁoﬁ%ﬂg 'E‘ﬂ?(ﬂb%xﬁ)ﬂﬁt@’f)ﬁ?the EU

P R SO 6 PO TG bhSTAFE e 3P ST w33 in the U
numbesurashisesdiel 88dnssifiboti BCly tht fisitiemb2EiIR2Sy (pasition deitithE3Eth the EU
nmbé?ﬁf@@?ét@ﬁxﬁ%ﬂ@@ i8S ﬁ@%@@%%ﬁéﬂffé'ﬂg‘séﬂ HBeEYming acid

],an 1gG2 constant region in WhICh Cys at position
sequenfy E’ﬁbﬁsﬁt?gﬁgﬁnﬁth@%hﬁ% MBS EYLtR M KHpPAEiadn 16
[10] thipbeitibrob3uin rmdi W idinbéiripfeybtera) nGy et dusition 30BopOsitianposition
325 (8% R VIS ST BLRIVILBARBPSHORAER 405 in the EU
numbermg system});
[11] an IgG2 constant region 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), 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) in
the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids;
[12] the IgGG2 constant region of [11], which further 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

numbering system);
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30 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 GIn at position 298 (position 419 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 2 have
been substituted with other amino acids; [12] the IgG2 constant region of
[13] apIglxvbichtiurt e cotnprises detettgnsiabbotl Ghsalogposiidn tB5E2aumbering

ition 446.in th i . ifi e
e e 0 TR oy LIRS AR S ) 2 psion 102
(positiggid i Wil cysbepestisH @éﬂﬁm@@r}@ B ARt BV
numbaSyisieyyieAry Sénagitondb2(positiond 338 nhecEY numbering Sysien His at

o iti . (RS ' umberi t lu_at :
posi O e e K R S (il 55 in e
EU nupbgiingsy$em-thenptnesiier At Gpstian Aikiathedodinemberngrosisen. and Asn
at posiZiod Bl e &WionAhEringsysienhbAfhakpasitigindBé &ﬁ@ﬁd’iiﬁaﬁ&a&m&@of SEQ

-l .numberin em),.Gi osition 298 (position 419 in the EU

1D Ndr?ugm g?iﬁaegy%%%rﬁ%ggﬁ@ﬁ%% _rp%%llﬂ%r?%% (position 434 in the EU
[14] thedefB2 6AGSEYHEEIOM h &l A ity someprise Sty tignd both 44 at position

325 (pbeigidsubstitiped INth eweraminaasidsid 14the aGR £ ansta86i0M9fin the EU
oumb ]ig ngtigh further comprises deletions of both Gly at position 10 325

P itfon 226 in the EU numbering system) and Lys at position 326
[15] agdeSiionusianireaeEn Wuslobe agbyssid) o] Dopdivigss qonsiantd@ionhe EU
numbdfn¥hichdhs AMMIBQAGH atiReeHirndSSr GRYtUpMNE9Inibe &l simberingith
systen'cl)) in. the amino acid sequence of SEQ ID NO: 3 has been

anmhe%u &ittfEd with another amino acid; 15 [16] an IgG4 constant region in

[16] andsioH thesinnites gioi avipobithsrrzaso(poditiohpe6diim hRY Fibd siiomBéfing the EU
numbe?ﬁ%%%eﬁﬂ%@i‘ﬁ&édk?i fgzo%glzazé’?,llgﬁ), ilg% lg% g«%ﬂ,aﬁg%gg@otsﬁﬁogﬁ 131, 133,

ositi : : 4, : X , an in the .
137, 1%%%5;%55}5 é?é%%?e]%%% 2h ‘ed%éi T2 $Y5{Cn i iR tively), and
positiqpositioris 2384284, @odi 235 W%éﬂ)wﬂrﬁbéﬁm@h‘sﬁ&mﬁwmm
respect VR RER0SHRSIHIRA MER IRCLARIR AT RN R iRA Rk position 116

i ,poséll n 1&}% 20 (posijtion 236 in thgﬁlgu numberlrg system) has been

(positigR 218 it e LR eIt SehUHd 70 SRIEIH 'K BedpyiA@ggksaquence of
SEQ IDoN§tat region of [16], which further comprises deletions of both Gly at

[17] ﬂféqg@%o%%éﬂp%%ﬂ%% Bi Hkch W AHBRSHNGSYSIRINBRAIAR AL Gly at position

posjtion 327 (position 447 ii the EU numbering system); 25 [18] an IgG1
326 (PSBW&%ﬁf*Pe’&%%Piﬁ%ﬁ}éﬁb&%ga%&%ﬁ?cﬂ%‘éﬁ% aﬁ%ﬁ%s%([ww 47 in the EU

numbdarimpbgsiag)system) in the amino acid sequence of SEQ ID NO: 1 has

[18] aR B ISHRRHIMISH AthiANAIRET ARG REWn 317 (position 434 in the EU numbering
system) in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino
acid;

[19] the IgG1 constant region of [18], which further comprises deletions of both Gly at position
329 (position 446 in the EU numbering system) and Lys at position 330 (position 447 in the EU
numbering system),

[20] an Ig(G2 constant region in which Ala at position 209 (position 330 in the EU numbering
system), Pro at position 210 (position 331 in the EU numbering 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) in the
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[19] the IgGi constant region of [18], which further comprises deletions of
both Gly at position 329 (position 446 in the EU numbering system) and
Lys at position 330 (position 447 in theSEU 30 numbering system); [20] an
IgG2 constant region in which Ala at position 209 (position 330 in the EU
numbering system), Pro at position 210 (position 331 in the EU
numbering system), Thr at position 218 (position 339 in the EU
aminoneidernensy SILRDQQIENO PR $itiontkdr poisitinmd Skt thade kinMeabrrng

) p he EU N erln S
1 R S RS L L XG5 posicion
325 (ns6igents 5 pBSitidn DSRPF R S ESSTRUANSErY Y2 PO O ARA ®eritipn 447 in the EU
numbgdsitiorteh (position 138 in the EU numbering system) in the 8 amino

[22] aﬁ%%ﬁe [‘gﬁ%ﬁ‘z %ﬁ%ﬁ%m Nacéyglo\r{ﬁo?% %%b(%t Itsu ed \%[P lgt‘BlerL‘aﬂplllrlll%lberlng

constan er comprises

systerple i ALRIBHI IPasHiesiton 1325@(5&nmbmemmem Gumabpeisigion 102
(positiySteg)age E@@&Miﬁ@@ﬁz&r{p@ﬂe@ ;ﬂﬁ?ﬁantb@ EYsige G he EU

system), 5 [22 2cq glon in.w t tlon 14
numb& ng St te all%gegci rcl}alr{r}l erln 31t em) @&@ Hp E‘é‘lﬁgosgfftgﬁl) in the
ammla@:adi ROBHEIEE) STUPRSE HA GV stdrmye @mp@enm 10th Pusiton@1idsthe

[23] t@ug@m&egmaﬁﬁugieﬁef Bt al RREIHRARD &@&%ﬁ%@é@ lal%?gﬂagﬁﬁE &&kdth Gly at position
osjton

ng s tem), and.Ser at positi
525 (RARRALE B g L ERRAG AT SEDGSAcE B0 IONGED Radd? in the EU
numbgrernhsysisstituted with other amino acids; 10 [23] the IgG2 constant region

[24] a0fl22h M&h@ﬁ%ﬁ?ﬁ%@%@f&?@oﬁ?ﬂﬁ@ﬁ@%}?& QRH&@A&&%@@?&HQ@ o?%ﬁQ IDNO: 3
osition 446 jn the EU numberin F%rgsteraﬂ and.Lys at position 3

257 o GEHER 40940 SO0 T EIPD SRR LS TN, 24T R BB SO EC 1D NO: 7
[26] adomsrarntsyidy corsiprising the anjinsisgiticeqienacei ot SHEMED NOEF; ID NO: 9;
[27] ah?éh%%ﬁ@&i '&%@%ﬁ%@iﬁ}ﬁ%ﬁgﬂﬁﬂqg%{ﬁ g R0 ACIF SEQ 1D NO: 35:

equence, ID NO: human antibody constant region
(281 o BgFhaR aﬁﬂﬁaréc@@m%mgé ERFINGC, TEPFRN AR 1D NO: 36
[29] a mitrodantibndtacinegio megbm prisipg dne dmiamiacidcégepree©d SHQID NO: 37;
[30] 2 M&é@w@&? GHHQ%&%%RQ%E&F‘H%@&E%%%&&Q&E{ 'Eé’iQeﬁL% APURRATN O 43;

sequence of SEQ ID NO: 36; [29] a human antibody constant re%mn
13112 Symphemi ﬁﬁﬂﬁéﬂé&?@e@oﬁ%%w&gsmwec Aeq881% RURTER [D NO: 57
(M40&@1KHody constant region comprlsmg the amino acid sequence of SEQ ID
32 in ]
22 N 7 S0 e P AL S ATIDRLE 19
(MB6AGRgtant region comprising the amino acid sequence of SEQ ID NO: 55

[33] aﬁW%h@Eﬁﬁilmﬂgﬂt&mdmmﬁmagi@hmgﬂWm Jegip2pf any one of
(341 k19326 1%5 Eﬁﬁﬂg %g 558 g%aGHB%%Xt‘%%Q 1ISG NS SN 1323: and

region of any one o
5} a pharmaceutical composition comprlsmg the constant region of any one of [1] to [32].

Brief Description of the Drawings

Fig. 1 is a graph showing the result of using gel filtration chromatography to analyze the
content of aggregates in WT-IgGl, WT-1gG2, WT-IgG4, [gG2-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-IgG1, WT-IgG2, and WT-1gG4.

Fig. 3 is a diagram showing predicted disulfide bonding in the hinge region of
WT-1gG2.

Fig. 4 is a diagram showing predicted disulfide bonding in the hinge region of
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[35] a pharmaceutical composition comprising the constant region of any
one of [1] to [32]. Brief Description of the Drawings Fig. | is a graph
showing the result of using gel filtratio chromatography to analyze the 30
content of aggregates in WT-IgGl, WT-IgG2, WT-IgG4, IgG2-M397V, and
IgG4-R409K purified by hydrochloric acid elution. Fig. 2 is a diagram
showing the result of cation exchange chromatography (IEC) analysis of
IgG2-VKBAgGl, WT-1IgG2, and WT-IgG4. Fig. 3 is a diagram showing predicted

PSAIGl, WT-IgG2, and WT-1gG4 iagram showing pr
%’%ﬁgﬁ%ﬁ%ﬁ%&%@ﬁﬁ%ﬁﬁ%ﬁ& S s

s
analysgof ¥ agrehEdftming the result of cation exchange chromatography

(1EGY. Guiralyipoiinidg @ dndriyBReBECn FigthbrigeactiagramshiwiiEC)
analyst8ef ﬁ%%&&@@%—?éﬁ%@gﬁ SN R D ANUYSIH T chain C-terminal

humanized PM-1 antibody, H chain C-terminal AK antibody, and H chain
AGK alibefiinal AGK antibody. Fig. 7 shows comparison of the amounts
WFig GEhdhls tgedaibbn 9Ghe WD EARGRgMT WIT-IAGK, WiTd YEE;MI

W T LR L G R R A Wrwrack,
and 8V ive SREIC BV fP e oidhoseauapk ShsWinhcoresiridsa -1eG4,
WT-MIARSEN WIS MACK GlndMT TG 21 NOK 156hd W TVILHAGK,

WE-MLZA -MI .bo cYRIIh.«Eig. (S r
rbibien BT Rl 01 DS RO PR £ AR, wrtecs,
WT-MAARAGE4 RG RV AW 78 Y Brid MAGH bovak tedisB b FeyRilla (val).
15Frig101sis srgpBRAGhowinsibeins ease: chagaedation 3 Wﬁbi#tyz,em‘»zg@at,
I :1gGi - AG T- K, and WT- t hig
WT"I\EC%%@&%%EH@% ﬁ‘%‘g‘%&ﬁ s%r‘;oévg n%b%g itnocirrcggl\g(lé}@f% fragments
in BigtaBility wrepfoshwrringdhe ncrepse oA apgragating paGiebdiy st i WT-1gGl,
WT-MAGER! wri]gmrpm@mh [@H@WIEE]@J %égﬁ@aﬂiﬁgfﬁfﬂ@@%’w\%ﬁ?ﬁﬁe ;esult of
calion change chromato rap alysIs Ofl. - ,
I E R e LTS T GRS sl e for WT-TgGL,
WT-MEt6ES O pddhia GlncodtNtloNs! dAGK aytohsgnvymigtionafter
intﬁﬁ@@% I8 _tgﬁﬂmﬂgﬂa@&@ﬁ}f&%&imtmstgm@ofﬁﬁ%gﬁéﬁleC)
ra g | C Ses centrations o -1gGl,
anaiys?ﬁ/?? 44’%@‘?2 5 ',mm%ﬁ%%‘iéﬁﬂ%@gﬂous administration to

huhignl fFéRnarepissfenicng the time courses of plasma concentrations of WT-IgG1 and
WT-M14 after intravenous administration to human FcRn transgenic mice.

Fig. 15 is a graph showing the time courses of plasma concentrations of WT-IgGl,
WT-M44, WT-M58, and WT-M73 after intravenous administration to human FeRn transgenic
mice.

Fig. 16 is a diagram showing a cation exchange chromatography-based assessment of
the effect on heterogeneity by the constant region of anti IL-6 receptor antibodies WT and
F2H/L39, anti-IL.-31 receptor antibody HOLO, and anti-RANKL antibody DNS.

Fig. 17 is a diagram showing a cation exchange chromatography-based assessment of
the effect on heterogeneity by the CH1 domain cysteine of anti IL-6 receptor antibodies WT and
F2H/L39.

Fig. 18 is a diagram showing a DSC-based assessment of the effect on denaturation
peak by the CH1 domain cysteine of anti IL-6 receptor antibody WT and F2H/L.39.

Fig. 19 is a graph showing the activities of TOCILIZUMARB, the control, and Fv5-M83
to neutralize BaF/g130.

Fig. 20 is a graph showing the activities of TOCILIZUMAB, Fv3-M73, and Fv4-M73 to
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25 mice. Fig. 16 is a diagram showing a cation exchange
chromatography-based assessment of the effect on heterogeneity by the
constant region of anti IL-6 receptor aMfibodies WT and F2H/L39,
anti-IL-31 receptor antibody HOLO, and anti-RANKL antibody DNS. Fig.
17 is a diagram showing a cation exchange chromatography-based
assessment of 30 the effect on heterogeneity by the CHI domain cysteine
neutraze it/ g6l teptor antibodies WT and F2H/L39. Fig. 18 is a diagram

h
s p m %Q%ﬁmg%%?ﬂ%%%%%fg?gﬁ%ﬁﬁ%%%@%ﬁfﬁ% fle’éfﬂmmg

the 00&35?1 E %@? %ﬁX '@%ﬁ?&fﬁ"é&{ﬁﬁ& BIEAEeI R OB YAl ieh HFgivenous

admingaiFrs-M83 35 to neutralize BaF/g130. Fig. 20 is a graph showing the

acp'\y' 195 af J I_ngﬂilr L%HM@E&EC&%?&}@%@ & Wéo%&%ﬂ%%ﬁﬁ%%omoigus
p130. Fig. 21 is a graph showin asma concentration t

monkef B BFYSEILT G ARy @M%ﬁsoﬁwv@%&ﬁmmw M?73,

or Fvaav8homolgus monkeys after intravenous administration. 5 Fig. 22 is a

TR S e A RSB PR

maonkeys after intravenou control,
receplps 41 mﬁfﬁ\}auwgm@af&@@%@a#@oég4@%1@%%%1@3&%@%%%8 the
controd;dfﬂ%éﬁiﬁ‘ dorchfitRatoiief-fveg3soluble IL-6 receptor in cynomolgus
f S T CILIZUMA he 1
cont ?%?35 i A e g P R W e,
eaeéu %Y%&\ﬁéﬁﬁﬁ@lﬁfwlwmvw Ra eadgenic mice.
WT M58 after intravenous administration to human FcRn transgenic mice.

_ ut the Invention 15 The present invention provides
Mode %9 i a(wﬂ%:Je(in’&mnh ose physicochemical properties (stability

andhsarrsgRERgRLiPAmtMGgenRetiposaferys i AsEisIaWhsskihatics draucal

properies (stabploy esdhoaltarneiths @%ﬁﬁ@@!ﬂ(ﬁﬁh@éﬁﬂﬁ? %%ﬁﬂﬂ&%ﬁéekmetws have
constant, re ibodies camprising such co

been it 5?‘rﬁ§cb %%Ilc nillpo lllcl)ngcé@r%e hsing g%c l?% : W&%gﬁl&&s%‘?bed‘es

Compfﬁrié}é@W@WWWW@WQM@@QWtW@mng@IQ g®h, antibody; and

methot3Gd Poeensiapiyegion. The antibody constant region is preferably a
ibod stant re cid ;s uences of human

friintis Sty v R A e
aﬂtibOﬁég%@nstag@gmmpmfmbim igman@b@dme@mmsegm NOhepmieh acid

sequerF I highh EON$IABE?, and [gG4 constant regions are known (human IgG1 constant
region, SEQ ID NO: 1; human IgG2 constant region, SEQ ID NO: 2; and human IgG4 constant
region, SEQ ID NO: 3).  The amino acid substitution-containing antibody constant regions of
the present invention may comprise other amino acid substitutions or modifications as long as
they comprise the amino acid substitutions of the present invention. Therefore, IgG2 constant
regions comprising the amino acid substitutions of the present invention in the IgG2 constant
region comprising the amino acid sequence of SEQ ID NO: 2 include IgG2 constant regions that
comprise one or more amino acid substitutions and/or modifications in the amino acid sequence
of SEQ ID NO: 2 and further comprise the amino acid substitutions of the present invention, as
well as JgG2 constant regions that comprise the amino acid substitutions of the present invention
and further comprise one or more amino acid substitutions and/or modifications. The same
applies to IgG1 constant regions comprising the amiro acid sequence of SEQ ID NO: 1 and
Ig(G4 constant regions comprising the amino acid sequence of SEQ ID NO: 3. The sequence of
human IgG4 constant region has been altered to improve the stability of the hinge region (Mol.
Immunol. 1993 Jan;30(1):105-8). Furthermore, the sugar chain at position 297 in the EU
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region, SEQ ID NO: 3). The amino acid substitution-containing antibody

constant regions of 25 the present invention may comprise other amino

acid substitutions or modifications as IHﬁg as they comprise the amino

acid substitutions of the present invention. Therefore, IgG2 constant

regions comprising the amino acid substitutions of the present invention in

the IgG2 constant region comprising the amino acid sequence of SEQ ID
numbDE Byrcudedy Brof onstsutardie s trattweompriberonepnot breaansongar chain

;inkedaﬁi%wggit%m?fypéamgﬁﬁﬁﬁfma {Nithezamipe acid sequence 30 of
oG %Eg ID?VEO:?& and ur&}g comprise the amino acid substitutions of the
e Pagin MGEBRes2HET as 1gG2 constant regions that comprise the
amihe psisksUipstinitionsrotites fgésentismentiarioandifilrthengampdseability under
acid cORE@sgpore amino acid substitutions and/or modifications. The same
applies to Ig_(f‘u_l constant regions comprising the amino acid sequence of
SEQAE 1065 4aHY RYOACOHSARTRNONS CaRTIESIA G M HhIRgigRTdn which Met at
positieegiiéfpesufcBBQ7IR MOER Mihnteemgerysenl)3b thamamtoted cegstaot of SEQ ID

. Aregi ' bili i egi o
O R T i

is not P HY BHAG AAWBETne by SEHP IR M Brgalpatdar-CharnEhediirebility
under atitfiereombyometche wnirgugascChaisutinkednat s il daberamplesiean 397 in the
it D <l i i ids> The present .
oA e 0 AP o
5 adg &ﬁ%ﬁ%ﬁé@m%wm}é&?ﬁ aherpEessnirivapidnprdvitielageER improved
stabilippustntudangiton)ieiMasahdvesitien 246nPasitiens38fibiRedeldtions, additions,

t in. the amino acid.sequence of SEQ.ID. NQ; 2 has
oo B R S S e ey above
subSGtafRnidnYsR pantiordysitafidrarstiet ez oub svithticduecy ptsrogeneity of
hinge psgfesired. The antibody stability 10 under acidic conditions can be
impraved by. substityting Met at pasition 276 (pasitian 397 in the, EU. .
B P R R S8 which Cys
positighbfr@eaitivaol Atith trneligomberseanstegibry p e viekt by Ith ppséisemd 33 in the
EU ndﬂll\i‘,%ﬂrt?@by\éﬁfﬁﬂ BRYB ANy VLPE0LS t_tabﬂitg(ﬁﬂ?ﬁgﬁ Q@wig_?ﬂtdﬁ@%éi?%ﬁng system) in
also have other a )s{itutions, deletions itiong, andlor |
the A L T e O A R S e MR o acids.  The
type ofestnbedidpbve su G present pavéerierphovithds hig@evenristamitutions of Ser for
Cys aﬂﬁ%ﬁﬁ%ﬂﬂ*‘(ﬁ@ﬂ%ﬁqﬁgiﬁﬁ%@g@l‘;@%ﬁ%éﬁtﬂg%ﬁ%iﬁ%L%Q‘fﬁ%ﬂ%ﬁ%‘i%%jg}ﬁ6 |
..pre invention provides ons regions in which Cys at "position .
(positlF PR L] HOHRSE0 MTRBN R Cy SRR GBI CRRRbALY i the
EU nupd@imghey st h{l gk ) sterpyemdydr Cys at position 102 (position

219Hesthe, R onmiedngeavstem kR e aripA Aitkastianae BheERgion of
[e G2 Il?]_gl_\lol' %[Iéave been substlzﬁt d with other amino acids, The type of
862 rhito'g

st B '

i %Bfeﬁﬁ’f’t’i &Y&W?ﬁﬁf&ﬁpﬁﬁ%}%%vym acid substitutions
includsUpSthwhossmirSgpfsrcomprising at least one of the three types of amino acid

substitutions described above; however, the IgG2 constant regions preferably comprise
substitutions of Cys at position 14 and Cys at position 102 with other amino acids or all three
types of the amino acid substitutions described above,

The Ig(G2 constant regions provided by the present invention, which have reduced
heterogeneity, may also have other amino acid substitutions, deletions, additions, and/or
msertions, as long as they have at least the amino acid substitution described above.

For example, mutating Cys at position 14 and Arg at position 16 in an IgG?2 constant
region comprising 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



10

15

20

25

30

35

Cys at position 14 (position 131 in the EU numbering system), Lys for Arg
at position 16 (position 133 in the EU numbering system), and Ser for Cys
at position 102 (position 219 in the EUnumberlng system) (IgG2-SKSC)
are preferred. 25 These substitutions can reduce the heterogeneity
originated from the hinge region of 1gG2. The IgG2 constant regions of
the present invention comprising amino acid substitutions include IgG2
thus gaoEnstantnegiopsoompissingiatde st o ie of el thnea tigks ahamiaodsidstitutions

desonlféﬂpac’r%%oﬁé Q&%&QH@Q M‘{ané?‘ﬁ%eih Qﬂﬁ&)% ﬁQ;E[?{ﬁ@QEEﬁ%Q@%mded by

preferably comprise substitutions of Cys at position 14 and Cys at

subst G R OB PSR AL LS BE B 5 BFRB RS Sopsition 21
{positisnliSBtididnrshié saribed gboueemhevlgG2heonstant segions firowdedbynthe acid

after S\%%ﬂBWYseQ& Wﬁﬂ)h ﬂ}‘xﬁt{agld %%%\%\JQF 9@&%‘&8 Wl@l & @ﬁeat g‘)osmon 20

other amino acid substitutions, déletions, a |t|ons and/or insertions,
and Gl fr SenREHSHIRS at 2t [8%sRiHE R ino acid substitution described above.

Fonexgiaele, invealintsypainesitionl 4antAre: glopesitionddiz@Rcy

recept(;gg%g onstant; 35 region comprising the amino acid sequence of SEQ ID
y enerate non-natural, novel peptide seggences of nine to

themﬁﬁwé%?éiasthﬁ/ﬁr@ﬁeeéﬁlﬁe%ﬁ@@iﬁ%ew&ifé (e praEankfgiops comprising
an am;ﬂﬂilécgﬁ E@I@éﬁc&ﬁm%lﬁlﬁy p@éﬁuﬁﬂenw}mm:eomaﬂmﬁeﬁmmme (EU33 1),

0 acid.su t rlbed .above the ener
andor S S A Al LR I ID RIS been
substltmeéwﬁ bar7 psnrraENnusbetiielystekhy aﬁbsmza@bﬁgﬂﬁﬁ giyposition 209
(EU33(]9<31§1&QBr138 #0 gbsitd mumEQrm shiatenmvidy e&leﬁrre;seﬂﬁé&aeleﬁaﬂmem

| o acid tutign.is not arly li er,
lmpan’r}{ mtotf ?cgfﬁﬁp%%r%r Z%SItlgnl %Pé P%J#OI‘ %{%OSE%VSg From the
persmeﬁeqweﬁémmwmg@elmgm Wenﬂ@h ks pk@w&ﬂemg@@ebm&m%@@nese they

result MifRedueabFeynIAGRRQIBHCENE: fElvibh VIOe m@cﬂ%il}éﬁlﬁfﬁ&entflowever,

the Fop Do BE AR 1R B ROLIRER SESTEHSE Blbal SOt fposin 218
(EU33(5 863 d yanamtiros. Bhd digddid emn2isEdBag)dsk thvbidnmian basidnseduenibepitopes

are der‘?@éﬁ%ﬁ%ﬂx@a@oﬂﬁve been substituted with Ser, Ser, and Ala,
55%% tively. The substituti or Ala at,é[i)é(,)smon 209 éEU33 0).and fo

10
2185 %}B%W&E@&%ﬁﬁﬁ? TR0 AERE S acu{ i titutions
Compﬂmpﬁlmmltmﬁé@éya@mammim@ 4Ed Iﬁﬂbﬁlﬁlh%ﬂ%@@@eﬁa@ove however,

the Ig@@@n@%@rg@)f '&S&@Té&%l%@ﬁﬁ@@&%%&éé%&@&%@'%ﬂ@&ﬁ%@&ﬁﬁnms

d E?ﬁ;s altera%legs are not e@erred bquuse th% result in generation of ) g
e SRR an UebEICHE PR R Cin e e P ST bR eSO HOqaRsprt invention

compribieFayireceptbsubisidingof ig@2dedg®2 cenkiestrty subisitytignalanfemino acid

sequen-EQ @W@ﬁ“ﬂf‘a %%§o§ﬁi%§8 %é@@?otﬁﬂﬁoﬁﬂgéfﬁ @gﬁ%%‘fﬁ“%ﬁu at position

E%?!otldes which can hecome T-cell e ito es are derived from human only,
218¢( 39) in the amino acid sequence of S NO: 2 have been substituted with Ser, Ser,

and Ala, respectively.

The Ig(G2 constant regions provided by the present invention, which have reduced Fey
receptor-binding activity, 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,

The present mvention provides 1g(G2 constant regions with reduced C-terminal
heterogeneity. '

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 numbering system)
and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the
amino acid sequence of SEQ ID NO: 2. The heterogeneity originated from the C terminus of
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20 The 1gG2 constant regions of the present invention comprising amino
acid substitutions comprise at least ong of the three types of amino acid
substitutions described above; howevé?, the IgG2 constant regions
preferably comprise all three types of the amino acid substitutions
described above. In a preferred embodiment, the IgG2 constant regions of
the present mventlon comprising amino acid substitutions include IgG2

antiboggidtehipeinme cshpnismyarbembtaeidizsmunvenids mavisictedla at
pOSlhl@ 209 Hnb3d0): Ry R DOIREOB 2R (rbd3s ﬁvé&ﬂ%ﬁhﬁrﬁfcﬁ(}ﬁ%’ﬁ‘educed
§ 8, (. U339 in.the amino ahmd sequence of S
G oA St el R T EARaRt ol PR W e, addiios,
andforr@@@ﬁ@lemﬁé@@gw th@ym@@eﬁtl@ﬂﬁémmmnm@nzﬁaubstédueedi@cgabed above.
recERIQrdRind NG atvilYurhdy HSA NaVe OIS AMIN QAR SURSIHYICHS. d

h deI%uon(s additions, 30 and/or insertions, as long as they have at'least
PRAME O NinG acid substitution described above. The present invention

provigeisitah2 bemesantéygiondonittarddas &giCO- termsing rdwtarcgenkith. His at
positiddare7spesifiealbsghe ﬂﬂ@é@ﬂiﬂﬁ%@ﬂ%%%ﬂ%ﬁ%ﬁ%@%& 988 0n 355 in the
EU 1 Q%Frm%? an amln%ﬁ}md se%qﬁn%e%én Wrsuc GI)&? at position 325 (position

B UHUIRESTRG SDRIEIRT: 228 ARAST hBitBR BB e imidtiag system) in
the aming ¢nithee@igncambB8RAYBYSen) vanechberesubletieteetlinvitheodmainmbichcids.  These
aminoSRUSASEiAIHBEQADNG; angﬁa%%ﬁam@r}ﬁ{%ﬁ@mﬂia%mﬂ?ﬁ ¢ of amino acid

ain can be reduced only when both o

i minys of 13 antlﬁg
sfter SO RS B R g’%ﬁ@i&%@@&@t&rﬂﬂ@@%ﬁg%@%@ églrtﬁés st position 147
(positiprededinmie it muwbicingaysteaducid (G-rerminablicter@gdrpdyitimagss in the EU

numb&ﬁ% E?éf@n?)thﬁfda@ﬁ]ﬁ)f‘@gl 3 Bﬁyﬂyﬂ Q@S@@s@ﬁ@ﬁ '4‘?9‘?{}' SE@HQ{%ermg system)

sertjons, as Ion as they have at least the amino acid su stltutlon
are PreiETEfibod BpIRE2S EREARIVERRERTA K Provigrionses themsesert invention
mcludwe@@ﬁs:mnﬁtarmmglmel cphgrisagOki m@IESnSDécﬁmwe erge@ rebgnrtamino acid

subsh‘ﬂﬁ‘ff@ﬁ'st'8&@&%&@%0%6&%}3%4 & tem %H{CJ% HJ)% %%&?pc]ég%nse all three

(position_ 268 in the EU numberin osl pos
types Qolis apEopeiheREEHHGRS e o at position 298 (position 419
in Bedadswpibiting Syﬂiﬁﬂﬂﬂl&hﬂ.@ﬂrgﬁamﬂtﬁfﬁﬁﬂssme@ﬁﬁdﬂc SiEQh' @as improved
¢ stit her amino ids. These. amin
b B S T R B peucea Fer
receptorhislingdcHHAY substitution is not partlcularly limited; however,

substitbidioies afrprider HtﬁIQGQQﬁiH@Uﬂrﬂt‘l’ggl@Q@ﬂt@ﬁgﬁfg imntb@fEb acid sequence in

. I on 234. n in the EU
e P e o L e pn SRR (BB e eevan 7o s
positiqnyj ﬁu?aaigéhﬁgswe@ @5@#@9%@%@2 Thb iGestoerhtarshfon styidsition 21 in
the anAfd m@a@@mm@ 1 the: mm@%a&mmﬂm&%&&ﬁﬁm&m

L e .
SubSt1%§$a}ﬂ§@“§mpﬁkpa§pqﬁﬁg@ 209 (position 330 in the EU numbermg 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
(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.

Such IgG2 constant regions include, for example, 1gG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 4 (M14).
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types of the amino acid substitutions described above. . Below is a

preferred embodiment of IgG2 of the ﬁresent invention, which has

improved 20 stability under acidic co ditions, reduced heterogeneity in

the hinge region, and/or reduced Fey receptor-binding activity. Antibodies

comprising an IgG2 constant region comprising an amino acid sequence

in which Ala at position 209, Pro at position 210, Thr at position 218, Met

atlpasichearelatyd amposmont 1R goaspositimons of e argsesitionention
mcludelﬂg}@@ﬂm5 g&@%ﬁﬂé@@f&ﬁ RRSHI9R;2L by 23 he Amingaidl and Lys at

of SE been substituted with other amln acids.

posit B e B UG RO A H TR heterogeneiy.
Such ahtﬁmher nslipdtjtitioneopBeldfGr Alat abpysiten 20 (pusitryic830tmptieng the

amino g&d@ém%gggisgﬁ ml@@rm 149 &tposition 210 (position 331 in the
rilélé? bering ysgm) for Thr, a%[f%smon 218 (position 339 jn the EU
imy

d\%}% AR IESIACH PRPESEIi SR S0 e paggeduced
heteroganmuenn@lsymgam@m forl Oy sedtpabRinnrdekfpastiodidBaciivine EU
NURBHUAE SYSH MM kY S QY Rk RRR QRO (RS @Hg%%}ﬂﬂbeaéh’ sgquence in

. . humbering.system), Ser for Cys at position 102  (position 219 in the E
which ﬁ%ﬁﬂséﬁﬁ 1@9&%#’?@&} RS ERR &t folhicH DOSEHERIROR: 137 M IReitian 14, Arg
positionUurGbEyinat pysienn), | 88d@yafgroSenatPositibAc2 ki position 2135 ihdhenkld acid

sequen%' W@%@ﬁ@nﬁ) hile E’é@&%ﬂﬁ&nﬁé@% gﬁggﬁﬁg%&gglons include,

or example IgG2 constant regions comprising the amino acid sequence
5 N@minvieid afiar p SHbier b e ReatisHpaHiatied) hepever.,
substitﬁﬁﬁﬁﬁ&lﬂfl&gf@ﬂ&bffthpopi’@@eﬂﬁWﬁt‘tﬂmImwﬁﬂﬂﬂ%mmﬁbaﬁh@eg@ﬁﬁl) Ser for

Pro at F%§ﬂlﬁﬁgz r(? C#Q%&ﬁk%q %ecﬂiﬁ%h%selﬁ n%% )@/S t’l%rs%ﬁgsﬁzon 218

e above-descri constant regi duce termin

(positipraBid de ! QH%W%FN% é%@rf@b@ﬁéﬁ%élolgtﬁzﬁﬂﬁ‘éﬂwéllléééhe EU

numbe8i £9 BE AL Y,E0{8 TRONP IS NG ithen T ainatagid S8 eRcBI0hERQHANGstm), Ser
M14A(}K low is.a embodiment of 19G2 of the pre s

for Cy vention, Wﬁ)%h Oa%nr%&c)l%i:tg e}g ro ene@g ﬁ%s%lrﬁl jer gfonéa?r‘%dafo?os*t on 20

(POSiU?@d&Je’@ ﬁlﬂ/ﬁ@d@ﬁt&ﬁﬁﬁﬁj‘éﬁ&%ib\mﬁ Whtisudies damptismg lapagition 138 in the

EU nuﬁ%@t@@gm@m fepRysing an amino acid sequence in which Ala at

Pro at position. T osition 218, Cys at position 14,
e B S R S SR B PR s mprising the
amino B@ﬁﬁ@ﬁ@m% the kbR sE8d&éhce of SEQ ID NO: 2 have been
substitbinet witiothe Eﬁ%ﬂﬁr@ﬁ'ﬂ%g@@%dﬂ?@:ﬁfrégi&@ aeidAfi@kent invention

SRR S0 pREARICS Noveict SN S B
positiopcsifich eGovsitesc8Badifehi @ustatisering gys@dm);' Gieeforifdhhaterogeneity.
Such aﬁaﬁﬂtﬁes%&&&- (positiam BRI e EL AHPRRURG SY SN e 36X JOMENSIAE the
amino am téggu%:gc(gof glg& hSJJNIe) tta]g &86&61{)

Below 1s another preferred embodiment of the 1g(G2 constant regions of the present
invention, which have improved stability under acidic conditions and reduced heterogeneity in
the hinge region.

I¢(G2 constant regions comprising an amino acid sequence in which Met at position 276,
Cys at position 14, Arg at position 16, Cys at position 102, Glu at position 20, and Ser at position
21 in the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.

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
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numbering system), Lys for Arg at position 16 (position 133 in the EU
numbering system), Ser for Cys at piﬁition 102 (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. 20 Such 1gG2 constant regions include,
for example, 1gG2 constant regions comprising the amino acid sequence

numbeping EYFHMNOTSDIU86) wafothel frefsipad! mivodipidrnuybersenstsiam), and
Gly fof%@&%@gmgﬁﬁﬁﬁt%\‘?mm ﬂH@E’Q%ﬂ@;’eﬁﬁQ%@%ﬁ%&@ dRsHiing
§ng1 Ietlon ofGI DS?’:lP% ??25 and Lg%éaq?osmonfs 6 in the th
D BB 2SR S BF & B B 8 L IR ogions comprising the
amino hetérogeeraieyo DSECUDR MAtiSo@Es nclude, for example, 1gG2 that
C%@Qﬂéﬁr% 86 E‘gﬁ&ﬁ%%@ﬁﬁﬂf&%@@i%&%&@%@ﬁﬁ%? f%%§§%ntxon
elow is another preferred e iment of the
el S T AL P R ST URB AR LR R AP GVEH S Lys at
positionridiér iaditicoorditisns dd gedueedthet ecomerseitybimthetindjesregibae 30r

examp 9@%@9@5@%&%@8&%@%!‘51% 43 RO @&H’sé&l G ety
M31 at position 276, Cys at position 14, Arg at position 16, Cys at position

/'Glu at position 20, and Ser at position 21 in the amino acid
se}ﬁelem:'s ohGhQ p&ﬂ&l@:c&hﬁmdihmm cithstitptet ovitttothep anknd deigsesent

mvent%ﬁ%%l‘ﬁ’&%%“ﬂ@&@&&%@fé‘?& ’%:H{'EH% 'ﬁfugg %%U'a”y limited;

however, substitutions of V et af posi 76 (pasition 397 in the
EURNRBF IR §9%t%‘?ﬁ)“§é%f¥8iﬁ%@é§f§%?§a ﬁ%ﬁﬂpiacedasw#aﬁhl@,zslﬁttwtwn 14,
Arg atpbbiniom bérlﬁgsa;tqiem)ohyﬁzoGmgtqiq@asmommﬁmsﬂmmdﬁﬁdm harEbk amino

acid seﬁggﬁggrd)@%EQfmes Srhféw %Xén%gﬁ'tﬂ%a Jv@%h %9593& gﬁe EU 15

mberlng tem Glu at position 20 osmon 1 7in the EU

¥ipfydyarane) a‘%i%‘f@‘lyﬁ‘fé?"é’éﬁl%‘t MWQWW@BHWW@EU

substltﬁtimigeif SgiSisteyy ﬁr@ﬁ@(ﬁﬁﬂe({p&iﬁhd QGQ ieohstant ﬁ&gibéﬁﬂ@@htmanys for
com risin 0 acid.sequenc

Arg a@é@’ﬁ% kﬁgﬁgﬁﬁ%ﬁ 51h an6 re eré %em r%ﬂer? %ﬁ' %H i 102

(positigpAdfhit Heyy élBWf‘éiBge%fémavé)%mé@r ﬁa@aéqaés@c?éh@taﬁtm@gléﬁgn the EU

numbclifheyeampasinglihe dsletiopsitaly 2t pasitiam 328 antd ¥RatuR®siieg system)
are pm%26 |§ the above-described IgG2 constant regions. Such antibodies

InClude, for example, IgG2 constant regions comprising the amino acid

seﬁﬁ?éhl%}@f@z@@rm@ B GR exeBEORGS sapHat preferperpmprising the
amino gm@@@i@@m@qjﬂ@g@mnﬁqmuggions of the present invention, which

oot R D e S SCA LoD o
includ@lﬁﬁiﬁbﬁopsta@s/@@pp@mdwu@znm@m Prsitideii20 did Serpaspogitioh 22d Lys at
positidh 3N8 AMRAbove-described IgG2 constant regions.  Such antibodies include, for
example, [gG2 constant regions comprising the amino acid sequence of SEQ ID NO: 57
(M40AGK).

The present invention provides IgG2 constant regions comprising an amino acid
sequence 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), 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 numberimg system) have been substituted with other
amino acids, and simuitaneously Gly at position 325 (position 446 in the EU numbering system)

and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the



10

15

20

25

30

35

acid sequence of SEQ ID NO: 2 have been substituted with other amino
acids. 15 The type of amino acid after, substitution is not particularly
limited; however, substitutions of Serlfr 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 numbering system), Gly for Glu at position 20 (position 137 in the
aminopgjdiaawseemel SIS NAU2Gly for Ser at position 21 (position 138 in the

EUrneiipbetnansiviani A8ALERIRIRIAGL RChI8GA.CANSIAALICHINNS or,
substitlgt%%de’ fé’é %xgatr%ele,tllﬁGIZ.cgrﬁtaé; rﬁglons comprising toﬁe aming acid = |

S TN BRY a0y SAARUE & BPStRrite MBiddmariatmesition 102,
Gly forf@i2 eoprstaionrdgiéis &itBerptazentiomintiom fockide ge@taan$4antGin for Arg at

positigggm%ﬁgr@grfgp@g{ﬁing@&%@ti&g Blfe@%@&_position 325 and Lys at
25 o&%loraff%n the above-described |IgG2 constant regions. Such
el

2B SRS EXAN IO TED toh R AR HGIBn S WS BT iSRG s mprising the
minoaﬁdn@anﬁi@gﬁﬁﬁ@dﬁf&@ ONED).57 (MAOAGK). The present
'n‘*ﬁ@ﬂ'&é&?ﬂ!ﬁ%ﬁt@ﬁ?&&?ﬁ%@@dﬁ%‘&&%ﬁ?%%ﬁb%@%o%ﬂg?{élﬁaﬁc ino acid

sequence in which Cys at position 14 (position~131 in the | umbering .
sequengectn ik ys ﬁ&gqﬁﬁwns@ieoassgﬂié 1133h6 Hlé muo brrngesingm), Arg at position
16 (positsterh) @y shatfidsitimbcBip @yositio nAEXRinphetibt) Itankhsinehsysiemhe FEU

iti (ROositi in. n ' tem), Ser at

g o L ) ML AL S S
Positigh odifReFsE i #i8 tRUEHMBRPRE Sy esen)) A &t position PB4 (peskinor68 in the
EU nuBffiinghe ddhhusnperipgssysteIn ), qadi@in %%ﬁﬁ&ﬁ@ﬂ%&&ﬁmﬁﬂg Ry&ldn), Gin at

' .been substituted with other 3 ino...
posiid 48 B MO KT S A D A i
in the Flhyarisgag sistay abay e Psa postivied 26 tpodieorming aidseamd simultaneously
Gly atwmig%?migwmlﬁ@gb@ﬂge@%emm a5idl SQRIRNELIOE (position

. 2. The t amino aci er substitution is not particu .
4 i S R O M B AR AR o o

position 16, Ser for Cys at position 102, Gly for Glu at position 20, Gly for

geihattﬂa@ifltmifﬂn%i&@ﬂ it @%Ztﬂgﬁﬁipﬁ Aég pﬁg&ﬂis%&r_ QrﬁiltlédEﬁékUQ{?er,

: an 0 n . at positio e prererreda.. ecClIIIC t .
b R SR posiin 102
Gly fonfilHatageiiserdlncly hsB abpNGi @2 IMGS). fPhHisrsgersitionettibiGln for Arg at

positidrovieshigeXNansifieaions, GAMANS g AAAMRRIAGI 3 $8AUEPLE R d.
w@ch %l?t sition 14.(position 131 in the EU numbering system), Arg | .
STy RS EA SMEAHTR BRI i ABEPRGY Sy, (g pomprising the

amino @@ﬁ@@ﬁ@@@@ﬁ@ﬁi@ﬂ@i@@n3ﬁé%humbering system), Glu at position 20
(Positien: Aoty e RhMHBBRE RGBT RREARU to have reduced Fey receptor

binding activity, reduced immunogenicity risk, improved stability under acidic conditions,

reduced heterogeneity, improved pharmacokinetics, and/or higher stability in preparations in
comparison with the IgG1 constant region. |
<Ig(G4 having altered amino acids>

The present invention provides IgG4 constant regions that are stable at acidic
conditions.

More specifically, the present invention provides JgG4 constant regions comprising an
amino acid sequence in which Arg at position 289 (position 409 in the EU numbering system) of
the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino acid. The
type of amino acid after substitution is not particularly limited; however, substitution to Lys is

preferred.  The antibody stability under acidic conditions can be improved by substituting Arg
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position 21 (position 138 in the EU numbering system), His at position 147
(position 268 in the EU numbering s eem) Arg at position 234 (position
355 in the EU numbering system), Glh'at position 298 (position 419 in the
EU numbering system), and Asn at position 313 (position 434 15 in the
EU numbering system) have been substituted with other amino acids, and
simultaneously Gly at position 325 (position 446 in the EU numbering
at posiigsteid)(apdtios@Cpodhivb 326 dusing Ay d4mintiecroringrapdrigguence of SEQ
D N@g%@mw%%ﬂﬁgg@@d in the amino acid sequence of SEQ ID NO: 2.

The t id aft t ti
T TED DB SRS o SATOPE AT SOOI S T AR o0 improved
stabilityositienat@jSemibitiGys aiapesitdmiDthas hriorcGiu hsesitiv 2o deiktifors,
addition§'AHRRSHIAR A ks Cﬁﬂ(@ﬂ% Hisiatpesiian 144 (indanArgiataRRsitieR 2 ddscribed

b Glu for GIn at posifion 298, and Ala for Asn at position 313 are preferred.
above.gpecifically, the present invention provides an antibody constant region
cohhpnisingithievemimomoid dedgtriom ot SE Qe o MNOvVigY reix3)] 25 crinese
heterofé?@?@dy constant regions have been optimized to have reduced Fcy
receptor binding activity, reduced mmunogenlcny risk, |m roved stahility

i BRERTEL COYRUOR 81 0Bt L HEARFOGBNERS O SROVRID 1Y at posiioh 326
(positiphddi acdidndfiesinalngiop highen stabiilitysia prepdsat RS (ro stdmmpeiTsarthe EU

numbemgsépaé fﬁ&%‘ﬁ&%ﬂ&f&@h@&'ﬁ%ﬂ%@@%&%ﬁ%@?@%&%ﬂ&&q@ﬁgtﬁg FH8i0 acid

ent invention provides IgG4 constant regions that are stable at acidic
sequerigg ABRSIRDIE 3 pec Mﬁ?@fﬁg%@ems%ﬁﬁéwmmme%&#mody H
chain ¢egiansdarposingvacn dotinofabidhsdguent wrsvhikhedrg at position 289

(Position-40 2
ik e
C- te%ﬂemﬁse%aeaﬁen@a@mm EgRfcyuRsiagoRsfelrsions, additions,
and/orSﬁgﬁ{MHQﬁstﬁ)hg%SSh@jfef@%&ﬁ 1ddxe tﬁeﬂbﬁﬂy stability stinalesadidieibed above.
€0 dlt RIS bedlgn 1enq ?1¥osfjlb 8& ge%i%tnpen%zggm%u& has improved
(posﬁl 468 Ve EU Hhum erln system% € amino acid sequencegip

stablhtse@a@mm W%ﬂ@ﬁ%ﬁﬁlh@%@&fﬂw 1@@& BEgstarfipagRsKior reduced Fey
recept&ﬂaym@e;g bythgyp ﬁﬁsefaﬁemlg@m eBmphichehRve @ik iRProyRG &iahilidunier.

a condi tlo ay also have other amino Cld SubStltUtI eIet ons,

o R R SR B PSR B S Yy on 10

Arg atquissiioticn @&@Ml%@@esw praidiontihvénticn m&ﬁ@e&?gm at position 100,
Tyr at GRBRIEAY (RIQRSVHHsIREkGed, @ﬁ?é@'ﬁ@ﬁh&l@tm@ﬂﬂﬁaﬁpdghﬁ)ﬁ'ﬂﬁﬁ@lu at position

113, Phe %n&%?u%oi’ gfeieg%él p%%pasggqtlrfae%ny irl qalgglﬁ%ll){ féé)ﬁasxlftelz een substlmted with
other amino acids, and simultaneously Gly at position 116 has been deleted in the amino acid
sequence of SEQ 1D 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
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
{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



10

15

20

25

30

35

10 (position 446 in the EU numbering system) and Lys at position 327
(position 447 in the EU numbering sysaéem) have been deleted in the IgG4
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 1gG4
constant regions provided by the present invention, which have reduced

Lys for s\ wirpoividPh et dpesibiy, 40Rjndlsoaveniairgmiseadiare preferred.
sulggtititians caelelinnsedaslitiensie ARAALINSRLINNTS 35100835 MIBY 8N Brising the
., at least the amlp Iﬂﬁﬁ?tgwﬁ described above. Another preferred
AR oG HEN ot |§Ea§ pre anention, which has improved
stabilinptinderdeidid cordidions)tydoutEdhetesogenediyna dichhingsent invention

includeCPOD, RN RIUGRGENeSGEPIAEINANGAGIMAN BRI 48B4 325 (position
._comprising the constant region described below. 20 1gG4 constant regions
446 mctgl%gw

A NS SRR PRy WATCA Gy A By b Ahe Ay Bmbering
systenpasitionaty GlieatibodilighLaySenatqsitionS2thAngladdiositionad, fSesxample,

IeG4 AResit Pékfbgg ’coyﬁtﬁzﬂgﬂltéoﬂrﬁ-g@ aGl S@l&l&éﬁg%@ éﬁé’ I%’?\T@t W'ﬂ%GK)

.Pro at position 105, Glu at position 113, Phe at position 114, Leu at

104,
<IgGIp%as‘ﬂ%aﬁge,daﬁaiﬁ?@%@%sition 289 have been substituted with other
anfihe pcists; ancsimulanddesly Glycabpasitiepiddbviss eadelatachinal

hetemg&%&q{wno acid 25 sequence of SEQ ID NO: 3. The type of amino acid

after substitution is not particularly limited; however, substitutions of Ser
forES7E SRGSoRd- ThsBESRIS SRRt mERId B frgsEyeraions Banipg the
deletiohrgfatjyomtitionitiéh (Bsitiosilia3 44 dhe RUHUImbabagSySterh) @ oy Glitposition
it} ft] & ing system). Gly far Ser.at
3 e o e S AR e
aminogsigRsiqeerep oSERIRANR e EDmbITossgilstsiainaeg fromgbe Brchain C
terminposifien AQMbGdositio bedbdiacthenEwhembeingfshstemhoRIFOREelted.
posifi (position 219 in t numbering. system). Cys for. at .
P B g I RS hhffacolneics
poSHfoBraTsat BysRitDIIvideR el ernsiBatIRESSIEAM PTN6n Rroing acid
sequems@mmwmmeigaﬁzm ’I@oﬁi‘dcﬁ'm b@ﬂbﬁﬁ%ﬁﬂiﬁb@fﬁ\%ﬁ;ﬁ&g in the amino
: osltion tl In t muoerin stem), Val.tor e at
acu.i S%qélsel |%en0%11%é§)si. ion 33‘ inthe %%SE%? gﬂ%%gr}ﬁbaﬁyﬁgﬁﬁn 3 ?Si’cﬁe type of
aminogsidiigie] TePeHoLiNen 238 e nlimitksiry wpsrns)ibstitiion tysieris preferred.
Arg prosiin 28R iROsHoN409 dodhienE ABARAARY SXIUBRI A 8L Gly at position

ferred. Such 1gG4 constant regigns include, le, 1G4 .
329 e IS A e P SO o G 1 Y gpecificlly,
the presgntinvansinothrervplesarn adtéediodimsant thgigGempristagthegiohmokifeequence
of SEQESbinvenyem. 5 include IgG4 constant regions further comprising the
t

SRS Sboson 2 (esion ec e St o).
C-termzipal/betieseiaty | g@% dondtamt stgiomBucicahtibsties ins|uliéstfons, additions,
and/or8%38ARRs, as long as they have at least the amino acid deletions described above.

The present invention also provides antibodies comprising any one of the antibody
constant regions described above. The type and origin of antibodies of the present invention
are not particularly limited, as long as they comprise the antibody constant region described
above, and can be any antibodies.

The antibodies of the present invention also include modified products of antibodies
comprising any of the amino acid substitutions described above. The origin of antibodies is not
particularly limited. The antibodies include human, mouse, rat, and rabbit antibodies. The

antibodies of the present invention may be chimeric, humanized, fully humanized antibodies, or
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IgG4 constant regions comprising the amino acid sequence of SEQ ID

NO: 9 (MI1 AGK). <IlgG1 having alter(’?g amino acids> 10 The present

invention provides IgGl constant regions with reduced C-terminal

heterogeneity. More specifically, the present invention provides IgGl

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
such. Elr aurriienieg sybedimant.tHe yGbeoditstahthe gisscobimpeiging the iBnanized
antibo@iBiNOo acid sequence of SEQ ID NO: 1. The heterogeneity originated from

the,H-chain C terminus qf an antibody.can be reduced only when bgth of

e SR s B IO OB By SRR A B A PEOREiapoecules
comprisgigns wittbirdp ronetiphagnacbikindtickabthe prederinkedatio dqumovifiEs fusion
molecl8GICANNRE} B MASCAMPHRING AR AMNG ARILSRINERCEIR VRIS A Nbinding

. at position 317 (position 434 in the EU numbering system) in the amino 20

peptldgﬁicﬁ’rs%‘%ﬁgence of SEQ ID NO: 1 has been substituted with another amino

acitherng itygkesfofhnipocacid aftenisorn atitw finciis oo Afitietidar y-diduitedy f an
antibolPWERiSH SRR AP AL Bt Ed ThE AtRsgApiention provides a

constant region having the deletion of Gly at position 329 and Lys at )

posHihaEHARe ms%m%%ﬁ&%ﬁ@éuéﬁs%@w geiipadies linked with
variowpaolﬁ_cq]&;s, sthi presbetlinlentigympiaPEEy andantiboajccabstatiaegisnch antibody
modi AR 5{%3&9@ R '15]90%%%?,‘8 Gﬂ)'f/e&%?mggl%f é@ﬁ%ﬁlﬁé\/ﬁtﬁ%&8§ tﬂg}g‘esen’t

. IgGI constant regions iégt[,owdeo! by the preSent in ) ch have
mventighy cife o FRiAPALIERE oHERY T ale alssadx s Bbliehethimbisdigld.
sulktutithsdide lefihnpredditionsptndianinser iensspeinograb ity havBispecific

ant'11‘)02&16166%11&1 ol H}l?b%?? gl%lt%hos% g%‘?l’f %&Q ?‘Ho‘i‘gé?l

‘{g-v &EJ?S%”“ SPHON onize
) so provides antibodies comprising any one of the anti ooﬁ% glbscons an
differspiyrBHERSscrivSERINRRS, MR Ry pacarrf Brigivinglammeenlacsimepraiemolecules,
invERient beéynaineaiticelddysideiethabdongeasihryusampriseotfieant region in an
. tibod nstant re iorg descriked qbovq ang can be any.antibodies.
mtlbo%%éb%%ﬁﬁ%%%}eaggét{ %We%g% Sent i’rilk\%/lgn G & s‘(% ?ﬁélﬂ%ﬁ%’éﬁéﬁq b%Fc?igucts of

antbdriabedimpdhnpamyufiteninmeraatsehpstiatisshie soripenanple, the

followah@westhbgs originpt anttoatiemisdebidh aktiediasyimitetbsd@nvention, one or
antibodies include human,,mause, rat d.rabbit.antibodies Tge )
more %lrrrﬂl 0 1(§ re rPr t.den['et gor subs%betg i%é}rli (E;L,rrﬁﬁ?naé:ﬁﬁifeo fﬂ;}ﬁgﬁ“ in the

]s]t UCS are 1t %
oaies o e present invention may

constantiraifized Metisuliéy, sibsotusingonn er preterrednerabiddienigivgstidth amino acids of
intere@ntbedie Tof dhaiyesan-invandie matgbheBanaashiaRibasiesh, T., Mizuno, T.,
Ogasaﬁ Itern@ti\é%lg,rl\}g(e agl\gb Y‘,&E%n }an S .i? ¢ deigrip %c{f%bove andior r method for
At ody THoreauTEe "Eompidl g & S PO o PESHSERT FieR LR ke

site-diggyded makrpentipiketens QRN b % Tusion SelitecMeltoaadtiodlys e
OligoRidfinganalesilel (aafield MAeees)rhifactivg RERHASS BINTING tors. Methods
Enzymol. (1983) 100, 468-500; Kramer, W., Drutsa, V., Jansén, H. W., Kramer, B., Pflugfelder,
M., and Fritz, H. J. The gapped duplex DNA approach to oligonucleotide-directed mutation
construction. Nucleic Acids Res. (1984) 12, 9441-9456; Kramer W., and Fritz H. J.
Oligonucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol.
(1987) 154, 350-367; Kunkel, T. A. Rapid and efficient site-specific mutagenesis without
phenotypic selection. Proc. Natl. Acad. Sci. USA (1985) 82, 488-492). These methods can be
used to substitute target amino acids in the constant region of an antibody with amino acids of
interest.

In another embodiment to obtain antibodies, an antibody that binds to an antigen of
interest is first prepared by methods known to those skilled in the art. When the prepared

antibody is derived from a nonhuman animal, it can be humanized. The binding activity of the
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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 antibo%ﬂ/ modification products include, for

example, antibodies linked with 10 various molecules such as

polyethylene glycol (PEG) and cytotoxic substances. Such antibody

modification products can be obtained by chemically modifying antibodies
antibodfythenfredetetninvehtip kndethoadsdds. mddiftingnantibostie sranecalcedehsidues in the
constﬁﬁ%@k@ﬂ%@t&%ﬁgﬁg'J@&@%Q@Bg'ﬁﬁ%ﬁﬁg@@@ﬁ?%ﬂ%e&tf@%o%%ﬁé’?

be bispecific antibodiés. "Bispecific .antibody" refers to an antibo L
ha8'ioF & BirfgIe A Ba B oERABIN SRIRETS st redeghess 1y amersine antibodics,
whichepitopes: fﬁhetepﬁtoﬁes may be present ina singl_e molecule or in separate
(a) exﬂ?@ﬁﬁ‘élg%ﬁfb%rﬁ:gﬁﬂ%d%% %ﬁ%ﬁgéﬁe\giﬁ% &1%? &F %%aapfgﬂl% ] l%f?ﬁyd%%(sj in the

as a Qonstant region in an .antl 1y aga_lnst an ar |j[rary antlgen. e .
constagh rrapnaisAcieindten anhsimied Wik Brmn aqids ot imerpve ged@iMiAteoding an L

chain;caml also be obtained by, for example, the following methods. In one

(b) coﬁE@BR img&égegggﬁi%%a#%%(gg%% OH%E present invention, one or 20 more

amino acid residues I substituted with amino acids of

intérssiifst tepcfribaprodigionn metrrritioldhsusstutiny orwpimespsessing a DNA

encodBMOAAGEESIY ua@immva{ﬁm@x@ciﬁméra @lﬁ&ﬁ_lie‘taiﬁ_@' H&@dﬁ_?é @gﬁ@ Bfistant region
L esis_(Hashimeto-Gotoh, T. no, T.,. Ogasahar .
are e e b e Bty L. chain.
A DN stroding a8itd dirseiaiotoermesisoG eneige 95) resipupy in 2scGuitanr; region
are deldted. onBEbSiMithd Mitd a:alligonuneetige ditaciedaptaarie st ef LW e, by obtaining
A DN B D S M O N A A O v
GBS I DANR LTS VTR LR A ORI, AR SRISpPriate

substiqw_i,oaﬁ@ Ff‘rﬁittzf,l ppd@p‘pﬁécglgpﬂ)@@egﬁpm @Ni@@p@cbm;th@@ons‘[ant region encodes an
aminoQlig@ryeiggtide-directed mutation construction. Nucleic Acids Res. (1984)

12,9441-9456; er W.,.and Fritz H..J.. Oligopucleotide-directed | . .

oL EHRI Bt ol A BB ISCERER R Rb GG E By e sheesiducs i
the coysaryerian 3B0igeRdcurkbhiitutad Ritidnsime effidierftisitaesperifidso be prepared by

desigrinig{AEe ARASNUIEMT yRIBRRVPISSE IBRIQRNES A INAN AGAG SFicH BA: or more
(19 , 488- . These metho%icangae used to substitute target

: 5) 8 92 ,
amino g ASICHEL i s CONLAENTGTOR oF S i qEBE] AP e pstited

with ajnieeesstidnadnottrestembodiment to obtain antibodies, an antibody that

bindgtg anantiasn of SRR ishrieraed oy methods kAoWRRin but is
ot i ngig%a]e skilled in the art. When the prepared antibody is derived from a

animal, it can be humanized. The binding activity of the 20
antihedyatael he dBerencediby knbluharethodschext, @nens moitariibeesidues in

the coﬁ&%{%%@&?é@é&@;@ﬁ%}%ﬁﬁ%ﬁW&tgﬁﬁ%ﬂi’c‘?&}?&* }?rtg?%gtt%gnoglsotbe prepared as

ubstituted with amino acids of interest, More specifica X the presen
2 COmHARR A BIEHES 1 iath ot iR BEGEIR A issidaeONAs include, for example, the

combination of a DNA encoding a variable region and a DNA encoding a constant region, and
the combination of a DNA encoding an Fab region and a DNA encoding an Fc region, but are
not limited therefo. A DNA encoding an L chain can also be prepared as a combination of
partial DNAs.

Methods for expressing the above-described DNAs include the methods described
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
encoding 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
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which comprise the steps of. 5 (a) expressing a DNA encoding an H chain

in which one or more amino acid residues in the constant region are

deleted or substituted with amino aci_d%lof interest, and a DNA encoding

an L chain; and (b) collecting the expression products of step (a). The first

step of the production methods of the present invention is expressing a

DNA 10 encoding an antibody H chain in which one or more amino acid
vectonesidugsssicheesnstamntlvdgidor erenjslst8y 40 sirosthated withvanfiBovirus-based

vectoRCHR @CPW%%?HIQHQ FiRMWaneading amaptibody:kichaig é‘h'gké%\l A

encoding an H chain in which one or more amino acid residues in the
co ﬁ'ﬁ‘féﬁﬁe‘r@b‘ﬁ%C%?Ea&éfﬁgﬁ%?v%i?ﬂf&?gxﬁtﬁw&di%% SAnstastedRy the
methode greparetiaiorexafiple hby: obliaiinyda BdlAbencalding the edhstadh as CHO

(ChinéS9IRRLfR W&?ﬁ@&lﬂ%@éﬂ'a@’}% 6&@%&%&‘%@&8&%@%‘3 }r?atﬁéand Bacillus

. _SubStItutIOI’] SO hat a codon encoding a partlcu r amino acid
subtilisepdplentinon arsse s HiNtase bemi@Rin AkcitimdenNatorA
Bioted@modeling B398} tHaRT IR Eiceherdicahard Biphyekidl lesidues Dotfi@unications
tant; regs | ' it i cids of intergst can
o P RS oo
75, 285 AR S SHE e A0 R PBRES iSRS Z0 i e O W KRB, 94-100).
The tmmmaggk? obthe failthly penid-leby agm@?@a%p&mﬁ%%@%m@&m method (R.
[ [ i st. Theut i ' stitution jncludes.t
P S L R 03 P

Acad. SRALSH ST b7 8h AnarisinreRhosaheraworthadn ik oladidalesioded if. van der Eb,
Virolody theorsians 6egion Breadebied o sikkbsiituted ywthiagiino acids of

interest can,also b red as a.compbination of partia] DNAs. Such

co T B S R A D oo BRI Pt () e
collectyfya dhesEpigaoamaplaFsgionerpBeind Bncodingle. Sorstamtingglon,
transf@chriRecoMbinaipm.aha MNARReeSRGAhE aldgsionandig BNMture media.

ncoding an Fc regiop, but are not Jimited thereto. A DNA encoding an L
semr L S G 8 Ao P D AR P nBtign of
methoflsy surPresernty fvaaiisoy endosoiibe ¢ DN Simgiodetitie, saliihgdsiteicibiecition,
columBS Mo PERXAPIBEIN, B BIA SXREC aHIRA Y RBIQHISGORTAVCIEH B hange

- |r][sert| a DNA?fg%)dmgéﬁ%? H chaln%anable region into an expression
CATOMZREEP naél(il/v% PBRER 8&?&&5’?‘? %hain constant region. Likewise,
<M€ﬂlm1$_f@hmmm@_i@mmn.mwmwww&ngcﬁﬁNmaﬁions?

eneadipg R FhAAIaDIg Y AN Ak SXPIRSHIRANESIAL ag’illfiﬂquder

.encodi nL chain consta(r?;t( region. Alternatively, these H an

... DN ) L .
amdlc&ﬁ&ﬁitboéﬁegv ORI B A SHRSFISNG Alsbrt BpHMRsitHP (Betdien 397 in
the Elinvlokerfog exstenp)én Sit4tninnschhsephaectoSSEQ UX0echas@gdG?) with another

amino acid. The methods of the present invention for improving antibody stability under acidic
conditions may comprise other steps of amino acid substitution, as long as they 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 amino acid. The type of amino acid after
substitution is not particularly limited; however, substitution to Val is preferred. The method
for amino acid substitution is not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis deseribed above or a method described in the Examples.
<Methods for reducing the heterogeneity originated from the hinge region of IgG2 constant
region>

The present invention also relates to methods for reducing antibody heterogeneity,
which comprise the step of substituting Cys at position 14 (position 131 in the EU numbering
system), Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position
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vectors, and BPV (papilloma virus)-based vectors, but are not limited

thereto. Host cells are co-transformed with an antibody expression vector

constructed by the methods describeabove. Such host cells include the

above-described cells such as CHO 5 (Chinese hamster ovary) cells as

well as microorganisms such as E. coli, yeast, and Bacillus subtilis, and

plants and animals (Nature Biotechnology (2007) 25, 563-565; Nature
102 (pittecRn8loyih¢ 1908t eTing- Ty Bl o emsivahardiBimghysicad Rdfe dReNO: 2
(1gG2)CAMDHRICANANS 21RI9)13m%y #édr 4nlnd atitie. BIPCRRARIAGY 1200 atBeutarly
Fmit %}559 1169; Journal of V Io 001) 75, 280}3 -2809; Biochemical and 6. and S
imitedg POIKENSEa é*é%%’r‘&??é ﬁ Eﬁ&ﬁgct%@@) 40578401 4% alPqmiion 16, and Ser
for Cysrainsfeitoatid? eanbefpreferabheashibvédofythesingsele ctiraptiatitn, ridacing
annboc!lg;’ﬂfﬁﬁtﬁ_}rég@ﬁl_}ﬁiﬂlz é( onM@Qﬂ@r%{@s cﬁl erﬁu%%@gﬁ%tlﬁﬁ ol 34 )%Al&%ad%)they

ner et al., Proc, Natl, d. Sci. USA

comprizg g Sighaf i AESBRR S PRI es 14 Gt tbs#HérL@Permg system),
Arg at Yirdtogy 1@ 9366 4564679 HDEARmBepary sneth pghdHodhe dikeosicidhel 02

(posm&‘?é‘i SteP E@'B&%Q{BE uetion, Hﬁ%}?@‘&"rﬁﬁ% 20" HEﬁ%é’@f%ﬁ%*rﬁ‘ N6P2 (19G2).

(a) are 15 collected. The expression products can bé collecte

The metRarh e 2By AtiA ﬁ@hﬁ&%}% SoFhBAEcH RN Emebar Ak v ane g0 be
achievéifothe drapis{drmet cittz ed enlitape waddide sGttparationcand punficatiescdbed in

the Exﬁﬂ Pe%d'eﬁqctﬁg Bﬁlﬁg '58&%‘3}5%%&@&10 ng '?{8 &9@%%8 D 9&5 %%Eh%%a above may

h as centrlfugatlon ammonium S ate actionation, sa tlng out,
be Sub‘éﬂﬁéﬁﬁr%ﬁi%‘%? G SRS SR ETaR ROt itERs d th andal 2 Pebthrmanaysiapbstituted.

<Methobsdbiateraphyhidrexchanis 20ghicnaton dplytioanst geldiftatidBmino acids in

an Ig Gﬁhg zﬁg‘%}ﬁ %9 <Methods for improving the IgG2 constant region
sta ility u ng r acidic conditions> The present invention also relates to

métKoré fetimpratiprdinitsdayssapirthadsder rsdiinesntitshisheieregeneity,

which e@mpﬁﬁitﬁee@ge@ﬁﬁ&@msgl@utm ﬁﬁ@kﬁttﬂ%l@ﬁﬁﬁ@{ﬂ@@ﬂpﬂx@gﬁ|Hm§'il%rmg
mberin st th id ugn e of SE .
st e ROl T RS A Th AN S oY SLER B consan

region spppedibcatioscstabirgngngE SRS h@mcﬁtuoﬁfélm@ytboﬁsmféée present
inventi@&irRRSIAL NI ACHE BeEHMIPhASRG AR B GAPPHS et SIeR

subst utin et at position,27 397| the EU.nu ing. . .
seosie G ) B A SOl AL o SEHSTGH D S8y i FANGRF 4 i e
EU numbﬁﬁ@&&vdtmbeagqobwaémw@t@éﬁmsgubsﬂﬁj’nmhs bt panthsulagygysten) in an
IgG2 comitesh &gmg\@mwgﬁgwﬂ@mv@h@ @é&u@ﬂ@@oﬁ' Seangihed.30 foramiehod for

titution is not parti m bstltutlon c n be
eming 3Ey SR B R B o LS e eGP B i rfor
examwm&tbmidim%smtammém@sﬁ memmmd deiogilhé in the Examples.
<MethDEIGERIBNRHY: AL iRaiRsHAMmKEACINES {EOIRR.AhI0GA RPN 18819 Bnstant

The present invention also relates to methods for reducing antibody
Tegiong aterogeneity, 35 which comprise the step of substituting Cys at posmon
14 fpositemtlidvdantibe 280 relatdsan methydietn) iArgetpoditighdfacokinetics of an

antibodDORILRNA L33 BSHE WP LR IRG SRS o AP Y ]ERPRIN Arg at position
234 (EU355), and/or Gln at position 298 (EU419) in an Ig(G2 constant region comprising the
amino acid sequence of SEQ ID NO: 2. 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.  The type of amino acid after substitution is not
particularly limited; however, substitutions of Gln for His at position 147 (EU268), Gln for Arg
at position 234 (EU355), and Glu for Gln at position 298 (EU419) are preferred.

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

antibody, which comprise the step of substituting Asn at position 313 (EU434) in an IgG2
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22 102 (position 219 in the EU numbering system) in the amino acid

sequence of SEQ ID NO: 2 (IgG2) with other amino acids. The type of

amino acid after substitution is not pa?t?’cularly limited; however,

substitutions of Ser for Cys at position 14, Lys for Arg at position 16, and

Ser for Cys at position 102 are preferred. The methods of the present

invention for reducing 5 antibody heterogeneity may comprise other steps
constapt argino cuitbselngtifutiem)msdoRgagithey cEf@HNrIER He:tep dF (MS8).  The type
of amSMORHIRG %@&egﬁlipﬂo%gag%%ﬁﬂﬂ Bt R aUIBSHNA YRS Cm& is

Arg at position 16 (pasition 133 in the U numbering s stem r
Pfefefé%ﬂ% @8%@? eémsﬁl’fi@lml%rﬁ@lﬁ@lﬁ%wﬂ&% rﬂ])@ﬁ%%og?ﬁﬁ’ﬁlﬁs of an
antibodgichsgquenesobtSEQi(PsNOaRi(lg 2. suthe insdhoas fiohgrenBegcidmprise the
above%égﬁﬂ%t&)&? not particularly limited. The substitutions can be 10

achieved, for example, by site-directed mutagenesis described above or a
<Methadsarwsarinedhs DETRscaRBRESs Btsebswn s amnarsidsrigsil sonstant
regiorthe three amino acids described above may be substituted or one or two

(f S 0 e ay be substituted. .

D B B R Tl B fmgeokinetics of an

antibodVidYRifRaf URAFEC4BRIETA oAsubtuEBastanaarpeiion 81 TH{EYASde i an IgG1
constaivieginncalapreiatesdomiathads i@@ﬁ@ﬁ&%ﬁ@'@@dﬂeﬁemﬂ%‘@&, of amino acid

h fd | 325 446 in.th
e R B B Rl T A Sty e

methofg fiae; @@%@Fﬁ%ﬁ@hf@@m@ﬁmme reliomaseoiipasingise antibodsaithy
comprS@OMBBLa Qs DE AN ZubhenimeH) a9 3okt he tREGSRM PRYCIMIO IRE- described

reducing antibody heterogeneity may comprise other steps of amino acid

20 substitution, as long as they comprise the step of deleting Gly at

podhiPreTBY prshicenad®ireites BUNsiimbe fo spstoing ahelphpsraacokinetics of an
antiboBQHH ARG AP AU IRAAGLHRith %@h%mﬁ%&naeﬁ%ﬁmi - RBmid42mino acnds,

tant r th d
v SR SO Sl e e s enies s BNC
329 (Hibthirandn gantire sithiedad (Fdr4éXninple] &1y Isitensiret tegiom ntagmissthe amino
acid sgﬁi%ﬁd@%@ @@Q"[@‘N@ ”DethﬁgeQﬁz@UPQﬁi,mfﬂotQ@lgéﬁ@%lﬁﬁt@&ﬁl&{lﬁtﬂm@ulaﬂy

rovm harmaco etics by su stl ng amino acids of 1gG2
imite R ANE TS RS BriGbiA FDEHE 2ol OB LR GER frvention for
improyingrtha m@m@hmae@hﬁmnwﬂvbdm mamboxﬂmrm igharomepsisé dénstepid

subsu&fn%&kb%”lldﬂg%é“d?e?tcl QD thd ABd{RGRkARLALRASILION 234 (EU35Y),

fr Gln at position 298 (EU419).in an 1gG2 constant region comprising
<Metipgs oraficiicsegehod et paERsineETUHEY sorfge n the 1gG2

constaptesenininvention for improving the pharmacoklnetics of an antibody may

COW&%%&H%%%EH&P&@M&%&Q ﬁjrékﬁ%ﬁlétf%r & a?%g%%fﬁ blgmﬁrg ?E%an

the above-described step. The type of amino aci stitution Is

antibog R SPIRRIEE, Moleh &, SHBSHERE ARG MGH ERS SPBGIBSRU S0, Ser for
Pro at (iosi?io8)2 BIQHOB Ay aatipokition T34 bosB0&), 2480 A3 30) (5 landllg@siitentant region
comp@ﬁgg(ﬁlg%}rgﬁgﬁ%iar@&%%ge of SEQIDNO: 2. The methods of the present invention

for reducing the FeyR binding of an antibody may comprise other steps of amino acid

step.

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 IgG2

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.
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,
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- numbeliag SELIBIRRATY S

35 The present invention also relates to methods for improving the
pharmacokinetics of an antibody, which comprise the step of substituting
Asn at position 313 (EU434) in an Ig(ﬁéi 23 constant region comprising
the amino acid sequence of SEQ ID NO: 2 or 35 (M58). The type of
amino acid after substitution is not particularly limited; however,
substitution to Ala is preferred. The methods of the present invention for

methoign foovedgding phidbmbcbktiaetiescifyanti gntifeddyomay-eamprise Biver siepsds for

reduciggqmi @9@%%&&938%&9&@ﬁ%ﬁé@%ﬁi‘%ﬁcﬁ%ﬁﬁ#ﬁ% h1en%n Iglgﬂ cons‘%? region

ove-described Step. <Me or Improving thie phiarmacdkinetics
compiBEFHRHE SRS SRISTIBET EGHAANP RGNS YK pibesHROENtion

(a) sulaisurelatel ta posttion 2 6or(opikinris oha plapUacekireligssgb@m) in the amino acid
seque@d}t&%’yQWB'W%ﬂ%ﬁﬁ@&&t%ﬁksﬁ%ﬂmr_‘g Asn at position 317

(EU434) in an 1gGI 10 constant region corhprising the amino acid _ _
(b) sulitying E9ra8 pesiitymg O PeHERYFS birahnBlaskinheirg srsamlionthe amino acid
sequemet RS ECuIArY imitediheweverasuhstibidion to Ala is preferred. The

l@@&lg t nt,inventiaon for improving, the pharmacokinetics of an . .
(©) su anti g %y %%Erﬁ%%s%%tlﬁ%orsgtlgasgé?glm%?%%[(}:i ué%t%)%‘ﬁ%t%rséegl Igln‘%l%%mmo acid
Seque‘%ﬁ‘é?ﬁ%?@é“@é%ﬁ@%aﬂ%@@ﬁ%ﬂﬂ%@%@;w The present invention also
(d) subsfatengaeeinposi fioni Dy oyeE; e PN NIRCEKINRISBPfR v ARIRPEM R hmino acid
Sequeﬁggug%:%%%gg)%&%g% réglnated from deletion of C-terminal amino ‘

acids, comprise ep acl)?lsnt?b%cﬁfidting Asn at position 317
(e) sulstivyaw) GripéeRstiena . (pasivesitidn i32e:(EUa46)bend ¢ yestampsitibe amino acid
sequerdb(BBAAT) N@I9GhcRRMNLKAgIRERMPrising the amino acid

sequence of SEQ.ID NQ: 1. The type of aming acid.after substitytion is . )
O s R PR OIS B Ao e R R P amino acid
Sequeﬁﬁ@ﬂfo‘iféﬁbfw(arés‘éﬁhim@fhﬁomoimbi’ovi_ng the pharmacokinetics of
(2) sulifi @ARBATHs P GARPNES FIHSHSHEPS Gh FRIRY LI RYRRIIUIRRAR 1889 mino acid

....as %e%ﬁ?g%ﬁ g1e ove-ﬁ?escrlbed sg:hp. <Methods for reducing the

SCqUERESS g Whilé ARG $HEIAHER sequence in the IgG2 constant
(h) subsigieting 25 iteppsssent hirensiiom 4130 rethees tonmethotg fystedydingdheino acid

sequerc@¥d? SINing0Han watbadnvhish samprise the step of substituting Ser
30), Ser for Pro_at position 210 (EU331), and

. for Al ition 209 (EU3 _ .
@ Subf\)ff%%%%ﬁ%?éggﬁﬁim é‘%(‘é’@%&éﬁﬁﬂﬁﬁ%@é Bmgééﬁgﬁﬂéw féfmio acid
sequenberhiFQ H2 ¥ Sequent emftiBE @i dNGid2 afithe methods of the present
G4) delé@;%%ftﬁ%‘atfﬁégﬁﬁﬂciﬁg ha Co¥R:hinding Qﬁé?gﬁé%&%gﬂ?&%%Wfﬁ%e EU

other steps of amino acid 30 substitution, as ast (8/ comprise the
i’f)fB‘r RHARIBBSHIT SO R LIS §Qr1‘ﬁ§'-laro at
p o“s?hh)frymﬁ)f_ (B3 ﬂt¢i<_ihl_aﬂe@\ laﬂﬁ@rifﬁlﬁbﬁﬁmsitﬁmtﬁil&iﬁm%dnmkgaz
substi@PoS ¢ é@ﬂ@?&&@%ﬁé&%ﬁ‘3(@%%%&8&‘13%%%%&8 %8’fr§1%1%elr[i)nlg\l soy:s?e'm), Ser for

The method for amin . )
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
(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
C-terminus, and/or methods for reducing the FcyR binding of an antibody, all of which comprise,
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M86AGK),
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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.2§5 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, 24 methods for reducing antibody heterogeneity originated

the stefrpnf:C-terminus, and/or methods for reducing the FcyR binding of an

(a) su@mm%A%l eﬁf which.cam st%alti%%% éqg%é?%ﬁ%%'&%g#?g sﬁ& lﬁz”t}?e amino acid

the amino acid sequence of SEQ ID NO: 2 (MI4AGK), the steps of. (a
Seque%%ﬂ%ﬁ%t%ﬁ%&ﬂ%@ §RERBRS30 in the EU numbering system)
(b) substitue snHnoaagickiboeeLE(esithe B IR INOEL with seriibey aomi) dradiel amino acid

Kyt ro at iti . (pasition 331 in the EU numbering
Seque@s‘?gﬁ% El?}qtfggq §m_?n‘§55%%§18§é%ﬁ%§%% cE)LSF_lé?EQ ID NO: 2 with another amino .
(c) substiyting ShinatinosiiyT R Sprsstipsn33Pan e ibsdasinss ptem impbeiagino acid
sequersySE SE(n hevanheideich@kauents @tEQ ID NO: 2 with another amino
substitutin t at posjtion 276 {pasition 397 in the EU . . .

(&) s T e B e D)y amino acid
sequenggtheEQnhih & Qerd 7ih sopdwaminegeidt position 14 (position 131 in the
(e) subskitnipbering @@tﬁﬂ?hm%ﬁ&iﬁm{r&m&%g@wmﬁb@m EI%Q’SJ@I%% %&x&&hino acid

anot i cid; (f), substituting Arg at position position in the
Sequenlgﬁor?ugrﬁ Wg@ygééh%li%n%%eérﬁﬁgoa%? ’15 sequence of SEQ ID NO: 2
(D) subgfitntintothsraanihsieritd 3 gpeubentdtihindys AU posithaning sygiesitioniz enino acid
sequeﬂaetbﬁ@m%mh@m%ﬁ%ﬁ&aéﬁa&gﬁ@%nﬁ acid SequenceZ%f SEQIID ng,)?

2 with a er amino acid: substjtutin t position ositio . .
(@ s B S o S oo R o Gy R nino acid
sequerzeiihSEio IReNGnine e ot (irsistciding Ser at position 21 (position
h) subk@8ithiscEl Pankermo@ystes) 194he BEHN0 AGHL e dino acid
(b s NO:g?@gi]@ ﬁgiﬁ ar 'no(%a% id; and 0) deleting Gly a?ﬁ%ésjﬁ 3 é and noas
e %{ c?ﬁ Zé ‘(‘6&&@%@&3@3}%&% e EU numbering system,
(1) deletinp&divaslppittidre 3@l doisl Bayubee38b SEQRIDMN @4 afithé4Ype the EU

. . AN ol ited: 25

”m“bffu‘%?.ﬁ?é%@ﬁéﬁiw Ay oy e AR TN

U RSLNRG SRR S AT SSPSTHE O oR DRer (SBe B B e,
substitntinmseriiigsistéda)aiasition RS position32 08 fesiiom889drithesEtam), Ser for
Pro at PHSARGIIDESYSEHOh Y& fﬁftﬁé%@frﬁﬁ%_%ﬁﬂg%ﬁs@ﬂ?%ﬂ@ 22 71 Q?%é%%ﬂion 218

U G R RS
numbeminmg bestag syste iy, SerdfopCatlpapitiotictD 2330 phs BUMAiHen e ¥stdm), Ser
for Cy¥ ‘AFH%%RQ-& %Y)%t%gegit@x}( 395 ﬁﬂ%}étﬁ?%ﬁ{%&@n@%%{%}é&%mﬁ%{ 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 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.

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,
and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which

comprise in an Ig(G2 constant region comprising the amino acid sequence of SEQ ID NO: 2
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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 heterogenei%;’poriginated from the hinge region

of IgG2, methods for reducing antibody heterogeneity originated from 35

C-terminus, and/or methods for reducing the FcyR binding of an antibody,

all of which comprise, in an IgG2 constant region comprising the amino
(M3 16K s dueiape®f SEQ ID NO: 2 (MB6AGK), 25 the steps of. (a)

(a) sutsishstilinG AeRLIRSITE GRJIRASHIENS AR RThe R P REHRY SYSIEM nino acid

sequend t%%%nﬁ%%g 5%}%%‘%%)]‘ SE% ID NO: 2_W|th another amino acid; (b)
PHtiRiting Pro At poetioR°o1d g5uBREA$31 in the EU numbering system)

(b) substihsingfine achesBisedddnes &S BEQ IDINGEE withterotheyseamipmabichmino acid

sequed6) SURBIIINGIBND ;RS2 1B 4ROs@N 339 in the EU numbering

o T A Se S5f e o QIR N 2 ot s,

sequensysstd kD TheNUnhw dlcishgbeguanoecBEQ ID NO: 2 with another amino

d) sutgidith @) SHBSIIEHIRg 64 it i ' ; ' '
() su numéﬁ% :)/ ?gm in irgle grlﬁg%%ﬁg{ci%@s? %@g%é%ﬁﬁg%%%%ﬁﬁm amino acid
SeqUenGict g%ggrm{ §ci WHOHBERR AT RS E position 102 (position 219 in the

(e) sutButwtimalérirg system Rih(theidmind acichsdfUensebefiSg RN withino acid

sequerRRQAPSERMIHNBLIO (AN SHBSILRG Gkt position 20 (position 137 in the
EU num%%rin sy,st%rbnﬁn the amino acid 15 sequence of SEQ ID NO: 2

() subR RIS ALRRHO Sctd: @SS dafimytesek M poahmsing sgerttibnthagmino acid
sequertbe &3 EQibeHDgsystempindhaxsmineidcichdequence of SEQ ID NO: 2
deliRoABRIMPLATING Edand () 0Elalng, Ghal RARNONAR% AN 4¥ 53
@ posﬁiag?r%zé (positions 446rlgjr,1d 4_§7 ?nl%e E%%gl%rﬁé%ﬂ%%%%@g# m%e EU
numbGHER SYRGERy y TAPRTE ihE AkRaERR SRSt SIes 1 RIER BDM0r e type of
anihe igpicldfterisolastituiion daot pasticy iastydimitatirRoNvared; however,
bstitSRSHtHFONS Af @f%t r A% at Qn 2£O9 itio in the EU
Subst numbering system tdgg? %}%I&’%g%?‘%g’éﬁ%n 0 ?&é%@nnﬁf?ﬁl e Eﬁ?m) » Ser for
Cys atpaiten ag SRsion, LAk it AlanpBREB RIS pIskion(@341e 2hposition 16
(positiﬂumifnglswermm&ﬁh?ﬁ@m} PasioU fdatnasiinn 183 (pdhadaY19 in the EU
in em), Lys for Arg at ition 16 (position in the EU
e e ) S 3 L B a0 sty
Gly fopgsisémegiigaehiposifond ¥indhp seilionmberips sitrien 3rdpiakEd.
NUIHegsiag: Sy BeMbioard Gt i@[aa%@rt@trﬁaﬁﬁ@@f&ﬂ}r&%iﬁg@h@%&é&é‘@@nétyl
. mberin stem) are prefe . Them of t resent.inyention )
orfgfnarr%géi Ec%nrnn ‘ﬁ%‘?i%n&%e rgé?gpos s%(gg and/or fﬁg%%?ig%or re'?i% ing antlbogy heterogeneity
originated from C-terminus, all of which comprise in an IgG2 constant region comprising the
amino acid sequence of SEQ ID NO: 2 (M40AGK), the steps of:
(2) 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;
(c) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ 1D 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 1D NO: 2 with another amino acid;
(e) 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

() deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
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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 also relates to methods
for reducing the heterogeneity originated from the hinge region of IgG2,
numbgniethsydtefor tespeotriredy antibedyrstabiity vagerraeidicSEshdRiON3; 235
andiRy anRiBeds, s ke AR NSLSI00snERHOHAIRC Aover.

-term# I of which comprise in an IgG2 constant regign compnsm

substifpons of 5S¢, @é&&ﬁﬁ&é%%éﬂdww >y S AR S ey SR % Lys for
Arg af(pdsitibstitaiipgsMen a8 posifherF27 Gugpbsifians39ein BerFbt Aymbtgsingion 102

(positR¥SISMHMHOE ANINAATHEL SRAENGEIPERERIR q&&m OIREEL $8%0Q the EU

acid, (b) substituting Cys at’position 14 (position 1.31 in th U numbering
numbeH A FTHh TR BE RFT SRRk S biRsEdam INBin kil ARbemRsring System)

are prefriied.acid; (c) substituting Arg at position 16 (position 133 in the EU

anoth;ﬁ@%ﬁ%’ ﬁi@gﬂhlﬂl t'hgoarm'ﬂgs QS'%&‘?&%%‘E%%@E? ?}% é\%’%ﬁf\? ég ﬁenefty

amino acid; (d) su stltutlng ys at position 1
origingtrd FgR B%?ﬁf‘gré%’t%ﬁf) plhensihadsderdiraesyicahermrokineics; snd/or
metho\ﬂatfbﬁmﬂﬁ@ﬁ@miﬁ’@oa(}?fl etk ga)tﬁt}bﬁﬂgiﬂ%(ﬁﬁtbﬁt @QstﬁﬁﬁlﬁQEﬂﬂ)Qsl’Whﬁbh comprise

man%%ég wit a%o 138{11 Ec@n fflrg tstltur(t&:Irl%oaéil(;:rldats %ﬁg?@g ?OS ion B

steps af3g in the EU numberlng system) in. the amino acid sequence of SEQ ID

(a) su’zi\dﬁluﬂﬂlglﬁbﬁfmtﬂ% amiotiaeld 4apdsgbdeleting R pestiamm329aad) in the
Lys osmon w 446 and 447 in the EU 15 numbering
@n%a he’

ammgsys mqlrlgrsl%%c arhino acid sequence of SEQ ID NO: 2. The

(b) sulwﬁelan&m6@&@%@%&5@1@@@@@%1@&%@@@% mitebistirgvewes) in the
ammo%ﬂp@%@u@ageqﬁ\@@]j\l}e@agposmon 276 (position 397 |n the EU

syst erf ition .14. (posi |n the EU
& =R S o 15 RS A OO A B e
ﬂlmnorﬁ@#ﬁtﬁéﬁlh@@?@l%ﬁﬁ)QS@rW @ys at position 102 (position 219 in the EU 20
(d) subHRBRIENGISYSIanM), a@ﬁbiﬁ!o@@oaéﬁ@ﬁiﬁﬁﬂ 20 paritan Jdfvahe EHem ,2 in the

numberin ly,for Ser at position 21 (position 138 in the
amino Eﬁbséﬁﬁgﬂgéé’f %ngdﬁ %red The present invention further relates to
(e) subpigthideis @y feuliciryg pheithetckbderriign daginathd Fiomuthbdningeysgiohin the
aminoQdGEABReLMatapds fanreducing antibody heterogeneity originated

o SRS oL (AT G UL,
aminosteigssefuars ob SHQHHY Y st position 14 (position 131 in the EU

(2) subMIMREINGIRYSIEN) It ISiABHN 8¢ sition 355 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;

(h) substituting Glu for Gln 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
numbering system, respectively) in the amino acid sequence of SEQ 1D NO: 2,

The present invention also relates to methods for reducing antibody heterogeneity
originated from the hinge region of IgG2, methods for improving pharmacokinetics, and/or
methods for reducing antibody heterogeneity originated from C-terminus, all of which comprise
in an Ig(G2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M73), the
steps of:

{(a) substituting Ser for Cys at position 14 {position 131 in the EU numbering system) in the
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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 anoth& 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)
amindndiiesamineacih BequmeNce of SEQ ID NO: 2 with another amino acid; (e)

Huti t position. 21 ition 138.in the EU numbering system).
) s e A A R e S S T S e
aminogtad fedetaan gl QdPodoR: 325 and Lys at position 326 (positions 446
(c) subithA g BettTerkly 2 fu4nbRI0g SR, PaSPROIER) KuRBAMING A6HE) in the

aminco89y80ce of S0 ét%dlﬂ:ﬁN% 'E_he type of amino acid after substitution is
oot parﬁcﬁpé:ﬁy imitéd; however, substitutions of Ser for Cys at position

(d) subdfitpidraiohy 181 (Hulse s timABding bystei)in e Tor muglirpasitioterhdin the
amindROSIeRuL 3L IBRE G hNumbEring system), Ser for Cys at position 102 5

ion 219.n the EU numberjng system), Gly for Glu at posjtion 20
© su(SIRHER CHR 12 BN by B Rl 1 SRS GRRGr o the
amingpoiditenvers infthEE UDrihbring system) are preferred. The present
(f) subBYRABRNCAUBRFE/RleS (RMRINGAT (B5/eANCIRG ANHRAGY NELEKEARIC N em) in the

. originated from [ gion of IgG2, methods for improving
amlnop Cgﬁ!’n AeoRnet g;%gﬂ%}@%hethods for reducing antibody heterogeneity
(g) subsiginate Girofor Aute igiical 238v(biciticordplise the BN lgGbenngtantem) in the

amind 8819 B5RRREISINGHRLANAR Acid sequence of SEQ ID NO: 2 (M58), the
tuting Ser for Cys at position. 14 (position 131 in the EU

teps.of: ubstj
) suRsTiRgS @@efe%ﬂm BRsaming® ABRFOGUERE R ShSED TEMesing 5tay) in the
aminosuhd tigiregdeys DIEAIPAY PoBition 16 (position 133 in the EU numbering
_ . : . . 2 o .
O s M S S s he
ammoaﬁﬂﬁl\éeg&ﬁf%%aﬁéﬁ&lgf%@@iB“QIO: 2; (d) substituting Gly for Glu at
(j) delpiisitiGiy20 fpsisitio3 2A37nihIthe & Positinh 6 Mo gRystem) 4 dhad2Xamite EU

numb @5 SEAUPERARFRIRNG, £148) E&H%%Eﬁ%%%&éﬁ%* Rosition 21

(poSition 138 in the numbering system le aming acid sequence of
SEGIRIEPS RS BRI A STHIB M SRR RGeS Ptepe sitidhas egnino acid
substittigoh Enduteledringasysieng ihaheormine deidtspauenedaf SioQ:ID NR:méthods 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.
<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
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 (hurhan IgG4 constant region)
with another amino acid.  The type of amino acid after substitution is not partjcularly limited;
however, substitution to Lys is preferred. 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.
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25 (g) substituting GIn 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 29§%position 419 in the EU numbering

system) in the amino acid sequence of SEQ ID NO: 2; and (i) 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
<Meth@inor: redrpimpibe datarnasntion afstrestsiéoto debthodsféi-retuicrgmino acids in

an Ig@NEhosnbelsrageneity originated from the hinge region of 1I9G2, methods
for_improving pharmacokinetics, and/or. methods for reducing antibod
R e R S R D G oA B Ohe g o Bet ofan

antibofyGRluchsiemprigitre stappfideigiteGimiripasidosetiife(rsich B L ID OEU

numb&iﬂﬁ'}ﬁt&%?laﬁé BIRRs A6:{@SuPRIHANG 294 iofGYS @@m&%ﬂé system) in an

(position 131 in the EU nymbering system) in the 28 amino aci

1604 QS CERSES AT 128 18R BSaBREF PSS 9roKkfg e pésitiovipd: Immunol,
1993 Jpostidn UEB3EN thete thathmiserfribegystent)imvtinei canfinocd aidngetis dleee leneity
L _ -2 — : i > )

Y Cthe E%pnum_b%ﬁ%yst%%%%%{%ﬁmind %%:%}g%%%l?g]r?%of gE%%k?@ of

deleting by & BSRHIANG IR ESR W HadoR ORI 1sem ARy Gly at position
326 (posithe A/ isydte B imtihéeangingsai() SequnCe ofSkat oD c3m@)sing the amino
: [t rat iti iti [ : bering.
e e et e R U AT ctns
limiteds | T3¢ svbiitdenien e AepisERbAC G amRIe EUSHErABEriRg BydemmpRis described
above thea artinodakistsdgdende: Gk NO: 2; (g) substituting Gin for Arg at
POSiti (RQsiti i n ring .system) in.the, amino acid . ..
B e
conditipysifsiihets s winathnbetwrpsystvmyisimediBomdntagius, and/or methods
for reﬁmwﬁezﬁ; E%di%gg@aﬁaéﬁ@t@%@m%%vﬁiaﬂ%ﬁﬁﬁﬁ ROSHIIT3 ]E,%nstalflt region
itio int num 1),iN-t o0.acid sequence o
o M S IR AL AT e don 00
(a) subgiufiemS et Rasiiary lih thesition hdhbdhn d ) sranberwpastiomiiniththenino acid
sequer@BTBACIBDEqUencRitf SlcRees deidd The methods of the present
invention may,compris er.ste uch.as.amino acid substitution and . .
s B L o B R s S A8 i

sequenpReiotsddP And wilie aattiativnoaasiddeletion are not particularly

(c) sutimitethg bR subsHEERN AR ARIBTION 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
sequence of SEQ ID NO: 3 with another amino acid;

(e) substituting Arg at position 97 (position 214 in the EU numbering system) in the amino acid
sequence of SEQ ID 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;

(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 1D NO: 3 with another amino acid;

(1) substituting Pro at position 104 (position 221 in the EU numbering system) in the amino acid
sequence of SEQ 1D NO: 3 with another amino acid;

{j) substituting Pro at position 105 (position 222 in the EU numbering system) in the amino acid
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can be achieved, for example, by site-directed mutagenesis described
above or a method described in the mples. 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 1gG4
sequengsrigtafQdBioH kohmpsimg e amimpasidd sequence of SEQ ID NO: 3

(k) subithuaReIGR! ﬁrpa%g;aﬁlqh meshods af ihe PIesaMYEVEREEASRS in the amino acid

Improy t tabiljt under acidic conditions may comprise other
Seqf’w’mteps oﬁgmlnogmd‘gﬁﬁ h an}s{gq&ﬁ as they comprise the step of

(1) substipgitiatithg Arpoaitpositidrxedtigrosiion 460EM thentigringmisetimgin the amino acid
seque@@&?@ﬁ@@@@?%@?'&@%yﬁﬁﬁﬁ&fcﬁﬁQ ID NO: 3 (human IgG4

stant |on with a her am pe of amino acid after
() s O Ao AN o CTBGHHEROR SR he amino
acid sqonefececd. SIE@ M@&me&cMnbwm@on is not 35 particularly

(m) deﬂé'ﬁhtg@rﬂ he iUt saieR 25higVed Her SXAmRIGLR &&%ﬂ&ﬁﬁé%mo acid
s described above or a method described in the Examples. 2
o ST

I?T(Qiug’cmg the heterogeneity originated from deletion of
(o) sulGtietmmalrgmatiposacids?i?d grodged 09 stahtElianmbdrnpresent) in the amino acid

sequerBYBRUQIAIBONBI4EH:1n Methads fol,educingythe heterogeneity of an
antibody, which com%nse the step of deleﬁ ,9 Gly at position 326 éposmon

(p) delglips i AENISonABRARY SYS ALY SRR Ppvibionn 4o Atd ddton ha £U
numbdrinpeykstdmmeipetithgeby)stethy krdno iisepusianbfeHONICONPri3ing the
a”T'HQ Id 3668587 REQIRNQiH ﬁw&grg@@%@%ﬁe@ﬂgwww

-8). The methods of the present inv cing t

Subsmﬂa%a%ﬁ%r@fr% HhABER biHaosiaeR b il EGumbsiEsHS'a®), Lys for
Arg atlpagtaﬁlthefpb@i’tibﬂie e siepohndeleting: lsﬁt&ﬁlpasmqf@rﬁﬁl (@asitiedn 20

(posrnéﬁ% 3 EQ_&E%  Hu Qﬂg S%;Stt%mg g/ﬁf %é/ oslttlon O 3259{&%? %.thk?m the EU

6Int erlng tem S an com prising

numbﬁtﬁagasﬁ%nh& Grdogdeacd M0 ?ff) (N@}’l"g’nr%“ﬁéfh% laﬁhmmstem) Arg
for Sesufyssiittionison@opizidicalariy fimikednlnesunstiution coe Ber aghigvsshition 102

site-, |rected mut gene, IS |bed ab r a met
@OSEtlgescrlbegi’ IE%M arﬁ%fé%s)ﬁsltﬂem s"rentolr geir/'nfa oha g"grl}“'el ?@ :cs)ltrir?éltﬁ% in the EU
numbgdpgRpFIg YAeitdBit: natiEpadiicrrsidenditibng thadtRoustbering system), Glu
for Prd%‘ﬂ96%&@@0@%@@@@%@%&%‘%@@%@%@&@%% PngliRr ORIRPESsition 113
uCi indin all o IC
(posmP 5(i:ons r%ﬁ elbullglng Comprsng ‘tw:aﬁla%%z?r?g%cw}) <& 1ﬁer:1 %é@l’l g3N51. the EU
numbeslugl BYREK) Alrelstdpaict Hadisondiiilipes Oy 38 pasitierElanpobiitre s3dtem), and

Lys foWAP@diHo@iﬂi&bQ@ﬂ@p%ﬁﬂ%ﬁ‘d@Q Iﬁ%rﬂmaﬁigeﬁﬁg venee phebRARMNO:
hh anaﬁ%ﬁ no acid; 20 r#)‘ ubstltutl osmon 1 osition

Sres %ygtv o0 RS9 er steps, such as amino acid
substitutlon and deletion, as long as they comprise the steps descnbed 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
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
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
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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 anothier 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; (e) substituting
Arg at position 97 (position 214 in the EU numbering system) in the amino
inventimidoseglvsingeotiBELY otMIEEeBaiithransreptn nthacit(§) sk ting
substiRBbR, B@%%@@%ﬁ%%‘ﬁb?ﬁezt}@ SteI6f SISEIT ?‘3@1@ ﬁﬁ%ﬁmb@bt%smon 447 in
mino acid nce 0 SEQ ID N with another amino acid
the EUfqumh %

bEtRtitig Y9 &t ib&"éb%%‘& SRQTHRS EUM Eé%.ﬂ@l%k)%%.fystem)
in an lg(thecnstar zagndnmmemwzm (D BquithcandtREQRDId adid; (e method

for MH@%@@@BQS@M@hQQﬁ'&% lﬂ’ﬂﬂe%zo %@?ﬂ%tﬂﬁ%@ﬂ%%ﬁ%@d for
pJ]t e amino am% sequence of S % ID NO: 3 with another amino acid el(l:ff |

exam G R A BORRROR S ACEFEERHAPI A B MRS hrReaRRiy R fRtdipmples.
in e antihodacidnSans eegiencdest Se@ AR N3 withatiothetatiniedcidd may be

used 89 éﬂbéﬁ'&%@%f roﬂﬁ%ﬁ%@@f 10ndpaslionéradn ﬁ@c%%%%%ﬂ%f the present

S stem) in the amino acid 30 sequence of SEQ ID NO: 3 with
m"en%fmm I3€f3; (k) substituting Glu at position 113 (position 233 in the EU
(a) a hoavghdringtisystemprisdhthamirioceaiill segeatee EISEQ@INMNQSIVIL-MT3);

(b)ah%Q%tét@{aﬁmﬂfAPc%% Orfed SHOSH “”&Eﬂ% é'B?@ééﬁéﬁ%@ %B‘dﬁ%ﬁﬁ%m),

U numbering system) in the amlno 5 se
(c) 2 hgay i thah compiesst e ¢ryEe Bgtﬁﬁﬁﬁ‘éeﬁéﬁ csﬁ@%@.ﬁ@ﬁﬂﬁéep@é}ﬁw%)

(d) a 1285 dhainatat Lo ngesaiaoydil igumis o fEIO SIEHNENCH GVIEQAEa);
id: (n eting Gl i ition

L e

(D) a light) chaindhascomputieify Aryna podisnany Eodio A DDirheVES-kappa);

(g) an ranﬂﬂa@@rngasyatﬁmgm me( Hé’%t@loaﬁ.@iﬂ G$Q@L@f&ﬁl@h§lﬁgh@n|\é@((§ Wt -M73);

an Nno acid; a eleun 0 and

) n S L R S A T A0 Rl v--a7
(i) an %@@b@éwbmmasﬁh@aw shejneride)emdED [glm@hm wﬁéﬂfp‘é’ﬁnySFJ)

<PharRlieaiesidatigsstbsiitsiopis NoLRasgtarly limited; however, 15
sition 131 in the EU

titutions, of Ser.for Cys. S tlon 14.
numﬁn rlrelsge%ty Vengmf)}%r%l“& %a POSTH SRS OPOSHE SRR g 3n antibody of
the presgpitieyimgiesstem), Gly for Glu at position 20 (position 137 in the EU
NUTHRESIRShSIESRON Evh @s%@b@%t 1982 (ROSHIRM %%%@ %Eﬁlﬁwed in
additl%m erlﬁlg Eggtgglh lﬁl:]éh Argeuttig ?Pltg%ge%Za € (S:g}%grs : Ln})x’?n%%thods For

example, the compositions can be used parenterally, when the antibodies are formulated in a

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
a unit 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.

Aqueous solutions used for injection include, for example, physiological saline and

isotonic solutions containing glucose or other adjuvants such as D-sorbitol, D-mannose,
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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 (position 220 in thé2EU 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 (position 233 in the EU numbering system), Val for Phe at
D-mampositiend dei{pasthtorizd4 ifthe:kEkh eimbehiingsystenynAlaicuiigbl@tolubilizers

such aR2RILAG: ,%%&%%ﬂ&%%ﬁ%i%@%ﬁé&%ﬂ%ﬁ@ﬂ g g%/(ﬁ%?féga %S% Eirl'dyﬁofl?%ﬂlylene

Arg at position 289 (position'409 in t numy S are
glycol RBARANGIOTifeSHEAHBHS P tha pFetenthateition %ﬁéﬁ&énéﬁse other
stepids Bubidasamirooiicishdubgiitutioil gasdelatien; astiig astiheyubilizers such

as ben%@ga{pgr%ggéggﬁc%%gfd 3R0ve HLLRS&} y?{!;}% LA 'ﬁlc{)qlffers fgr example,

itution and etion are not partic limited. e substitution an

phosplptrobigiiersn srelBen iakrieterbiidsesnisrd gesicsitdoniesataplnbtagrane siglrochloride;
stabiligt@sCfihes ahsivctenaynetond 39 sleswibachinihiadaxamplbs sMeihadsitetions are

ty icaﬁed;g{:iﬂ éﬁef Qetero elr,}g{tteya%gi inated from deletion of C-terminal amino
Preadidsin an fb&?@%n&an regfon> The present invention also relates to
médthdadobiisEatiemiy armii teshevaarenigidly candoinseifiralirdpebpdes
inj ectidﬂ,fm&@m aazﬁgﬁai%ag %ﬁnﬁ%@ﬁﬂiﬁ&n&ﬂ%&ﬁhﬁﬁ@tﬂé»ﬁ%@rﬂ&cﬁm&ﬁ m)
._and Lys atposition osition 447 in the EU n ring system) in.
admin T T b i e e B B iy
intravenoph enfrelthp dis brepispHasenestom e fonseldnitaticantib sdcutaneous

injectibgterogeneity may comprise other steps of amino acid substitutions, as

lo they comprise the step of deleting Lys at positian 330 (positjon )

e e e P o6 s a0
the agetradgymptabeiidghsystiany. inAningl doestithaehomeompeigingripesition
contaiﬁi’i‘igr% %ﬁi%gag @f a%g&iﬁaglﬂaat\k%eo%ﬂ&?ﬁ%@ﬁéﬁ{ @g%@eﬁeé‘dgfgr example,

ubstitutiqn i rticularly limjted., substjtution can be gchieved, for

from (55 JR0co ) L 0 L TS SR BB AR abUETBR A Rt Rifose ay be,
for exateglyibethérshgeBidhifibso M08 tibgtyrsonstadbvegienshdakmdbedot limited to
these BRQYE aGH 95mgq{%ﬂydmeaqnﬁﬂgt%w@wagﬁamﬁ%&m&%ﬁéﬂfs body

Examples of antibodies which use the consta ttrﬁeéglon of the present

welghtRet o PENTHRIN TG P4 4 hRSGPRERRTH A G sthoacaHe dgithe art

seduencet ol SEGhIDINNGD:148c0\Ad MMEB) efiradiavipciajettiat amino acids are as
followsOomprises the amino acid sequence of SEQ ID NO: 46 (VH3-M73); (c) a

. heavy chain that comprises the amino acid sequence of SEQ ID NO: 44

Alaning;4d28k): (d) a light chain that comprises the amino acid sequence of
ArginiBEQD(RD: 49 (VL1-kappa); (e) a light chain that comprises the amino
Aspar@gqige.sﬁgﬂ?ﬂ?e of SEQ I_D NO: 47 (VL3 -kappa); 15 (f) a light chain that

comprises the amino acid sequence of SEQ ID NO: 45 (VL5-kappa); (Q)
Aspartip, agithi/dd Rkt comprises the heavy chain of (a) and the light chain of (d)

CysteileVGNT3);
Glutamine: Gln (Q)
Glutamic acid: Glu (E)
Glycine: Gly (G)
Histidine: His (H)
Isoleucine: Ile (I}
Leucine: Leu (L)
Lysine: Lys (K)
Methionine: Met (M)
Phenylalanine: Phe (F)
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(h) an antibody that comprises the heavy chain of (b) and the light chain of
(e) (FV4-M73); and (i) an antibody that comprises the heavy chain of (c)
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,
Prolin#? PagdHion to the antibodies, with pharmaceutically acceptable carriers by
Serinekgg}/@éﬂethods. For example, the compositions can be used
parenterally, when the antibodies are formulated in a 25 sterile solution or
Threowiggpdhsion for injection using water or any other pharmaceutically
Tryptpteaptaplewiguid. For example, the compositions can be formulated by
Tymsiggpig}%réo ely cqmblnlng.the antlqules with pharmgceuycally gcceptable
carriers*or media, specifically, sterile water or physiological saline,
Valineyégdtble oils, emulsifiers, suspending agents, surfactants, stabilizers,
ﬂa)&@!i%&%@ﬁﬁr%c&%@mkeaﬁd\H%'i‘éﬁlﬁﬁeﬁﬁ%%&é%&%ﬂ%%&ﬁﬂﬁ%%’ixaé}ﬂirety.
such, by mixing them at 30 a unit dose and form required by generally
accepted pharmaceutical implementations. The content of the active
Exampgegredient in such a formulation is adjusted so that an appropriate dose

withindhe B HRdJRBge GaRheARiaNec SRS CANRRSHARS 0fth reference to the

injection, can be formulated using vehigles such as distilled water for
Examnglgs, Bt RE0H R RS G5 HIHARAT DRSS 8 AT ous solutions used for

injection include, for example, physiological saline and isotonic solutions

ta | ' ' : 32
e e R e S R
suitable solubilizers such as alcohol, specifically ethanol, polyalcohols
Constisietioms romyksiven giycotsifta hribze thwlete -olycektahbunomizanidL-6 recepior

antiboﬁ%gadﬁt@@%%ﬂ%ﬁéﬁﬂé@ﬁfg&ﬁ?&OTm and HCO-50. QOils include sesame

olls and soybean olils, and can be comhbined with solubilizers such 5 as

beh2yrBEr HisE GrBersor-Riodieg, sPHEEE. g FanteBbIrsiRuniR dumanized
anti-hinuife s, -Hreexpimpiatijokiysphateninetiarbor sadhanyaCatader Muffei®93 Feb

 analoed o racal de.. stabilizers,

138 e R TR B ERTTRGL
I ARERASIA |48 By oreHas RS SN A (SHALANO: 13) and
WT-Igibefesaigyrbaxded oyt parenierallycArdgpadiicabytbicimdaesecd Carjgristhe 1gGs.
An exiiianasaladmini %ﬁ?&?{hé_’&gﬁ‘s%%@%%%%{ Méﬁﬁ%&@@@%dantibody (1eG1) used in

Bercu aneous’ administration. For example, injections can be
Refersagliateniel sy e el or Ibhglh)p i AnsUbRo s ejEBlishwith the 16G2 or 1gG4
constafiREILE Gildicinjeslians kirepetianeal iy eelidshtieSihceianegdsch DNA fragment

was dé?éﬁ%‘i‘tr?é‘ @ﬂﬁ%@%%e&ﬁgn@e?tf‘ﬁﬁﬁﬁmrﬁ%8&'8'}3&3& 88, 3RRIOPIIRISY priSM
selected according to
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-IgGl, WT-IgGZ, and WT-IgG4 were expressed by the method described
below. Human embryonic kidney cancer-derived HEK293H cells (Invifrogen) were suspended
in DMEM (Invitrogen) supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells
(10-mli/plate; cell density of Sto 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 ml of CHO-S-SFM-II medium
(Invitrogen) was added. The prepared plasmid DNA mixture (13.8 pg in total) was combined
with 20.7 ul of T pug/ml Polyethylenimine (Polysciences Inc.) and 690 pl of CHO-S-SFMII

medium. The resulting mixture was incubated at room temperature for 10 minutes, and then
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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 selectecf{gfor example, from the range of
0.0001 to 1,000 mg per kg of body weight. Alternatively, the dose maybe,
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
added gelthinfstiatiowaghrgiste pe Hkrg ldmvies patigrtte hiody QO waighetagel ARYC under 5%

CO,) RYMRPMH RN capbe anpIoRTairl selecied MedasqpHabin iheatded to the

. As ysed herein, the three-letter and sin Ie-Iet%gr (i??rdes for respective
dishes, i s Sl 1S PSR e PRIYRF RIS (<o tore supermatants
were wﬁpW:MWAQW@aBHﬂ%Q @Di)'l,ﬁpetaitwl_}ﬁ_;ﬁ_t(@) i@iﬂtamm&ae cells,
and st&iﬁz@).thﬁﬂ rﬁ!?ﬁﬁ%,ﬁﬁd& ﬁiﬁgﬁw&@f 1%@2)1’ !St'?\}fées'ajﬁiﬁi@?hefﬁ/l 3tored at

. __Isoleucine: Ile (I) Leucine: Leu (L) Lysine: Lys (K) 35 Methionine: Met
4°C ulI‘Et}]lélrsrﬁlalanine: Phe (F) 33 Proline: Pro (P) Serine: Ser (S) Threonine:
Thf 1T uhsyptend - Tapt(We) b (Pwbiveg] Fylip(Y)) Madhaen \SEHQIDANQriok (amino
acid S%&Qr%?lments cited herein are incorporated by reference in their entirety.
xamples 10 Hereinbelow, the present invention is farther specifically
delSorBBeifs ftiehdds 188l SIHUPiIS Rot o(Baisermsid eenusnce)
be(ay Hmiied thée fNo.1 [Fxbmpie4 Hroaoy SHENIoNGe Btabitity@ohddix2qrdce)
IgG4 under acidic condition 15 Construction of expression vectors for
. _19G2- or IgG4-converted humanized |L-6 receptor ) )
Purification of WT-IpG1l, WT-1gG2, and WT-1gG4 through elution from Protein A usin

hvdrochloric acid

50 ul of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS
was added to the obtained culture supernatants, 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 Ultrafrec®™-MC (Millipore). After washing three tirmnes with 500 pl of TBS, the rProtein A
SepharoseTM resins were suspended in 100 pl of 10 mM HCV150 mM NaCl (pH 2.0) and the
mixtures were incubated for two minutes to elute the antibodies (hydrochloric acid elution).
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.

Gel filtration chromatography analysis of WT-IeG1, WT-IgG2. and WT-Ie(G4 purified by
hvdrochlorie acid elution '

The contents of aggregate in the purified samples obtained by hydrochloric acid elution
were assessed by gel fiitration chromatography analysis.
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWx1 (TOSOH)
Mobile phase: 50 mM sodium phosphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
The result is shown in Fig. 1. While the content of aggregate in WT-IgG1 after
purification was about 2%, those of WT-IgG2 and WT-IgG4 after purification were about 25%.
This suggests that Ig(G1 is stable to acid during hydrochloric acid elution, and by contrast, 1gG2
and 1g(G4 are unstable and underwent denaturation/aggregation. Thus, the stability of IgG2 and
Ig(G4 under acidic condition was demonstrated to be lower than that of IgG1. Protein A has
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antibodies and expression of the antibodies To reduce the Fcy

receptor-binding activity, the constant region of a humanized anti-human

IL-6 receptor antibody, humanized PM1 antibody (Cancer Res. 1993 Feb

15;53(4):851-6), which is of the IgGl 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-IgG4 (SEQ ID NO: 14). An animal
been foajhengiyessibto yecthr lgasuseddoserpdaths e lgBkcuies expebssibfrom Protein A
under Y58 dAHIGN the &&ﬂﬁtﬁf‘%ﬁ%‘?ﬁaeﬂl?&mﬂ”%ﬁﬁf%éﬁ ﬂféaque%@)elmg IgG

used in_Reference Example 1 was digested with Nhe]/ ot and then

molecyiss SHBNERARRHE SR TR TGEY CRBHStANE rlenepififgetrititifms [tis thus

de&rah:l@r‘thm,tbtestaﬂ‘lh@mfdlmuﬂelmdmamt:)ﬁﬁdw dbhﬁ%tlﬁliagmggh% wiswever, the
ir%w guenger. (A

Stabﬂlg%? RISMité‘:g%ol%l}![i)%l\clﬁﬁf\F Sequen gﬁ BIOS stemg%zjlgnqugﬁg Blan that of

12G1, prgsyecremn s ey destiicring w? R sBsEAding under

acidic ili¢tistidakietdngincligh2nman m@GUﬁlﬂEdhEéMiﬂhmﬂeﬁﬁ&Q IDIN®desirable that

o e O ORI AR e
To datgehgvriAtrGgRPIEhasRrsHantdis g PRl eneshisoerhismegrough
amino\Wittd 3@eigtahBovine Serum (Invitrogen). The cells (10-ml/plate; cell

density of 5 to 6 x 105 cells/ml) were plated on dishes for adherent cells
(10 cm in dlameter CORNING) and cultured |n a COZ mcubator (37C

bym@@@xmy an vg@2 m&q@@ﬁﬂo&@w dhd@?dﬂalﬁﬁb &hﬂﬁﬁﬁ?ﬁhonstrated to
be Iowggghed t'g le?@r red asrreug DNA mlxtu{rg%ﬁil; 83 taI Yvascliecéogr%?éntfeegte dio

g/m ol’ye ﬁﬁemmme s&ehce

impro GHIE- a8 RN mrﬁmmcmedr@Wtung‘smm@m\/vamdﬁibﬁm&latcmmm regions of
IgG2 4R0NRETAIRSANIS) PRNLEES: Mﬁharld%étaaﬂdﬁﬁgt@am&gﬁﬂaéﬁ RAGR 3Rition was

e cell s were | gubat cubator (af 37C t 5% CO2) for
though 18 B R BRI s Aoshine TBgeton 397 in
the Elédu@@qrmaéymhes Jaqd, thieargitsneetaintibatél? im $he BY muubetiogfeysten in
1gG4 WHedlay-1d Reeilge apernatants wergeollenied geﬁﬁ@r@@fﬂ%&h 409 of IgG1

2000 g, 5 t t t th
i the K0 B g 22 A L LR KRS0 MR cheJ S JRrpfibody tha

comprigesahstovbetiantioE afntilsefof I lbivriniz edpP Mt brad@ib odth AN buvitbering system

] , |
o BRI 4 5 s s

compr i BRI FENERE SPEHBPRAILE U Ko Bopbering system
(IgG4 RUBHCBE PIRITNALI O @IWIT-hgEl salfTehg SR aanprdpddd G4 through
elufQn oM AT QLein:dy H§&%@MH%O&B%§§1§H'%§%H ﬁrrﬁéoiﬁffb@&mé gf interest, and

SepharoseTM. Fast Flow (Amersiam Biosciences) suspended in
expressing and purifying the antibodies, were the same as those used for the hydrochloric acid

elution 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.
Aggregation 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 ml/min, 220 nm

The result is shown in Fig. 1. While the content of aggregate in WT-IgG1 after

purification was about 2%, those in WT-IgG2 and WT-IgG4 after purification were about 25%.
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15 was 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 0.22-4#¢ filter cups of Ultrafree R)-MC
(Millipore). After washing three times with 500 | of TBS, the rProtein A
SepharoseTM resins were suspended in 100 | of 10 mM HC1/150 mM
NaCl (pH 2.0) and the mixtures were incubated for two minutes to elute
By coﬁﬁesa,nﬁb@dtﬁsdﬂsw@g@kgﬂseaﬁidesiuﬂgnafltachlmmdjste%me FHLM3I9TV and
1gG4- 1‘%&1{‘% %%V%Qf% rox Z%é ltg) t{\{l T”SI I_&:Il (plg'i e-l%l%??re:?%x%tns[}ates that

was carrie Iof purifie dantibo

ce
the StaéHeré%g?&ﬁﬁwaﬂ&@z@B‘PWﬂ@@r witticgondivg Wnripg@np@wmbbl}mubsﬁtutmg
valine Mﬂmﬁi@ﬂﬁn&@ﬂl@@@ﬂﬂﬁﬁ&@%ﬂié B pagregaie @ﬂi@nﬁ"éf'i@ﬂne for arginine

btained l%h rochloric acid elution were ass
oflg flltrag%sr%lc r(?r‘@a og}/rgp y AnasIsCAYgregation a%gee smerﬁte ‘érgﬁi% antibodies of
were dayerefhasaiacs issalitinee 8 Imivhsd3oneswt (TSSO PEE MpHile 0 (EasySEP,

TOMPhases 5%1@&4@@@%(9@@&&@%@@@1% Biat tBEpé A FON 818, va.lue) was
a\{telen th;.0.5 mU 20 ri r res #,sg[shown in F| 1. While

caried G AL A A RSl W EP AR P AT fbeut 0.1

conten ggregate |
mg/mlywEygherantyiie u@@@caﬂbﬁemmfmammﬁ/émbdmmtﬂm isf SNJgksis,

WT-Tdbat 1%@1@%&?2&9@ uﬁgﬁmm%%!@é%viﬁﬁ% e'“ifmeénﬂlfg Qiégv%aattl{gﬁﬁtthe Tm
value égﬁ%}i ?Etgrgg tgﬁ%/ %Zwé'lﬁ g Aﬁ%?é% g{:ﬁg%‘ip %8 Igas compared to

WT-TgfmodStdeqd. besiowtivehan Has oﬁmsﬁmtdgﬁ&mm bebfrG4-R409K are

also sufeABERREHaeaimBYRTY AGIMPIR IR ARO GG AP IR RRS E}é%}ﬁhﬁ%gectweiy
%Protg\%@under acidic condmon In addition, virus inactivation, which
is

SR RSB RJI FEI i SRR AP RASLREAR Prgcess and in the
purificggne mitycamiBugiRiowioey. acidioss daditiont b idatiusg atbsirabibethbs therocesses

was pﬁ‘ﬁ%ﬁh@f g%, W%%%&HB%B@Q%M%@B&@%J@%W% Bg%gng

stability of 19gG2 and 19G4 molecules under acidic condition was fou

lgG2- Mé?&b&eﬁ%ﬂ%ﬁwm@f R deSug et ke thedb i gioaniiancreeions.  Thus,
these giteblemsof clenaterdtibt/aggreyatiofulindésy acigisechyGition iy Gavelabidy

phmgg%@ang lgdmelgsiies a5 RRANMAGHY %@myﬁm a&*ﬁ‘ao@i@was also

problem of denaturatlon/aggregatlon be overcome whe veloping them
demo“ﬁgaﬁf‘% Seelinding theg Bave R SR wolrepna Babibsen published on a

method for solving this problem through 10 amlno aC|d substitution.

o TR R AL LIS b L e gl

H3d molecu es under acig
condition was demonstrated to be lower than that of IgG1. Thus, altered

Purifidaioasod MUIGRand WG GR esdlasiwemitasi@shtoacetic acid elution from Protein A
50 ul of rProtein A Sepharose™ 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-pm
filter cups of Ultrafree™-MC (Millipore). After washing three times with 500 ul of TBS, the
rProtein A Sepharose™ resins were suspended in 100 pl of aqueous solution of 50 mM sodium
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 11l of 1.5 M Tris-HCI (pH 7.8). The
elution was carried out twice, yielding 200 ul of purified antibodies.

Analysis of WT-1oG1, WT-IgG2, and WT-IgG4 by cation exchange chromatography (IEC)
Purified WT-IgG1, WT-1gG2, and WT-IgG4 were analyzed for homogeneity by cation
exchange chromatography.
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15 improve the stability under acidic condition. According to models for the
constant regions of IlgG2 and 1lgG4 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 1gG2, or arginine at position 409 in. the EU
numbering system in 1gG4 was thought to destabilize the CH3/CH3
AssessparfaethSinegngddifions 397 and 409 of 1gGl 20 in the EU numbering
system areualine @nglysingafespectively, an altered IgG2 antibody that
comprises the substitytio aline for methionine at position 397 in the
EU numbé&rig&s éﬂ% 3&% OBE ID NO: 16 (amino acid
sequence jYlabdegrhadte re dAlgB 4avitiddiby ta&d Ho qripiises the substitution

of lysine for arginine at pogition AOPNAOAEH R UBRSINONY HER e, pH 6.1
(IlgG4-R40Q9K, SEQ ID NO: 17 (aming acid sequence)) are prepared. 25

The methotRW 588 R EBREHcHmg ek 8sSh Wactors for the antibodies
of interest{hmﬂemﬁ]ré&%n@%ﬁ@m@iﬁlgtﬁtgaaatjtsmw&gﬂhe same
o those used for o wdsas oA CHUOR ASSETRRUERRY PN i

filtration chromatography analysis was carried out to estim

cofErES Bt Muthetaiad Fighé pulileteSantbrovcsbnarethsy tipdredhigithe ion
excharaeidrallytonhiin Wigit 1 An@@ﬂ/ﬂmg%ﬂ&ﬁbmgeﬁsﬁgiﬁﬁﬁ&th OThiSekarBsts that
' , 0 ' ;50 m
the IgC\x/y %%ﬁéd%ngggﬁorgﬂgioggg%eﬁgo I?ép %%E%? ?()F%M Pgﬁg %@??hﬁ"@%egfl IgG2

) sodium p ate, MK ) low rdte, wavelen _ i
isotypes hiin boobTRRe e TR dF e brissogsBR ifctiyed oynifistiEdsobrans &t the hinge

region@?@l@f@@@ﬁ@iﬂ)ﬂé}ﬁﬁ&@ﬂ E?)er nwiiemiﬁgtwa@amm@%ﬁmm&m iﬁ\/ﬁ_iégﬁéﬁre also
T-1gG4 after, purificati er Qut 25%. By conira .
s L S Ao, Bttt S ey 1is e
casy toJagnGesiR ayeRheeRaprrasbilspee-ecaln bl haainyone friobjective
substalﬁ'kfﬁzyﬁ’@dﬂ&i(;b@%ﬁﬁﬁtﬁiiﬂate&%&i@@ﬂﬁﬂ%f @é‘r@a@@ﬁ?iﬂ@f’oﬁﬁﬂb@ﬁﬂsyﬁgﬁ%rogeneous
cidic condition. can be improve substituting valine. for methioning of,
(ess B B S e bR R s
developedops pharpasribicalo9 iHane ik yeniferind eysteapnats pacei/iyndgeaeity which is
impoﬂwmﬁ@baééaggggvaﬁmgrssepwﬁ&6 '0 éﬁﬁ%ﬂé@én%%&a\!gﬂ%@o@%@@méﬁ@i?;ﬁhs shown
cetat m a . as , . asuremen
that e B A L e o B B ST o 1 W BT B Bspenee
chromafegsaphy aealy o 1aakiial flenhiaD gcabodi vty ot immvorg tesatiorkef
US2003099498% (Mg) @@p&ﬁgﬁl&%m&r@ﬁhﬁe&s{ﬁlﬁm% PSIAIIESS A dhRHMBL combining the
htem_cle Sturann.of?/T-lég%Z, 10 T-IgaOI 4, quGZ-M 7V, dl%GA-R4 9K d
CEIOREFE BB ANEd Tite PREHIE HSWELAREITRRS FhinCRIGEYEHIRLSHOSHFD
compliGH3]dorhbig, wasdhitgtedme iy @ Zovidonhizing thGHeRADPHsictnapargl tme is

based YN Il atfick WinlaGsh. reanectivalyh Risshiggrsts SRt igER M3 AN ARE: bonds
. |9G4-R4.09K are .
in the hinge region should be overcome to develop Ig(G2 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-1¢G2 CH1 domain and hinge region

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 IgG2 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
the H chain CH1 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
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also superior in terms of thermal stability as compared to WT-IgG2 and
WT-1gG4, respectively. IgG2 and IgG4 are exposed to acidic condition in
virus inactivation process and in the i% 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 1gG2-M397V and IgG4-R409K for the sequences of IgG2 and
total indlwavsomdyant thegions: ings regieseblgGativhsvibeantibediet to e weryciated form

of H21LEefuthn; dexeleningéaa andieGAisnlinedy . pharkasarlicalSue to wrong disulfide
bondinFue{}lgefrmore, the usefulness of IgG2-M397V and 1gG4-R409K was also 20

monrset?ézl%sée&??he finding that they are superior in thermal stability.
[EXAmiplece F ¢giprosesiienst ahi éiérbdemeity oela@d romaliiswlite dodncisthe
heterof@f2rP APERIAN A MME e 982l Wi sl0fedicnd YWLelgdidhrayah acelGAHY: avoid
h heteIutlon from gg%zg!fg A 2;. 0 | of rProtein A %epharoseTM Fast Flow .
the heteROREPSHR N BRSO Hetpiitd eatfrT 85 nad dehetr tbg rad gy steines.
The resup efreatamisinbiainesialExamnaptibddiandupessembiinedsbhitimpsnwirecould be

avoideMBANRY VR %e%@%afpﬁﬁmﬂ'&%? Ez%%ﬁuﬂ-l’&hfséﬂﬁg?% NELE for cysteine
transferred into 0,22-m filter cups of Ulfrafree(R)-MC (Millipore). After

and argl HOSALPRNESIES fithS9dM Bt ¥E SURBETPRISHER SetestosbhNn the H chain
CHI1 dresis, weteustsipeiteskimd 66 bybaineenys solotian BFE0 noMisodigm38e upper

hinge SeRtaigi P élg’m%ﬁg @@QL&%&% B SHQ@E@%I{% ﬁﬂ’&é‘%f{%%c?ﬁ%%%(])

the antibodies.. Immédiately, the eluates were neutralize
([gG2-GRSEMERIEPID7 sf betfes ki Ws S udeadis dafée Sisiting o 2
homogeabpsirifiedecantbadieswaalisiadl WHEIGGWAITh 3G 2 and W Bolg B ieen the

C-ternfifHPQ EXENANGR SATOMA! {nnfied WTslog 1 Wi9G2. i
: and \%T-IgG4 were analyz%ég%}%glr%%g??elﬁy %y ca%%%l exch,r}alng}%egmg System (Fig.
chromatography. 37 Assessment method using IEC: System: Waters

Allidicaeiniigaschhel ac Rifexrke Rangk) Mebileupbdseodindbubilh expression

- 5 B: 25 mM MES- m,Na-Acet 5) .
veetor S D R S S el A T ks an
wild type Al EidebiANwerg ey sobios bomass ety Iy wrsianargisnge chromatography.
Assessdm gieZhancdiMg BG4 The result is shown in Fig. 2. WT-IgG2 showed

more tha nl%rﬁggky 't@rrsh 1io&rrlmlo exchange analysis while WT-1gGl and

WT-1gG4 exh gsmg eipea?(. This suggests that the IgG2 molecule is

more hetek®gersobrrBaccHirpalddagavand 1gG4. Indeed, 19gG2
isotypes heidiephakeported 1o IEXMM}%W?;HM gdgyived from disulfide

o 1 e I 01\ 5L DR A0 T v,
Flow rate, wavelength: 0.5 ml/min, 280 nm
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-IgG2 gave multiple peaks. This suggests that the heterogeneity
derived from disulfide bonds in the hinge region of Tg(G2 can be avoided by using alterations
such as those used to generate IgG2-SKSC, which allow formation of a single disulfide bond
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
[gG2-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-IgG1,
while IgG2-SKSC did not give such a peak.  This suggests that IgG2-SKSC is also supetior in
thermal stability as compared to WT-1gG2.

Although wild type IgG2 was thought to have a homogeneity problem which is
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assumed to be objective substance/related substances derived from the

disulfide bonds. It is not 15 easy to m§ ufacture them as a pharmaceutical

in large-scale while maintaining the o jgective 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
Impor{gi ity pevRiemehetdixia phathareei ¢idmid gerrciopndibir iddsmperemidmld be
solvediBy @leRing @ntizody M@@gaﬂﬁalégiag@%éﬂ%@@fg%ﬁﬂ%@b%@smc is
ve uSQHl\ivp O‘}Qat nattflrg%%gzggl es, various het ro-p]§a sasa re§llél1to the ¢

£y el S ST 180 2RO PSR Ay EARTGRO ikt ness o

IgG2-Blsfsgivas abstdnensestadionthebsdpmstics it 3200601 94D80 Ay tability.

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
(Examle RN R, R R RSP EPREIY remelfThiShod for

combining the hetero-peaks into a single one is 25 based on amino acid
ConstipaRiilutan Althouah thebetsrepensincoriginaiadirem fialideBendFrinai

t inge region should be overcome to develop 1gGZ as i )

phaP A ERRRERR DAY S Sr IREE PRkt Ip e PR LR g d5kssipr afibrterminal
aminosaidrigsthesrprloke rmth aoid htmm rfatacit srihdtidt iorincRreparatiomattktion of both
of the %%%ﬁ_@}ﬁﬂﬁﬁfa%tﬂ@gcwg 'é%%gﬁhq9%tnh%09 @919 ?e%%gﬁl (i?oﬁ%}aient

shown in Fig. 3, there are various potential disulfide bond patterns for an
Doc%tzl%}1o|é‘?lﬂéb%&iBﬁegk}%{thEé@’é’ﬁﬂ?@‘%&‘éHfﬁ%ﬂ/"d@%@ﬂ’#@ﬁ*ft&éﬂtmdy
pharmhingé salgion‘etiglB? inérendiffere Bl paittyody! HiROHidzbdodMganddee
comp(ﬁyeﬂﬂg]% 49@%&@%&%2&%@@9 %Ff-tg%ﬁ)r?a? '1OfR0 %%1% 2{?561{11%2%}130@% %trl%gded by the

numbering system) in the upper hinge reglon, and cystein€s adjacen

[ ) In th nd ¢ .
nucleqfidersgussice L st torste prst-raslE G mindi Bepinnisndithe Tines @mponent
havingthmbeiingabystenxinSas hadrbghbadityCHITUan) dhe anddmehaiRnideBrihadquence was

. i WO _COIT. nding cysteipes in. t chain upper hinge of
sere A S DN 0 OSSR v
nucleqt{dp ssieshry o Wk dpprelatide felisntss (gmyipddtiaesnibelypissifranethe H
chain g&m@ﬂ@@iﬁﬁfﬁf 1 &g&% éﬁhﬁﬁb@%&%ﬁ&gﬁ&ﬁ%@ﬁ%ﬁ&'ﬁ@ﬂgf} BUSC-terminal amino

eterageneous fter e tg wron sulride, bonding.qna.iree .
B0 e R S 5 ang e

altMietptone g e duseterg dhe by terginaltsenfrenacthé thyG2 diaigeusing pB-CH
vectmreg{t@airﬁ¢Mm{f@ﬁ@wpm}qc%@@%%@d(W?Maﬂg b@@@éﬁg@ﬂ@étzgd@ﬁ%. The

ue to differential pattern of disujfide nal ree cystel . e
ke e e € WSO B I en dhacdReim the EU
numb¢iEegEme KAs oy e hiniive dontbwslanducipasihpithe anextaad s tabiliyhe
Quik(RasHbstiuNG GeANe ANMEASIBK IP(GYSIQIAG BRI ARGHYRS AL PRSIKIONL ddbed in
the atta&ge LI%Bquﬁtr}enEU ngggbeﬁg%s st%m,.res ectlvec%y, in the H chain 10 ngl th

BRI AR SHILAHIRNG setite PR a LN AP JRidn 596y ergineered to lack the
C-terrpiged bering amdhesinsdepsitionet 67 B dhall ofthebevildstypedobndomstbmty
engindGAIPN I8ALERGS herrinafiar MG 3K 9 2 RreIFSRHRN DA Bd 447 in

hese substitutions would enable IgG2-SKSC to forma . ]
the EU numbering system, respectively) were constructed. H chain C-terminal AK and AGK

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 Example 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
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
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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 sysf’Qm (Fig. 15 4). The methods
described in Reference Example 1 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

cation kanhegen eltyonpicatigrve xohhngeaohdomatagt dphyy. A<Sessmenirmetfiochumanized
PN e e g8y were
compayeth Na-Acetate, pH 5.6 Flow rate, wavelength: 0.5 ml/min, 280 nm 25

Gradient BZ80#r1 00987 B/ MKV TliBiresulf is shown in Fig. 5. As

expected 3RONE. g&-SKéjz\g%%&ﬂ\Q@ég @ﬁ@ﬁti}%{ ata single peak '
i

while WT-IgG2 gave multiple peaks. This suggests that the heter%i'eneig/

derived from disulfide bonés NGIPE: 1§ enAlA Na(diasho. 1

by using alteratianrs Oshiefi/ag:those used to generate 1IgG2-SKSC, which

allow format B8 i 'dg%}d 0 petwegnthe C-terminal o :
cysteine o?tpf%] E%fé}%?% g%ﬁeége%i@ine at p(rngsiﬁ?gn 2\%;0/%% the@f}nn{ﬂmbl(la{r)i%é B (5 min)
system. T%Mﬁ%%%ermures of thermal denaturation of WT-IgGil,

WTHe Gl piielrd g G dob S GonelRedalenmingd.hy e BampsaetodRaas C-terminal

seribed. in Example 1. Th It showed that WT-19G2 gave a peak for
s e aite s s o Rt ce bt R i i e e
Non-pgtephbtagivasiidif.ca hesie. Prals siih geere nid o rged rek S iatsd kapibebef the main
peak chtddharmahstaloliayamaoMRRER R Welitiow 244 khaua ity peddEdus with

., was thought.to h a homoagenejty problem.which is 39.important in ]
i L i o ARSCAEE ot LRk 1 L O i m the
chain GelenpivabiMylueMPrdB 2 BRE® forcthe grufistnredgitivssquarsereédgGhe H chain
C-temi'fﬁ&!%ﬂg Qiﬁrt@ﬁ .CF'@hti‘é%EYg'gt?&E;ﬂr}jﬁ‘t %V@l@éﬂ'fﬁnlefﬂ@;gt&? ' }gg of the IH chain can be

armaceuticals. ermore, tne usetuines - as also
reducd R e e e e ey Lo
[EXamisiesi s ofdhsenabi@aematinaldidter bhemsitCincgGnai 6l asgibody was

deternfERRASHHEITN QTR eX4NEesEIn yerOr iR CHRIRGHERINAl AGKRNTRAM ¢
| For, hetefg)?rﬁ%e f the C-terminal sequences of gn

f T- . .
temmﬁﬁ%%w@@sﬁéwa-c BTG HTd S BT e 2 fgfalyzed against 20
mM acatiiciio ndfeh oB-Gehninatairigd oul driotaeletigr tfctotffeof thdttwthorough

deaeratiotie TRNGLAMINOASS, SYHREANY MRS hAVE RGN @@tha%%body solutions, and

Non-patent . . . .
the re rencepso ution (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
rate of about 1K/min. The resulting denaturation peaks were assigned (Rodolfo ef 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
from the H chain constant region at the nucleotide sequence level.  Since all of the constant
regions of human antibodies IgG1, IgG2, and IgG4 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 [gG2 and Ig(G4 constant regions.
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Document 12). The absence of such heterogeneity is preferred when
developing antibody pharmaceuticals. Actually, in humanized PM-1
antibody TOCILIZUMAB, the major céﬂnponent 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
[Exan@itetinthalsamitonadid/ddguignce vasalté kgat toiredwoe tiaet Cepdomieglience

hetgipaeneibtRRsGiiaalke (6 AHGS eI AR AR DG EISAHdR0r functions
such at%éc‘lzlﬁ“e:nce of wild type IgGl to delete the C-terminal I)ésme and glycine from

Erelif corRERArE gBRe B v gad thetivdoss Sas Sindlin darfeirecptor is
unneceswieiatiotef thelGgtesFinakeaspinniR @yl colle begsupgirsiech bye perspectives

of imrAGIRER Ql%%@ é&é@ﬁ@'&ﬁé&%% ?;%'Qﬁt%&ﬂﬁa@&fﬁg %?Ag% M‘i‘ﬂé‘ﬁﬂﬁlamzed

were’int ced into the C-termin géjence of the H chain using pB-CH
anti-Tydcterestiodig Etadn ARt BMM ARdassyohrrs Sdined o oy receptor,
becaufdiensipae:Exampiecifichliie bindlrolids segpencaeneaduliys s Blopestidnctivity in

order t%]ge%gép 55%%&%1 8&&&0 érfﬁfé? &hs%d&ys &Qg&?%@ %ﬁ)ﬁﬁ?rg \%ﬁ% %s rheumatoid

converted Into a's op co y introducing a mutation using't
“—kaChange Site-Directed Mutagenesis Kit (Stratagene) according to the
method described in the attached instruction manual Thus, expression

Cons Vecf‘torsa]; anéisbs e 9 ?E%q(tcwﬂcl R gﬁ %l:nﬂo ae%g —ngnblndm
optimized ¢RBSHAE IS ~:~‘-‘!=‘» |nal amino aC|ds glycme and Iysme (posmons 446 and
442& lﬁoéﬂ?l&%@%ﬁ%f'ﬂﬁp%!ﬁ%%ﬂaé%@%ﬂéﬁw WRHEEAN S beARErthENB antibody
rmina tihodies were obt
fom 0 R 0 B 2R WL BR S R RUhAR o NP LAy, As
methowifferamiszidteb’ mr@mﬁmmdgmﬁ‘mwmermem@@bcﬂeﬁuﬁmmg an
aruﬁcﬁﬁfﬂr&ﬁﬁ@lﬁﬁm'ﬂ&nfﬁGﬁﬂ@%éﬂrﬁ@&@dtermiﬁ%x%@ ARIRQAKNFector functions

e e T

are noassmédrwecmﬂdﬁmmgmcﬁmbma}ﬁmdan@ym tsirftyyirecppiifiddnding

regmd’&?b@'@_?%ﬁﬁ{mﬁt @5}@4058&91%'[ %@9&91"79 %%‘ﬁé‘l@éhﬁﬁlgg%%@ﬁ‘&mr nonbinding
W e 10 catio e.cnro y ana

anti- Gy A e AP R OBTEIS AL LA SNk O R Dppuments S

and 8)chahr @tdimpittadniihaentépody(PatmhH clcamadtt@rnhinatcAkoantibbiaydwve emtibodies

can b€ f@pﬁ%ﬁﬂ%&fﬁ; A WGGAR LRIgRSR éf'%@! g 2P %%&3%3 234, 235, 236,

mmol/l. ME OH, p : 25 mmol|l MES/Na mm0| NaCl,
327, 33k 606 HOWPr b Bl e TR 1@%@@%@39 805 i moamons 233,234,
235, a8d%3B rr it Mihpumbo9 Fmiio)y IPetettiqgrus28hnaR7, 330, and 331 in the EU

numbering system). However, if all of the above mutations are introduced into 1gG1, 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 IgG2 constant region were
considered. In the FeyR-binding domain of Ig(G2 constant region, residues at positions 327,
330, and 331 in the EU numbering system are different from the nonbinding sequence of 1gG4
while those at positions 233, 234, 235, and 236 in the EU numbering system are amino 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 (G2 Aa described in Eur. J. Immunol. 1999
Aug;29(8):2613-24). However, since the amino acid at position 339 in the EU numbering

system in Ig(G4 is alanine while the corresponding residue in IgG2 is threonine, a simple
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10 The analysis result for the non-altered humanized PM-1 antibody, H

chain C-terminal AK antibody, and H chain C-terminal AGK antibody is

shown in Fig. 6. According to Non-pa’ﬂ@nt Document 10, a basic peak with

more prolonged retention time than that of the main 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
alteratiogrfichatin eclacdd anibsttddS30Tabt C-dathihhiAGKEN hhathsrmbile s1em to the

sequei&;}éﬁ%ﬁ?@mﬁﬂﬁ%%% t gyﬁ%sogﬁg%?]gégfﬁg géqglgg&g Q?ﬁ%ﬁ‘%léﬂﬁgq] N rpotenﬁaﬂy

This suggests that the C-ter eter genelty 0
servinggas BEOTSBRRE] §rﬂ9 Lmeinm@HHe-1efhimie amecadidd aragertatity risk.

Then, ilonpitetd iekainork Heviehber e e of thenmel dendiusdidnsefiikadd ahdihbe
| ect
prever T e e AR B e
numbegingiFKpier e Ps i Additivndmbsalisetinnsisasibed akzed agalnst 20
ml‘I’h%@iﬂﬂt@o@Q@ theHar4abhe Hscaptaining 30 eMiNaGhie ehangeriitced, and they

uff er th eaer on, the hum n|z 1 antibody and H
were TBﬁaln err%t}r?al U%ﬁ antIBo%uoél(i) Lfft% sO Sén ?he re (}alre%ni(.:se Solutions system in
1gG2, whieh wiedykisgayeirdé lnt@émn@f&ﬁbec@ﬁbﬂgﬁ@mg%wr acidic

condifioarmaliyhequiisratach @Eé@@eTﬂaelayﬁt@@adﬂ Elﬂﬁwﬁlﬂ scaReE At system,
the sugstljtup 100 o¥ %31%?“:) rg%;n?lbé t %ﬁ%g] 81[ ers 1%8 %&u%’gﬁﬁ%rak% the

assign mmuno

Substlﬁét@m @ffﬁme@l forayieie-a mm@mélb%nthmﬁﬂm@m@ﬂmsmmewhmh were
discm@@émiﬂ @ﬂaﬂﬁmn@ ﬁ@&gf&@&%fé@&g@iﬁﬁmﬁglﬁ&@eb@%@ﬁ@am@ﬁae bonds in the

mate% m the C-termipal amino acid can be r

hout

hinge SRR TRETRERETS) S0 Cr ARUBERS 8 S AE A e o
peptidardqyisnine Safrom deslH phtainiednstaning gionrantmetwat/Eatidkepitope peptide,
and the§ ﬁ&%@e'%hﬁﬁﬁ@g@ﬁ@ftm@sﬁoﬂﬁi?}%ﬁ%'95@195&'&%&%@9@%131 to 139

(gb 19G2, and | L}}ﬁ‘)ﬂ ntain G s at ositions 446 and 447 IP "
was ¢ B%?ﬁd%&%??‘e at’?mé‘?ﬁ ?8 % ﬁ%e‘%e SHRSHIEHRIHYop! ycine for
glutamadmmgtl;b@1®me‘r3ﬁlmatiwfﬁhb)amﬁtdretgmgmw@thcwbwwmnm{ﬁ glycine for
senne%mﬁ)ﬁ‘@gm%@ 15 ARBRS t?fsltéhpe PQRHQ&H@J%B@&&% 196 e at

Constructlon of M F4AGK with

constan ions. 3541 [Exam
PoSIt 3 B PR TR ek PR G Tl 7 b C 1erminus of  chain
to redpiraiimdcéenicakiseienegtatine utriliziogpsiarentigen, effectoe hundtignd of the

mutati%‘ﬁ%*hﬁr‘oé\Rgan%fs nEHOMATUAGR %?ﬁ‘&%%’ﬁr ys@ﬁ?ﬂﬁ?\ﬁ@mﬁ? thﬁﬁﬁﬂg}gth%re isa

e receptor Is unnecessar .The din tO Fey receptor S assume
mutatigy Hﬁfé’é & RO ettt S BRI AD § &Rl aaiae peid @eptide

sequentteeh{blopepatérityDecwnents B aihid:Gtopb e éuidanizeinantid behittivaiibrvas
cons:ci@gcji %Q,‘Iagbfb@mﬁ%g&é%&ﬁ%ﬁ%@ ?ﬂgﬁ?%?%éﬂ InSdSEﬁlﬁgy tBﬁ%%%(frc steine. The

because€ it only needs to cifically bind to IL-6 receptor and neutralize
immuReYsRi G PdCtAR AR @r G5 Belsestess ek Eilphticaia fbfference in
immugigeasgds/associated with IL-6, such as rheumatoid

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-M14AGK, SEQ ID NO: 19)
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
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
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arthritis. 10 Construction and assessment of M14AGK, M| IAGK, and

M17AGK, Fey receptor-nonbinding, £tlm|zed constant regions A

possible method for impairing the Fcy eceptor binding is to convert the

IgG antibody from IgGl isotype to IgG2 or IgG4 isotype (Ann. Hematol.

1998 Jun;76(6):231-48). As a 15 method for completely eliminating the

binding to Fey receptor, a method of introducing an artificial alteration into
immupegdoimiginiskstbeedurepbetBdy Foreamiptingincinthddattectonlivabdenslteration, to
reduc@%@k%%@@ﬂ%ﬂ?%@? qrﬂﬂﬁ'ﬁg&%@ Bﬁfj(yd%@é@ ﬁt%\éﬁfﬁﬁseﬁqdﬁ %“[‘3@0 138, 214,

acid mutations th are nofeﬁresent in the wild type sequence have been

217, S gdfeed inthdite FBY e ddp orphang syslmse i dermalisneiriisaiSde bonding
in the Dvgrmeits Svanthd jaardcshbatesUM AT receptafononineling @ at position 409

in the@ﬁ' &%%&ﬂ% %Qﬁﬂg@?g%@?ﬁ e {ﬁ@/ SHI ﬁ%&%@l E” § cond1t10n and the

Non-patent Documents 5 ordlng to another report

m‘“"[ﬁ’ﬁt‘iﬁrﬁ%ﬂ%’%ﬁlOﬁéﬁ‘f@@é‘ﬁtﬁ?’%%mﬁﬁ@%iﬁﬁﬁﬁﬁ%yﬂéﬁ b‘@@réﬁ‘&?@@j (@yample 3)to
reduccdnvertingihe keyRrinding domain of IgGI (at positions 233, 234, 235,

of IS at%?g?t’?'?fﬁﬁéﬂﬂ?ﬁ@%ﬁ@ém@% AR SEQ D N0

20) Weg/g@éﬁﬁmq EnipdqsingBwstoTEn e és@iwmtmrzgtmmm@mns 233,234,
235, 29stEam) 3bmwevesnt aofthe Eove4AMORSAR Immmmmﬁm J.

Innnuﬂc?lveil9&éaﬁ?xt %,%ﬁe?ﬂ%%eﬁ ftg Iin 5 %ng 2 CIC{%cgv Q(IJC entla Psreflsg%g élg the

non-natura epltope epuaes, wi gen rae C

aminoyRgi¢hh BRGGERRCYOrREId nﬁh&ﬂég@méwstﬁam b@mﬁﬁmg‘e@mmal

~ heterogeneigning.aqiibady pharmaceuticals. To overcome the above problem

a“%@‘b.nd.fé?e Ao D b B A tce bl s s the L

chain.33 @ﬁmehomqweo mmwﬂregxcéymﬁq:@w dhﬁermﬂncfdﬂnsﬂréaed in Example 1.
nonblndlng sequence of IgG4 while those at positions 233, 234, 235, and

AssesZG'tn NG Y Hm‘b r| SYRIe f' d o. ngnblnllr)ge sinding

BBIHQ %@E@mesﬁdrﬁﬁ@hﬁpmeqﬂwﬁc@mbjﬂébéﬁzﬁa Usmg Biacore

T100, %%*?hgme%“%?"‘”“ st AuE(Bkidbiied }’syf*ﬁ%”r%ﬁ%%rgch was
nce e ami p

allowed G TG (60 Lol p AR A MR g amlyte

The amguaﬂse:rﬁhomdfacttéaadm rmmdsaamdsnﬁms 827330 cancv3Sdoimdtheel sing

tea. A i%ﬁ?}%ﬁaﬁpmma%m@ R e ineaghe senso
chip (MR, (BIeGORE)jre Sentimve noup] fog nokthed thel Qenﬁmaitmnbeﬁnoﬁlehmobﬁzzed
hFcyR@%P&%éﬁﬂWmdﬁ% ﬁﬂ%ﬁﬁi’g g{ﬁfjepﬁ{s%r%y tﬁ§_§ Lﬁ?l%it'&i'élﬁln éfﬁate was 20

alanine for threonine at position 339 in the EU num rlngHgstem In %
Uit MR PR GBI BGR BESCHVEIESHB D0 HE/mI img HBS P+, The snalysi

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
ul 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
order of: IgG1 > [gG4 >> 1gG2 = M11AGK = MI4AGK = M17AGK. Thus, it was revealed
that the FeyRI binding of wild type 1gG2, M11AGK, M14AGK, and M17AGK was weaker than
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In addition to the mutations described above, other mutations were
introduced, and they were the substitution of valine for methionine at
position 397 in the EU numbering sysf’é’m in 1gG2, which was discovered
in Example 1 to improve the stability of IgG2 under acidic 10 condition;
and the substitution of serine for cysteine at position 131 in the EU
numbering system, the substitution of lysine for arginine at position 133 in
that oﬂveﬁ@mi’gﬁﬁrmgiégéiém and the substitution of serine for cysteine at

poﬁ@?%l@%ﬁzﬁ&%ﬁ&%g@g %ﬁ%@% 3\6@&5} Sorl §8% red My xsn%]Biacore

Example 2 to improve the heterogeneity |nate rom isumide bon

T100, h@nmhaﬁf?éﬁicfmrfmm&éh@méﬁ%% torigEabiimee st sanepr chip was
allowdB® gﬁnﬂ:ﬁ&tefﬁmkg@]l ToGEAtde seruate, AV ANuR0 @qquu@rmeaiyaname

The aﬁ%ﬁﬂ&go?%&ﬂg QJ:H IVJ—BI% 45%%5%38 pe{%édr%eaasnde}lqg o gvenerant?u gusmg
immunaogenici ¥ rls e pept| equence aroun(ﬁ)o& ons 1310" 13
R“O%%%F%Eﬁ@d fRefelars éemehee BynatrdaterigFn® e, and IgG1,
IgG2, sgu@s,umqmmlwmm @ﬁai%mmwm z??téé%fﬂ@é; 13’3}‘11[‘1'3%%&—&113?0%311126:6 onto
stitution_ of glycine for ser sition
the Seg%g] #@ggi gaigjsys eman?furtﬁeﬁ%I¥1 g?)t%ne an ﬁ?tsfﬁ]%a"%%t of
lmowgﬁrbﬁé’rﬂ@w 2’ RU nufiseningisgdrsfcweres dele 9B Srbifrtiend the
flow rﬁde@lg[UﬁxDﬁthhﬁf ﬁeﬁotfﬁ%ﬁﬁlf@%@fﬂtﬁfmﬂﬁ? Ep&?cﬂed% ‘ph8&ine was stabilized.
constant region sequence hav e mutations intraduce
The mefiie R L T 0S SR ARNGR oo 2l ForRITe
was al&ﬁ‘@%f@ m@t%rﬁpb\gmbmm@@eﬂﬁeanh N sotyres Eefidy & @ 2amifgCaidr antibody
mtrodﬁc?i@ﬂdfﬁhsﬁﬁt&ﬁ%@ Mlﬁﬁ@ﬁ;ﬂéﬁ@m né?%@ﬁ adxcel L‘.%B'%?Sf&ep“ﬁ?e amount of
e unogenicity risk was 25 con ed ve e amino
bound anﬁlgneor%;/ 0 sgergneré élm:ﬁélgr‘ tn%rtl%?’g {eWSJ%%%ﬁogéﬂ% S rate was
20 pl/'piadictiba pyFERITOPERSnUggested at thbecwasmmtifferéaaehifpG or .
ahered%nmﬁa%emxs%@@a%%@@ ,ygffﬁ@r forpthe Snibocik MW@@&H&%& allowed to
whose variable r aPEU?/ d constant region was M14A
nteree R BRSNS FER T A SR 19157 B disosiated from
FeyRIkomstristechbyr thie mvedh ock chesetiddry imRefierepoe Eafidplevhnfng buffer.  As
analyté’é"tlggdr}/ %@Qn%WT‘MiLﬂf@ R %@@'%&Pﬂd\f\’ﬂ&@k%ﬁ]ﬂ% YWESA in this order

Thi and fied b éhe method described in Reference Example 1
5 SR GG VPTFRERE R M1 1AGKSBER TS TRDaBs PF e e amouts of

beundaEt@)rzmnemiﬂah@Ns mé’r% iBtrodibeacbwithrtkensdinesrmiethbd #tount of
bound RRiIHAG LIRFIRALEIANALAQSLRRS) 35233, Jr%rn ngggwm\é&% =

bering system (G4Ab described in Eur. J
M17AGH 5 35V8. B0 e SEP R A Gl ARnaH NhhAR Sed G nd
M17AFKisinc reeses thmétBamﬁnunb@palIgﬁ}Iﬂsgm mﬂq@@the Fey receptor

b'@@@’cm%ﬂ%lﬁ %%Qst% é%@%?rﬁté OE:O r!gsdn u‘r)lé)l 4 SI% Biacore

risk, mutations were I‘ltl’OdUCG at positi

T100, bygaperied Lgyressptar %m(ﬁ@wﬁ%ﬁ%@awthm@mww chip was
allowediswiifiderdaondihd giB thig i gecegian maxtheisaneia ol OAMEAA GKadal yte.

The aRiRUQ? %M‘Bﬁ)‘éﬁ?‘i&@@&ﬁiﬁi}%}eﬁqg The measurement was conducted using
Recombinant Human FeRIIB/C (R&D systems) as human-derived FeyRIIb, and 1gG1, IgG2,
IgG4, M11AGK, M14AGK, and MI7AGK as samples. FeyRIIb was immobilized onto the
sensor chip CM5 (BIACORE]) by the amine coupling method.  The final amount of
immobilized FcyRIIb 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 Ig(G isotype (IgGl,
1gG2, or IgG4) or antibody introduced with mutations (M11AGK, M14AGK, or MI17AGK) as an
analyte. The amount of bound antibody was observed. The running buffer used was
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5 in the EU numbering system (Example 1) to improve the stability under
acidic condition; and the amino acids at positions 446 and 447 in the EU
numbering system were deleted (Exaﬁ?ple 3) to reduce the C-terminal
heterogeneity. Furthermore, WT-M17AGK (M17AGK, SEQ ID NO: 10;
WT-M17AGK, SEQ ID NO: 20) was constructed by introducing mutations
into the IgGW constant region at positions 233, 234, 10 235, 236, 327,

HBS-1330 288 thafidd 38t d e & Wil muimbeihg my&s@mﬁ@%&lm@e&ﬁd&edémﬁﬂc. The

conceﬁré%ﬂmaﬁmgﬁ%ygl@ég)f&@ﬁ%lgr@omgg utﬁgd 88&68}?5[}9{ b'geiﬂgof an

nd by deletingthe amino acids at positions 46 an

wﬂ“ﬁ%@%@ﬁéﬂ%%&@ﬁf@%ww ibgehErRiExanfiienipteraction,
the andyTeMa7 Alsdéantdd Txbvih FAGRK wasiuke dasdhetibohaine gadrdddwasnjecting 200

5c Sy\er, ifie
B e B
were injgeted 3 iy PIRAT-1 ABYS RSFIRT) T BUSEHOR BYRGIFRPRRIERIRI biRBRTgWHST
compaziseassathhyothehproceshisefibsaribedtiteldyd dstngnBircatewnl 80Fig. 9. The

t e ized,ont
com e O R A R e GfageR o > 161 >
TgG2 3N AR 61 MINSIK 724 Hﬁk%wté"h%étmdﬁrg%%&@ﬁ@amw binding of
M11AGEIEM Do dnd vel vmmmﬁeweﬁg&ﬁu@g@wﬁh BEh ﬁgeqm%mnénd IgG4.
anF R&D syste uman-derived .Ec and |
o R NS T B T DR deerh&t Bl Sihe Biacore
T100, hymami Qeueérﬁeﬂrr@@eﬁeala&hﬁmm@e@m@@qubé@mneto@mgr chip
was ar_rghempd ﬂi&egﬁ}?}lﬂmg%m rgdgrlgméigrerd Md A berlﬁlsrwetﬁa@pmég%%ﬁ Rl4n analyte.
e rungpin er.used was + e flow rate was

The uenssa?r% (glgglncélr? r(a? ion was ag Jusged t h%ﬁ il ﬁ%er ﬁ‘ﬁge&l@mg
WCY%&W%&CR@GE@W@@EWWW@S&&SW@@&Kéznca@}pihasesmnmeﬂ@) as
humar@ﬂ@"v@ﬂ@ﬁ)ﬂﬂﬁ@'Hﬁ@mgﬂﬁslgﬂ}?ctgﬁl}@mﬁh%@@@?@q WRBIKOWRINMHRERT as samples.
FevRI as‘evoc:latlong as w gr tr;e In echro gﬁgﬁl C \gbh HBS- EP+. Aft}r hod

PR e SOSaNERR QB e SBFE TR, éé?@?& By riBERGspne method.
The figd peosrhM sodiobiliayd idiide! e Héfoviatioho diS266iRAdn, dhd running buffer
used WRIBPY AN ﬁ@&‘%&%‘fﬂ%@'ﬂﬁe %I)Sﬁsﬁ/ﬁ}ﬁlen ;‘Il?tge %&ﬁﬁg%g%gélﬁ%@%s adjusted to

ein ain.sensargram

250 R e P Gt s o hase
where fdpphtddnveivihoysobsithofaompatidomdiitataioaghmditerminetts of dissociation

phase AMQEALS 8 DAUTHAIRED,S @mvrm@ Fig: 7. Are,comprisamai ase the
at the amount of bound, antrbod reduced in the 35 order of: |
Sensorlgiéa g}g

WA JegseTRAf B RIS ABR of A hxdrprhienie Grid-re ré%rocmons
dissoctiatihenE oy Birsirdion cohetilteype:  g@R;sMIchABK, VibASKtAndy solutions were

inj ec?reléfI & @@A&Vg@ﬁs\%%%ﬁg thagy %ﬂaltﬂ‘ég o Wfifd I%@%Q l%%la@ffll lg%ﬁi(ﬁbﬁ 4AGK, and

Rlla hinding was assessed by the procedure Cribe Using

MITAG R TPIRSEEhh A-CERvcTEy SELb G OHErD A RIeBy fap termined
amouritnnidhilindchoibody sestsorchidgas0. The comparison shows that the amount of

bound antibody is reduced in the order of: IgG1 >> IgG4 > IgG2 > M17AGK > M11AGK =
M14AGK. Thus, it was revealed that the FeyRIla binding of MI1AGK, M14AGK, and
MI7AGK was weaker than that of wild type IgG1, IgG2, and IgG4.  Furthermore, the FeyRITIa
binding of M11AGK 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
IgG1. The immunogenicity risk due to Fcy receptor-mediated internalization into APC and
adverse effects caused by the effector function such as ADCC can be avoided by using
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allowed to interact with IgGl, 19G2, 19G4, M11AGK, M14AGK, or M17AGK

as an analyte. 5 The amounts of bound antibody were compared. The

measurement was conducted using RE&combinant Human FcRIIA/CD32a

(R&D systems) as human-derived FcyRlla, and IgGl, 1gG2, 1gG4, Ml

IAGK, M14AGK, and M17AGK as samples. FcyRlla was immobilized onto

the sensor chip CM5 (BIACORE) by the amine coupling method. The final
WT-MOGIK.ob Trivhiokilize doE SYR e WaGEbaus 3308 -mt keFioa ruiing Wiffev 14AGK,
WT-MBEANCSHBSTER 1 Avfktne 100w (is was: 2010, (LRER. te.rHan

h buffer \gﬁls Injected until the baseline was stabilized. The measuremen
Pharmgecliled SNt SmsHHR BRSAHHSRSs stabilized. The immobilized FeyRlla
was allowed to interact with an antibody of each 1gG isotype (I1gGl, 19G2,

Asses@hiAGH R0 BA INFRAUAEAWIED HRHPIT AMARGH: MAMGK 9!

_ as an analyte. The amount o
conceRAlNAning buffer used was HBS-EP+, and the flow rate was 15 20 l/min.
The/Madbtnerie W TeMp el cand V2581 TRaBDReen Haton OTOagbia at high

concefliligiee PHEHeEER MR PR 100 S S0 LR ATIIPNRS and

injected and aflowed to interact wi imrmobilize ,
W1- @Q&i%ﬁ?%%‘;‘/@wggﬁ disebeiareRf A8 m M QjstidinarhloridechidmatipiaCl, pH
6.5 (EwegSERgEMMARhDY ihjcting A0ialihelmumingbufies Agivanyiesre tested for
stabilit9 bl G MILCH A ARG MA R ere Injected In this

order. 20 This series of injection was repeate WiCe, The result of
coftipthisties oPOEE G h. t(RET M b EERe oo TR o aydddtErMihetGK
shbwffein Hign®l e dieaassaes ssowahahtieprment of bound

ang.gggéﬁ uced in the order of. IgGI > 1gG2 = IgG4 > M11AGK =
M14A Kﬁa{%ﬁz%/ us, it was revealed that the FcyRlla binding of Ml

|ASRIagRL RER 2GR A TERGReiRd SakErthan weakef401€ fppeng@ienth, 40°C
for twigleahtaind 1gG4. 25 The FcyRIIb binding was assessed by the procedure

de§%g}t:)e%dtllooeloa\év. Usiré%tBr}la%?rg_ T100, human-derived Fey receptor llb

(hé‘r‘é?na??er Ecyﬁfﬁﬁ)rfllmmoeol 7&d onto a sensor chip was allowed to

interact with ¥t Ygaers|ddenssl 1AGK, M14AGK, or M17AGK as an

analyte. Tmlgmgl@ggmmgpg@g(’gggiy were compared. The
measurement was, condycted,using Recombinant Human FcRIIB/C (R&D
systems) as {’Eﬁv AN é?ﬁi@&cﬁ%?f%ﬁﬁ@&ﬁ&é@%@@ﬁI7I'RG K,
M14AGK, Bty iz A ke sdrp femlEeiyRABOvas immobilized onto the

sensor chimGMEEIAGRRENRISAMIAg £aupling method. The final
bilized Fc out 4300 RU. Then, the running

amount of imm R]Ib was | .
buffét ngeﬁfe%fgé%ﬁ%?%é g’ﬁé&%ﬁﬁ@%ﬁﬁ‘f&?&?’?ﬁé‘ﬁ@ﬁﬁﬁ%ﬁﬁéﬁ” ation) and
formulataensastaed vodefterihessasdineasstetiilinedd Fhednfinabilizetromatography

descri]fé&égﬁégg{‘ll a%)?ff@x‘@ﬁ@e& ABRE i’ﬁ%@é@(ﬂq}ik{%)é&ﬁgﬁtc& %%%%%%E\lgwe to the

. r 1lgG4) or ansibod introduced with muta .
initia { QTR A SRR S ] analyReIoPHG SHRBGRABHOE AR SIS Ay seiseate in
WT-Md2éniedy TH HinGiKg dndférTsét wak 4hctdBSdRy ahighihe floswrgiaed to
WT-1808%20 YBN.He IMEUIRBSHIRRPH AU AR 20 e, & hown in Fig. 12, the
amount of increased Fab fragment was comparable between WT-IgG1 and WT-M17AGK, while
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

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,
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concentration of each IgG or altered form thereof was adjusted to 200

g/ml. 20 | of an analyte was injected and allowed to interact with the

immobilized FcyRIlb. After interaction; ‘the analyte was dissociated from

FcyRIlb and the sensor chip was regenerated by injecting 200 5 | of the

running buffer. As analytes, 1gG4, 1gG2, IgGl, M11AGK, M14AGK, and

M17AGK were injected in this order. This series of injection was repeated
WT-Mlidd K her rdSulviofl £0iparisomstdatgon tvesampemts of bibevcpamdtibtdy of more
stable %@égrmmt@@mw@ﬁ@ kdgm8ialidgs.comparison shows that the amount of

bf\)jjnd antl yi\‘ﬁg‘%ﬁed in the order of. IgG4 > |gGIl > 1g02> MI 1AGK

Figs HReSE TR sershut @-Scwmebﬁ@aﬁﬁweﬁeon

sequenge mewom@l,d)\@mramm-?m@kbm ofitiakerittinal fixdtofwitd tipentiGhcidic
condﬂi@@@?ﬁﬂp 193G hd ke Eﬂ@ﬁ)b Hﬂﬁé@ﬁé‘ﬁ?&éﬁ@ﬁd@%ﬁ?f&?ﬁ@fﬁ e region; (3)

below. Usmg |acore human-derived Fcy receptor Is

not b“efféf’ ﬁéﬁ%ﬁﬁ?@rzﬁﬁwﬁ?ﬁrﬁm&%w@ Rl RPSRES SsveReRs of 9 amino
acids WhetaptteithialiiCletgGa, Te@ eblidp Gptdsi AGK( SO hME BB teast aility than IgG1
in hlg@@@{w&trﬂ"&qg}%ﬂg&gﬁpound antibody were compared. The

measurement was conducted using 15 hFcyRIllaV-His6 (recombinant
hFcyRIllaV-His6 prepared in the applicants' company) as human-derived

[Exandpby R) Pagramat itgGindgSashg Gt MM@GH\AMAGK and M17AGK as
Saml?lﬁfmfﬁ &H@d\’\fﬁ% Q HZ\SQS epi% %51 ﬁ]grcg 10 %M§§P2 sequence for the

. (BIACORE) by the amin ling met mount
amm%ﬁ%é@ﬁ&%ﬁﬁﬁ&ﬁﬁmé\?lm@é iaﬁ%ﬁﬁé]ml%é&’ﬁmmlﬁg%m@w M31AGK

(M31AGE] $¥@ HBSCERY., and therdevoraiectasd i/saiuchbe samiRdy H chain whose
variabfRGRHRIRA AP AHINRIRGI0 S0 L0 BT RIBY LRSTRRT BIGARANERS b N

incl d two ste wo minutes o ssoma ion p where
22) wag sy Seiioh aasthpddesrrhedteRafbeaweditaomtandinuidsing WT-M31AGK H
chain shgswiatiehaiph IE-MRGREeWRRGNEseaR AW R VBN HB SRR BHi9lbed in

Ref gtp%% gocF’a n phase, the sensor chip was regenerated by injecting 20
© ereg‘lco g %)h?drochlorlc acid. The association, dissociation, and

redeAdHiiRie NI ShKaNaRSCA 4. WA i< ARD otysotptionsd and purified
at the metaﬁemgat@@m?z@atawaaaﬁ@mmn@e Axrenatyieaptg®d 1GLedefate described

M 4AGK M17A re injected in this order.. The result
below. ]I’%e co’n'glgions USeE 1n thﬁqoatae exc %{ H}ﬁ%’%’f“%&ﬁ&%ﬁﬁﬁ &'ﬁ;q as follows.

of comparison of data on ermlne

Chromsiogyerns foryWMD- 1368, A¥hpd 465 Ehews Wibtivid AfSumersfcbopactd.
antibody g 2axee e wrdeL of; (8&exy 19G4 > 19G2 > M17AGK> Ml 1
AGK = M K. Thus, it eve blndlng of Ml
1AGK, Ml}ﬁ/gAE 5138630 %%Wﬁs%@%&ﬁa%%ﬁt of wild type IgGl,
IgG2, and 1gG4. Furtherm&@&hﬁﬁﬂ&ﬂ%@n@ﬁgmmmmaﬁﬂ pH 6.1

M14AGK wrsfeurdig heeaker than that of M17AGK containing the

mutation GJA b repoyr Eur, J. unol. 1 9Aug 29(8):2613-24. The
finding destfi be&t éy eﬁéér@&@sn ﬁ)t the g@ﬁ’t%ce Fr’bmdlng of

WT-MI4AGK b ZFABK, and WT-MI 1AGK is markedly reduced as

C AV, | The-i enicit
%p%%é%\fg%gg %‘?e\rﬁg‘h%g%n\?rﬁo%@l}é@%d Qﬁvﬁi%i%%?{agé}g% n Fig. 13.
Like VEHHRENER

R RS MBS 40 QIBEHSY isipgmele peck, while

WT-IgG2 gave multiple peaks.  This indicates that the heterogeneity derived from disulfide
bonds in the hinge region of 1g(G2 can also be avoided in WT-M31AGK.

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

Method for estimating the retention in human plasma

The prolonged retention (slow elimination} of IgG molecule in plasma is known to be
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46 WT-MI4AGK, WT-M17AGK, or WT-M1IAGK as a constant region.
Thus, WT-MI4AGK, WT-M17AGK, and WT-M1 IAGK are useful as
constant region sequence of antibody*pharmaceuticals aimed at
neutralizing antigens. 5 Assessment of WT-MI .4AGK, WT-M17AGK and
WT-MI IAGK for stability at high concentrations WT-MI4AGK,
WT-MI7AGK, and WT-MI 1AGK were assessed for stability at high

due toche fendrRosE ﬁhﬁvﬂﬂﬂﬁ@ﬂl@iﬂﬂh@@é&ss@fv\&é%l@&%tdﬁﬂfMﬂ-}‘:ﬁ@l{culfe (Nat. Rev.
T K ~MI LAGK were dialyzed against a.solution of .20

B O g
acidic goawlisione avithireensosomadiense T R Sl dafs snpkees kesshberftsy FsBmitpressed in
endos@hbigh Battenitaigs Iheieanditionswers a&z@ﬂl&w&aﬁmﬁ%i%a de'\%lraded in

WT-IgGl, WT-Ml4 WT-M17AGK,.and, WT-MI IAGK Buffer;: 2Q m
o e 180 AN 4 IR GBI L FIG<d fom Fef
back igghplasencerapiarandes dischenialrsigiti asdrfolasoalerkexaol Tobone

MAHBwAQEGIBfNTHIIBS INAURIAHIBEESERSMERE DG 'G&ys%e)gaés. The
1 VY%f?_rls Allignce Col%mn: G%ﬁ%?SleE;}FOSE{gHg 20 ob:}&g asg:% (lﬂl\/l 4 leG:
PasME SRt phospiiate: 366 2B PRI IS B0V rhgas 6o 1261 and 1gG2;
about 28| fairs, 22 dekid: 200 tenday sfiendeshMisie BivdreranhlJ96d Dhe 260t2NIS 69-72).
Thus, ?ﬁﬁ@lg@tﬁ%ﬂrbf?g@iiﬂﬁﬁf@ﬂw lﬁtﬂ%@gﬁ?ﬁﬁ@%&’t@f%ﬁﬂéqt @pn)j%ﬁ‘%gneral, the
. ormulatjons storeg undger various conditions were_estimate y ge
oty PR L R A DD BEHOE 1 A et Methods
reportgddsdsdipintpeccimngsht phaguregdtetiekivthtseaheGinitigiddien iatisfesmethods for
o e S L e e, o

- , -MI; a - incre

sequengs L TS A WSl IS Gh T SN GO 3. Lanol. 2006
Jan 1; FiftheBiter®)as shown in Fig. 12, the amount of increased Fab fragment

wageRMpALaRIe.Depuaen WilslgiondELMISAG K DIE SA RS FeRn (Proc.

amounts increased in WT-MI4AGK and WT-MI IAGK were about one
Natl. 5300 P 0 cABRISh W Gl AA A pal e/t IBEreshes Bblaeya
retentiforofulgGionsindisd dhfarimstian affcagbcegate armgiganesatoceah fhatan, it is
desira!ﬂ@%%@é@s%e%ﬁﬁf% LMY 2R/ Q&? é@gﬁ@&fﬁd&g&l&% Vﬂ%ﬂ?{%%ri%ktrans genic

. aggregation and Fabfragment generation, WT-MI4AGK and WT-M
mice ({jiby néfidtddem! @%éﬁﬁ%r stability in formulations as

compared to WT-IgGl. Thus, even 35 for antibodies that have an IgGi
AssesSTOOR'BRHEGIARNGT RAGLAPRIY and could not be prepared as
FcRn is a complex of FcRn and B2-microglobulin.  Oligo-DNA primers were prepared
based on the human FcRn gene sequence disclosed (J. Exp. Med. (1994) 180 (6), 2377-2381).
A DNA fragment encoding the whole gene was prepared by PCR using human ¢cDNA (Human

Placenta Marathon-Ready cDNA, Clontech) as a template and the prepared primers. Using the
obtained DNA fragment as a template, a DNA fragment encoding the extracellular domain
containing the signal region (Met1-Leu290) was amplified by PCR, and inserted into an animal
cell expression vector (the amino acid sequence of human FcRn as set forth in SEQ ID NO: 24).
Likewise, oligo-DNA primers were prepared based on the human p2-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 cDNA, CLONTECH) as a template and the prepared primers.  Using the
obtained DNA fragment as a template, a DNA fragment encoding the whole B2-microglobulin
containing the signal region (Met1-Met119) was amplified by PCR and inserted into an animal

cell expression vector (the amino acid sequence of human f2-microglobulin as set forth in SEQ
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antibody pharmaceuticals in high-concentration liquid formulations, the
use of WT-MI4AGK, 47 WT-M17AGK, or WT-MI 1AGK as a constant
region was expected to allow product%% of more stable
high-concentration liquid formulations. In particular, M14AGK was
expected to be very useful as a novel constant region sequence that
would (1) overcome the instability of the original IgG2 molecule under

ID NGudl@je 5 condition; (2) improve the heterogeneity originated from disulfide

bogg HitAENNGR RAGIAR: e@re@%mﬁtﬂg Fflten %@&fﬁr@a\/qﬂe plasmtds
7

minimized number of novel peptide sequences of 9'amino acids which

constrpefrehipnRPEaR & SRrpnd s pHGHRe it s s Rerrb Bl sfikt Qtdbaiyman
embrythan gy dmbéighiaoncenttialtion LA DR vItbexamde 5% Fetal Bovine
Serun (tﬁsaﬁta o} w%ﬁ:ﬁ%ﬁﬁéﬂ‘e”fﬁé t\é%ﬁ@ﬁ%}éﬁ%&g&ﬂ%&% Hbﬁ{}%‘&ph%d FcRn

4 was altered by substitutin g;gt e |1gG2 sequence e amino aci

Was PHIROME g 339 hemer 3 8T TR U MIRIBRIR skt ¢8) Qsnidpapgthod described

in J. InviBIAGROMIBIGAG K BEJ 1D NO; fB)idweexpréssion yecftimausing HiTrap Q HP
}ﬁgﬂﬂgﬁg of antibody H chain whose variable region is WT and constant
(GE
%on S g ence is M31AGK (WT-M31AGK, SEQ ID NO: 15 22) was

BOHETABtRERIRaE AsEd SRR EcRiEe EXARe 1huanigody was
bound W TPM&IAGH ﬁb@hamtaﬁdn\ﬂﬁnwméwﬁakﬂ%ﬂtﬂﬁd@waﬁt@%ﬂfﬁﬁﬁ@ﬂm a sensor

: od d feren xam e itio
chip, B e Ie AR S A BBy, AR Bl
(KD) wesralentnedifrmaby %}9&@& bpreddvwendiehige crsiisalbraieyeny L or rabbit
anti- hﬁh&ﬁﬂ@@mﬁ@ﬁeﬁﬁﬂ%ﬁba@mmﬁm&?%@%%ﬁw EhiPESMIQBIACORE) by
excna cnro ra ere.a S ato rams
the am g N A e e e AR SRRRE 130 mna
NaCl @rﬂmmbyﬁmoﬁé@m @;téﬂmtbs@as dibrerivith v BN sk @rttaining
0. oz%BrxzéeﬁM@@fﬂd MJFe@dé\da@bb EShmpet Nag!, pihihdn Borl v 381 npected and the
bindinT radler‘}t 182# g é65 Enm ->100% B -> (1 min)
mndir |on RS Y R &SRS W T-1gG2, WT-M14AGK, and
thﬂaiﬁrgx Y@Sh@wpwwmlmgaBméatumm&MWT%@pAtaim&asnsorgrmn
was uslarnopgeatad 1 beeliHesr as @%WQ@%W&%Q%@@%&?@fom the end of

e B T RGingd FEGIGR Y R QSIS 8 JUCIRLESh Y0P SAEdR B fiting

with t@x@ﬁ@@}%ﬁ@%mmﬂmﬁ the plasma retention of WT .M14 35 Method
for estimating the retention in human plasma The prolonged retention

§m n) of lgG.moale ule |n arlmma is kngwn to be
Assessment fo e p as a retention m transgenic mice

The pharmacokmettcs in human FcRn transgenic mice (B6.mFcRn-/- hFcRn Tg line
276 +/+ mice; Jackson Laboratories) was assessed by the following procedure. An antibody
was infravenously 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.

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

'The bindings of WT-IgG1 and WT-M14 to human FcRn were assessed by BIAcore.
As shown in Table 1, the result indicated that the binding of WT-M14 was slightly greater than
that of WT-IgG1.
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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 into endosomes via pinocytosis, ufder the acidic conditions within
endosome (approx. pH 6.0), IgG molecules bind to FcRn expressed in
endosomes. While 1IgG molecules that do not bind to FcRn are transferred
and degraded in 5 lysosomes, those bound to FcRn are translocated to
Table the cell surface and then released from FcRn back into plasma again
TTeT tiuuK 'bn,onditions in plasma (approx. pH 7.4). Known IgG-type
agtibediesshrigae-the 19Gl, 19G2, 19G3, and IgG4 isotypes. The plasma
WTﬁﬁ/ !-%se isotypes in human are reported to be about 36 days for
_i\'_:‘} ffmd Id _ez“_ about 29 days for IgG3; and 16 days for IgG4 (Nat.
B'%@&kmffh_ %%g.%ﬁshgéé%@; 38R aiohd E&%ﬂ%&?t@ﬁﬂ%ﬁl@&m@&
IgG2 in plasma IS believed to be the longest. In general, the isotypes of _
WT-1etimhie Ml FOPhATIFRICE LR BYRRR B 1JBNSERY, Rif§1gGhis finding
suggeshdebaots phpariaditanbuitahenpid\dogsthe pogitnacbkinatids afitipassblgtd that of

ipodlies inglude methods for improving the above-described binding to
the Ig E%ﬁrﬁ%@ rgglgd this is achieved by altering the sequence of IgG

constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J. Immunol.
[ExamdQ0B] Rplanibil dB0EL a5 8 THeT R, arel apacyshecifichdifferapassed

1Dhm,mbe een mouse FcRn and human FcRn (Proc. Natl. Acad. Sci. USA.
201 ec 5;103(49):18709-14). Therefore, to predict the plasma retention

of 1IgG antibodies that have an altered constant region sequence in
PreparBtionadt, id Svdesisigdedassess the binding to human FcRn and retention

in plasma. in human FeRn.transgenic 2 ice (I 0l.,2006 : )

TSRS ERESIY ROTEN, RRINSE PR % £33 28Ry wansgenic
mice vsAploRaTte R @ { 3 Ticedg OBl ORSSRDR Ao sapbremacokinetics
includél\’/lfﬁgﬁ ?}W i é%ﬁd%%&ﬁlﬂtf 2'1%8’1115 %ZBWA i f%ﬂﬁﬁ@%%ﬂ@@?ﬁ%%k tﬁ&ﬁrilllding to

. s - it ment encodin e wnoile
FeRn. o it B S R e RO S g e
pharmagakines RERGT-YEKA, RtorifecHjyashs feHipiing avebtietionspareelintroduced into
WT~N¥3@@G§§; yﬁ&ga{’a@ 1:19@%‘5@@&1’1\"%7@‘@&'(1 ]@EE &és@x:[fﬁéamﬁ%a?n%% substitution of
L ral en ncodain e exiracelyular aomaln. containi 1e.Sslgnal reglon

methi QA AT S90, BB TR Ol RICHRAoneS B I o R on 268;
substitepresSgintamotodtheammatpidgitenuidicers! substantiecRi ghisetifoathd for
lutandhSEQIRAIDL 2 30 HKENiS R0 RAA PrIMRIS WELR iRAIGH-Rased

) onéh,e human §32-microglobulin ene sequence disclosed (Proc. Natl. .
introdyced 40§V &R Lot disiewye 18 d oAb e iR sl Acqrsgseti SEQ 1D NO: 26).
Expresioodittptheverhgiegeoe yabpsepared thy PER:ubidghmenpt®NA WT-M58 and

L(WT??JJ%}% M@M@%‘E&B%ﬁ%ﬁ@%@u&%@ TGI8 alemplaganthd purified

he prepared_primers. Using the obtained DNA fragment as a template, a
by the g9t diseRedriBdaratiie Whole (32-microglobulin 35 containing the
signal region (Metl-Metl 19) was amplified by PCR and inserted into an

Constx%gjcmﬁlof the WT-M73 molecule
On the other hand, WT-M44 (amino acid sequence of SEQ 1D 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
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
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cell expression vector (the amino acid sequence of human

(32-microglobulin as set forth in SEQ 49 ID NO: 25). Soluble human

FcRn was expressed by the foIIOW|ngs|5rocedure The plasmids

constructed for human FeRn and (32-microglobulin were introduced into

cells of the human embryonic kidney cancer-derived cell line HEK293H

(Invitrogen) using 10% Fetal Bovine 5 Serum (Invitrogen) by lipofection.
in Exaifipéerbsu Mk B rd’ StdéRnatawi el sottectedd andibRin, whidepi(HED) was used
as L cli$iN0 i Spphatess & FashNewfmarsham Bloscien ey MRIN0Ghod

descrlbed J Immunol. 2002 Nov 1;169(9):5171-80, followed by further
describsidhifidks ’l‘fi’fﬁ g HiTrap Q HP (GE Healthcare). The binding to human

FeRn was assessed using Biacore 3000. An antibody was 10 bound to

Predich 59@.@3&3& ﬁ@%k’%@%a@ﬂ%fﬂ%ﬁ% Q’Dﬂ'@ Wﬁ*%ﬁ '%@Q@!ﬂ*%\%?ﬁﬂmm

a sensar chip, human FCRn was added as an ana%e for interaction With

the BissRe oM &by [T v Catifared fomYHE Sutimnf cRn were
assesséabbin @ hunan FARrhSpe tifiCatly, P rhtetast oindibbits amit- ﬂiftrhﬁmizl@ of WT-M44,
WT- mgpm%m'm YAS {IMQPHIZEE PO SANSERCRIR. Q\égdgfko}ﬁn%@%that of

the amine coupling method using”50 mM Na-phosphate

WT- Ig&g]ntﬁ?ﬁ’ﬁ@tlfﬁme 15 NaCl as the running u buffer. Then, an antibody

was diluted with a running buffer containing 0.02% Tween20, and injected
Table P be bound to the chip. Human FcRn was then injected and the binding

of the human FcRn to antibody was assessed. The affinity was computed
"—'crsmg-% ion Software. The obtained sensorgram was used to

cajctiate ount of hFcRn bound to the antibody immediately before
human FeRn injection. The affinity of the antibody for
was calculated by fitting with the steady state affinity
sgssment for the plasma retention in human FcRn transgenic
ree-Fae-pF acokinetics in human FcRn transgenic mice
(B -/- \ATﬁg‘)Ur}eI 2 QL ice; bgratories) was . .
asg’gsasig’ as?of‘rc’ ng prgigdlfr;‘gr A d‘l%lc’[kvﬁg%ﬁara%lg gypare ention in

humangleRim i@@@mmﬁé@% ascibeaniin frgy/Re, t‘eY’r?nbéS Sndstostwad sollevtadereased
retentz@ﬁ Ay a@mq@a@mo@ggqmtszgﬂpmmwodfmﬁam&%db wately, Gl WT-M44,
| m an minutes {o o asma

WM S e A AR D BRAb U fbsenic mice.
As shomlpIﬁmnlaﬁceﬂc&”ﬁNiﬁMﬁvé’éH@@&nm@d\%WEﬂSN@@d@n@md@ have improved
phmmeﬁ%q@nﬁ%tyr@&ell @qtentlge Ma%kﬂn%@éld : o-f/lf}?gl?:'ﬁgbg%r?élated with

an an FC Sess (] S

the b A PP ROt R LB g 5 NI o o Dy 28 was
improshig htlgtgraatté tiinan ofhhataff\Wﬁ” H#eGil. 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
various antibodies

As described in Example 4, it was demonstrated that the heterogeneity originated from
the hinge region of IgG2 could be reduced by converting the IgG2 constant region to M14 in the
humanized anti-IL-6 receptor PM1 antibody (WT). 1gQG2 type antibodies other than the
humanized PM1 antibody were also tested to assess whether the heterogeneity can be reduced by
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 F2ZH/L39 VH and F2H/L.39 VL as set forth in



10

15

20

25

30

35

3550 Table 1 KD(M) WT-IgG 1 2.07 WT-M14 1.85 As shown in Fig. 14,
however, the retention in plasma was comparable between WT-1gGl and
WT-M14 when assessed using humatFcRn transgenic mice. This finding
5 suggests that the plasma retention of the M14 constant region in human
is comparable to that of the IgG 1 constant region. [Example 7]
Preparation of WT-M44, WT-M58, and WT-M73 which have improved

SEQ Ipedmat®kinkelit.srdfp e iopdy ation 61 the WEEhasintbledtu IEOAS @ﬁsczrﬂbi@d bid

sequen%%%améﬂ th&ipﬁ% tOSt%FE'%E \X%‘ ;%‘I’\{L&éo J: lgﬁ&aﬁs qgﬁi&twely)

mice was compara that o n methods to Im
and antrRANAChERERRY mﬁé@%@é@w HOFSSSIEPINS polAEBe AINS_VL as set

forth iRBHPUY N@tihe%wemamm%@pmmgd@ch@%ﬁ AR dibs, antibodies with

ced to
IgGlC %grér%%%:é me@%% Hﬁ pec |ca liﬁ%u?oll Wi 3@%@?&8&%’1 14 GEQID
NO: 5)\/%err$tl(§ﬁQéQ e WWE]&&@@t%lch was prepared from WT-M14 as
deﬁ%@i@btatgd@aﬁmﬁiiﬂasmtgs&ﬁ&%ﬁdﬂ@ét&%ge@eiw w@aﬁogltmﬁiéiog&
stitution of glutamine.for histidine at position,268; .substituti
ehrom e e L Fe ey 10

(Dzonez@ Qﬁbfeammmlp@éimm@@ m%@éwmmﬂﬁ@w&gg;ﬁsfémqm&gmsw 20 mM
sodiunSHBSHIBINNVEIEp Ity cedH@@éééInM&%% ihaener alecibMeshange

hr C@mm acﬂ5 ence of NO: 26). Expression vectors were
chrom Oe%%‘? {) iﬁe SHne e gd éscribed in Example 1. WT-M58 and
L(mwe:m%gi 46 [oevaisiemdfithsheanstees pegtivefyoraan 1468 wass into an [gG2
type Wﬁ%‘ﬁ@&&@ﬁrﬁﬁﬁf %fﬂféﬁ%s@l%%&?o@@ml Igﬁ?ﬁﬂ @% ik %ﬁﬁiﬁlﬁllﬁ_:r& I\iﬁé -IL-6 receptor
m e On the q ino
PM1 o e DS e Sy e B GTAR b THSee ThEepror
antlbOféyﬁ&bﬂtmﬁd*a’chH@i@nﬁbe@Wam&la;ttpmﬁmoheﬂfﬁagﬁidny could be decreased
in all o@wﬁe@@aﬂ(?%wSESM§l%@em fgamaisgfgﬁmﬁ%t 1%%6%%5%&5\8/&8%%@ it was
enerated by eletions of glycine at position numbering an

demorgg Aetar HolharIES O RS ﬁmﬁi R6R AL AP AR Srpbgeduence, the
hetero gmtengH@ItyteElfrﬁmmﬂu[e_l KQLTZMG‘@@J@ indweid b,}equllmmtetmg $EQet0or cysteines
at posiliey 29, WesganeialgdiRyHotodueng it MG 2813 SHASHBA®IYOE U numbering,

alanine at positio
in the upper hinge of H ha n.

[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
from IgG1 into M58 in the humanized anti-1L-6 receptor PM1 antibody (WT) improved the
binding to human FcRn and pharmacokinetics in human FcRn transgenic mice.  So, 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 M58.

Antibodies other than the humanized PM1 antibody (WT) were the anti-IL-31 receptor
antibody HOLO (the amino acid sequences of HOL.G_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:
35) were generated and assessed for their binding to human FcRa by the method described in
Example 6. The result is shown in Table 3.
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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-M73 was used as H élg?ain, while L (WT) was used as L
chain. WT-M44, WT-M58, and WT-M73 were expressed and purified by
the method described in Example 1. 5 Predictive assessment of the
plasma retention of WT-M44, WT-M58, and WT-M73 in human The
Table@indlngs of WT- IgGI WT M44, WT-M58, and WT-M73 to human FcRn

e OFO—AESRES G- core--As- shown in Table 2, the result indicates that

the blndlndéi%ﬂMM'lMM WT-M58, and WT-M73 are greater than

WT4g@l, and ghppt 2.7 sh& and 3.8 times of that of WT-IgGl,

| G,grESWWW) WT-IgG 1 1.62 WT-M44 0.59 WT-M58
951 17 WT-M738142 As :1 Sult of assessing WT-IgG1, WT-M14, and
M58 WT1N38 for thedriplasma ggtention in human FcRn transgenic mice, as

shown in Fig. 24, WT-M58 was confirmed to have increased 15 retention
in Plashwesreiatiblio AMT HgSdanonWhidd dafurthesnio e, JAA48&In of the constant

regmnWrErM&é TeGT %@@1@%‘@’&“&% WIS %51%0%?_9 afé ?ﬁiﬁ;ﬁ\iﬁ;%ﬁlﬂ Qﬁngs of both

in human ansgenic mice AS own in

the anWﬁLM%ée‘éﬁ’WﬁtW@wg}%oc@?ﬁuPH@M%MW@V&NS to human FcRn were
Improplmhrmﬁb&%ﬂg@ﬁs@iﬁﬁ%@sﬁ&lﬁﬁﬂﬁ%é&@lmﬂfﬁﬁ@@ﬁb@@f%ﬂ@@{%‘z"%uence of
tiboRUaGEGS ng_ activity to human FcRn n partlcu
R asma?gqué?%& WV\{'IEE\E% at 91{ 1\c/\“/;aﬂs1 iMproved 16 a Ju?‘f%}’? glF constant
regmnt e g feigay reie Mading suggests that the pharmacokinetics of
antibodies Wlth the M73 constant region in human is also significantly

ared to b dies with,the | ns on.
[Ex Efg Ccy S5 ‘3e”[lnt(%1\?e(?%fon%fana’[1 regr%ohng ﬁ??%ingcﬁﬁ aé]gtﬁﬁg tél'ucmg
hetht nfn brapaitleds aitstiibelids s bisserisethinaBt4AidldatniinalgG2 were

substzﬁﬁéﬂ@ﬁﬁé@i@iéhﬁé he=heienengoeiyorignated fraR.ihedineesasian Mered

iSRS IPHUEELEL SO cng i 9ol smsoenen eI,
SKSC&%&&%N&h%a@Eﬁ@Qﬁ%@d@é‘d@ 1) dntiheliyradrorsisotiesgiz tihtained by
subsﬂ@&ﬁ%sﬁméﬁﬁ%ﬁﬂﬁrmty TARBEyEHHIEAPY SO CAWSTRG PR EU
numbt%?ggs,t%ln&{ SHY 31'1{] E)fHI ]d401’(1315.1n 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
numbering, in the H-chain upper hinge.  The altered IgG2 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 CS, respectively,
and compared with WT-IgGl, WT-IgG2, WT-SKSC, and WT-M58 in terms of heterogeneity
and thermal stability. Furthermore, F2H/L39-1gG1, F2H/L39-1gG2, F2H/L39-SC,
F2H/L39-CS, F2H/L39-SKSC, and F2H/L39-M 14, which have the constant region of IgG1
(SEQID NO: 1), 1gG2 (SEQ ID NO: 2), SC (SEQ ID NO: 39), C8 (SEQ ID NO: 40), SKSC
(SEQ ID NO: 38), or M14 (SEQ ID NO: 5), respectively, were prepared from F2H/1.39 (the
amuno acid sequences of F2H/L.39_VH and F2H/L39_VL as set forth in SEQ ID NOs: 29 and 30

respectively), which is an anti IL-6 receptor antibody different from WT. The antibodies were

H

compared with regard to heterogeneity.
WT-IgG1, WT-IgG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/L39-IgG1,
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Antibodies other than the humanized PMI antibody were: the anti IL-6
receptor antibody F2H/L39 (the aming acid sequences of F211/L39 VH
and F2I-1/L39 VL as set forth in 52 SEQ ID NOs: 29 and 30, respectively);
anti-IL-31 receptor antibody HOLD (the amino acid sequences of
HOLO_VH and HOLO_VL as set forth in SEQ ID NOs: 31 and 32,
respectively); and anti-RANKL antibody DNS (the amino acid sequences

F2H/LgPBs(E At HNE. ViHE X CHokRIMISESHS Mlord F3HAHS34VI14 were assessed
for hett@5PEIIMEN) cﬁ%ﬁa@&hgﬁge eaeoaiibodias anibodiaaithio %&@\éﬁt and an

SPPUONLE (LD RGPS o MAE TSE G TR ALy e GENERRER A 1M sodium

acetat@@iéﬁa@éd@hﬂ@qdvéwﬁer@asééssmamaﬂdémllﬁyfdéu@h The assessment
result E¥GRAOS, %%mea%g@ﬁ?qy@%@mwg apd an

appropriate fl on a ProPac X-10 (Dionex) column (mobile
RSB S h I GRS SBEEC B SO ARIBHE S SSETE D8 WNPES © 20 122
type m@@dmaﬁmm NhiteBt (pts fheEhéndssbsBifentdrE3HtIGStainkd:- bytrast,
hetero% Q@%@Qﬁ%ﬁﬁfﬁf%&?@&@ﬁ%@%&%ﬁﬁ@%%ﬁ&t 16,105 SROWR T and M14

ig..16 V&% ersion of the constant region from an IgG1 type into an IgG2
or M5y N5 AL 4B oSSRt SRR HBLAFSHEM Y NGt SEiRAHE decreased
heteropemaayize dhahti-dbs6 sEBEROr Pbivantth ooy y(METgn brtoalsodial et aunfifidiefily
impm{;g%%% tg}pdy F2H/L39, anti-IL-31 receptor 15 antibody HOLD, and
anti-RANKL antibody DNS. In contrast, heterogenelty could be decreased

in MiAdriRerdodntin B sRP et E A gANER ds Repsie R fetitedambrmperparing
stable E658ulEhoss invdasekemenistiaiadbiduit pﬂmmﬁeﬁﬁcﬂietheme ob anidgertavility, the

mid oﬁRtEQ&%XrX%E’@BHﬁQS{&” zf&ﬂﬁj&%ﬁgn ggﬂéec@f Jir%entlal

natural |gG2 could be reduced by su tutlng serines ?or cystelges at

Scma%ﬁiaﬁ@g’fiy EOSRUBRHARCiMIE9ebh aif e idBRia o E i Ghprmal
denatui2ditHUmnuaiberingye2Qdnitiedipper dingdidki chaisdizxamppie:d] fifaet

fonnuf%tnttt}l% gﬁ%@q )érle(% g (1)'- Im&)lrgve th haerfa %&9 g %“CS (Fﬁgl ?’furatlon

various SCI’Ibe Xam emonstrate

(Tm V@aﬁw@i@%ﬁ%@ c%r?gfanﬁ?egaeﬂ?? PR Pg@iﬁn%ﬁméh’ﬁti&(ﬂu Wanig&e.
WT-SGOWIIF@SYGY&HDEKS’(M MMKW%W (E@sﬂfﬂ’!ﬁn’gmgﬁimt a solution
of 20 1%1&5303 %{ na ?]%lém y @aénOF %’E\;‘}pxjn enIC m|

Cﬁl aat a
e an |es Gt an '[ e manize y Were a SO S?g
heafmscf%tggésls Wﬁémmﬁ@ﬂgqoﬁ%ﬂﬁtb@%@uégcbahau@crmm@ve@pnwm@fﬁhgut 0.1

mg/mitheTransiantdeaionivte Mrdndnbbosies.ethaithamteshugnanizedrRMhiues of the

antibody (WT), w 8‘1 nt-IL-31 receptor 30 antibody HOLD (the amino
Fab dom&i geaq%g%tgés g?eflP Agbtf B¥and HOLO VL as set forth in SEQ ID NOs:

31 and 32, respectively) and anti-RANKL antibody DNS (the amino acid
Table equences of DNS_VH and DNS VL as set forth in SEQ ID NOs: 33 and
—-34. respectively)_For each of these antibodies, antibodies with IgGi
____constant régidi3SEQ ID NO: 1) or M58 (SEQ ID NO: |

WT-1gG1 8948
WT-1gG2 93.9
WT-SC 86.7
WT-CS 86.4
WT-SKSC  83.7
WT-M38 83.7

The Tm values of WT-IgG1 and WT-IgG2 were almost the same (about 94°C; Tm of

IgG2 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-Ig(G1 and WT-IgG2. On the other hand, the Tm
values of WT-M38 and WT-SKSC were about 94°C, and comparable to those of WT-1gG1 and
WT-IgG2.  This suggests that WT-8C and WT-CS are markedly unstable as compared to IgG2,

H
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35) were generated and assessed for their binding to human FeRn by the
method described in 35 Example 6. The result is shown in Table 3. 53
Table 3 KD (pM) WT HOLO DNS Ig(35I51.42 1.07 1.36 M58 1.03 0.91
1.03 As shown in Table 3, it was demonstrated that as a result of
conversion of the constant region from the 1gGl type to M58, as with
anti-1L-6 receptor antibody WT, the bindings of both 5 the anti-IL-31

and threcEpleb Khtibaul \MOMD Sirteh thnoif RANIK il sntibimghyi 2N 6Htoi feipnand feciRa for

cysteiN¥GIEHIPTAYRRnHHS SYqgesisdl %ﬂﬂ@%@%%ﬂﬁ%ﬂ@@%ﬂ%ﬁﬁﬁ? E)“Mguﬁfcals.

antigj:n r sequence of antibody variable region, the pharmacokinetics in
A P

h
The regsoR AR TR By e i d TREc st 2Pdgbh-frometr eI Tgipa is thought
to be diies:es0rEhadimpifidelbbffdicqiaisteirerach 8T CAarVEIR ©f and IgG2.

heterageneity %Bﬂéﬁéﬂgﬂﬁyof\ﬁ@@%ﬂﬁ%ﬁ&&@oﬁ@%@ﬁlﬁgﬁ%ﬁgfgw@- 8

1,
hinge regglon and CH1 domain of IgG2 were subs crease the

|
WT-Skeferageneity be hatsheiyee skepsadamslo Aonsuralianaiek anibohrbsdomain.
In contmseNé@-Banhéterdgehetyhapie Deroadecéehaithaidrdeere dsingestabilitynain.

WT-}:éHz%ﬁgl%aéﬁ%ﬁﬁi% R %}?ez%\%?%&a N bf’ﬁ)ei%%‘c%'}ﬁ{%‘:‘

constantregion obtained by 15 substituting serine for cysteine at posi
denatupafion ngalisinlniernstginihis sepudaen thete piockramenRentsives pshamibSC
denatu@itibd eedirarahaisey tve for mysteiom pémositien2 dgfdthombering (iaibg,
-chai ] ' onstant region.sequence.
et e R B e ST e

above«jgrabed Bl fBALSHsShnBdeT bitei aagiosftiBil 22612 VéérHe. ford WT-CS
contaifysi@ing alopesiiapoatisFAl 2thusmhbatinealindte heahalenReiRIAGE een

- Itered | tan ion.SC(SEQ ID NO: 39 s, prepared by . ;
st IS0 120 0 00 LR D A B8 RS s
hinge Wﬁ@%&béﬁﬁ@d‘w%%ﬁtmﬁmb damais for aysediied i Pestidh 2o £GP heterogeneity |
and it %ummamg,tmém@%ov\ﬁﬁﬁ%séﬁﬁ% i@éﬁk@ﬁﬂé& f@@ijlo%u%&stﬁﬁel% %Qt'(]:m

. ere prepar, ve an especlive and C are |
doma R R R (o e BT L BT A
compagrhlafe thihrstaBiity e dehaéran e FREINEOR G FaHY 86iigGa, both the hinge
regionRAUERY-&Gh a2 kA% EGeF21VL39-SKSC, and F2H/L39-M14, which

h the constant region of 1lgG éSE ID NO: 1%I 2 (SEQ ID NO: Zi' ...

S B LS o R g e ruls TR P IRl Qo ppmie sy by, SC
and C} vhibEg IDEnBEgespdetivdiced evishpepased fsomtie2Hr 3 fthbke hinge region
cysteiRTUROIAGIHRREIHANCRS ARt 303 Y Hka@gséaié{&%%gy&tg%ﬁgﬂaw #f3m the hinge

. %E NQOs: 29 and 30, 30 respectjvely), which js an anfj IL-6 receptor
region ok 7 di &%%}%#8 APV R ﬁ%%a? Jrogenetty could be significantly decreased
while maintaining an IgG2-equivalent stability, only when the cysteine at position 131, EU
numbering, in the CH1 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.

[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-IgG1 (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:
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
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compared with regard to heterogeneity. WT-IgGl, WT-1gG2, WT-SC,
WT-CS, WT-SKSC, WT-M58, F211/1,39-1gGl, 54 F2H/L39-1gG2,
F2H/L39-SC, F2H/L39-CS, F2H/L39- éQSC and F2H/L39-M14 were
assessed for heterogeneity by cation exchange chromatography using an
adequate gradient and an appropriate flow rate on a ProPac WCX-10
(Dionex) column (mobile phase A: 20 mM sodium acetate (pH 5.0),

Fv5-Miolite qhlais &/ BiS2RI 3aNEEGU I NATetdtd/ i Na B L (pidabra)) SEQED NO: 45).

asmhés'@ﬁbﬁl&ﬁﬂﬁw Ry 240N NFH2RYL IS ANAIGLEARRYTISs receptor were
n F| fA hown |n Fig. 17, conversion of the constant region.
compffrsan Té?o‘é

Y Oh FSERPHs Mhcheigggptor antibodies
e SRS L SO,

BaF/ g?/lﬂmf ﬁ?&ﬂf%gt?\% g&ﬁﬁﬂéﬁ%@ %@fﬂﬂ&éﬁ%c{ﬂb%@@f mﬂfﬁtﬁ\}%&@ n@fe control

or M58. Meanwhile, conversion of the constant r%glon into S

(the k%?@}?ﬁ@&hﬁ%@&f@%é&ﬁﬁﬁ%@ﬁ%%&ﬂﬁ%@é% %F@%@@xmpie, and
VQSFHbwe g (Cotueriiod info CROMNG0SEH(ert HefonpioyE hatplegengitthod). The

resultd %i?tgﬂig&’ 'B§%é?é’fﬁﬂﬁ ﬁgot%%%%gﬁwi‘a%m{ &é bcf g?e@g ! d}lbggi%g%%lﬂ@ B/ gpl130 are

pre arln% stable formulations in"devel opment of antibo

sho HatR (HESHLFHIM AR alseeansiab g s -Midpsimk @eféﬁﬁb}hté@éfsemratmn of
300 nghehmalddénanir foq (TIAVMUS, Was-elevemmdvby\dmw@rhél IL-6

COI’iC@&&g{%&Jﬁ (gf %%'8 gg\%?ﬂ% I%r 7érhe rﬁld£ R}% Ve abo two o
R o $ei have ahout

temperature enaturation (Tin €) serves as an Indicator

three tiggsigher &ém&%g&%@&%@% wibidie Y 3 iS3axhilisyalkent 100 times
higheegféintisy ehkigheCMiBPoMAB a3t ﬁeaafdifﬁﬁnak@l %b’a&tﬁ@ttﬁe affiRtyalpe) 5-M83,

: i f [N mSCZOO )il Gl WT-
e LR AR O 0 SR o e
ConSt@bW%ﬁéﬁ%%féibbmﬁ&hﬁ@&aze mmf&;&wﬁé@ﬁaﬁe JAS@hﬂWFlM@@!g 20,
Fv3-MH 643 mmaﬁhﬁr@m%hwmg@obmaﬁegtmwa@%mg%%nmA@ shown in
. 0 to 100C, and a rot oncentration .of about m .

Fie e B G s g o of
TOCILH & 6B e tarals ebPdmiahikitiisyerphecnatsidon.befow- 8 3ralsteca iibiCabout 10

times MVolrdg @é&ﬁl@zlﬂﬁ-ﬁdﬁ@% %"»zenM\ABt%%@@WX&&%&&XM&S&%@%&MO1 (the

7 Th alues of Gl and WT-1gG2 were almost the
knownvg}%ﬁ/l%%n LPE 61216 r\é?ep? or antl )% g

Table 5

k,(1/Ms)  Ky(1/3) KD (M)
TOCILIZUMAB _ 4.0E+05 11E-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 TOCILIZUMARB, the control, Fv3-M73, Fv4-M73, and
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 t0 5.5
for Fv5-M83.  Thus, each antibody had a significantly lowered isoelectric point when compared
to TOCILIZUMAB and the control.  Furthermore, the theoretical isoelectric point of the
variable regions VH/VL was calculated by GENETYX (GENETYX CORPORATION). The
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMARB; 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
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IgG2 was about 1 C lower). Meawhile, the Tin values of WT-SC and
WT-CS were about 86C, and thus si%nificantly lower than those of
WT-IgGIl and WT-IgG2. On the other gmd, the Tm 30 values of WT-M58
and WT-SKSC were about 94C, and comparable to those of WT-IgGl and
WT-IgG2. This suggests that WT-SC and WT-CS are markedly unstable
as compared to 1IgG2, 55 and thus, WT-SKSC and WT-M58, both of
a signiihicilalsove o priste suluspitiio wvbEsermpdord cy EOINELIVINBIGA laadritainpntrol.

Accoréfﬁ%wefﬁé aoimisiseuelopmant /i ANtkady HRAMACEHEGRIS LRSHRAI T be
He significant decrease of Tin in WT-SC and WT-CS relative to 1gG2 is

‘mproﬂﬁgmnt%og@%fﬁ@‘éﬁ&g i fieMisEifBe-B6 Mg battern between WT-SC

orMACEHC:S1ame sl G Re Sdriatiherspane sequmpaeis6i OCOIL ddndtuiation 73, Fv4-M73,

or Fvscmgwgwy%tu\éﬁ '@ﬁm\%ﬁ@tﬁ& i’él&:%é@ﬁ@ Sth@Da result,

and single denaturation peakfort e Fab omaln In_con

TOCTWALR & R s perrdigtepdader ad relierippe sl nd QHLA. Tn
contraWIhl@ﬁﬁrﬁlﬁOo@aa@msh@ﬂidewmqﬁ@ﬁcﬂ&é t@vb&rdeampeealu;etspie ehthegnificantly

reducdd3R 99@‘1’%‘&93 dﬁ@é?&?‘%ﬂ&g e”?ﬁaa!d&‘ci’o‘ﬁoﬁk'%%‘ﬁg\%&% 3591873,

component gives a sharp D naturatlon péa en two or

Fva-Midretchora ﬁl%‘swaﬁnaﬁ%é@ﬂu%@%és (hamialy erspigeheityhave suggest the
possibiliesent; ihendenasiationspaaki pedined/heorded. ibpegifidaly FEeM73, and

FvS5- h%%’g%é%escé;%g%c{%s%lb gests by possibility that each of WT-gG2,

|ns two or more components, and thus the
natural-lgG2 heterogeneity has not been sufficiently reduced in WT-SC

[Exangid WP tog finding sugeestsdhatirol onbeayetaingbdaidhenldireps

re blg.la(%%[ CHI do v the
_ he ear%genel y, a (j é IS néc%es%%?gwag?gﬁ\zﬁébﬁﬁy e%lﬁ%}si\%r? é}ﬂ%ﬂ%
intravepgish Bdiansierrssenie te @ete abinaigks Heeyaaswliis D®Tkeys to assess the time
coursdgeipf@ge@gﬂ@mfwﬁh@fﬁmr@a@@a@ﬁ@fﬁa@ﬂcawﬁ@ﬂ%ﬁe garqtﬂ@gasma

that.of wild type | n.c es inbo
Cmce%m 10“rtégl%rr\i/ an(?stﬂ% f %%@%%@sﬁ r}l éd 20" %ﬁ@agb Xél}%é% after
intravenfygesim iniatrhiom thesherspétive il het€hsgendityhanedtablityclscf BvidM73,
Fva-MFS, mmﬁmp@ﬁm{e@g@ﬁmﬁﬂ Eﬁ'ﬁ%ﬂﬁ&!@ﬁ%&@% é%&ﬁba

the o icient as constan ons
monksy LD %rﬁi@%ﬁa%na@% At Tt
Fvd-Mill§covehelddisabsratimdip iogeneiy pbumamlsugﬁmeavmgn deurpasédowhlle
TOCIE%@MRH@Q an 1gG2-equivalent stability, only when the cysteine at
ion 25 num en in the CHI domain was substituted with
DT S 5 A TG B ST Py BBl monkey IL-6
receptmdﬂt@eimsﬁqzdmﬂ}hﬂ@ﬁplgm Maskdpdtribedabdveibepal toblantahb8sly in the
lower @QQ{W§ RS t@vt%,l @199 fﬁﬁﬁ ﬁ?ﬁ%‘?@%eﬂ%lf% e?fﬂiq %@ﬁﬂ&&%ﬁ%ﬁaa (Day 3 to

harmacoKinetics, and thereforé are expected to be very useful as

Day 1 RE LGSR b RO A FCSITERR SORER BRI YRS determined 24
hours Gendrati Gz bt dutly Bxmmeahizied methdds rédeptonantined eSORThdompeav@tion after

adminRE4RBn EP&@H%%&MIMWHW Sati-l 5 Lecentor ARUREGY MLty antibody to

improved PK/PD
neutralize soluble cynomolgus monkey IL-6 receptor, the plasma concentration of free soluble

cynomolgus monkey IL-6 receptor in the cynomolgus monkeys was determined and percentage
of soluble IL-6 receptor neutralization were calculated (see Reference Example for method).

The time course of percentage of soluble 1L-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 cynomolgus
monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP over a
longer period when compared to TOCILIZUMAB and the control (the known high-affinity
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molecules described below were created by altering TOCILIZUMAB (H

chain, WT-IgGI (SEQ ID NO: 12); L chain, WT (SEQ ID NO: 15). The

following fully humanized IL-6 recepto? 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,
anti-1ISE& @dEpNOIdibydnd SEurEhesa8s ¢ebhhdiRy VBB 33 4SE D, I&qN@VﬁM&B
neutraﬁgééf'so\{&tﬁek%‘}%(%%% rﬂ%xh{%f ﬁ?—lﬁ Fé&%‘”i‘&@ﬁﬁ'%%fré’ Labat \%ﬁ f7 d suppressed

Fv4-M73, and Fv5 against IL-6 receptor were compare

the ineregeq OEAAN ABUBIR S EIRRIHEY DRPEGY Ahtd mcenf@e@aféraalﬁﬁsw;@@od when
compatedanBiec BB Shovih AndTiablechi(eke Rﬁ&@ﬁﬁ&xﬁg@aﬁeﬁieﬂﬂfaﬁ&aﬁk@d}i of Fv3-M73,

Py4- mrt%arﬁewggl&é &%Eé%gﬁg H&%ﬁﬂ&g'{(\% %ﬁnown HEIG0 fﬁerg?% Bopnd and

those of TOCILIZUM e contro é}‘g
solublgddspseapifbbipydSibdd iMeReraA dbersestiple, dhwéivﬁihé’ﬁ and Fv4-M73

are rethigiGibliesepibrést in biStZ00H 280040 (satRefevrRase BraPpieNd3 suppressed CRP

determlnln e bhi ical.actiyv,
i {950, TGS AR OSSR N PRESERISE SR .
Thus, e dddias, %%IWSMQ%W%%@%%’%%@HE%ME 0BG Ay (the
knowiBhigH-gTia0{ BRCILIE Wit rvatddD) anskivdiv A3 wihsrdinabbun® and soluble

con entra ion of 30 ngﬁ/}p&é sho nin, Table Fv3- M 3 and
mes

H.-6 reC PO e tsm %g M ect the
hiabe about two o three rhlsg SRt y%han)ﬁnﬁlaﬂ_%’ﬁ)l St

strongena gy ekhibidEE0ur 1o tpsestonighd sadhaiy belngi@TitizitnpSBv5-M83 in the
BaF/gﬁslmgsgay@%é&ﬁcl@ngmqg;y@ﬁlﬁ@lafflnlty of Fv5-M83, instead the

ffi det ine SI e constant .

e I S s WD ARG v
their aaﬂmtty; 88§15 Ay ALird Edgetor- mMzmamutMWBeammm«agmy
TOCIEIMB%B%W@B@ dbawoT Qfd kY MARe &ﬁs%gmaaim 18ddR EYAMER and

e R e T “%”gisﬁ%%ﬁf Lo aLatly

superi@ixin biRTasgiihd Otrengds dfi gﬂ@ﬂt}é&&@hmﬁgﬁeﬁw@wgtﬁemtﬂlﬁﬁﬂg antibody as well
as sustifiREARECABAS Y ligRIRaR J1R10NHOL (Ures 20,kQWn NaNRTIAIN ted to be useful
h anti-1IL-6 r éor antibody). Table 5 ka(1/MS) kd(1/s) KD (M)

as PhaRpRTISGIAR ATGIERBRS- 16,03 2 7E.00 Fu3.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
[Referémeb HdaiBfejSO€lectric 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
Prepangopiedistchpdintavers bibant &:3clan ERCHITEVIAB 6 abaut @& 4c11.-6R)

Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus
monkey 1L-6 receptor (Bimey et al., Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Database
issue):D556-61). A DNA fragment encoding the whole cynomolgus monkey 1L-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
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 celis was
purified using a HisTrap column (GE Healthcare Bioscience) and then concentrated with
Amicon Ultra-15 Ultracel-10k (Millipore). A final purified sample of soluble cynomolgus
monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a
Superdex200pg16/60 gel filiration column (GE Healthcare Bioscience).
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to 8.5 for the control; about 5.7 to 5.8 for Fv3-M73; about 5.6 to 5.7 for
Fv4-M73; and 5.4 to 5.5 for Fv5-M83. Thus, each antibody had a
significantly lowered isoelectric point \?/%en compared to TOCILIZUMAB
and the control. Furthermore, the theoretical i.soelectric point of the 30
variable regions VH/VL was calculated by GENETYX (GENETYX
CORPORATION) The result showed that the theoretical isoelectric point
GNP PE 5evhie.-0diefiolf .49 for Fv3-M73; 5.01

fo r@ﬁ%ﬂ*(k?iéu@%ﬁ«@? ﬁpféF»v% M%ﬁmEhl!:%» SRRy B Wlow.  The
lIEnlflcantly lower ‘Agé I?(t)jlleaectrlc point when compared to TOCILIZUM

nucleosly ARG SN @wleﬁ@ﬁﬂam%méﬁ@gro$&@§%@H@q@wn No.
P79343rwaF pBeMediwad thoughnto weanimpriovdtienhensamyater toThe resulting vector

. t
was mIr@cfﬁUe%éﬁ%%}%ﬁzﬁgﬁ Fgﬁ%\?} I%I%?Bi% gs%ll&l E@(I)l;’%’i\%@l\ﬁn& fiog. é:)roducmg
o i

d ugh?ﬁleﬁweeﬁewém zéoar%ees( %seﬁewgsse%@feﬂtusmg a
SP-Sefi@QON/ZFD MABwASBrEdidtechto Rinseidnce)l apittpesontwistediany Amicon

Ultra- CO¥IgRINEL IR tﬂfﬁhﬁ&eﬁomﬁ@ﬁhﬂ‘ﬁﬁﬂ@&’%ﬁ&gﬁﬁ@? t%gg %rﬁéex/ll}g 6

predicted to bind to T-cell epitopes was signi

<hef€1fr@\f@f|\ﬁ¥3 SAVePEOBLHTSS. %%M@ﬁéwgméw@%ﬁﬁy@m7mm

filtration EvbuiBRIAE edtheatisBisedeenrgefandvied s dulychttatanizath ARgsen Ultra-15
UltracS989 ﬂﬂ;&g)poss'b'“ty that immunogenicity risk is significantly reduced
In Fv3- Fv4-M73, and Fv5-M83 when compared to TOCILIZUMAB.
[Example 12] PK/PD test of fully humanized anti-IL-6 receptor antibodies

Preparﬁtimmﬁkemoﬁadhﬁf 06N ZUMAB, the mentiglifods-M73, Fv4-M73, and
Fv&ﬂvgﬁfﬁyxeéeﬁs favEnovelo R INSISIELRNTE SLaaeTn iR, o
nomolgus mon O assess the time courses ?Qﬁelr

Bfr?gl‘(ege @@@ﬁﬁé@@%ﬁ#}ple YR Ridthad)hfekel pmﬁglbed in US
2007/&23@@&!5’[[@1!@(?&m¢mm9hﬁ%&dﬁﬂiﬂ%&d%%§nw&s GY 4 M 3R chain as

ntraven admln str shown.in Fiqg..21. The result
e o S ISR Eney S e SR o
ConsﬁWﬁf}aeﬁﬁ%me\ﬁe@mWﬁeﬂwm SyrahBighs @sendnk&@RyhefgGl was
used aSEGHBRBIRENIRD fE@@rhUZﬂMéﬁ@&%rm&%@{dQBH%% e¥RM (R ANGmbined

uhstantiall proved har kinetics when
o R P A BTG, PN AL o0ty R a9 onstract
expresm@ﬁmﬁemm Hy@"@mﬂg@lé mk@f intgesscepior wabaddessgatnces of the
resulﬁ@g}’é‘ﬂf?éﬂﬁ@ﬁ %@fﬂ?@)ﬁv&eﬁi&‘f&%ﬁ%ﬂ' g%ﬁéﬁﬁﬂp&%ﬂ%ﬁ%%k@ﬁe@n the art.

The b RO Doy 15 o4 A o P ERATE RS 1 o SRl s

GXPWS&%@@@IWW@WHMMIMSCUH@H&M vt s thatend8ee described in
Exmﬁ@ﬁerence Example for method). The time course of CRP concentration
after administration of each antibody is shown in Fig. 22. To assess the
efflcacy of each antibody to neutralize soluble cynomolgus monkey IL-6

: ylasneal coheentbatiomoehfped Jdlekdecssing BaF3 cells (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
supplemented with 10% FBS, BaF3/gp130 cells were suspended at 5 x 10% cells/mi in
RPMI1640 supplemented with 600 ng/ml or 60 ng/ml human interleukin-6 (TORAY) (final
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
RPMI1640 containing 10% FBS, and added to each well (50 pl/well). The cells were cultured
at 37°C under 5% CO; for three days. WST-8 Reagent (Cell Counting Kit-8; Dojindo
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30 cynomolgus monkey IL-6 receptor in the cynomolgus monkeys was

determined and percentage of soluble IL-6 receptor neutralization were

calculated (see Reference Example fépmethod). 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 cynomolgus 35 monkey IL-6
Laborregepioras dilmodet susfalihalite MYy, ahdmopprebsefldhelintidase @bedRPwas added

to eaclP ¥R HERYSSBEHACLVIRN.GO ?%{%%Q&&gg "éﬁr@%}%&eﬁgﬁﬁp& using

the known high-affinity 58 anti-IL-6 receptor antibo rthermore,
SUNRSE{ DA NARE A7 i IR ST g oRpRgbance 450

(referenynommeigurssthobikeyil)-Garecrptordd. sgafrore Shstairakiecpay neidalizing activity
' I monk -6

s 2 R S R A ot e

control. These findings demonstrate that all of Fv3-M73, 5 Fv4-M73, and
BiacoreuEdB3natesbuptbiadingsudBisingdpeneutralization of membrane-bound

an b -0 I OCILIZUMAB and the con

e B S R Phg 1L Rtncere)
The Skt tranubadn iNmasiomimarmsasesistippraasbli o REanteprets solabids of anti-IgG
(y-chaRystiolguF (abNKeyH 26 ERaeianBRESHO e MRl Hand antibodies of

. - . 1Ehu :M83 is considered ta be stronger.than.Fv3-M73, .
e e R L gty S B Bb g verious
concerdatisg A i et @uf the shitnb aadstnd Adlmensblemigns regepwrisdtout at 37°C.
The kinafk ansideed ibajdiesulisae tbiivenok CyNam9laisdRenkeysy elle Coit@ant k, (1/s)
were Cghr:%p%%eeé ?ﬁini%fof ';\gé"\ﬂf’?’ fo ,Elala-%%%ce torsand str?n%bloggl

Activity of FVb-ME 3 Th the Bargpl 50 Aesd et relaif@ 'Pr@ﬁo‘ﬁ??ol.
determppekatiediimySre tigg eonsiantsv 31T S spas thxel per A eiceshighbydstgrerinedrusing

BiacorsUsteinings dnithedoaeiilieg @ $iam@pki-h.-6 receptor-neutralizing antibody
when compared to TOCILIZUMAB and the control, and thus enable to

significantly reduce the dosage and .frequency of administration.

receptd€iS Sh e strength f activity as an anti-IL-6 receptor-neutralizing

ibod ell as sustaining their activity. Thus, Fv3-M73, Fv4-M73 )
Z%&%&P&e&% RS EROTAlRH S REPRATRG dstrespAL By ELISA using a
methodktayonistthqRefcténca Excaartple] Preparation of soluble recombinant
CYPRNQISIS ISRk @1@R%Q:?Hé?érﬁﬁihé‘é%)iﬁ?aﬁ?%QEBBH@&%H%{&‘@’?BETA: L20FR;

. . d on.the disclgsed gene sequence for Rhesus rmonkey IL
Toshit S STVEP L) SRt FoRB TGO R S R SbdeOmiL s
(Dhbalydsenissuer b bf. ffediAftagyrenh eipas dingltbe I\M@i@qeptor in
cynom&@ﬁ%ﬁkﬁ%g%t&ﬁﬁg&%@tﬂ{e JRNSHES RIGRAGARY,RC Rﬁfﬂg}tg%ibodies

primers, and as a template, cDNA prepared from the pancreas o
(CynOm O IR s hee T R i J IS RPACH AR RS s i hBeR i e af receptor

antibodnsnlibdebynomolgus 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).
Then, the solution in cup was spinned down using a high-speed centrifuge to collect the solution
that passed through.  The solution that passed through does not contain Protein A-bound
anti-human IL-6 receptor antibody-soluble cynomolgus monkey IL-6 receptor complex.
Therefore, the concentration of free soluble IL-6 receptor can be determined by measuring the
concentration of soluble cynomolgus monkey IL-6 receptor in the solution that passed through
Protein A. The concentration of soluble cynomolgus monkey I1.-6 receptor was determined

using a method known to those skilled in the art for measuring the concentrations of soluble
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30 expression vector, and a stable expression CHO line
(cyno.slL-6R-producing CHO cell Iine% was prepared using the vector.
The culture medium of cyno.slIL-6R-p (])ducing CHO cells was purified
using a HisTrap column (GE Healthcare Bioscience) and then
concentrated with Amicon Ultra-15 Ultracel-10k (Millipore). A final purified
sample of soluble cynomolgus monkey IL-6 receptor (hereinafter cIL-6R)
humanyhsboltairted thbobighefarthemplgrficatidren hla 35 Suber (X 20Bpgieaaedels

descrifitratigecRldMe: §GE Healtheare Bioscience). 59 Preparation of
recombinant ¢ ngus m nljgel II;@? écIL-G Cynomo|gus monkecyélLL- was )
or S BEPAE SPUHE F BAERL s b BAIGAPPHE  REAGORER LTy Tollowing
formulgncoding 212 amino acids deposited under SWISSPROT Accession No.
Rl SxpiRRsomyRCtor.
y - . AG‘«-.... ex
| YA MR RRure
medium of cyno.IL-6-producing CHO cells was purified using a
Indusﬂ?ﬁiﬁ?ﬁ%‘&?ﬁﬁﬂ:': column (GE Healthcare Bioscience) and then
concentrated with Ami.con_ Ultra-15 Ultracel-5k (Millipore). A final purified
safRsIB BTy ABYRBIRSHRoocs, tlko dh eparianriicgipts) s bofambgrmaceuticals,
whosethligsighchutiiesiptifieaiian nibiiSupel liextpprg 2Y0 0 gehitb fithadion safety, and
| l0SC ). fo ncentration with
phm%%%%% %ngfrﬁgufg é%ﬁ%%?ﬁgﬁmgﬁé)&%wgg é%?g%}%%' of a known
high-affinity anti-IL-6 receptor antibody An animal cell expression vector
was constructed to express VQ8FI1-21 higG1l, a 15 known high-affinity
anti-IL-6 receptor antibody. VQ8F11-21 higGi is described in US
2007/0280945 Al (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). IgGl 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-1L-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 cells (BaF/gpl30)
The IL-6 receptor neutralizing activity was assessed using BaF3/gpl30
which proliferates in an IL-6/IL-6 receptor-dependent manner. After three
washes with RPM11640 30 supplemented with 10% FBS, BaF3/gpl30
cells were suspended at 5 x 104 cells/ml in
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RPMI1640 supplemented with 600 ng/ml or 60 ng/ml human interleukin-6
(TORAY) (final concentration of 300 ng/ml or 30 ng/ml, respectively),
appropriate amount of recombinant uble human IL-6 receptor (SR344),
and 10% FBS. The cell suspensions were dispensed (50 l/well) into
96-well plates (CORNING). Then, the purified antibodies were diluted with
35 RPMI1640 containing 10% FBS, and added to each well (50 l/well).
The cells were cultured at 37C under 5% CO2 for three days. WST-8
Reagent (Cell Counting Kit-8; Dojipgg, 60l aboratories) was diluted
two-fold with PBS. Immediately after 20 | of the reagent was added to
each well, the absorbance at 450 am (reference wavelength: 620 nm) was
1. A honeasarebodsingn SadiNfedn CEAiySike GFECAN). After culturing for two

() ahﬁmﬁhﬁoﬁgﬁég}?&ﬁ&e Q%ér%%@gt&&%r?@{@%&%‘ﬁ 'SQQ@W%? ML h 329

measured a eutrallzmg activi assesse

(positiga;fdbrintha ShGRusr B @ BEHER HtRth G ﬁ@ﬂl‘é‘)ﬁ@ggl (perEasri47 in the EU
numbdBiRgeyerdmpadtanalyiis afidindingte UF-SEECHPOANtigen-antibody
®) ah%?ﬂ%%ﬁﬁ%é]g}; saRARalvRst g Racora i (e, e@thcafs it 25

mterac on was me sure y ImmonDpilizing approp

(positigpbifia @ﬁ Iyesbaong syt ek iy ﬁ@@ﬂz@h@@@eﬁg@aﬁa wythe EU
numbeRIRg G Somplinghaethiad, diading antibeties ofhmtene @ﬁ&p the chip at

() a hRHLA ?%dc}he” r%ﬁ}] 1l “5n6t e é?'&%e@%“i‘e?d%s’t o&ya Ioussin%n 326

concen ratlo ver as an analyte mea UI’

(posrtrmﬁé@mﬁmwmaﬂmnmétmbmdﬁammmm@sgéaa:mnméw in the EU

numbegtsiasttkd 1 vshand disgacialiond aeseanstantdsdy1/s) were calculated
from the sensorgrams obtained by measurement. Then, KD (M) was 15
determined based on the rate constants. The respective parameters were

2. An glidreamsantisisigrBmvdielTho o1Eing aeiie niSuititines (9E (desilibodd).in the EU

numbdRiKRPstesh 1o aﬁzgaaaﬁ&tm RIPEPECARGERNLIA T{ﬁe BesRhntbadies (Sddon 339 in

nd free solubje IL-6 for in onke s20 T concengrations
the B R B ARl i B £ bk Do Rrag g Sbstituted

with om\mmmés skilled in the art. The concentration of CRP was
determined with an automated analyzer (TBA-120FR; Toshiba Medical
ems Co. éusm Clag Cng (KANT.O CHEMICAL CO., INC. )%
RAEEREEFHAB R BPIFBERSHIBR? A5ifbhBRE R o Rep ELE° %’bi&ﬁrﬂiﬁ EU
numbezsl@ymﬁm]gu@mwrmkwgmhseqmemmuf&ﬁmﬁhéﬁp)oﬁéﬂm tecteschitiadted with
anothePglawoAlilgG 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
4. An Jpid cerotein negwddxad&h‘gﬁsﬂm aimtyneridigupdtivkey 1@l dsosaiontt ann the EU

numbe"i‘ﬂ@r s‘?ﬁoﬁ?ﬁ?éﬁiiﬂ tﬁe%ﬁ?lﬂ%%&f é@%@ﬂr%ﬁ%ﬁ% (&)osﬂi.on 133 in
Heal care dr|e in a 0.22-m filter cup (Millipor en, the solution in

the EU pmpss spmittsdrd %%@%%&ﬁ%@@ﬁ%% D/Bo ekt pdeen substituted

with asofbtiomino acid.

5. The IgG2 constant region of claim 4, in which the amino acids at positions 20 (position 137 in
the EU numbering system) and 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 have been substituted with other amino acids.

6. An 1g(G2 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 Gln at position
298 (position 419 in the EU numbering systern) in the amino acid sequence of SEQ ID NO: 2

have been substituted with other amino acids.
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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. Theréfore, the concentration of free
soluble IL-6 receptor can be determined by measuring the concentration
of soluble cynomolgus monkey IL-6 receptor in the solution that passed
through 35 Protein A. The concentration of soluble cynomolgus monkey
IL-6 receptor was determined using a method known to those skilled in

7. An %&?E‘c@?&@f@ﬁ&i@% W&%ﬁus emﬁg(r%( %L&%;r H?lt?o% 2091 ks 330.in the EU

ceptor ceptor repare as

mo
numbegRECFNSERRY b%lié%%it@bﬁgééra%fa% W#ﬁéﬁ&ﬁ%@@w BOSHEMIGEIR in the EU
numbetinG ESERBIY rmew&&:mwaﬁtﬁaleai@dﬂbﬁﬁgl@Wtﬁ@)]‘qm'(pla&ﬂfdﬁa 31 in the EU

soluble IL-Q r .CO ntr fter ntlbod ni
namb e, O X S PR 21 Fim the U

nmbmgmam)p Bﬁd@l@mﬁgmlrﬂé ‘e denEldvemsenriperidesanmisbd @ostiant! 38 in the
EU nuf€B8ions syéehirifohphaineaeidicaisensoss BIHYHIQ0ChORisR) apeitiestuted with
otheras-% bl|ltél<f\nd homogeneity), immunogenicity, safety, and 10
Armacokinetics have been improved by amino acid alteration. 62
CLAIMS 1. A human antibody constant region of any one of: 5 (a) a

8. Thehgmeo@mk@@%gmﬁﬁgi%mtmmrwg@tM&%bm&hf @ty at position

Jtlo on 446 in the erin iPe
525 GBSRB A0 (5 GO PPN R GG SR U a4 the EU
numb@etgjen‘@@rdf SEQ ID NO: 1; (b) a human antibody constant region that
comprises deletions of both Gly at position 325 (position 446 in the EU

oo B S b S e e 4 TSt g e 0
numbeaihg matemitibbdyostivstadt regionEHatwohepiises sleteliors(0bsitm G an the EU
numbdARIQR34 z@?@%@&é&@f@ thenkd mm{qg@ﬁgg%g%m , A0ALStRIn 137 in the EU

posmon 327 (position 447 in the Eﬁﬁnum ering system) in the amino aC|d
numbegitg BHETH GG HIPRIBIOR 1 37 AIF 1gc 3EBRSTEIR REGRM i Wisiam g 2cid
sequeran iGEEQADAN PoSitiens 1209 (pbsitiored8dtndtherEhimuachiting system),
210 (position 331 in the EU numbering system), and 218 (position 339 in
e EU numbering, system).in the amino acid sequence of SEQ ID NO: 2

10. Thﬁ&%@%@@ﬂﬂ%%@ﬁﬂ@&%ﬁ%&éﬂaﬁhﬁw@mgm@@f@%ﬂq@é%&ﬁéﬁhtGly at

: pos1t1d1egi2ﬁ1(pnwhmmﬂ63mMmEﬁmdmfb@0&tm@iﬁ {poditiont3BEitiotht2E (bosition 447 in

the Elﬁﬂﬂ?xt?t?& ) in the amino acid sequence of SEQ ID NO: 2 has
been subs |tute Ith

11, An Ig(2 constant region 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), 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) in
the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.

12. The Ig(G2 constant region of claim 11, which further 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 numbering system).

13. An Ig(G2 constant region in which Cys at position 14 (position 131 in the EU numbering
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another amino acid. 4. An 1gG2 constant region in which the amino acids
at positions 14 (position 131 in the EU 25 numbering system), 102 -
(position 219 in the EU numbering sys%m), and/or 16 (position 133 in the
EU numbering system) in the amino acid sequence of SEQ ID NO: 2 have
been substituted with another amino acid. 5. The IgG2 constant region of
claim 4, in which the amino acids at positions 20 (position 137 in 30 the
systeri)l AngrabpoingosyBidpgsaivh 23 positeoRUl 38ritbéhe Sty snermbEnagtysiaimg) 102
. [ \[O)
(positBI T ARR REmRALY Aﬁ{%%%a P bEER APPSR,

other aming acids. 6. An 2 cofistant region in w IS at position 14
numbepiagifsH ek HiAEPtitingRbERRY eyt Hie T pysier R thaakibhs at
positi@bD4i (hesHOn N8 hetrgERY stant)e Gng Ay e Al positienitam 238 (pesitien 355 in the

Ie u J el amipg,acid sequence of SEQ ID

U S R B BB ek, and
at posEiTs e (RAFGA I Hhia bt B mvsebstirg sisarltisnBezoning ssitore gsmeg of SEQ
ID NOhe Eidernigsrbaibegresiem) @hr(pasiionriadl in the EU numbering

system), 218 (position 339 in the EU numbering system), 276 (position

397 in the EU numbering system), 14 (position 131 in the EU 5 numbering
14. The kaevh popstapbagion 28 slarne Evhirnibahieicopumansg, ddetignssiddathiGly at
positidh YIS EbdsiemMDEE N tBY HEMLA OetROS QA3 Add the B SHMREING(position 447 in
the Eé%ste@gﬁgncsi %%% osition 138 in the EU numbering system) in the amino

am‘ér%equéweé of SEQ ID NO: 2 have been substituted with other amino

acids. 10 8. The IgG2 constant region of claim 7, which further comprises

15. AdleletinBsnafRothgly Al WRREHR: SnPasttian AARiln e bbaumPesne the EU

t Lys at position.326 (posit 700t bering, .
Tl R i S e R T R
anothe@7anipesitish 397 in the EU 15 numbering system), 14 (position 131 in the

EU numbering system), 16 (position 133 in the EU numbering system),

1 osition 219.in the EU n ngberm system), 20:(position 137 in the EU e
16. A p R )R A BE DSB8 At AT B0 HO Aot LBl b EU
numbehis@syiionacichsdonehte 6f BEQHDNONR hael BaelDdpbstiiitbdpoiiions 131, 133,
137, 18¥1e11aMing, agisls20540. 1&?299&‘%&@%@'}{1{&9%505}%‘@@ ?esWéHﬁQelﬁ)l,e and

... further compris dejetions of hoth Gly at position 325 (position 446 in
POSIIGHS Pl ibHAG AR Ry SHEPE g et o B Bob B GO AP R 8 .
respeativelperingsystem)bdituid WG tonstanoegids, mi/thieh:Gys atjdosifiosition 116

(positi]o% tResifion. ¥ Hﬁﬂ%ﬁﬁé NG R SUSIEIH g ﬁ'fepﬂﬁl%fg%gé sc%lence of

%glositi_on 133 in the EU numbering system), Cys at position 10 sitio
SEQ A 'tk the EU numbering system), Glu at position 20 (position 137 in the
EU numbering system), Ser at position 21 (position 138 in the EU

17. Tmﬁr&gﬁéﬁt?@eﬂ? Ahim 16, which further comprises deletions of both Gly at
position 326 (position 446 in the EU numbering system) and Lys at position 327 (position 447 in
the EU numbering system).

18. An Ig(G2 constant region in which Ala at position 209 (position 330 in the EU numbering
system), Pro at position 210 (position 331 in the EU numbering 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) in the
amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.
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position 147 (position 268 in the EU numbering system), Arg at position
234 (position 355 in the EU numbering system), and GIn at position 298
(position 419 in the EU numbering syst&m) in 30 the amino acid sequence
of SEQ ID NO: 2 have been substituted with other amino acids. 12. The
IgG2 constant region of claim 11, which further comprises deletions of
both Gly at position 325 (position 446 in the EU numbering system) and

19. Tﬂevfg@tzmitaﬂz 3@@&&@%@1@%@ w&@f&%@y%%ﬁmw@&m&? B ARy at

o ARSI O MBI Cla s potion e Geaton LU BRE D v

the E[ﬁumb@m@wgtem) Cys at position 102 (position 219 in the EU
numbering system), Glu at position 20 (position 137 in the EU numbering

0 A B e L B LR e
systenpogitipntI®4i (vositdp@iton B2 i5 B BUmberieg sy stetay GEyatppsitiom 102
(posm%%%ﬁ@cﬁ'tt@@ﬁ} St ewng ﬁyﬁégmé)n%ﬁlﬁ PESIHORS ﬁ%

osmone’{é{l in the EU numbering sy stem in the amino acid sequence of
b SYH Y- Fhae B eeN Lo St ealwﬁh Sthat WniHg meplkerive gsiem) in the
aminol gGQ segustentofsish 10F Blaind hayevieh fubienednytised delatioaadts.

both Gly at 10 position 325 (position 446 in the EU numbering system)

S at position 326 (pasition 447 in_the EU numbering system). 15.

21. ﬂa&ﬂa&é&%ﬁﬁ%@@%ﬁﬂﬁlwr%@hwhécgm@amrﬁsg.ﬁ 55 gideitiofly at
positigt0ih tresiEbh mmbehmﬁﬁymﬁmémg@mf)@Jﬁbldﬁ%qp@ﬂﬁ@mﬁ%@mn 447 in
the Emgﬁﬁé) bstituted with 15 another amino acid. 16. An IgG4

constant region In WhICh the amino acids at position 289 (position 409 in

the EU numbering system), positions 14, 16, 20, 21, 97, 100, 102, 103,
22. A hidhaanatiliti{posittensrd ddn L3zplisitg k88 adiife 4418, 524 8eretls2220aMINO: 5,

222 in the EU numbering system, respectively), and 20 positions 113,

114, and 115 (positions 233, 234, and 235 in the EU numbering system,
23. A huspatavehpdhesrsisek FreiopstRmBE g o iariamni scitisnan@ £5EQ 1D NO:

amino acid at position 116 (position 236 in the EU numbering system)

df h id f ID NO:
A P}ﬁ%%&% g’gcrfttean rfegléfgo(?nrz?mo a.rlcléjin\s%iléea?geooearcéom F%Iéce(ﬁ)f gﬁéwgo]f\r(): 9.

both Gly at position 326 (position 446 in the EU numbering system) and

25. A humai pasHiy 33dstpastiaprdiiprithesfé AHTRSNY SYSIEY FREMNID NO: 35.
IgG2 constant region in which Ala at position 209 (position 330 in the EU
numbering 30 system), Pro at position 210 (position 331 in the EU

26. A humasenitepaguternyianhreRiposittonrzig (posiiom 388l isedueretlof SEQ ID NO: 36.
numbering system), Cys at position 14 (position 131 in the EU

:--!

27. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 37.
28. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 43.

29. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 57
(M40AGK).

30. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 55
(M86).

31. An antibody comprising the constant fegion of any one of claims 1 to 30,



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®&U numbering system), and Ser at
position 21 (position 138 in the EU numbering system) in the 35 amino
acid sequence of SEQ ID NO: 2 have been substituted with other amino
acids. 65 19. The 1gG2 constant region of claim 18, which further

32. Arcaniplisés eleipiio natidigtBotlyr Rinp abHieih S (RQSHIHY 446 JAdRE EAdms 1 to 30.
numbering system) and Lys at position 326 (position 447 in the EU
numbering system). 5 20. An IgG2 constant region in which Cys at

33. A phamBRCIIRTSIIP LS o e RPEINA thesena s yesion)o Paagyamsosivtnins | to 30.
(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) in the amino acid sequence of SEQ ID NO: 2 have
been substituted with other amino acids. 10 21. The 1gG2 constant region
of claim 20, which further 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 numbering system). 15 22. A human antibody
constant region comprising the amino acid sequence of SEQ ID NO: 5.
23. A human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 7. 24. A human antibody constant region
comprising the amino acid sequence of SEQ ID NO: 9. 20 25. A human
antibody constant region comprising the amino acid sequence of SEQ ID
NO: 35. 26. A human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 36. 25 27. A human antibody constant region
comprising the amino acid sequence of SEQ ID NO: 37. 28. A human
antibody constant region comprising the amino acid sequence of SEQ ID
NO: 43. 29. A human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 57 30 (M40AGK). 30. A human antibody
constant region comprising the amino acid sequence of SEQ ID NO: 55
(M86). 35 31. An antibody comprising the constant region of any one of
claims | to 30. 66 32. An anti-IL-6 receptor antibody comprising the
constant region of any one of claims Ito 30. 33. A pharmaceutical
composition comprising the constant region of any one of claims Ito 30.



