DESCRIPTION SOLUTION PREPARATION CONTAINING STABILIZED ANTIBODY Technical Field
The present invention relates to antibody-containing formulations, in particular to stable
highly-concentrated antibody-containing formulations. Background Art 10In recent years, there is an
increasing demand for developing self-injectable antibody-containing formulations for subcutaneous
injection according to medical needs. Designing antibody-containing formulations for subcutaneous
injection makes it necessary to increase the antibody concentration in the administered solution, since
a single doses of antibody are very high (abg[%%@%fgﬁ%ma) and the injection volume for
subcutaneous injection is 15generally limited. Ighly-concentrated antibody-containing solutions
tend to form highly viscous solutions by themselves due to intermolecular interactions and
macromolecular pgIeiU ThoraptEFBAcsA FLOter manes degradstian pHempmMeNanBupyas aggregation
becomes problematic when proteins are stored as highly-concentrated solutions, and thus, this
degradation 20must be prevented. In particular, highly-concentrated antibody-containing solutions tend
to form dggkadeaiekieldring freeze-thawing, or when stored in liquid or frozen conditions for a long time
(Non-patent Doctipgnisehtantealion reldiesdatetfiiey Righhircaneantiated antibpsyreantaningle
formulat'honﬁ are gen ra%llé £r§%acrleg b .conve tionzill tI%/ophilizing concentration method (Patent
Documeht 53 WhiCh 185 Irlnleﬁﬁdclporélslf}igﬁiz(i)ﬁl(},]l |ag q?i‘:oncentrated antibody-containing
formulations. In the method, highly-concentrated antibody-containing formulations are obtained by
lyophilizigg-par-anitpagy solution of a relatively low concentration and dissolving in a smaller volume of
Wa]tngr than the VPIume t%elfore Iﬁé)ghilizati.on. In this case, the i(gcriased vi%ceositg ledissolved
formtulations is of CSHERMAECAULS 5 HyRIStERamTRAR ‘98 LnGAPRIE D RI5E o obtain Iyophilized
30formutatibndy-conthningtfaspebti thisfproblentaren e raedide diwwhehng liguiddfoamdadion is prepared
without Ima@%@%;?mwdwewai%gm@gﬁo«’fx@%ﬁ&ﬂ%ﬁ%@%&ﬁ@&%ﬁ%ﬁ&&%&@ ipipg liquid
formulations tend to form aggregates, Nanetheless, such formulations are highly demanded because
antiboc HEHA TG AR ForASAEERS AR CASIP HAHAC Aty SERA2 S SSRaIATERE 4 can
be readilydfommubagbd dhtotprefiled &Yyrmgerfdimuiatiotisn Lolheeddravbdeervariois studies to stabilize
highly-copgenirated;antibody-containing liquid formulations (Non-patent Documents 1-4). Histidine
buffer and arginine have been reported ta be useful as a buffer and a stabilizer, respectively, in
antibody-contairing GRS BIEtiARL XS AL BIgERsetE s dend 1 Lo BiehiNe Kititiine buffer is
commorsylused iy Steenfolne oflwydrothtorideacidr sateriReoantlyditrhas heder népontedithat

nistdinessgeiale shaws fhigher HaGlizalan seehan bielins tuiestinris agd us acetic acd s

useful as a_counter ion species in histidine buffer (Patent Documen eanwhile, arginine as a

stabilizeP PR BEER HERR AINFIRsEIS S tTeaih S A reRr R B GroXHI ae, Hdiaiethin dese s,
sufficientstathidityrés arot dbtdinpd-tich i, hydrbeblarienacid daadetiy aciatdmiigeshasiansaandanion

species 0.1 ONSHdINg Of HIIHRR, I BSOS SURGIRLEH %Hﬁ?éd%? RECIES Argingsded: B YL‘?{gZA”
Documents Patent Documents Patent Document 1: WO 1997/004801 15 Patent Document2: WO

2008/1 2485 A O DAFERES WedDBD9/141239 Patent Document 4: WO 2008/071394 Patent
Document 5: WOx2@36/065v 4 IPatanicBocuadent body @006/04 4908.20i Men-eatemrklbcuments

Non-pat ) l: €s.] vel t j i neentr tig fcrmulations,J
Phan SR B D SRR R R0 ec.
2088): 708¢thodHon stabgieschishIXpLparEAID SBL RvSHt PrMEBEI) Sarations; inSdbritycding:
formuIaﬁﬁghl&EdSlﬁféﬁt&@é@%&@Bo%%{tﬁ)g&@ﬁyh&ﬁﬂaﬁ@lﬁr&@@m{namb§1:lﬁqmmwa@éhaﬁﬂiﬁ@wefy
Issues fop fr ?o%%%@nr%l}ﬁp\pe lg?é/‘é}%%r%%?}%f};gﬂ Ay a[?srs%gﬂv%%' iﬁ%‘kﬁﬁ%@eﬁﬁu&% O £88; 108 Disclosure of

the Invention roblems olve the Invention 0 Ive of the presenrf Invention is
to providé®stas eekigh b aritrate dlamtib sasechstHinipg s nindatibhelWisiet varbleunalistader is
subcutapeesise agBiisiEatOfy oprotectant such as sugar must be added to obtain lyophilized
30  formulations.
In that aspect, this problem can be avoided when a liquid formulation is prepared
without lyophilization. However, as described above, highly-concentrated antibody-containing
liquid formulations tend to form aggregates. Nonetheless, such formulations are highly

demanded because antibody-containing liquid formulations are easier to handle than lyophilized

98]
n

formulations, and can be readily formulated into prefilled syringe formulations.



[Means for Solving the Problems] 35To achieve the above-described objective, the present inventors
conducted dedicated studies. As a result, the present inventors discovered that a significantly higher
stabilization 3 effect was achieved by using an acidic amino acid, aspartic acid or glutamic acid as a
counter ion species in histidine buffer or tris(hydroxymethyDaminomethane buffer, Le.,
histidine-aspartate buffer or histidine-glutamate buffer, or tris(hydroxymethyl)aminomethane-aspanate
buffer or tris(hydroxymethyl)aminomethane-glutamate buffer as compared to conventionally reported

Sbuffers for phampagemicabéermuriisnsrlic ra stistigingdnysrashiaride-auiiensad distidingacetate

buffer. The ent jnventoys also discovered that a significantly. higher stabilizatign effect was
achiovel B L TG SRS BP SR thar thrd LB B 90 ein B T B aciic
amino awdodspavtheasidBrgtamiis avitlhatehibaemtespoetispbciosantiddshstoriaimogldislich as
aLgininefwmﬁn'_ ﬁo‘ﬂ%?@'a@én@ﬁ&ﬁi&éﬁfs@@ @_ﬁp@,ﬂ&ﬁdﬂ G?.hﬁoﬂgéﬂﬁé;%ﬂﬁlb’%@f@xﬂ%%;%h%@@ fiar ;
pharmaceutical formulations such as arginine rochloride. Thus, esent inventors discovere
EhaC ot MO8 BTt A by COMETHAG TS SRS G e BB SRihg thern
as a stabhilther stablitizersmetiont phetebiishidipedsanodhleitiomSpesidicaityade prestibinaentioter
provides, A 3pk-f siatR NP edyrGaPRESINSLIFASPN SAmRHRING Qgﬁ%@%%%@ﬁ@&ﬁ%me or
basic ar’glno amd-glg,am te; [2] the formulation of [1] comprising histidine-aspartate buffer or
histidine2GRt&ATE BUSF WHErATTh e BERIR AR NG AP R Histi GIRRSVeT (81 HBGSATSIOH A4
comprisitgpdrginime aspanattvareargiminelghriamateovabetieiacid e shasit BCacninveadich ipacginioe; [4] a
staple aptiady-conpiising formulation.camprisingihistisingRsparate,buffer or histidine-glutamate
buffer, and argininc-aspartate or arginine-glutamate; [5] a stable antibody-comprising fonnulation
comprising tris(hydroxymethyeaminomethane-aspartate buffer or
tris(hydreegméthiloaiminomethane-glutamate buffer; [6] a stable antibody-comprising formulation

comprisggtisfydigxyrnethyllaminomethane-aspartate buffer and
tris(hydroxymethyDaminomethane-glutamate buffer; [7] the formulation according to any one of [1] to

6], whidrHeE LABHEERStantiQ Iy EdRBA8R130chloride ion and acetate ion: [8] the fomulation according
to Bhy obPsaft[Dbtadrdnyhitcadaigorzilyl somprises a sugar; [9] the formulation according to any one

of [1] to ﬁleﬁ‘fﬁ%gmnt&? gin]:gﬁ MV%{? ﬁ%@nized antibody or a human antibody; [10] the formulation
| WO

according to any one 0 erein the antibody has been modified 35to have an isoelectric
point (ph&¢5f fdogumeny ARi8A%ccording to any one of [1] to [10], wherein the antibody
concentpatian 3deQmrgi1womons;/opZkihe formulation according to any one of [1] to [10], wherein

the an?il%% g%%%%%ggpﬁéggﬁ%%&%glml; 5[13] the formulation according to any one of [1] to [12],

which is a liquid tion e formulation according to [13], wherein the viscosity of the liquid
forAulat¥nipatentdPecengnisss: [15] the formulation according to [13] or [14], wherein the liquid

{orr]nulz?miga&%bhlpﬁl&@%pﬁ@ﬁ@m@tg@@ﬁi ﬁjmeoﬁlﬂzﬁhé&ga%ig@ﬁﬁfmwa&@&?@ﬁ@gﬁing tlo any cEnelof
13] to [15], which has not n ' 0 ilization during preparation of the foiniulation; [17
the form%ﬁ) a .%%%’é‘éoma‘% a%ly%dr?ézﬁtgﬁéj’tgg%iaé?%@%ich Is frozen stored at -30C to -10C: [18] the

formulaismagtenrtidectoreny B et Poirol g chviedréd e A GlaTiod: 14 LiydpRlRect 31
Non-patent Document 3: Antibody structure, instability, and formulation, J Pharm Sci, 2007, 96

25 (1), 1-26
Non-patent Document 4: Formulation and delivery issues for monoclonal antibody therapeutics,
Adv Drug Del Rev, 2006, 58 (5-6), 686-706

Disclosure of the Invention
30  [Problems to be Solved by the Invention]

An objective of the present invention is to provide stable highly-concentrated

antibody-containing formulations which are suitable for subcutaneous administration.

[Means for Solving the Problems]
35 To achieve the above-described objective, the present inventors conducted dedicated

studies. As a result, the present inventors discovered that a significantly higher stabilization



15formulation; [19] the formulation according to any one of [2], [4], and [7] to [18], wherein the buffer
concentration is 5 to 100 rnM; [20] the foiiiiulation according to any one of [3] and [7] to [19], wherein
the arginine concentration is 5 to 300 mig; 20[21] thé formulation according to any one of [1] to [20],
wherein the antibody is an anti-IL-6 receptor antibody; [22] the formulation according to any one of [2],
[4], and [7] to [21], wherein the buffer substantially comprises only amino acid(s): [23] the
formulation according to any one of [1] to [22], which is for subcutaneous 25administration; [24] a

method &gfesupRresSiNg @beyagaiiomiacortian:tdo Hod fregamsteiaas shahaiyieanceriiaiedion

antibody-comprising. formulation by using asparti id or glutamic acid as a coynter ion species to a
buffer in‘the | or%lﬂgﬁgﬁ?el[!ﬁq#% Pr% SMP’S%%S@iﬁ%%Qg?tégaé]t_?obrﬁger%la?ﬁbn %h r]i%%'éﬁsqpual%a&orage of
a 30higHyfEsudntiedent st doriprisingiforvdirtore By Dsminemstries sasichuaiglbtelivicoacid as a
counter {gB(Epe@eiesHR B iahbrihedepriation: tafkaseihed ol lestibgagaeaation formation

bk
duripg frozen storage of a highly-concentrated antibody-comprising formulation by using aspartic acid
or g?utarﬁ?é%g{:sl(%% éégéaé%’&ﬁ?é‘g%)r{l%ﬁ%&% l%sﬁ%‘?gﬁlﬁigé%‘r%?%@@sfﬂ%ggﬁ@ﬁ;Lﬁrﬁ%r f’ZXfij a method for
suppresBisgdaegy regatio huBematibie duhegtliguittsnsralge dseohigtdytioo ncegnifited thntitddy-comprising
formulatiom Dy, ssinc: AEPaRiG AitkOE OBIIANG Acithak A GONRIRIJPR ShEtes i A sallizerinithe.
formulation. Furthermoreliﬁihe resent jnventiqn relates to use of bfﬂSlc amino acid-aspartate or basic 5
amino akfa- G HTREEATIKAATERR ARG 3BRHRASHIBHEYHABHFARNES R A IR SREFESIaric acid or
glutarnidasivlaasizocsishtaciors spgvies whichiffesedrastabitizdizir ashighiyacahoentratedionally
anfipody-CRmeising form li‘cﬁt[t%n&k%@éhﬁbéi e I SURRES DG A A LMR dLing fozep storage

or liquid storage of the formulation. 10[Effects of the Invention] The present invention provides
antibodﬁ??&ﬁé?r?iﬁﬁ% PEAYTSIHREtaa EB%YWP%BFHW? IBPE¥SANIRIREIHIEED also provide
highly-ctrreenirtaced eantibodytdonddininddiopnidatiens bytslipprassithg:thy aggrdgatiahderasation in
liquid angfrazgp formulations. The highly-concentrated antibody-containing formulations of the present
invention can be stably 15stored in liquid or in frozen condition for a long period. Furthermore, the
formulations of tﬁ%ebﬁg%@% TGS HAYE LI ARESIE stability against freeze-thawing stress. In
adtfition[ iih destabdecfnvibonbticqmesisite fetainilizatoro s e plehirvadinsthadtdnemeasiog nsmotic
pressurgnﬁ}{djgg@éﬁpﬁﬁg&acid and glutamic acid rather than the conventionally used hydrochloric
acid and acetic acid as counter ion species to histidine, arginine, or tris(hydroxymethyDaminomethane.
It is 20abkldhegEmudatyn ofiBVe eppirng Bisidineatmeria e bishdine-phessus Wiks one
intends tehpredube basioshisaiapnid,istabiRiermullations, such as formulations for subcutaneous (SC)
adminisprat] i criptign. of The Drawings 75Fig. 1 is a graph plotted, with time- ndent
changei%?&?ef%?n%b%ﬁ%%%ﬁa%&gg geltrégd%ﬁlrlllgl gfg?gale%(tﬁ fd %ﬁ%&%‘qéﬁl ?ﬁeé Y/V%lﬁfggf %I?(%Sasxc Fig.
2 403 gripHpIRstid ds\ergitinfe-dependent changes of the amount (%) of aggregate during storage of
Mab2 af{40Csablthenviedisatexigrising formhigtisnsehipaghdieitrinvitigimaameadgnt changes of the
amount (%) of aggregate 30during freeze-thawing of Mabl.on the vertical axis. Fig. 4 is a graph
plotted vl\{/}%#(ﬁr%eé%gé%%ﬁ%e%?%%%ﬁ%ég &Hhe 'gﬁ%ll?ﬁfe(%)ar lglgnger'ggu& e 8%ﬁng storage of Mabl at 25C on
the verticdlastable antihpd B qgrangisips fomudatioricempsisiagendent changes o 'the amount (%) of
aggregatediyidaeksiacage)eiahlatale-Apihatverigal axis. 35Fig. 6 is a graph plotted with

time-dependent chan of the ampunt g 0%911; aggregate during freeze-thawing (-20C to room
ter?ngperap ﬁs?egygiz(i\)ﬁ}é%efqgﬁ%%l\l}gr fgc%g axi {u atg%u?%r’
[6] a stable antibody-comprising formulation comprising

tris(hydroxymethyl)aminomethane-aspartate buffer and

tris(thydroxymethyl)aminomethane-glutamate buffer;

[7] the formulation according to any one of [1] to [6], which does not substantially comprise
30  chloride ion and acetate ion;

[8] the formulation according to any one of [1] to [7], which additionally comprises a sugar;

[9] the formulation according to any one of [1] to [8], wherein the antibody is a humanized

antibody or a human antibody;

[10] the formulation according to any one of [1] to [9], wherein the antibody has been modified

35  to have an isoelectric point (pl) of 5 to 8;



Fig. 7 is a graph plotted with the amount (%) of aggregate after three months of storage of Mabl at
-20C on the vertical axis. Fig. 8 is a graph plotted with time-dependent changes of the amount
(%) of aggregate during freeze-thawing (-20C to roofn temperature) of Mab2 on the vertical axis. 5Fig.
9 is a graph plotted with the amount (%) of aggregate after storage of Mabl at -20C on the vertical axis.
Fig. 10 is a graph plotted with the amount (%) of aggregate after freeze-thawing (-20C to room
temperature) of Mabl on the vertical axis. Fig. 11 is a graph plotted with the amount (%) of
aggregaie gftee taraameskhe @rstesas arkPeidMan! pt2 @;9%&%%@%@%%37 concEi@rakidis @sgraph
plotted With/time-nga(g.gndent changes of the amount (%) of aggregate during storage of Mab2 at 25C

on the vg}ﬁcrg} axis. Fig. 13 is a graph plotted with time-dependent changes of the amount (A) of

aggregatéZduhinéostontaionhmatiing RBayomewf Vel tichl @lkiwhtBithe 4nslsodyaph@iottadonith S0
time-depgndentghanges of the amount (%) of aggregate during freeze-thawing (between -20C and
room te rature) of Mab3 on the vertical axis. Fig. 15 js a graph. plotted with time dependent
chaﬁgeﬁi@efmg(%%Fg éé%‘éﬂﬁﬂﬁ@&gléﬁé@awéb at ?é‘@%ﬁfﬂ@\‘}m axis. Fig. 16 is
a graph pléité Withtifaecdepwendeng thHjes ofthe thendseus{® pbitagdyegbfer2ldtivinds fB@eze-thawing
(betweep, m0C,and yoom temperature) of Mab4 on the vertical axis. Fig. 17 is a graph plotted with
time-de nt changes of the amount (%) of aggregate during storage of Mabl, Mab2, and Mab3 at
25C on ?ﬁg ff%ﬁi&?%‘)‘?@}on accogqing ﬁs{a] GradA R dimu G ettt iRaRle ¥r3ne Emount
(%) of agbtetyatat Mng'Xr@zﬂamavying (petween -20C and room temperature) of Mabl, Mab2, and
Va3 on fhe o eAkasiceordifldho Ly AATRPI RIS I e deRandgnl.changes of the

amountl% of aggregate during storage of Mab5at - the vertlc%?ams. Fig. 20 Is a graph plotted
with tim YBBB‘&WB&HP%&FWH@%BE}H%%FWHﬁﬁ'regate during freeze-thawing (between -20C
and roorfi T nhpdiatnndytomMehidingheavgrticalodXiss 130Fig] Atk h grapheplatied withh oraesiependent
changes gfdhe amount (%) of aggregate during storage of Mabl, Mab2, Mab3, Mab4, and Mab5 at
25C on the veértical axis. Fig. 22 is a graph plotted with time-dependent changes of the amount
(%) of aghtbgséoamiifreass inawé%We@ﬁliwbﬂd%SFﬁl aligF Makyopkibzedab3,
Madl#4, afwdiMddatoan the vertical axis. 35Fig. 23 is a graph plotted with time-dependent changes of the
amount i rage of Mabl, Mab2, an b 25C on the vertical axis. 7

Fig. 24 ig/gag%%p P OI%EE’ I\?V%%J{)?r%?é%%%énr?d%ﬁ %ﬁ?ﬂg%@’o %Eﬁ%iéﬁ’ (\3“566 %éger\ébﬁa%% during
freeze-taNFRIBENBeht2E Bid:room temperature) of Mab I. Mab2, and Mab3 on the vertical axis.
SMode fRoCar yinenQutidheabaventiono biereinbelqe) dhe pmesanbinvartien wil heigescribed more
specific%l(l)yl. }'Ok}lei p %%drl%gption provides stable antibody-containing formulations which contain

. centra %e . . . . . . .
basic amino acid-aspartate or basi¢ amino acid-glutamate. In the present invention, basic amino acids

incilde, [Yldhahopraulation rrsortimainenarmntyefid] FURRGrmasiithapbednisiOinntintion, buffers of
basic arrisepesaREbEEs such as tris(hydroxymethyl)aminomethane are also included in the definition
of the basic amipo acjds of the present inventio Specifically, the present. inyention provides
stable aﬁ@o ?/;%gﬁltlgil%tllr?& formu gﬁgﬁs?nvyhffgﬁ 8%]%%|[14I]Ti§ﬂaciﬂﬁ-§’sg§3ra\%%rﬁffb?‘8¥’ﬂ fldine-alutainate
buffer wiidrgagiéad s sierapnises el dninstiiés)Furthermore, the present invention provides stable
antibodyscqntairirsdaisrudedianswhishy Q%T@Ml?fﬂ;i 0§ AR RGP LGRS glutamate as a
sta#ilizerawherte the basic amino acid is arginine. The present invention also provides stable

anfi odfl-c%ﬁflglﬁei1 1én’?‘Ormulations which contain histidine-aspartate buffer or histidine-glutamate buffer,
and argiRihaasphadtosupinsieeyigegatenfarthainoderiteprasesibmyentian provides stable
antibodyeantaiping fenmuationsiyish samain sy syme é)%m? meinaneRsRRTIALY gdbuffer
or tris(h (?r‘%‘;%methyDaminomethW e-glyta %ate‘[lj)u,ffe(. Thg preﬂs%n invlention a%%lprovides stable
antibodé—g?) Shing PRRHGTAGhR MR g&ﬁ%’ﬂl tAYdroxymethyeaminomethane-aspartate buffer and
tris(hydi@gymetbiyednion snpptssiecglgtaraatie b fifferatidredantibdatyscontainingffermulation of the

Pregent diuaptiomsefierade airny eliop RakcrpAng R PIbad. AR JEHYSDERaRIENaRY;
a counter ion species to a buffer in the formulation;
[26] a method for suppressing aggregation formation during frozen storage of a
highly-concentrated antibody-comprising formulation by using aspartic acid or glutamic acid as

a counter ion species to a stabilizer in the formulation; and



25is prepared in a form that allows administration to animals such as human. Herein, "stable
antibody-containing formulation” refers to a formulation in which aggregation of proteins such as
antibody is hardly formed, specifically, a foimulationin which degradation such as formation of
insoluble and soluble aggregates hardly occurs during storage in liquid or in frozen condition. 30The
concentration of antibody in a formulation of the present invention is not particularly limited; however,
the formulation preferably contains a high concentrated antibody. The antibody concentration is

preferabjg AQ mgihol CsrHesereRRaie aretaraily 1o mumheiip o e LeRdnose preferably 120 mg/ml or
more, stjll more preferably 150 mg/m1 or more, and,yet more preferably 180 mg/m1 or.more. The
upper Ii%}%ﬁé)?gﬁﬁég%é 88@88 rgﬁgﬁ) L?r? Y g(r)rrﬁlllj %%On%goﬁﬂé %S asrg{ﬁta’l%l\c}eorﬁ%rnﬁjf??ﬁ%ta ﬁlgrﬁ%ularly

limited; RGREVEF, fReSpasIctg eriérhilizoso Mg Aeimgation. The antibodies used in the present invention

are not particulaply-isitaesaslopaastiaying telaRaptiaen phisierestad haantibediesomayie

polyclonal or monocjonal antibodies; however. magnoclanal antibodies are preferred because.they can
be s?'t:abl%lr%% ﬁ%e'cg%p%%%ﬁle%%%%%n }8%&5%?86 an@??aéi%cgﬁ%gﬁéﬁ éﬂﬁﬂgﬁggi@é%wmcpresem
inventioadischugdutistisriyithase aperiierdoroipeeisintalks utr as teims inrdeghlyssdimmstetsd rabbits,
sheep, camsdayansimankeyerhulaise atificiallynadiied sensdeaambinapiantingdiesposas
chimeric tantibodieﬁ, .gmanizedgaﬁ@ﬁodit?g, and bispecific antibodies. The antibodies of the present
inventioR aiso incued g%tﬁﬁaggcg N 4AtBYdies that result from artificially modifying the antibody
constant regions to 10alter the physical properties of the antibody molecule (specifically, alteration of

the gsoelggtrig pofmtérhviémpsryement of the affinity for Fe receptor, etc) for the purpose of improving
the blood persisﬁ{lce and in vivo, pharmacokine .The immunaoglobulin class of the antibodies

ics. )
used in the present MIEHHIAYEHOP PARTE 5ﬁ9tfﬁﬂﬂ§&03Wﬁ8 EEOUIAIRRR At RF e RIEETIAIIding 19G
such asdg&ljtyRGhdgB3edi5amentg@4atgfsdgityy NE hagidylghvhcktaweskantdGdynchighinatg preferred.
The antiboi ) : : incl oA | tibod
e antibodiestsechip %pasg&g({g%%mé%ﬁ%g&g%@mﬂml hole ARAdIeR Auhe serAptbody

fragments %Jch as Fv, Fab, an , and minibodies (low molecular weight antibodies) such as

monova g?? SrBREIREEA R PAYRC R ARARS LR AR B R VAR EACAEGIE S a linker

suth as qmpt_lde liqki;f cﬁsanﬁnoseﬂ:qdﬂdidmbﬁﬂiaS@gcﬁbﬁScSCFﬂxdthmm&@,em@.formuIEtiens of the

above-dascrhstentibadiss.usstindie uasant Ruaalon.ca0 ke pispared byipeliRds kR o those
I n -producing hy

skilled in the art, Basically, monoclonal antib | oridomas can be prebare(ﬁ)@ the

conventﬂfr?éf‘?ﬁ%ﬂﬁf&%%@séﬁ?éh%%%?@ﬁ%@ﬁ@ﬁﬂ dithaHIZBssasIB S aFRatio By 2 BeoHieational

immunizapaenimeidas d gingmidesiechartigen oicelisvexpmessing shetgasiadoartigen aglagansitizing

R ental ct%ll%g acon entioneﬂ i:ell fusion
c

tigen. : d.with k
antgen JLIG.LIERAIEA I BuIReon ale sl IontRaelialcalln by acaaseriong] con |

nine
method. The fuse Is are screene r moroc oﬁaﬂ anti

cotfentidiarsgraasinyasiaens dabilizstian mibedninsecatng thres ot ie papsples. aveerding itsand method
of Milsteinpebaicéithies Gotamd, Milsteitr3RGidetbass s et A9 8k)siBcddRe Whsaan antigen
has low iqwm npgtenicity, immunization can be performed using the antigen linked to immunogenic
aqininistr lOrlh . . - - . . .
macromolecules such as albumin. Alternatively, it is possible to use gene recombinant antibodies
produced using gene recombination techniques in which antibody genes are cloned from hybridomas

and insggted IdecAdapROPIIOYEstars, and the resulting vectors are introduced into hosts (see, for

e ple, Carl, A, K..Borrebaeck, James, W. Larrick, Therapeutic Monoclonal Antibodies, Published in
e United 0 Kbt By R e S S B, D RORL T, BhTbBHS VEHBDle
regions quriegstnrepand dehhasiserranththecriralAS f hybridomas using reverse transcriptase. When
a DNA encodingrianaptibegy Y plieaienafinigiestis aiaingdn the HNA M’H&kﬁg%q grAegneoding a
desiredimtiboqg cons rt}e%i?(%}%:re itgllg). Theagesulting construct is inserted into 5an expression
vector. Aersa |vlgl%? fhe ahtid rGig-EHES r?ﬁlf)NA may be inserted into an expression vector
carrying the DNA Gt hesagrtibbayoCerkyitn tiTiteedamulinng dumstesiof ihénseoted (Bt einexmession vector

sosthat fisiexpresseg Hpderdheseniekef angedrrggsion regulatory region, for example, enhancer and
promoter. Then_host cells ar ;ransf rmed. with the expression vector to express the antibody. 10In
mf

the present invanBon SR T JERE ISR SRR A BRI LS DHifr R i S8atE
humanizedrantibodies thlebeatdédGenetucertietérisgous antigenicity against human. Such modified
antibodies can g, psaduced isigukRawh methads. A chimeHgatedyis an e%tj%?‘%g}s%ggatshe

heavy-chain and light-chain variable regions of an antibody from a nonhuman mamm

mouse, A& 0L MAM aha fighR EaYsTE5ASEH: regions 150f a human antibody. The chimeric
arithody can bé fwotliscedrbytipkinglasbh Anetidopindetitec haiaklefrégians aita Yins ez anijaedy to a
DNA ensasigihe cansiant regians e AniRpdy VRSN Haalp o an expression vector,
and then introducing the véctor into a host for expression. A humanized antibody is also referred to as
reshaped human antibody, and is obtained




70by substituting the complementarity- determining region (CDR) of a human antibody for the
complementarity determining region of an antibody derived from a nonhuman mammal, for example,
mouse. Conventional acne recombination techniques are known. Specifically, a DNA sequence is
designed to have a mouse antibody CDR linked to a human antibody framework (FR) region, and is
synthesized by PCR using several oligonucleotides prepared to 25have overlapping regions at their
ends. The obtained DNA is ligated to a DNA encoding a human antibody constant region and then

inserted into art EXNIESSIOR-AMCHGHINRYPEESSHMMASH hiSJpireshic e dniBrad1ashiRspSidcethe
ean Patent Application Publication No. EP 239400 and WO

humaniz tibody, (see ro
96/0257% ébﬁéljﬁk%r%j%ﬁ%rﬁgﬁcgn%%dy FR is selected so that the complementarity determining
region forms a predefaisle Sephidetedintingrdodrpendsniintrastd filtherhreune@ork regivagefthe
aptib0d)ﬁ\éﬁﬂg%i@d,ﬁg{ﬁﬁw@ﬁ_@b@g(ﬁ]?ﬂ%t%@ﬁﬁté&gﬁ&%@G?Q\{B%Q %}?gﬁ@%ﬁ‘d@%&gr}?y deltercr:nining rsgion
of the reshaped human anti orms a suitable antigen-hinding domain (Sato, ., Cancer Res.
(1993) 53, 851-8%%%?15%%P?ééﬁ%%%g&%h?q%g%tr@%ﬂ;%%i %tﬁ]ﬁ%ras(éﬁfé%ﬁ %\ﬁ%&ié& to improve
35antibedfActivitiesypitigslcadiproperties, pharmacokinetics, safety, and such. Examples of such 10
techniques are qsgs:ﬁi@%datggg%w-J&%@Wiﬁp@f@arﬁ&ah@(@{%@afgé@yggw%éflﬁ%é%lﬂ%{%g%ezba@ing

S

such amino acid substitutions Tec ni%tﬁesafre reported for substituting amino acids in the IgG
[

antibody VAR IETERSBHE® ARG G I74tioH {Tsurushita N, Hinton PR, Kumar S.. Design of
humanized 5antibgdidsisfagrapintilditsite e tivpaxouktaio d§ 22005l 86t 6 283N afffistiyrage

matyratigneenheneg-the Mingdipg.actiyity via amino acid substitution in the complementarity
determining region (CDR) (Rajpal A, Beyaz N, Haber L, Cappuccilli Cr. Yee H. Bhatt RR, Takeuchi T,

Lerner RA, Crea ., ' {cheiat s Yoy HengrdsRess e ARg SR hIRF S Sche e TR Agte
combinatoriag l#weriesof Rfa MaPSACach Sai kiScAl 2005 Jun 14;102(24):8466-71); and 10improvement
of physicochemi takilify vi ' ' tifution in.t r r er A,
PlLciethun A GBIty e e o B o AT eI T o
grafting {9 ER8HIOTRERANGARS ahePstrttiie Yratied f¥ihework engineering., Methods. 2004
Oct534(2):184-98i Réviaw) griph s @redaldth kivowvdciaeideigudafoerthanainguan iibody-dependent cell

cytotoxigity: : I t-¢ 0XICi substituting amino acids in
IgG anti%%%%%%%nﬁ%ﬁg%%ﬁ %%rgg%%agglﬁ%ﬁn%ﬁé%é rﬁé glEi)ﬁrm?ie‘gr)'ll};}Og L%F tﬁ%ﬂgg\l/eaﬁgsment of
therapeutic antibo®ids. INidran Blosds ath dime, Sepaydent 2hapgssi el FUPPIEM rEo if SRIGRRSA to
techniquksifer enkascinytbe effestordurtaioasiciesgsare reports published on techniques for

VG, Tang T e L S e R e e U et
hatlife dumig fisereobow 14 betves L 12846581 CRatiEypPepey) Sf Behhrnrhraeric! Mdtesoi D,

Medesan C, OberdR¥7 Warg-dph plreseasingihe-sepumade wisteass ohandafnt eayenidyrdandom
mutager&l%%is. SNOargBEi:%tfﬁPar%ql.ﬁ%gz ‘%H!i '653534 ).QAt %tgg{tkn wn technique includes amino acid
substitu |onqgcﬁn|cﬁ1e 0 control the’iSoelectric point plle an anti %ﬁ'fcr the purpose of 75improving

the blood persistéaicE8dp mavard phtedacokinekcssrpderiicdipneasetirqueoton ol ragemeditio acid
residueg @pesRY ARG B fBeavelamartikadydomeatiptthe:p) of Misnaniipady HMRABALIABED)-

Vaﬂous te&hn'& ues to substitute amino acids in the constant regions for the purpose of improving the
physicafﬁré(b%r | .lss‘of an antibody are also known (WO 09/41613). 30Reduction of the dosage of
antibody as a pagnktisutigriphr atedsioth efmsedapenrdetofantboof the mmisttafionodag e srpected

by extengingothe hal-hfepbelasmaceiemion.af @ Antibody. Promising technologies to achieve this
include a technigue for.decreasing the isogelectric point of antibody (WO 07/114319). The formulations
of the present irg)ghé%ﬁsﬁagféigjl? Hé%ﬁﬁf@eéwéﬁﬁmég%%oﬁ%%ﬁ ERgetEE hoint.
The p1-todifdt:SSathiibouly (fefovsco -2 10 difie dhantitbothewhospaf Naldver tikavethiatlofsthe original
anjpody by onergr mone JRIBiR REWQ f1 MAkSI R R erRIG R 8PN INIRE.QF MYTEr Yo gepeal.

natural (or .11 ordinary) antibodies are assumed to have an isoelectric point within the range of 7.5 to

9.5. The B iBRS Ui bt mMebAnt Pt Highr dabiising Sifettisiaidsarticular, antibodies
with a low isoelétie P dint mdpbip loated] yrethi striredapereleihehisoelecfribepomiuat Udh f aggregate
during freeze-thawing (between -20°C and room temperature) of Mab1, Mab2, Mab3, Mab4, and
Mab5 on the vertical axis.
35 Fig. 23 is a graph plotted with time-dependent changes of the amount (%) of aggregate
during storage of Mabl, Mab2, and Mab3 at 25°C on the vertical axis.



antibodies may be 5.0 to 8.0, preferably 5.0 to 7.5, more preferably 5.0 to 7.0, and still more
Spreferably 5.5 to 6.5. As described in the Examples below, the isoelectric point of Mabl , which was
produced from modification of the Mab2 (isoelectric point = 9.3) amino acid sequence to control the
isoelectric point, was 5.8. Methods for obtaining human antibodies are also known. For example,
desired human antibodies with antigen-binding activity can be obtained by sensitizing human
lymphocytes with 10 an antigen of interest or cells expressing an antigen of interest in vitro; and

fusing the sensitizechlymphaeyies wﬂahmaﬁﬂéme el RBEN ASH 28R (36 /J?@PQ@@% Gaptent
Appllcatlé')n Kol§oku P&;‘bllcatl%g % #é -59878 examlné é}%vg%é tent
application pl%bfs% 8?V(1)n Si |o?|e) g\ At ec]ymdtg GeRt (Bbtt}é‘?ned by
immunizisgtigarsesnic animals having the entire repertoire of human antibody genes W|th an antigen
(see 15 WO 93/12227, WO 92/03918 WO 94/02602, WO 94/25585, WO 96/34096, and WO

96/3373 Jes for obtaining human antibodies by panning with a human antibody

library arextio Y Sxarbie tHe #atidble regions of human antibodies can be expressed as
single- chaln antiﬂigtdmeéﬁ(kvliv@e@meﬂeetsuvmnmnmﬂd@ekmbg@mmgeadlﬁ@hinethod and then

phages that bm@ﬁems@ﬂm@rﬁmB%%?d@gg‘%&@ﬁt&%%%%a SRIAGRIAARHEALRE BBAlERd 2000

determlq the DNA sequences that encode the variable régions of human antibodies t gto the

antigen. WA BNA SRATTa IS ARVL A R RHE artigas @"t"é’fiabﬁYﬁéaoaplberﬁiﬁﬁé@@lo
expressindsentiugedoryimgripbséisadirenassdan, hadclyssteuctBdrthenftaty huitaprariipodies. Such
method | 3 WO 93/1 236,
T R R R S I S e ke
include &Hdidrimbartiader ohehate YRR daere septdregmisdintroduced into appropriate
hosts to produc@p&sﬁtﬁoﬂﬂ@fsxﬁumt&andrﬁbeptﬁﬁsmﬂw&eitstswaﬁrb@cb@}eddﬂtﬂﬁﬁf@ﬂﬁ@iﬁl@ﬁmﬁlnatlOnS

When e e ntc lIs can be used. The
animal ol A dobiReR A I R Ak e MRS R
30(BHK)S histidingnd Krathegmmse 8 eaﬁf?ﬁﬁ%ererweﬁléesmbépw&@éyté@tamr@) insect cells
such asfﬁi&;ﬁb&ibﬁmdrﬂjaﬁc&n@wm@iames:eéksamwdﬁa@gﬂﬁxﬁegmeﬁrfﬁwﬁsg@ﬁa&ﬁh@ptwméﬂféﬁ as
Vicotla n be cultured as a callu wn fungal ce inc easts.such as
genus Sa@ﬁ%?gfgr?)y?%@ lfpor xample%a crh%?%%mrf/‘éeensﬁggr%\s/?s é%“agné %t zlfr%en#ous?/ Og’?tgtf%lﬁgas genus
AspergiidEN SR AT INGp A Ihl@WQ@t‘%ﬂﬁéﬁ%@ﬂfﬁfb%h&i%@@M@hbtﬁfmtlemdsystems using
bacteriahgetih canpaerased AKipwe Hacteral. celtsimekada Eachprichia soli(Fopdaac Bagilus subtilis.
The antlbq%leg cgg% obt ned |ntro uchngoanZt e anti ody Ig Tg) ]?)]ofmtere%tmto these cells by
transformation-an urlng & transiorme TSI VIST FRe-antio s %ﬁ?ﬁ%%a&esent
|n\?é)ntloh‘le{fgb%@@Qéyém}b’@m}hvélgmmethmb@&ﬁe@paﬁﬁdmﬁﬁdmeﬁ@rﬂibmmvsmma@ody
fragznerg&mmam@masommdgﬁ@@;me %15@%@@&@ or mona-, bi-, or multi-valent
single-c al ,.0r'S resulti ro inking H chain and L chain Fvs via appropriate
linkers (Ha %"@4‘5%5%‘1 fg‘r%‘c ?ﬁBﬁ“ 'S.A. 85:5879-5883). Specifically, such
antibodyr fsﬁmﬁem@zdémme@@yn@umm&ﬁes witie anténziynve seictingspapaition pépsin.
Alternatme 5B 1980enBBREIRG @Jlaaﬂamca%ﬁéam@&uﬂeﬁgrﬁwﬁmd %%%%@&B&@d&%‘%%ﬁ&m

é r, and 10ex resséed m@pﬁg nate host cells (see or example, Co, M. S. et al.,”J. Immunol.

4) i%@ WRAJUBRISEAURN £ ABHS § %W@gsg) 178, 476-496;

PIumcthun A. aHdrSkefisiatide, dvebodys Eriaynmgl f¢Hh8BYb7B refOR- 515 fhrambyiok inMétlohds Enzymol.

(o) s o o b VUSSR L I AU o

Walker, Trends, Biotechnol. (1991) 9, 132-137). 15Madified antibodies include antibodies linked
to polye %Téﬂ%uaﬁlé'd‘flflgﬁ AuarishRbielead sl g aggresteiet agdatecqa ShaBe $5998A UG 30:
54(8):497 1&fi6d Camcépde2068lMeary-Jun;14(3):154-69). The "antibodies" of the present invention also
inglyde such magjiied ARKRQAIGS 1%%%&&99'}1 'E%ﬁﬂﬂ&%ﬁ%%g r?%#;&}?ﬁb%%{% gheppically modifying

the obtained antibodies. Such methods are already establishe ntibo |es to be contained

in formu&tisHLegy tH@BF@sQﬁWﬁ%nﬂ“&rﬁ?ﬁﬂ%@oﬁ@F effgabbt fpmiaiate, e apssaatrach patibivdbidies,
anti-IL- a"m@epmmmmﬁsammm@fammpdem@nﬁ«ﬁlM&r&%ﬁnegﬁafmqmaigﬂﬂbﬁdiﬁﬁe

anti-par. r I t n |b éntl RTHrP aptibodi % ant| I

antlbod?e\ts?%{ ar%%?rg Irgﬁ%%?d@(%ﬁ%%ﬁﬁéﬁ@sé ant| %i’ 0 rcgepr)?g} aﬁls an{S 0 es g‘r? %legrgs a
functiordF5B l%gfgifgé@é@ﬂ 6B fakbsreppeniinselihe ayEheptsrasribedien ) imAtomAlakghodies,
artt-AXbfah lpmim, iantnGotGRAcaptinndiesyantiiNR A6vanibadiesnand biseetifioantbedies against
factor IX and factor X. Preferred reshaped humanized antibodies used in the present invention
include humanized interleukin 6 (IL-6) receptor antibodies (tocilizumab. hPM-1, and MRA) (see WO
92/19759), humanized anti-HMI .24 antigen monoclonal antibodies (see WO 98/14580), 30humanized
anti-parathyroid hormone-related peptide antibodies (anti-PTHrP antibodies) (see WO 98/13388),
humanized anti-tissue factor antibodies (see WO 99/51743), humanized anti-glypican-3 IgG | Fc
antibodies (see PCT/JP05/013103), and anti-NRIO humanized antibodies (see W02009/072604).

Particiilarivy nrefarred hiirmanized antibodiec 1iced in the nrecent invvention are hirmanized anti-ll -A




In 3 Preferred minibodies include anti-TPO receptor agonist diabodies (see WO 02/33072) and
anti-CD47 agonist diabodies (see WO 01/66737). Furthermore, antibodies with an improved isoelectric
point include, for example, Mabl (H chain /SEQ ID NO: 1; L chain/SEQ ID NO: 2), which is an anti-IL-6
receptor antibody 5described in WO 2009/041621, anti-NR10 humanized antibodies, and fully
humanized NS22 antibodies produced by the method described in Example 12 of W02009/072604.

In a preferred embodiment, the buffer of a formulation of the present invention (for example,
histidine-aspartatg oufies histidioe glHamatenbulieh dis (udippmetvRaminemelbane asarate
buffer, or.lgtris(hydroxym th{FDamin ethagge-glutam te byffer) is prepared by iitrat,ing an aqueous
solution T8RS AMEHESTE Hriidskid SOEAMPANERIAR RS Fek SRR BRI BHEAS e as a free
amino abiovartr,ancagukoab sl btidiescontpiefageddparticadicdyand/be glitgnpmdoiddssa free amino
acid. Altgrnasively,hefiigarsan be prepared by adding the ingredients in the reverse order, or by
direct titration with powders. 15In a preferred empodiment. arginjine-aspartate or arainine-glutamate in
a formulation of tH& B}%‘%?%éﬂ‘ﬁi}a?fi@sdl§%4tlﬁﬁé‘ﬁ%868§/lﬂﬁ%ﬁfﬁﬁl%gﬁﬁé%ﬁlﬁé)%l thess dehitsiding
asparticfamid {fieeBminb acitnamd/onighytamibanidetiaatdninchaeid} ardsfrael anic agidwith an
aqueous eHan coRaiing A olne: (e AaRPLADESRI A O ARKL-AIEHRINEY nie-spiLgan be

prepared by adding the ingredients in the reverse order, or by direct titration with pow ers.§ The
present HBAKFS ABARIREE ffearibadisting b agtibadisn af dbe arsrsabientyn lse rstrdsiapmny
study, arddrozmamtandgeditsdyatcastefsiheatfidatsy ehodifdug additivesdnctistatabiito of to

highly- [ 1oNs. dur : It,,th ' tors.
e B By el M e 0 aci

asparticPéid Gy imansicasnt &5 Bealfitey ion Epetgerton sishidm shsumeposeolmpyayingghe
histidinesredastaiafedtienat histichnergtutrslatedusffer as a buffer as compared to conventional buffers
for pharmaceutiﬁlﬁ:formulatiqggu l%ccqa%s hf'%idin iQé{&llrochIo({ilollleﬂtl)uffer aqd histidine-acettate buffer.

. 1 Uno O dall’ € € € present invention 1S no .
The present inventors also discovered that aehlg er Stabllization efect Was ac iaved by adding

argininePasjsaveats Bralgsinaned-dietimarmardesmpaass idrdinhizhymedtardatd wieieh 30h3s been
reportedas laGiabiizerdnr pRibedyroantaminefermu@tiangeherassassment results are exemplified
in the Examples_ hereinbelow, usi humanized anti-1L-6 receptor antibody. Specifically, stable
highly-concentmsrgla%agrtftl Og%(fﬁ-]é%er#a%lr%}rﬁ%pfr&%h%lgﬁ’oerrllg?ﬁaﬁ? Oal\?glo o‘% ?é’%é’é%}c?ﬁtlﬁ)%ty gébﬁi%aégftion can
be prepakesdabibadtiftggistitinaielspaitatd dbutiod bfahistidvbmyhitodissc(louffaolegular weight
tris(hydrgxpneityliacnnomethinarmshastairhuffer or-Bati sthidiaxymetih) aningmsthayes-glutamate
buffer. Furthngmore more s}a le %I%%con%%nt a?%ed ggbodg@cmt in'r%%.formu ations that have much
Jower [eV R BF AREIS80y 44 ABRTeion BSOS KPSPRId by SchRe ATBTHAIG HSARAt baimer
argfhinesglitamate as a stabilizer. Thus, the present invention relates to methods for significantly
suppressing theraggregrtigndauaatipnadivsing distidinsraspartate huifesrpdistiginggytamate buffer,

or tris(hydroxymethypaminomethane-aspartate buffer or tris(hydroxy-methyparninomethane-glutamate
buffer aélg%lﬁ%% i rt?}%%ﬁ%‘ﬁﬁ:f? Pe'gea?‘ﬁibody-containing solutions, and methods for significantly

suppressing theBaggrdhatiormiotmsdientibp dddinduwmignindadpastatendreapginmeddiythmate as a
Stabi'iZG{o&%H@x@W@PHM&H@@QEH&PB&MP”@@B?ﬁc%%{ti&}ﬁﬁﬂﬂz%oﬁqlb&ﬂﬁ@@%ttﬁf gnethods of the

pr§§ent invention include, for example, methods 10for suppressing the aggregation formation during
st

rage CPRIIMORE) HEaHRAFRUCRIEDAY- LSRR R RN RS S SF R SRS HiscGeRedor
freeze-thatvgiergdsya usingiaspaaticgenid dFlglpremicdoithamecyoisnier fioredpeatidadoihestuifelr (for
exampiechissiing Auliss Al rdianpugiyhamibametane U 1808 A22 GRHARL N Species o
d

the stabilizer {for example, arginine), in the formulations. 15In another em ment, the methods of the

presentiRVRAHGREREIGHS toHBEaRpfo AR GRS P eI SERsBIs S e atiBy e APRAS S 8Uring
storagetef fighiytabfoe stratedeantibodiyre anthinngHoedrafMdiiersiaradi qkichtan difiani Dyilsing, aspartic
acig or glutamic acif A3 GORYET OB sPRgIes A the, Rular (fof &4 Nisticdine puffer or
tris(hydroiymetﬁyl)arrr%zi(;ﬁmet ane) buf‘?e??%’r as a co%mter %n sS%ﬁ?é%‘?#ﬁ‘i%%%ﬁf er (for 20example,
araininé iR HEZRSIPRAEBRSerformed using the antigen linked to immunogenic macromolecules such

as albumin.

Alternatively, it is possible to use gene recombinant antibodies produced using gene
recombination techniques in which antibody genes are cloned from hybridomas and inserted into
35  appropriate vectors, and the resulting vectors are introduced into hosts (see, for example, Carl, A.

K. Borrebaeck, James, W. Larrick, Therapeutic Monoclonal Antibodies, Published in the United



In the present invention, buffers that can be used instead of histidine buffer and in which aspartic acid
or glutamic acid is used as a counter ion species include tris(hydroxymethypaminomethane (Tris) and
imidazole. Such buffers can also be added to the histidine buffer of the present invention. 25In the
present invention, stabilizers to which aspartic acid or glutamic acid can be used as a counter ion
species include araininamide, lysine, meglumine, spermine, spermidine. magnesium, calcium, sodium,
and potassium, in addition to arginine. As described above, the present invention provides stable
antibodyiGeptaining faunuitiars tisheempuss. histidiigcanpacatelulienariysiidineelutamatg buffer,

or 30 tristhydroxymethypaminomethane-as te buffer.qr . :
tris(hydr xxéﬁ%%){/srgg(%%%}%g _Z&n&?faiﬁt%‘(%ﬁa@%%ﬁé’%%rﬁ%ﬁlﬁ?g S P TR R aémée\?ed in
the_antib;@%maqﬁﬁi?mmzm%ﬁwm@nﬁ@m _éhﬁaﬁ’_@lﬂiriel'a;g%r;atem%
arginine-gleéamate dssaddi e de it SC R REGSCMHEYERTORS cof {Onserted i
antigody-contai%ling f(s)rmulatilo f:which onig%n afgaiﬁl{;?combines ab sciO amino 35§c€ir(§esdgﬁoas
histidine Or Arginine (pretarably; HISASEYaNd P 4Rs |nef%ﬁl?ﬁé?ﬂflog}8§3?hmhﬁﬁ%§ﬁ@ﬂ4dﬁ@with
aspartic atrkpieasitarrietaciiryingibe AN A of tithanhimidiie regenhin e peesiemizinvesttiort inay be
histidine;iiseifeanasen wativadhereafiand hhistidieis Raticilerhnpiefgarsdr The.argining used in the
present invention may beﬁramme itself, a derlvaqt;%/e thereof, Qr a salt thereof, and L-argininc or a salt
gfe gRie

thereof IS BRIICATY FABTRTBlG R EHCEA AR Besrsiafre ditnstormeiamtte salt.
5In the férermxiptisrionf tetopresantdss/itionibtily concentration (amount) of histidine-aspartate buffer

or histidine-glutamate Bullgr: 5 ReafRrR iR P sk MorRRisRbNR IRHOUTM, sygo more
preferabr‘li){l{S t0.50 tn.M, and stjll more preferably 10 to 25 mM. In the formulations of t%e_present

inventiof HHE O AL MR R AR SF SPgiRMESRS! 1D ratsrAIFE (o2entanhacHicis #aRTably 25 to
200 mM.hamrstil!Sndner{mé@d.iblyﬁms]m be\produced heifigrhmstationstiaddhie presemkiiyention may
pe solutignsipatioadvspaiainagliaui fvylatanshan yppbiized armuAtiens, I lavig
formulatipons of the present invention also include solutions before lyophilization step(s), and the
dissolvet SBIATORE IR RATIPRITHEREORE BB RS BRTTveio ANsrE SiresBrib RP prsaL Edi Without
the fyophifizatiorstapis)dibin Phedhbtieric Meatdhitentbe pyahlitizes fonindationsoiibeipiesent
inventio [ ilizl It T i of t resent invention using methods
known tg e’?r?zoﬁ%fe%egkl lé%@ﬁf:%%{é}r{?@&qﬂ?gg@g I—OJIl %e%)%&rgﬁ%%%%g%ﬁ% f)el%lggﬁtolfr/]%/glﬂﬂloaﬁl is preferably
4 to 8, niBHPATEPIRIINS BhfoliEale AMQ aBIFvREreioreTeripnyandthsmintroducingthgitesssiyrdd the liquid
fonnulattars fot hepeesient invention at room temperature (25C) is preferably 30 mPa s or less, more
preferably 20 mR I nd.still more preferably 15 mPa-s por less. .. Significant changes are
not observed foﬁﬁaﬁz%%%r%%ggg%ao C&% %?gé?(eéé]tafn{/egn%%% or a eae{lsqbé)%r?ugbn s Pé[flé?g ly 12
mdfths, InsrESHEHEra b GABpEaISETEN desFaakragRnAStRR0)adrernaenidordititn thenperature
(2C to SEo)n@I&@éﬁﬁalﬁ@ﬂ;Sbfxﬁiﬁii@8&:@6%1‘6@@&1&%&?@&@66 f?‘@)%% @m@ﬁl aﬁd hyf mlm,rs&:] room
temperatyre (22C to 28C)~Specifically, the present inventian relates tq liquid foymulations that are
stable fc?rlXJ S%gaeétn}s%%sr%on&?slp\é?gf&atlggﬁ%%‘gcomebma%rgﬁ%%?loq%lsn%ﬂ?i‘é]ﬁénOf F %(té “ifvention
can be fiY8rsegiienes fedles ensdierhpes atoreusdtnt thdyr &RYR bikabo auro@. antibathe formulations of
the pres&ﬁmwsmi@ngiaﬁ,dm@r@Iéyxﬁﬁ@gﬁééuwfmmmg\&u&%@dng@&er&ﬁﬁ!&im’@fﬂﬁ%dﬂfeferfed
su??cta&t&érgﬁllgqae (El%l X i%trrg I?r&? sroerb&tan tt %tt:id e tﬁg andl.potlgggget ene polyoxypropylene
alkyl ethers, and more preterad surtactants indad ?}BEi Ak 58 E?OB &ﬁﬁg g £-68
(poloxarienasgytivedy siataerinegisarabé BEadufsed thie foliexpations okther prédentipwestion in
ggneral @éﬁ@o?@@ilf%lébfﬁlé&ffﬁﬁwé)/ﬁxo@{%%{_@%l&cét&ﬁ)eQ@%/%‘i%e’é%ﬁ%lﬁi%&@, @f&f%e?{ypg{e%pog% :ﬁ 3%.
formulations a r inventi er. contain amino acids. As used in the
preset th ilffc?rtllf) Br%?egr{;%%}lgmg gggé%ﬁgﬁﬁégr%%; gégl]ﬁé'aci CAnd EHRES PR FAH0EE. and
particuldrR/ ipsieeited snthad theidminbiogethrityedbiomimeisnct gigrdines a prefEhadlormulations of the
pregsent inuestionmay Suihes CORIINSYYaLSH theRisiavsd Pég@&{%ya%da}ﬂiﬁ&%y%ﬁ%meif}%gﬁﬁkon

include sucgose, trehalgse, meglumine, and sorbitol. The amount of amino acid or sugar that can
be addet P e RSHIFS TS BEFESorEL HhS oatRIemsa gERer SRR ETeSoaM! HefsraBRFS to 500
rnM, antumereaptisfedniityid 16800 mantighe fordngdationsiof $he pke se ot jiiertio R ey 493hes contain
inorganigssadissyThe 10preferred inorganic salts used in the present invention include magnesium salts
and calcium saRts. . L ] )

There are known techniques for substituting amino acids in antibodies to improve

35  antibody activities, physical properties, pharmacokinetics, safety, and such. Examples of such



The formulations of the present invention are substantially constituted by the ingredients of A to D
below. (A) anti-11,-6 receptor antibody; (B) histidine-aspartate buffer and/or histidine-glutamate buffer;
15(C) arginine (including arginine-aspartate and ardifine-glutamate), amino acids other than arginine,
and/or sugars as needed; and (D) surfactants. "Substantially constituted” means that the
concentrations of the optional additives described below, which are ingredients other than the
ingredients generally added to the 20formulations, are 5 mM or less, preferably 2 miN4 or less, and

more predekabivel mliesdabed Belokvoptivealauditives fMkdusiechepielaciants sushengipg.agents,
ef\%%io%eservatives, adsorption inhibitors, diluents, excipients, pH

solubllizing agents, iseionizina e
adjustors, an Igesms,sﬁfﬁr-con aining reducing agents, and antioxidants. Furthermore, it is preferred
that the formulaticKbrofese Peasepttisd/éntohsig Hoe eonntndgsanitesgtharthedyaspatic acid and

?'UtamiCr@gi'tﬂis@WiﬁﬁlﬁdﬁéQﬁ' mmﬁibﬁfd‘ﬁgaﬁ%@iﬂz%ﬂfbﬁmmﬁﬁd HSNHsHeh égﬁ[g%@ﬁ%ﬁlir(‘j‘:mde’
or example, those that do.not substantially contai ion and acetate ion. "Substantially do not
contain & %?)Br? éels(')riftr an atéref% e ??mﬁgéﬁé\%%iof#e%%ﬁﬁé@ﬁ%@‘gr[ﬁoﬁ BIEnSHE aE88 ion are,
for exansphans il bindisg, gstefdyabiyanmmasidesbsadonanipreferabimdntaity dettessnktighly stable
antibody-Gontaining 3eeppuktionssan hevvoduseshwithousingreasing theresrotic,prgssure, as a
result of usin pattic acid and glutamic acid which have higher stabjlizing effect as a counter ions
and not ST ally TAchuch§ QRTa B A ANESERE BT YR B GBI B BAROB WSIne
needed ctimetoainulatibbsuod th EnorelSetitAned fieo k) Ray. AdfheodrtdidRapprdpstaid Lryoprotectants,
suspendingragan s SPHRIZIDoHRARNEAS0IRYIFING ARSI PISSSINALNER: Bo3dRoIRtion gﬂ*ﬁi{gtors’

diluents, excipi rggf Ml a ]US%}OI‘S, nalgesics, sulfur-containing reducing agents, antioxidants, and
such. 15‘%&5%3 SBERSES Mclubies ar%a@}%&%@&@fﬁsﬁéﬂah%%{mg&%%@am|.

S_olul_ailizj,mgaaghdts applicicior: @&mgma{ﬁmglymxmmnmmmgadata&mstmseﬂ,fmi}aeﬁblate 80,
nicotinagyga.AoNOYRIRIENS Reran ealasg IR A pIC e aslel AL RIARIGIyester.

Isotoniting agents’include, for example, sodium chlorid otassium chloride ca oride.

hloride
Preserv&t }Hglﬁ’&ték,’(fSY'éiﬁﬁ?ﬁﬁFé{tﬁ‘?é]tﬁ%‘ﬁaf%ﬁ%fé%gﬁfﬁét@%mﬁ%%iﬁ?%?%enzoate, sorbic
acid, pheytotprieispkGDA dhordetéadhg aminofutsds phidpdniibiieds Mclsgeifofkaxasipeadiuynan serum
albumin ithim, ] [ r i mer rQXy lulose,
methyl (%ﬁﬁ%ﬂsle@]’ F%gﬁ%geye%ﬁg [g%%ﬁﬁgﬁ) ﬂge{]%%%@dy é%%%o%ﬁ%%%g ‘3? %%ﬁ;%%eslyﬁéﬁ?%&g 2065
Sulfur-céﬁéﬁﬁi??é)fr&ihaz Resint¥inc el qopesea i Reditigsio derlminnsg %ﬁl?ﬁg‘ml@éﬁps such as
N-acetytdfisirinéulytaesiyiramoeyspeineptbiodiic acitkdnadiglyeeliHpesthanst amipedhiaglygerol,
thiosorbital, thi ic.acid and.salts theregf, sediu iagulfat iane, and thiqalkanoic
acids hé%%lgé%ﬂgggggé\}gﬁ {ggr%glnﬁgt%rlr%.m R %%Sggaﬁﬁ%sé%n u e’ﬁ(g)iﬁg(ﬁglrﬁpl?e?negﬁbﬁ??%cid,
diBQtyIhyefsxrsiatng. sunanrgiaasksddrissie eGbespheds Wide dptastoicaeathedl-lifasddmimumsitl and
sa:;js thm,%ﬁmoﬂ@nq:achilmllmﬂate%-p@g@&h | NCBGith §t§e,emﬁm @pgiufglgbygmﬁ@fﬂb%%f@,@s@um
sulfite, t te, propyl vallate, and chelating agen as disodium ethylenediamin
tctraace afry(;ﬁ%a ? ISI% ?5%“63&‘5&?6‘36&5{5}32? %Bgﬁ? Féé%%’ﬁlglslp 3@‘?{8 %Pﬁ%%?gﬁ&?s %%ﬁfhe

presentfivieahianl 4§ bR dMiseTédoraliyoherkapratatghnigugeneludeshanfonnoldtions are
administgiedtnasantetaliiuspesticaliiiadniactian psansgsrorakadninist aliane thansaugesal
adi?'n'sfr@t'r%niﬂ]a&%lb dr’rgnlsrtsrﬁglrg,e%trjlrg%nvar admallm;%{at{on, or thg li % Inkectlo.n incjudes, for
exampleT §yterfic ana focal Bamimstratione %é%%ﬁf’ SRS PBHHISON: hirsIRI8EIhjection,
intramustesslyinpenor aeiduetidTereciijestiban/bkisielisdinfirachiniboby ttanetws tigedtioithhowever, a
single antifisdy dase 072y12e18)aroeAuantityHaRaM H0QEeRAQ MghoTike fenforsulations of the

present inventian re}g)articula ly suitable for subcutaneous .administratjon (injection). In terms of pain,
tis prefSRSTNA: TOERISHS bYERVEAE BRI AP SISl DAL LR F AT SO WO

formulafiBrd 6dBsubcutaneous administration. Thus, the osmotic pressure ratio of the liquid

fonmulations of theiRERsR IRKGIIAR:IS PIRHIARY D BHE I ALUNNL, SUGRES AN S AR Adged to

improve the stabiljty.of formulations durin%ﬁtorage. owever, when the osmotic pressure is greater

than th&TEOHEEURISTIHEY C3LR8 PRFF AT te AaliHide st smadstadamg isieh
stabilizersinitycoriSidersitignechnsivgtis toragsuve ihi8hprefereedchnique for decreasing the

isoelectric point of antibody (WO 07/114319). The formulations of the present invention have

a high stabilizing effect for antibodies with an altered isoelectric point.  The pI-modified
35  antibody refers to a modified antibody whose pl is lower than that of the original antibody by

one or more, preferably two or more, and more preferably three or more. In general, natural (or



18 Furthermore, the present invention relates to use of basic amino acid-aspartate or basic amino
acid-glutamate in manufacturing a stable antibody-comprising formulation; and aspartic acid or
glutamic acid as a counter ion species to a buffer ot ktabilizer in a highly-concentrated
antibody-comprising formulation, used in a method for suppressing aggregation during frozen 5storage
or liquid storage of the formulation. All prior-art documents cited in the specification are incorporated
herein by reference. (Examples] Hereinbelov, the present invention is specifically described with

Ireferedn céxonthe) HE¥aaRiese B&&ﬁh@d&@ﬂmf %ﬁh@o@[ﬁ&ﬁ@tﬂﬂﬂfﬁf Wﬂﬂfﬂ&ﬁ&%&fg@@@ﬂ% e aSrH@&;lgb |
imited theretq. (Example 11 Assessment of the stabilization. effect of counter ion ,speci ing Ma
and Mial S LA B T BT P OO e R e ARG 1
chain/SE@hR N isheseitiapaat vhikichasdly gastribadtaes an Biniltbebeacepeorttdantbody in WO
é?_?g/ 04%?%9@&@5&@9@6@@?%%%_{8@%9@ ‘S%W&SWIQ, Eﬁ@%@;ﬁl@ﬂé@&%iﬁﬁ@t@ﬂk‘{lﬁsﬂgﬂ &%I%Hlﬁtiféax_pressmn

cell line, then purified to hi urit a method known to those skilled i rt usin
ororbin RBCHIAVAS Fand SR O L S SRSEHBE PR Ehpley Yhlow
The stability b tveety fesmohfolifiedacn g tlooMabifgdaktitiveschivridel o r@divistidire aratetdo was
assessed, iy J1eRz ibrRMIRO RIiRY wiRrage at 40C using Mabl and Mab2. Mabl and Mab2 formulations
were prepared hy oyernight dialysis against each formulated solution (Table 1), followed hy
concantsation oM CHR AL AR R AP oF LN B RS S S B g
The freezﬁ;mdwmiﬁnwmigwsbdMﬁ@mmwwimbcﬁmigl@rbg)&dmttzﬁsgmmgetﬁrmms(mzing at
206 follgnad Ry BEMIBR 3OV EISBSIAIN 200 JhERdet Ay as LR e arehaning

(freezing at -20C followed by thawing in warm water 37?;:{)). The amount of aggregate in each

bath
formulat W@?f&rﬁ?é&%H&WW&%@@‘&F&MH?%@&G RS HRI  pRltcaHeiyE phetiod
using siPalexeitistoNehiIivB ol &89 18 E&Imine d) argaseedf iaaggnegate spidla siiggesivdiskeliiced
stability fbfr-%ggwowbZATtQH%dO&"ﬁ%%@,i}@dtﬂﬁrﬁ‘%ﬁ%%ﬁo%?eg%@%&%_%%ﬁgd%%%%? to

compare the 30stability between respective formulations. Size exclusion chromatdgraphy (SE

Size exdIRERERTERABHTEAETRANAG REBIFASRSEEIE A8 A AR RO S ERENH SPagHdaEsS and
lovismol&CalaB e @Qrﬁ%ﬂ@ﬂ&;ﬁ@@h@@d%@&g%%ﬁ@ﬁ, W&ED@E@Q@L&&HW@IQS/BIH @sesyl to
column LE T S e R e
(pH 7.0 C5AtARmESO0M MmN N seampledisarinblraiesigns: L homan anhiodiatiern fe A pratssppsared
earlier thanpihetmanemiesdenisras) anahe oo asdoe siggmgaias At ibelspipmpenk thad appeared
ot O R B S o e el e aea
perfentéQdaisamiog rabiA FanerfatiBtigaede Hefarseipeansieihpmemnpisediss xtiaed
150mM fyakd antigen. When the DNA sequences of scFvs that bind to the antigen are identified,
appropriate expression vectors carrying these sequences can be constructed to obtain human
antibodies. Such methods are already well known. See WO 92/01047, WO 92/20791, WO
93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388. The antibodies
25  used in the present invention also include such human antibodies.

When the antibody genes are isolated and introduced into appropriate hosts to produce
antibodies, hosts and expression vectors can be used in appropriate combinations. When
eukaryotic cells are used as a host, animal cells, plant cells, and fungal cells can be used. The
animal cells include: (1) mammalian cells such as CHO, COS, myeloma, baby hamster kidney

30 (BHK), HeLa, and Vero cells; (2) amphibian cells such as Xenopus oocytes; and (3) insect cells
such as sf9, sf21, and Tn5. Known plant cells include cells derived from genus Nicotiana such
as Nicotiana tabacum, which can be cultured as a callus. Known fungal cells include yeasts
such as genus Saccharomyces, for example Saccharomyces cerevisiae, and filamentous fungi
such as genus Aspergillus, for example Aspergillus niger. When using prokaryotic cells,

35  production systems using bacterial cells can be used. Known bacterial cells include

Escherichia coli (E. coli) and Bacillus subtilis. The antibodies can be obtained by introducing



6.0 20nnM Histidine-Acetate 10The stability study results of the two types of formulations containing
histidine- chloride or histidine-acetate using Mabl and Mab2 are shown in Figs. 1 to 3. The results
demonstrated that Mabl was slightly more stable inistidine-chloride than in histidine-acetate during
both liquid storage and freeze-thawing. The result of liquid storage showed that Mab2 was about
twofold more stable in histidine-chloride than in histidine-acetate 15 [Example 2] Assessment of the
stabilization effect of counter ion species using Mabl (1) In general, hydrochloric acid has been

used asBCAHNEH AR SRESIES R NiSHA MR- ANEL ALHDINS AR AISIRG 10 ARER QM TEPME
(PCT/l?SZ%pS/OS 7}%,,re3ults of assessing acetic acid, phosphoric acid, and sulfuric acid as a

counter 6% Blér&ee Ct%l i1ikffh& showed that acetic 20acid has a superior stabilizing effect when used
as a counter ionEpeuisbadi¢istidihin theweasent asvaescnibbd indixinapteddyfoumnthespresent invention

demonsirated,hal hydrachlera acithyas: Slighily mgyeﬁ%&ﬂ@@rﬁfﬁﬁﬁi%&%ﬁﬁwfnﬁ@{ anion

species to histidine when élsed for Mabl art;j Mab2. Hydrochloric acid is a common counter anion

speties SHAMB! FryBehiBid adits RAL0B8H Pp SRR FRIGR! Sihehkreha 6 dsrfoantgistimtesadibel
which isrgenenallrasédhkorOHadniainedd (Een. Maten dp#08iatd iRE6 HRtarth SSei.36 (1238)1255

(1997)) Rsider, hbas Beeneporiadshl fia it 1apda Al IREGRATdbRRaNSe its volatillty

(Injectable Drug Development, Authors; Pramo upta (Editor), Gayle eau, Gayle A).
Thus, inZFERRd AP EcTHBEAELRR IR VEHILIE SRArRTsHIB AT RANIBMOTRRIHE iofdematiarbhdieorrosive
for stainfess steetianthhave i dy feriaicsiabitization eie tisdhrend acetim agitanib3@bydroahtbric acid, as

2 SO ek puaneReagRIg e RUIELY e PRRMBRE IR SE9P N 1T ARAIR BPpPager anlon

species other than hydrochloric acid, acetic aci sphoric acid, and sulfuric acid previously reported
in PCLIT32%858/83 Befier I erifcdmny™agp Artid-atiathes Jintampl-AERBWhich 4ré-Hon Rivakbraeids,
were asgeasddhsregunieviiinodpEriesmAls desonhes, 297is Bxampleil FhididinedsHarigasyas

demons 0 jor stabilization effect than,histidine-ace in-both Magbl.and
b2, S B B A e aci

Specificaiyy, Heksra BigWto therdpdiotrehnnitic®S shdwd nlFable 2, the effect of hydrochloric acid,
aspgutic acid, and@lifianietacidienistabiibmbibeir AEERES R RS RIBIUMCERONTIERE TSR bigtidine as
a buffer gr arginine as a stabilizer usi abl. ch fornulatior repared by same
methodfé%ﬁiﬁ%%ﬁs ﬁaor%)p g&%&%%&%ﬁ&é/?g a‘%%r@t’%?@i%%@i%%o be;%llg rfgr%nu%;ltion (Table
2) overn¥it-Tiadid (Batbrisohitiond iagedbrdiptrane theaprgsen finghtonedsiatbilosuahbiodiBeddjusted
]EO 200 rgg{fmdiet%e 1@{1@@%@&%@&}!&&1i%&%&’g\@&$5@ﬂ‘@&' &utﬂaycﬁ@ﬂﬂmmﬁl&;@mgm ﬁ%gsz%?ﬁ\éd _
reeze-thawing (freezing at - ollowed.by thayvi t rqom.temperature). The method for preparing
each foranrr{:lt\l%ﬁ?’[ggi S'solé |8% Iirém @ér%%&w%ald es'%?;f:’;ﬁ%?gﬁ r?RFZ}.‘I‘?j%ample was prepared as follows:
L-Rstidine and A -aigiedins (odre wintoneddrirfavniiidativatee fahe pnesvhtima S 0ioml Mchakp dotivedynetnd the
30|Uti0ngﬁﬂ@e"&ﬂ!réﬁﬁﬁﬁﬁﬁa@t\b&i%ﬁi%c{iyﬁir&ﬁwﬁd Lr,ig ?éééipt%@ﬁﬁ&iﬂ@%@@i 'é{&%qﬁ.@r%éoéamgg'es |15V;e_re
prepared a : L-histidine, L-argining, and L-aspartic acid, or L-glutamic acid were dissolved in
VG W Ao R B AT SN oL et B e R SO RGBSt to pH 6
with a 3gntibadien KantidSpdricachd diet)glutaghipiasid sehtitodicFhant raangliosidgghdg ateiod ash

sample gfterireezedherinar HiBegial #lbodeCadNfhinGiNias LRGHIRER DYRBIRA PRIRENtage

method_using si xclusion chromatogra SEC), 20 Table 2 Formulation list No. Buffer Stabilizer
Sgh \yﬁllr,]%ntgﬁgl receptor ant?bo%geg ar?cm!{{,A an)tlbodies, antEAXL antibodies, anti-CXCR4

antibodies, anti-NR10 antibodies, and bispecific antibodies against factor IX and factor X.
Preferred reshaped humanized antibodies used in the present invention include

humanized interleukin 6 (IL-6) receptor antibodies (tocilizumab, hPM-1, and MRA) (see WO

92/19759), humanized anti-HM1.24 antigen monoclonal antibodies (see WO 98/14580),

30 humanized anti-parathyroid hormone-related peptide antibodies (anti-PTHrP antibodies) (see
WO 98/13388), humanized anti-tissue factor antibodies (see WO 99/51743), humanized
anti-glypican-3 IgGlk antibodies (see PCT/JP05/013103), and anti-NR10 humanized antibodies
(see WO2009/072604). Particularly preferred humanized antibodies used in the present
invention are humanized anti-IL-6 receptor antibodies.

35 Preferred human IgM antibodies include recombinant human anti-ganglioside GM3 IgM
antibodies (see WO 05/05636).



pH 3 20mM Histiclhe-Chbrde 50mM Arg-Chloride 6.0 4 20mM Histidine-Aspartate 50mM
Arg-Aspartate  20mM Histidhe-Glutamate 50rrilM- -Glutamate The increased amount (%) of
aggregate during freeze-thawing or storage at -200,325C, 25and 5C for each foimulation is shown in
Figs. 4 to 7. The increased amount (%) of aggregate during storage at 5C and 25C, showed that
stability was enhanced in the order of: glutamic acid = aspartic acid > hydrochloric acid as counter ion
species to histidine and arginine. Thus, it was demonstrated that the stability of Mabl was improved by

usir&g aspartic aplféi@fr@dilﬁ%misoafﬁﬁiﬁ@l@d@%@@&eﬁﬁ@%@%gﬁﬁﬁ%@@%@&&i%@(%W@(@;]@foﬁb? same
tendency was. s in 30freeze-t ing a age. The increased amount (%) of aggregate
during s%%\@;%nemgﬁ-g#é %Splt??réelébr%&ﬁfh@evevit %(eéz%?é%c acid formulation, aspartic acid formulation, or
hydrochloric acifiythemiatiornidsdbs utith 896 mMpeo: bis8edes rieppattinelyder husethmstabizbtion

effect of plutamicsacidivyasslightlvisirerees K dhah of axRaLimasid-11-6 r&Xppiesidoand 2
e

demonstrated that S a.coun Ion species, elutamic acid.and aspartic acid have a
cupbrof MAEP SIS CILOE RN SO SRS 1 SE B Bt MR R REep O
demonstrathog isaprgthterdibyabiclraett abpentichadith eavgibtile of $B080MMIEkiInless steel. Thus,
glutamic acid ang aspaticada e iR BerRISPis RGAT AiGRMEE 3?49%9&%&&9@4@“-

Specifically, h;Lsti jneéglutamate and histidine-aspartate ar%s erior as a buffer than histidine-chloride
and histFABPAR SR ERAYIRIR QUG aR e BR& HiPaiReD4LSErtate are more superior as a stabilizer
than argimifterdhiyidetbyldaarziminghacetatpatficaaffypl@3 Assessment of the stabilization effect of

cowlterﬁ@g@@fé§§rﬂééﬂﬂ%ﬁﬁ%ﬂ9thane-gﬁﬁa§&%ﬁg%*a%&%g&%g by%@%@%ﬁ %@t J SBR.Mare

stable in histidine-chloridé, buffer than histidine-acetate buffer abl, Fig- 2). rmore, as
describ&QTHEBIH BRI AcHi TR AP SHURE FHeHEdRaiDRBP MKBP S St improved
when asparticatheidhorrgiqtamic sdidinasasadimnsiepad yidrachlarghasitiascadesuntesdon species
to histidj ginj i ¢ A iti ly improved
o abou e v B A AT VT s
to histidRe&Ry QVgﬁ*ﬁ?f‘é.t}g{%ﬂﬁléﬁm@&WSRﬁmic acid and hydrochloric acid were assessed as a
colnter ion spedies peefestdienboditheir ity ie-stphitie dMabddusing2ofteene diamintstion of

Argininercontal : ' | igh. stabilization effect were also assessed at the same
e 2 B L e e ot
as a coltsrapngrciie and/ prtiytamic acidgfep #81mr peid A praTtireRpid tNEsarRarsetitod as
describegliftisxasapltihgMabRinag-etyzeraouaraighhngaivel cachdormnuiaiethselition @able 3).
Then, each soldjgon as %}?concentra ed talgtnd the final dconcebntrg\tlor% g{rMabZ q%s%%%gtsed to about

40 to Zfdet%agrfml Trie method fot %drlggffnlﬁg Re-each Tormutated SOTtion 1s dese i

W.
Féfmulation Nodhe WB@QWEF@@%%‘E@@W%@W&@Wé&l@%gll;ﬁ@&s;;@niﬁgggc;’@ﬂmlﬂation
No. 8 alena)sweiRteachidissdlveedn Miligewaley ft HQMheaTERTRIIONSNEHS titrateghdo pH 6 with
L g A, LoD s e 5 lovs ety taame
inventors discovered that the aggregation formation was significantly suppressed by using an
acidic amino acid, aspartic acid or glutamic acid as a counter ion species in histidine buffer, i.e.,
25 by using histidine-aspartate buffer or histidine-glutamate buffer as a buffer as compared to
conventional buffers for pharmaceutical formulations such as histidine hydrochloride buffer and
histidine-acetate buffer.
The present inventors also discovered that a higher stabilization effect was achieved by
adding arginine-aspartate or arginine-glutamate as compared to arginine hydrochloride which
30 has been reported as a stabilizer for antibody-containing formulations. The assessment results
are exemplified in the Examples hereinbelow, using a humanized anti-IL-6 receptor antibody.
Specifically, stable highly-concentrated antibody-containing formulations that have low
levels of antibody aggregation can be prepared by adding histidine-aspartate buffer or
histidine-glutamate buffer, or tris(hydroxymethyl)aminomethane-aspartate buffer or
35  tristhydroxymethyl)aminomethane-glutamate buffer. Furthermore, more stable

highly-concentrated antibody-containing formulations that have much lower levels of antibody



solution was titrated to pH 6 with a 30 to 40 mM L-glutamic acid solution. The concentration oflviab2
in each formulation after sample preparation is shown in Table 4. The freeze-thawing study was
carried out with ten cycles of freezing at -20C followiedd by thawing at room temperature (slow
freeze-thawing). Following slow freeze-thawing, the amount of aggregate in 35each formulation was
calculated by the area percentage method using size exclusion chromatography (SEC). Table 3
Formulation list No. Buffer Stabilizer pH 6 50mM Histdine-Chbride 6.0 7 50mM Histdbe-Glutamate 8

50mM Histigiperichbrde,d QraphAacipinemblordaind habladd\ieastrement resuit 4dst ofiviah2.

' [ [ ) bilizer pH Man2 Concentraton (mg/ml 6A
Z(;ng\?? nttﬁ%%? tll’rl‘lespc%leusgg 1856%1%%@1 'I;%Egt]é,g ?‘él%]eylgng Pof;%{g%}%camgl glppresgmg the aggregatporg g

formation by using histidine-aspartate buffer or histidine-glutamate buffer, or
tristhydroxymethyl)aminomethane-aspartate buffer or

5 tris(hydroxymethyl)aminomethane-glutamate buffer as a buffer for highly-concentrated
antibody-containing solutions, and methods for significantly suppressing the aggregation
formation by adding arginine-aspartate or arginine-glutamate as a stabilizer to
highly-concentrated antibody-containing solutions.

In an embodiment, the methods of the present invention include, for example, methods

10 for suppressing the aggregation formation during storage of highly-concentrated
antibody-containing formulations under frozen conditions or freeze-thawing by using aspartic
acid or glutamic acid as a counter ion species to the buffer (for example, histidine buffer or
tris(thydroxymethyl)aminomethane buffer) or as a counter ion species to the stabilizer (for
example, arginine) in the formulations.

15 In another embodiment, the methods of the present invention include, for example,
methods for suppressing the aggregation formation during storage of highly-concentrated
antibody-containing formulations in a liquid condition by using aspartic acid or glutamic acid as
a counter ion species to the buffer (for example, histidine buffer or
tris(hydroxymethyl)aminomethane buffer) or as a counter ion species to the stabilizer (for

20 example, arginine) in the formulations.

In the present invention, buffers that can be used instead of histidine buffer and in which
aspartic acid or glutamic acid is used as a counter ion species include
tris(hydroxymethyl)aminomethane (Tris) and imidazole. Such buffers can also be added to the
histidine buffer of the present invention.

25 In the present invention, stabilizers to which aspartic acid or glutamic acid can be used
as a counter ion species include argininamide, lysine, meglumine, spermine, spermidine,
magnesium, calcium, sodium, and potassium, in addition to arginine.

As described above, the present invention provides stable antibody-containing
formulations that comprise histidine-aspartate buffer or histidine-glutamate buffer, or

30 tristhydroxymethyl)aminomethane-aspartate buffer or
tris(hydroxymethyl)aminomethane-glutamate buffer. A much higher stabilization effect is
achieved in the antibody-containing formulations of the present invention when
arginine-aspartate or arginine-glutamate is additionally contained. ~Thus, the present invention
relates to antibody-containing formulations which contain a salt that combines a basic amino

35 acid such as histidine or arginine (preferably, histidine and/or arginine) or

tristhydroxymethyl)aminomethane with aspartic acid or glutamic acid in liquid.
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The histidine used in the present invention may be histidine itself or a derivative thereof,
and L-histidine is particularly preferred. The arginine used in the present invention may be
arginine itself, a derivative thereof, or a salt thereof, and L-arginine or a salt thereof is
particularly preferable. Preferred salts of arginine include aspartate salt and glutamate salt.

In the formulations of the present invention, the concentration (amount) of
histidine-aspartate buffer or histidine-glutamate buffer is preferably 1 to 100 mM, more
preferably 5 to 100 mM, even more preferably 5 to 50 mM, and still more preferably 10 to 25
mM.

In the formulations of the present invention, the concentration (amount) of arginine is
preferably 5 to 300 mM, more preferably 25 to 200 mM, and still more preferably 50 to 150 mM.

The formulations of the present invention may be solutions (antibody-containing liquid
formulations) or lyophilized formulations. The liquid formulations of the present invention also
include solutions before lyophilization step(s), and the dissolved solutions. The liquid
formulations of the present invention are preferably produced without the lyophilization step(s)
in production. Meanwhile, the lyophilized formulations of the present invention can be
obtained by lyophilizing the liquid formulations of the present invention using methods known to
those skilled in the art.

The pH of the formulations of the present invention is preferably 4 to 8, more preferably
5.0 to 7.5, and still more preferably 5.5 to 6.5.

The viscosity of the liquid formulations of the present invention at room temperature
(25°C) is preferably 30 mPa-s or less, more preferably 20 mPa's or less, and still more preferably
15 mPa-s or less.

Significant changes are not observed for the liquid formulations of the present invention
for at least 6 months, preferably 12 months, more preferably two years, even more preferably
three years at refrigeration temperature (2°C to 8°C), or for at least six months, preferably one
year, and more preferably two years at room temperature (22°C to 28°C). Specifically, the
present invention relates to liquid formulations that are stable for at least six months at 22°C to
28°C.

The liquid formulations of the present invention can be frozen and stored at a
temperature within the range of -30°C to -10°C.

The formulations of the present invention may additionally contain surfactants. As
used in the present invention, preferred surfactants include polyoxyethylene sorbitan fatty acid
esters and polyoxyethylene polyoxypropylene alkyl ethers, and more preferred surfactants
include polysorbates 20 and 80, and Pluronic F-68 (poloxamer 188). The surfactants can be
added to the formulations of the present invention in general at 0.0001% to 10% (w/v),
preferably at 0.001% to 5%, and more preferably at 0.005% to 3%.
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The formulations of the present invention may further contain amino acids. As used in
the preset invention, preferred amino acids include natural amino acids and amino acid
derivatives, and particularly preferred amino acids include L-methionine and L-proline.

The formulations of the present invention may further contain sugars. The preferred
sugars used in the present invention include sucrose, trehalose, meglumine, and sorbitol.

The amount of amino acid or sugar that can be added to the formulations of the present
invention is generally 1 to 1000 mM, preferably 5 to 500 mM, and more preferably 10 to 300
mM.

The formulations of the present invention may further contain inorganic salts. The
preferred inorganic salts used in the present invention include magnesium salts and calcium salts.

The formulations of the present invention are substantially constituted by the ingredients
of A to D below.

(A) anti-IL-6 receptor antibody;

(B) histidine-aspartate buffer and/or histidine-glutamate buffer;

(C) arginine (including arginine-aspartate and arginine-glutamate), amino acids other than
arginine, and/or sugars as needed; and

(D) surfactants.

“Substantially constituted” means that the concentrations of the optional additives
described below, which are ingredients other than the ingredients generally added to the
formulations, are 5 mM or less, preferably 2 mM or less, and more preferably 1 mM or less.
Such optional additives include cryoprotectants, suspending agents, solubilizing agents,
isotonizing agents, preservatives, adsorption inhibitors, diluents, excipients, pH adjustors,
analgesics, sulfur-containing reducing agents, and antioxidants.

Furthermore, it is preferred that the formulations of the present invention do not contain
anions other than aspartic acid and glutamic acid, as counter ions to the buffer or stabilizer. In
an embodiment, such formulations include, for example, those that do not substantially contain
chloride ion and acetate ion. “Substantially do not contain chloride ion and acetate ion” means
that the concentrations of chloride ion and acetate ion are, for example, S mM or less, preferably
2 mM or less, and more preferably 1 mM or less. Highly stable antibody-containing
formulations can be produced without increasing the osmotic pressure, as a result of using
aspartic acid and glutamic acid which have higher stabilizing effect as a counter ions and not
substantially including chloride ion and acetate ion with poorer stabilization effect.

If needed, the formulations of the present invention may further contain appropriate
cryoprotectants, suspending agents, solubilizing agents, isotonizing agents, preservatives,
adsorption inhibitors, diluents, excipients, pH adjustors, analgesics, sulfur-containing reducing

agents, antioxidants, and such.



44 8B 68 8C 94 8D 50mM Histdhe-Chbride 50mM Arghhe-Chbride 120 8E 144 8F 168 86
192 The increased amount (%) of aggregate for each formulation in the freeze-thawing study is
shown in Fig. 8. The results demonstrated that by usihg glutamic acid instead of 10hydrochloric acid
as a counter ion species to histidine, the stability of Mab2 was improved to about two times. In
addition, the stabilization effect of glutamic acid was comparable to that of

Cryoprotectants include, for example, sugars such as trehalose, sucrose, and sorbitol.

Solubilizing agents include, for example, polyoxyethylene hydrogenated castor oil,
polysorbate 80, nicotinamide, polyoxyethylene sorbitan monolaurate, macrogol, and castor oil
fatty acid ethyl ester.

5 Isotonizing agents include, for example, sodium chloride, potassium chloride, and
calcium chloride.

Preservatives include, for example, methyl parahydroxybenzoate, ethyl
parahydroxybenzoate, sorbic acid, phenol, cresol, and chlorocresol.

Adsorption inhibitors include, for example, human serum albumin, lecithin, dextran,

10 ethylene oxide/propylene oxide copolymer, hydroxypropyl cellulose, methyl cellulose,
polyoxyethylene hydrogenated castor oil, and polyethylene glycol.

Sulfur-containing reducing agents include, for example, those containing sulthydryl
groups such as N-acetylcysteine, N-acetylhomocysteine, thioctic acid, thiodiglycol, thioethanol
amine, thioglycerol, thiosorbitol, thioglycolic acid and salts thereof, sodium thiosulfate,

15 glutathione, and thioalkanoic acids having one to seven carbon atoms.

Antioxidants include, for example, erythorbic acid, dibutylhydroxytoluene,
butylhydroxyanisole, a-tocopherol, tocopherol acetate, L-ascorbic acid and salts thereof,
L-ascorbic acid palmitate, L-ascorbic acid stearate, sodium hydrogen sulfite, sodium sulfite,
triamyl gallate, propyl gallate, and chelating agents such as disodium ethylenediamine

20 tetraacetate (EDTA), sodium pyrophosphate, and sodium metaphosphate.

The formulations of the present invention may be administered orally or parenterally.
In general, the formulations are administered parenterally, specifically via injection, transdermal
administration, transmucosal administration, nasal administration, pulmonary administration, or
the like. Injection includes, for example, systemic and local administrations by subcutaneous

25  injection, intravenous injection, intramuscular injection, or such. The injection volume is
limited in subcutaneous injection; however, a single antibody dose may be a large quantity
(about 100 to 200 mg). Thus, the formulations of the present invention are particularly suitable
for subcutaneous administration (injection).

In terms of pain, it is preferred that the osmotic pressure ratio of buffering agent is close

30 toisotonic 1.0 in formulations for subcutaneous administration. Thus, the osmotic pressure
ratio of the liquid formulations of the present invention is preferably about 1. Arginine, sugars,
and such are added to improve the stability of formulations during storage. However, when the
osmotic pressure is greater than the isotonic level, it may cause pain of subcutaneous
administration. Thus, adding such stabilizers with consideration of osmotic pressure is

35  preferred.



50 mM arginine chloride, which is a conventional stabilizer. Thus, glutamic acid alone was
demonstrated to exert high stabilization effect as a counter ion species. Meanwhile, it is believed
that the osmotic pressure ratio of the buffer is prefet&bly close 15to isotonic 1.0 in formulations for
subcutaneous administration because of the injection pain. The stability during freeze-thawing was
comparable between 50 mM histidine-chloride/50 mM Li arginine-chloride and 50 mM
histidine-glutamate. The osmotic pressure of the buffer in the latter was about 100 mOsm lower than in
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25  temperature), and then ten cycles of rapid freeze-thawing (freezing at -20°C followed by thawing

in warm water bath (37°C)). The amount of aggregate in each formulation after freeze-thawing
or storage at 40°C was calculated by the area percentage method using size exclusion
chromatography (SEC). An increase of the aggregates (%) suggests reduced stability of Mab1
or Mab2. Thus, increase in the amount of aggregate was used as an indicator to compare the

30  stability between respective formulations.

Size exclusion chromatography (SEC)

Size exclusion chromatography (SEC) was performed to analyze the quantity of
aggregates and low-molecular-weight degradation products in each formulation. Each
35  formulation was diluted to about 0.4-2.0 mg/ml with the mobile phase described below, and then

analyzed using G3000SWx, column (Tosoh Co.) at a flow rate of 0.5 ml/min with a mobile



100mM H istbhe-Glutamate 50mM Arghhe-Glutamate j 6.0 10 50mM Trehabse 11 100mM
Trehalose 12 150mM Trehabse The increased amount (%) of aggregate of each formulation
after -20C storage, freeze-thawing, and 25C storagé9s shown in Figs. 9 to 11. By adding 50 mM or
more trehalose, a formulation with which the aggregate is hardly increased during storage at -20C and
10freeze-thawing was obtained, as seen from Figs. 9 to | 1. Furthermore, the trehalose
concentration-dependent stabilization effect was observed in the liquid storage at 25C. As described
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or histidine-acetate using Mab1 and Mab?2 are shown in Figs. 1 to 3. The results demonstrated

that Mab1 was slightly more stable in histidine-chloride than in histidine-acetate during both
liquid storage and freeze-thawing. The result of liquid storage showed that Mab2 was about
twofold more stable in histidine-chloride than in histidine-acetate.

15

[Example 2] Assessment of the stabilization effect of counter ion species using Mab1 (1)

In general, hydrochloric acid has been used as a counter ion species to histidine and
arginine. According to a previous report (PCT/US2005/037471), results of assessing acetic
acid, phosphoric acid, and sulfuric acid as a counter ion species to histidine showed that acetic

20 acid has a superior stabilizing effect when used as a counter ion species to histidine. However,
as described in Example 1 above, the present invention demonstrated that hydrochloric acid was
slightly more superior than acetic acid as a counter anion species to histidine when used for
Mabl and Mab2. Hydrochloric acid is a common counter anion species, while hydrochloric
acid has been reported to have a tendency of corroding stainless steel which is generally used for

25  containers (Dent. Mater. 17:409-414 (2001); J. Pharm. Sci. 86:1250-1255 (1997)). Besides, it
has been reported that the pH tends to alter in acetic acid because of its volatility (Injectable
Drug Development, Authors: Pramod K. Gupta (Editor), Gayle A. Brazeau, Gayle A).

Thus, in this Example, the present inventors searched for involatile counter ions that are
not corrosive for stainless steel and have a superior stabilization effect than acetic acid and

30 hydrochloric acid, as a counter anion species in the buffer for Mabl and Mab2. The present
inventors assessed anion species other than hydrochloric acid, acetic acid, phosphoric acid, and
sulfuric acid previously reported in PCT/US2005/037471.  Specifically, aspartic acid and

glutamic acid, which are both amino acids, were assessed as counter ion species. As described



The increased amount (%) of aggregate for each formulation after storage at 25C is shown in Fig. 12.
The results showed that, unlike in the freeze-thawing study, the stability of Mab2 was not altered even
when glutamic acid was used instead of hydrochlor#acid as a counter ion species to histidine. The pis
of Mabl and Mab2 are 5.8 and 9.3, respectively. 5This suggests that the stabilization effect of counter
ion species on antibodies with low pl in liquid storage was significant. f Example 6] Assessment of
stabilization effect of counter ion species using Mabl, Mab2, Mab3. Mab4, and Mab5 10Mab3 is a
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were titrated to pH 6 with a 30 to 40 mM L-aspartic acid or L-glutamic acid solution. = The

amount of aggregate in each sample after freeze-thawing or storage at -20°C, 25°C, and 5°C was

calculated by the area percentage method using size exclusion chromatography (SEC).

20
Table 2
Formulation list
No. Buffer Stabilizer pH
3 20mM Hstidine-Chloride 50mM Arg-Chloride
4 20mM Histidine-Aspartate 50mM Arg-Aspartate 6.0
5 20mM Histidine-Glutamate 50mM Arg-Glutamate

The increased amount (%) of aggregate during freeze-thawing or storage at -20°C, 25°C,
25 and 5°C for each formulation is shown in Figs. 4 to 7. The increased amount (%) of aggregate
during storage at 5°C and 25°C, showed that stability was enhanced in the order of: glutamic
acid = aspartic acid > hydrochloric acid as counter ion species to histidine and arginine. Thus,
it was demonstrated that the stability of Mabl was improved by using aspartic acid or glutamic
acid as a counter ion species, instead of hydrochloric acid. The same tendency was seen in
30  freeze-thawing and frozen storage. The increased amount (%) of aggregate during storage at

-20°C for three months with the glutamic acid formulation, aspartic acid formulation, or



No. Sample Dialysis buffer pH 13 Mab3  Water 14 Mab3 15 Mab4 50mM Histidine-Chloride 16

Mab4 50mM Histidine-Aspartate 17 Mab2 18 Mab2 20mM Histidine-Chloride 6.0 19
21

hydrochloric acid formulation was about 0.8%, 1.2%, or 3.0%, respectively. Thus, the
stabilization effect of glutamic acid was slightly stronger than that of aspartic acid.
Examples 1 and 2 demonstrated that when used as a counter anion species, glutamic
acid and aspartic acid have a superior Mab1-stabilizing effect than hydrochloric acid and acetic
5 acid. There is no report demonstrating that glutamic acid and aspartic acid are volatile or
corrosive for stainless steel.  Thus, glutamic acid and aspartic acid are found to be promising as
a counter anion species for Mabl. Specifically, histidine-glutamate and histidine-aspartate are
superior as a buffer than histidine-chloride and histidine-acetate, and arginine-glutamate and
arginine-aspartate are more superior as a stabilizer than arginine-chloride and arginine-acetate.
10

[Example 3] Assessment of the stabilization effect of counter ion species using Mab2 (1)

As described in Example 1, Mab2 was found to be more stable in histidine-chloride

buffer than histidine-acetate buffer (like Mabl, Fig. 2). Furthermore, as described in Example
2, the stability in liquid and frozen conditions of Mab1 was significantly improved when aspartic

15 acid or glutamic acid was used instead of hydrochloric acid as a counter ion species to histidine
and arginine. In particular, the stability in frozen conditions of Mab1 was greatly improved (to
about threefold) when glutamic acid was used instead of hydrochloric acid as a counter ion
species to histidine and arginine. In this context, glutamic acid and hydrochloric acid were
assessed as a counter ion species to histidine for their ability to stabilize Mab2 during

20  freeze-thawing. Arginine-containing formulations which have high stabilization effect were
also assessed at the same time, and used as a control to compare the stabilization effect observed
when glutamic acid was used as a counter ion species to histidine.

Each formulation was prepared by the same method as described in Example 1.  Mab2

was dialyzed overnight against each formulated solution (Table 3). Then, each solution was

25  concentrated, and the final concentration of Mab2 was adjusted to about 40 to 230 mg/ml. The
method for preparing the each formulated solution is described below. Formulation Nos. 6 and
8 samples were prepared as follows: L-histidine and L-arginine (formulation No. 8 alone) were
each dissolved in MilliQ water at 50 mM, and the solutions were titrated to pH 6 with 1 N
hydrochloric acid. Formulation No. 7 sample was prepared as follows: L-histidine and

30  L-glutamic acid were dissolved in MilliQ water at 50 mM and 25 mM, respectively, and then the
solution was titrated to pH 6 with a 30 to 40 mM L-glutamic acid solution. The concentration
of Mab2 in each formulation after sample preparation is shown in Table 4. The freeze-thawing
study was carried out with ten cycles of freezing at -20°C followed by thawing at room
temperature (slow freeze-thawing). Following slow freeze-thawing, the amount of aggregate in

35  each formulation was calculated by the area percentage method using size exclusion
chromatography (SEC).
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Table 3
Formulation list
No. Buffer Stabilizer pH
6 50mM Histidine-Chloride )
7 50mM Histidine-Glutamate 6.0
8 50mM Histidine-Chloride 50mM Arginine-Chioride
Table 4
Measurement result: List of Mab2 concentration in solution of each formulation
No. Buffer Stabilizer pH Mab2 Concentration (mg/mL)
6A 47
6B 70
6C 97
6D e 122
oF 50mM Hitidne-Chioride 153
6F 164
6G 186
6H - 229
7A 46
7B 72
7C 6.0 97
7D 50mM Hetidne-Glutamate ' 119
7E 144
7F 165
7G 196
8A 44
8B 68
8C 94
8D 50mM Hitidine-Chboride 50mM Arginine-Chloride 120
8E 144
8F 168
8G 192

The increased amount (%) of aggregate for each formulation in the freeze-thawing study
is shown in Fig. 8. The results demonstrated that by using glutamic acid instead of
hydrochloric acid as a counter ion species to histidine, the stability of Mab2 was improved to
about two times. In addition, the stabilization effect of glutamic acid was comparable to that of
50 mM arginine chloride, which is a conventional stabilizer. Thus, glutamic acid alone was
demonstrated to exert high stabilization effect as a counter ion species.

Meanwhile, it 1s believed that the osmotic pressure ratio of the buffer is preferably close
to isotonic 1.0 in formulations for subcutaneous administration because of the injection pain.

The stability during freeze-thawing was comparable between 50 mM histidine-chloride/50 mM



77 Table 8 No. Sample Stock buffer pH 13 Mab3 500mM Histidine-Chloride 6.0 14 Mab3 500mM
Histidine-Aspartate 15 Mab4 50mM Histidine-Chloride 16 Mab4 50mM Histidine-Aspartate 17 Mab2
20mM Histidine-Chloride, 500mM Arginine-Chloride€318 Mab2 20mM Histidine-Chloride, 500mM
Arginine-Aspartate

arginine-chloride and 50 mM histidine-glutamate. The osmotic pressure of the buffer in the
latter was about 100 mOsm lower than in the former. Thus, as described above, when the
stability is improved by using aspartic acid or glutamic acid as a counter ion species, stability can
be enhanced alone without increasing the osmotic pressure. This can be a great advantage in

5  developing formulations for subcutaneous administration.

Meanwhile, arginine, sugars, and such are added to improve the stability of formulations
during storage. However, when the osmotic pressure is greater than the isotonic level, it may
cause injection pain at subcutaneous administration. Thus, such stabilizers must be added by
considering the osmotic pressure (Injectable Drug Development, Authors: Pramod K. Gupta

10  (Editor), Gayle A. Brazeau, Gayle A; Challenges in the development of high protein
concentration formulations, J Pharm Sci, 2004, 93(6), 1390-1402). When hydrochloric acid or
acetic acid is added as a counter anion species to histidine or arginine, neither hydrochloric acid
nor acetic acid has the effect of stabilizing Mabl. Thus, hydrochloric acid and acetic acid only
produce the effect of increasing the osmotic pressure. Accordingly, from the viewpoint of

15  osmotic pressure, the concentration of ion species that do not have the stabilization effect should
be minimized in the formulations. Specifically, also from the viewpoint of osmotic pressure,
absence of hydrochloric acid and acetic acid is preferred. Histidine-glutamate and
histidine-aspartate are superior as a buffer than histidine-chloride and histidine-acetate; and
arginine-glutamate and arginine-aspartate are superior as a stabilizer than arginine-chloride and

20  arginine-acetate.

[Example 4] Assessment of the stabilization effect of counter ion species using Mab1 (2)

As described in Examples 2 and 3, by using glutamic acid as a counter ion species to
histidine and arginine, the stability of Mab1 was significantly improved to about two to three
25  folds, in particular during frozen storage. In this context, a storage stability study at -20°C was
conducted to assess the stability of Mabl1 at -20°C storage when glutamic acid was used as a
counter ion species to histidine and arginine, and a sugar (trehalose) as a stabilizer. Liquid
storage and freeze-thawing study were also carried out at the same time.
Each formulation was prepared as follows: Mab1 was dialyzed overnight against each
30  formulated solution (Table 5); then, the solutions were concentrated, and the final concentration
of Mab1 was adjusted to 200 mg/ml. The method for preparing each formulated solution is
described below. L-Histidine, L-arginine, L-glutamic acid, and trehalose were dissolved in
MilliQ water at 100 mM, 50 mM, 100 mM, and 0 to 150 mM, respectively, and then the
solutions were titrated to pH 6 with 30 to 40 mM L-glutamic acid solution. The freeze-thawing
35  study was carried out with ten cycles of freezing at -20°C followed by thawing at room

temperature (slow freeze-thawing). The amount of aggregate in each formulation after



19 Mabl1 20mM Histidine-Chloride, 500mM Arginine-Chloride 20 Mab1 20mM Histidine-Chloride,
500mM Arginine-Aspartate 21 Mab3 200mM Histidine-Chloride, 500mM Arginine-Chloride 22 Mab3
200mM Histidine-Chloride, 500mM Arginine-Aspartdte 23 Mab5 20mM Histidine-Chloride, 500mM
Arginine-Chloride 24 Mab5 20mM Histidine-Chloride, 500mM Arginine-Aspartate Table 9 No. Sam
ple formulation pH Mab concentration (mg/m L) 13 Mab3 50mM Histidine-Chloride 6.0

freeze-thawing or storage at -20°C and 25°C was calculated by the area percentage method using

size exclusion chromatography (SEC).

Table 5
Formulation list
No. Buffer Stabilizer Sugar pH
9 -
10 - - 50mM Trehabse
1 100mM Histidne-Glutamate 50mM Argnine-Glutamate 100mM Trehabse 6.0
5 12 150mM Trehalbse

The increased amount (%) of aggregate of each formulation after -20°C storage,
freeze-thawing, and 25°C storage is shown in Figs. 9to 11. By adding 50 mM or more
trehalose, a formulation with which the aggregate is hardly increased during storage at -20°C and

10 freeze-thawing was obtained, as seen from Figs. 9to 11. Furthermore, the trehalose
concentration-dependent stabilization effect was observed in the liquid storage at 25°C.  As
described above, the present inventors discovered simple formulations consisting only of amino
acids and sugar, which contribute to the stabilization during both liquid storage and frozen
storage.

15

[Example 5] Assessment of the stabilization effect of counter ion species using Mab?2 (2)

As described in Example 1, Mab2 was shown to be more stabilized by histidine-chloride
than by histidine-acetate, like Mabl (Fig. 2). Furthermore, as described in Example 2, the
stability in liquid and in frozen conditions of Mab1 was significantly improved when aspartic

20 acid or glutamic acid was used instead of hydrochloric acid as a counter ion species to histidine
and arginine. In this context, the stability of Mab2 during liquid storage (25°C) was used to
assess hydrochloric acid and glutamic acid as a counter ion species to histidine.
Arginine-containing formulations which have high stabilization effect were also assessed at the
same time, and used as a control to compare the stabilization effect observed when glutamic acid

25  isused as a counter ion species to histidine.

Each formulation was prepared by the same method as described in Example 1. Mab2
was dialyzed overnight against each formulated solution (Table 3). Then, the solutions were
concentrated, and the final concentration of Mab2 was adjusted to about 40 to 230 mg/ml. The
method for preparing the formulated solutions was the same as described in Example 3. The

30 concentration of Mab2 in each formulation after sample preparation is shown in Table 4. The
amount of aggregate in each formulation during two to four weeks of storage at 25°C was

calculated by the area percentage method using size exclusion chromatography (SEC).



100 14 Mab3 50m M H istidine-As pa rtate 15 Mab4 50mM Histidine-Chloride 16 Mab4 50m M H
istidine-As pa rtate 17 Mati2 20mM Histidine-Chloride, 50mM Arginine-Chloride 190 18 Mab2 20mM
Histidine-Chloride, 50mM Arginine-Aspartate 19 Mab1l 20mM Histidine-Chloride, 50mM
Arginine-Chloride 110 20 Mehl 20mM Histidine-Chloride, 50mM Arginine-Aspartate 21

The increased amount (%) of aggregate for each formulation after storage at 25°C is
shown in Fig. 12. The results showed that, unlike in the freeze-thawing study, the stability of
Mab?2 was not altered even when glutamic acid was used instead of hydrochloric acid as a
counter ion species to histidine. The pls of Mabl and Mab2 are 5.8 and 9.3, respectively.

5  This suggests that the stabilization effect of counter ion species on antibodies with low plI in

liquid storage was significant.

[Example 6] Assessment of stabilization effect of counter ion species using Mabl. Mab2. Mab3,
Mab4, and Mab5
10 Mab3 is a bispecific antibody of factor IX and factor X and has an [gG4-derived

constant region. Furthermore, its pI value has been lowered to 6.8 by altering the amino acid
sequence.

Mab4 is a humanized anti-NR10 antibody (completely humanized NS22 antibody
prepared according to the method described in Example 12 of WO 2009/072604), and its

15  antibody class is IgG2. Its pl value has been lowered to 5.6 by altering the amino acid
sequence.

Mabs5 is a humanized anti-glypican 3 antibody (it was humanized by the method
described in Example 24 of WO 2006/006693 and its L chain was altered by the method of
Example 25). Its antibody class is IgG1.

20 As described in Examples 2 and 3, the stability in liquid and frozen conditions of Mabl1
and Mab2 were demonstrated to be significantly improved when aspartic acid or glutamic acid
was used instead of hydrochloric acid as a counter ion species to histidine and arginine. Then,
Mabl and Mab2 as well as Mab3, Mab4, and Mab35 which are antibodies modified to have an
isoelectric point of 5 to 8 were used to assess the solution stability and freeze-thawing stability

25 when hydrochloric acid and aspartic acid is used as a counter ion species to histidine and
arginine. The pls of Mabl, Mab2, Mab3, Mab4, and Mab5 are shown in Table 6 below.

Table 6

Sample| Mab1l | Mab2 | Mab3 | Mab4 | Mabb
pl 5.8 94 6.8 0.6 9.0

30
Samples were prepared as follows: Mabl, Mab2, Mab3, Mab4, and Mab5 were dialyzed
against each dialysis buffer (Table 7) overnight. Then, each antibody solution was concentrated,
and a stock buffer for each formulation (Table 8) was added thereto so that the final antibody

concentration was adjusted to about 100 to 190 mg/ml. A list of the formulated solutions



M ab3 20mM Histidine-Chloride, 50mM Arginine-Chloride 22 Mab3 20mM Histidine-Chloride, 50mM
Arginine-Aspartate 23 Mab5 20mM Histidine-Chloride, 50mM Arginine-Chloride 120 24 Mab5 20m M
H istidine-Chloride, 50m M Arginine-As partate 26 The result on the increased amount (%) of
aggregate in each formulation after freeze-thawing or liquid storage at 25C is shown in Figs. 13 to 20.
Comparison of the increased amounts of aggregate during liquid storage at 25C demonstrated that the
stability was 10comparable between the histidine-aspartate formulation and histidine-chloride
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freeze-thawing). Following slow freeze-thawing, the amount of aggregate in each sample was
calculated by the area percentage method using size exclusion chromatography (SEC). 29 Table 10
No. Sample Dialysis buffer pH 25 Mab1 20mM Iris-Chloride 6.5 26 Mabl 20mM Tris-Aspartate 27
Mab2 20mM Tris-Chloride 28 Mab2 20mM Tris-Aspartate 29 Mab3 Water 30 Mab3 Water 31 Mab4
20mM Tris-Chloride 32

Table 8
No. Sample Stock buffer pH
13 Mab3 500mM Histidine-Chloride
14 Mab3 500mM Histidine-Aspartate
15 Mab4 50mM Histidine-Chloride
16 Mab4 50mM Histidine-Aspartate
17 Mab2 20mM Histidine-Chloride, 500mM Arginine-Chloride
18 Mab2 20mM Histidine-Chloride, 500mM Arginine-Aspartate 6.0
19 Mab1 20mM Histidine-Chloride, 500mM Arginine-Chloride
20 Mab1 20mM Histidine-Chloride, 500mM Arginine-Aspartate
21 Mab3 200mM Histidine-Chloride, 500mM Arginine-Chloride
22 Mab3 200mM Histidine-Chloride, 500mM Arginine-Aspartate
23 Mab5 20mM Histidine-Chloride, 500mM Arginine-Chloride
24 Mab5 20mM Histidine-Chloride, 500mM Arginine-Aspartate
Table 9
Mab
No. Sample formulation pH concentration
(mg/mL)
13 Mab3 50mM Histidine-Chloride
14 Mab3 50mM Histidine-Aspartate 100
15 Mab4 50mM Histidine-Chloride
16 Mab4 50mM Histidine-Aspartate
17 Mab2 20mM Histidine-Chloride, 50mM Arginine-Chloride 190
18 Mab2 20mM Histidine-Chloride, 50mM Arginine-Aspartate 6.0
19 Mab1 20mM Histidine-Chloride, 50mM Arginine-Chloride
20 Mab1 20mM Histidine-Chloride, 50mM Arginine-Aspartate 110
21 Mab3 20mM Histidine-Chloride, 50mM Arginine-Chloride
22 Mab3 20mM Histidine-Chloride, 50mM Arginine-Aspartate
23 Mab5 20mM Histidine-Chloride, 50mM Arginine-Chloride 120
5 24 Mab5 20mM Histidine-Chloride, 50mM Arginine-Aspartate

The result on the increased amount (%) of aggregate in each formulation after
freeze-thawing or liquid storage at 25°C is shown in Figs. 13 to 20. Comparison of the
increased amounts of aggregate during liquid storage at 25°C demonstrated that the stability was

10 comparable between the histidine-aspartate formulation and histidine-chloride formulation, and



Mab4 20mM Tris-Aspartate 33 Mab5 20mM Tris-Chloride 34 Mab5 20mM Tris-Aspartate Table 11
No. Sample Stock buffer pH 25 Mab1 20mM Tris-Chloride, 500mM Arginine-Chloride 6.5 26 Mabl
20mM lIris-Chloride, 500mM Arginine-Aspartate 272Mab2 20mM Iris-Chloride, 500mM
Arginine-Chloride 28 Mab2 20mM Iris-Chloride, 500mM Arginine-Aspartate 29 Mab3 200mM
Tris-Chloride, 500mM Arginine-Chloride

between the arginine-aspartate formulation and arginine-chloride formulation (Figs. 13, 15, 17,
and 19).

Meanwhile, comparison of the increased amounts of aggregate after freeze-thawing
revealed that the stability with the histidine-aspartate formulation was two or more times higher

5  than that with the histidine-chloride formulation, and the stability with the arginine-aspartate
formulation was higher than that with the arginine-chloride formulation (Figs. 14, 16, 18, and
20). Thus, the stability in frozen condition of antibody was demonstrated to be significantly
improved by using aspartic acid instead of hydrochloric acid as a counter ion species to histidine
or arginine.
10

[Example 7] Assessment of stabilization effect of counter ion species using Mabl, Mab2, Mab3,
Mab4, and Mab5

As described in Examples 2, 3, and 6, the stability in liquid and frozen conditions of

antibody was demonstrated to be significantly improved when aspartic acid or glutamic acid was
used instead of hydrochloric acid as a counter ion species in the histidine formulation. Then,
hydrochloric acid and aspartic acid were used as a counter ion species in the tristhydroxymethyl)
aminomethane (Tris) formulation, and assessed for the liquid storage stability and
freeze-thawing stability using Mab1, Mab2, Mab3, Mab4, and Mab5.
Samples were prepared as follows: Mabl, Mab2, Mab3, Mab4, and Mab3 were dialyzed
20  against each dialysis buffer (Table 10) overnight. Then, each antibody solution was
concentrated, and a stock buffer for each formulation (Table 11) was added thereto so that the
final antibody concentration was adjusted to about 100 to 110 mg/ml. A list of the formulated
solutions prepared as described above is shown in Table 12. For each formulated solution,
storage study at 25°C and freeze-thawing study were carried out.  The freeze-thawing study
25  was carried out in ten cycles of freezing at -20°C followed by thawing at 25°C (slow
freeze-thawing). Following slow freeze-thawing, the amount of aggregate in each sample was

calculated by the area percentage method using size exclusion chromatography (SEC).



30 Mab3 200mM T s-Chloride, 500mM Arginine-Aspartate 31 Mab4 20mM Tris-Chloride, 500mM
Arginine-Chloride 32 Mab4 20mM Iris-Chloride, 500mM Arginine-Aspartate 33 Mab5 20mM
Iris-Chloride, 500mM Arginine-Chloride 34 Mab5 28M Iris-Chloride, 500mM Arg nine-Aspartate 30
Table 12 No. Sample formulation pH Mab concentration (mg/mL) 25 Mabl 20mM Iris-Chloride, 50mM
Arginine-Chloride 6.5 100 26 Mabl

Table 10

No. Sample Dialysis buffer pH
25 Mab1 20mM Tris-Chloride

26 Mab1 20mM Tris-Aspartate

27 Mab2 20mM Tris-Chloride

28 Mab2 20mM Tris-Aspartate

29 Mab3 Water 6.5
30 Mab3 Water

31 Mab4 20mM Tris-Chloride

32 Mab4 20mM Tris-Aspartate

33 Mab5 20mM Tris-Chloride

34 Mab5 20mM Tris-Aspartate

Table 11

No. Sample Stock buffer pH
25 Mab1 20mM Tris-Chloride, 500mM Arginine-Chloride

26 Mab1 20mM Tris-Chloride, 500mM Arginine-Aspartate
27 Mab2 20mM Tris-Chloride, 500mM Arginine-Chloride

28 Mab2 20mM Tris-Chloride, 500mM Arginine-Aspartate

29 Mab3 200mM Tris-Chloride, 500mM Arginine-Chloride 65
30 Mab3 200mM Tris-Chloride, 500mM Arginine-Aspartate

31 Mab4 20mM Tris-Chloride, 500mM Arginine-Chloride

32 Mab4 20mM Tris-Chloride, 500mM Arginine-Aspartate

33 Mab5 20mM Tris-Chloride, 500mM Arginine-Chloride

5 34 Mab5 20mM Tris-Chloride, 500mM Arginine-Aspartate




20mM Tris-Chloride, 50mM Arginine-Aspartate 27 Mab2 20mM Iris-Chloride, 50mM
Arginine-Chloride 28 Mab2 20mM Tris-Chloride, 50mM Arginine-Aspartate 29 Mab3 20mM
Iris-Chloride, 50mM Arginine-Chloride 30 Mab3 20#iM lIris-Chloride, 50mM Arginine-Aspartate 31
Mab4 20mM Iris-Chloride, 50mM Arginine-Chloride 110 32 Mab4 20mM Iris-Chloride, 50mM
Arginine-Aspartate 33 Mab5 20mM Tris-Chloride, 50mM Arginine-Chloride

Table 12
Mab
No. Sample formulation pH concentration
{mg/mL)
25 Mab1 20mM Tris-Chloride, 50mM Arginine-Chloride
26 Mab1 20mM Tris-Chloride, 50mM Arginine-Aspartate
27 Mab?2 20mM Tris-Chloride, 50mM Arginine-Chioride 100
28 Mab?2 20mM Tris-Chioride, 50mM Arginine-Aspartate
29 Mab3 20mM Tris-Chloride, 50mM Arginine-Chloride 65
30 Mab3 20mM Tris-Chloride, 50mM Arginine-Aspartate
31 Mab4 20mM Tris-Chloride, 50mM Arginine-Chloride
32 Mab4 20mM Tris-Chloride, 50mM Arginine-Aspartate 110
33 Mab5 20mM Tris-Chloride, 50mM Arginine-Chloride
34 Mab5 20mM Tris-Chloride, 50mM Arginine-Aspartate

The result on the increased amount (%) of aggregate in each formulation after
5  freeze-thawing or liquid storage at 25°C is shown in Figs. 21 and 22. Comparison of the
increased amounts of aggregate during liquid storage at 25°C demonstrated that the stability was
comparable between the Tris-aspartate/arginine-aspartate formulation and
Tris-chloride/arginine-chloride (Fig. 21).
Meanwhile, comparison of the increased amounts of aggregate after freeze-thawing
10 revealed that the stability with the Tris-aspartate/arginine-aspartate formulation was higher than
that with the Tris-chloride/arginine-chloride formulation (Fig. 22). Thus, the stability in frozen
condition of antibody was also demonstrated to be significantly improved by using aspartic acid

instead of hydrochloric acid as a counter ion species in the Tris formulation.

15 [Example 8] Assessment of stabilization effect of counter ion species to Tris using Mab1, Mab2,
and Mab3

As described in Example 7, the stability in frozen condition of antibody was

demonstrated to be significantly improved when aspartic acid was used instead of hydrochloric

acid as a counter ion species in the Tris formulation. Then, hydrochloric acid and aspartic acid
20 were used as a counter ion species to Tris, and assessed for the liquid storage stability and

freeze-thawing stability using Mab1l, Mab2, and Mab3.

Samples were prepared as follows: Mab1, Mab2, and Mab3 were dialyzed against each

dialysis buffer (Table 13) overnight. Then, each antibody solution was concentrated to 100

mg/ml or a higher concentration, and each dialysate was added thereto so that the final antibody
25 concentration was adjusted to about 100 mg/ml. A list of the formulated solutions prepared as

described above is shown in Table 14.  Storage study at 25°C and freeze-thawing study were



34 Mab5 20mM Iris-Chloride, 50mM Arginine-Aspartate The result on the increased amount (%) of
aggregate in each formulation after 5freeze-thawing or liquid storage at 25C is shown in Figs. 21 and
22. Comparison of the increased amounts of aggregéate during liquid storage at 25C demonstrated that
the stability was comparable between the Tris-aspartate/arginine-aspartate formulation and
Tris-chloride/arainine-chloride (Fig. 21). Meanwhile, comparison of the increased amounts of
aggregate after freeze-thawing 10revealed that the stability with the Tris-aspartate/arginine-aspartate
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40 Mab3 50mM Tris-Aspartate
Table 14
Mab
No. Sample Formulation pH  |concentration
(mg/ml.)
35 Mab1 50mM Tris-Chloride
36 Mab1 50mM Tris-Aspartate
37 Mab?2 is- i
a 50mM T.ns Chloride 65 100
38 Mab2 50mM Tris-Aspartate
39 Mab3 50mM Tris-Chloride
10 40 Mab3 50mM Tris-Aspartate

The result on the increased amount (%) of aggregate after freeze-thawing or liquid
storage at 25°C in each formulation is shown in Figs. 23 and 24. Comparison of the increased
amounts of aggregate based on this result demonstrated that during both liquid storage at 25°C

15 and during freeze-thawing, the stability with the Tris-aspartate formulation was higher than that
with the Tris-chloride formulation, and the stability during freeze-thawing was in particular two
or more times higher. Thus, the antibody stability was also demonstrated to be significantly
improved by using aspartic acid instead of hydrochloric acid as a counter ion species to Tris used
as a buffering agent.

20



50mM Tris-Aspartate 37 Mab2 50mM Iris-Chloride 38 Mab2 50mM Tris-Aspartate 39 Mab3 50mM
Tris-Chloride 40 Mab3 50mM Iris-Aspartate fable 14 No. Sample Formulation pH Mal) concentration
(mg/mL) 35 Mabl1 50mM Tris-Chloride 6.5 100 36 Mab1 50mM Tris-Aspartate

CLAIMS

1. A stable antibody-comprising formulation comprising basic amino acid-aspartate or basic

5  amino acid-glutamate.

2. The formulation of claim 1 comprising histidine-aspartate buffer or histidine-glutamate buffer,

wherein the basic amino acid is histidine.

10 3. The formulation of claim 1 comprising arginine-aspartate or arginine-glutamate, wherein the

basic amino acid is arginine.

4. A stable antibody-comprising formulation comprising histidine-aspartate buffer or
histidine-glutamate buffer, and arginine-aspartate or arginine-glutamate.

15
5. A stable antibody-comprising formulation comprising
tris(hydroxymethyl)aminomethane-aspartate buffer or
tris(hydroxymethyl)aminomethane-glutamate buffer.

20 6. A stable antibody-comprising formulation comprising
tris(thydroxymethyl)aminomethane-aspartate buffer and

tris(hydroxymethyl)aminomethane-glutamate buffer;

7. The formulation according to any one of claims 1 to 6, which does not substantially comprise

25  chloride ion and acetate ion.
8. The formulation according to any one of claims 1 to 7, which additionally comprises a sugar.

9. The formulation according to any one of claims 1 to 8, wherein the antibody is a humanized

30  antibody or a human antibody.

10. The formulation according to any one of claims 1 to 9, wherein the antibody has been

modified to have an isoelectric point (pI) of 5 to 8.

35 11. The formulation according to any one of claims 1 to 10, wherein the antibody concentration

1s 50 mg/ml or more.



37 Mab2 50mM lIris-Chloride 38 Mab2 50mM Tris-Aspartate 39 Mab3 50mM Iris-Chloride 40 Mab3
50mM Tris-Aspartate The result on the increased amount (%) of aggregate after freeze-thawing
or liquid storage at 25C in each formulation is show#3in Figs. 23 and 24. Comparison of the increased
amounts of aggregate based on this result demonstrated that during both liquid storage at 25C 15and
during freeze-thawing, the stability with the Tris-aspartate formulation was higher than that with the
Iris-chloride formulation, and the stability during freeze-thawing was in particular two or more times
higher. Thus, the antibody stability was also demonstrated to be significantly improved by using

aspanic agid+instead of hydrochloric acid as a counter ign species to. Ti-is used as a buffering agent.
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basic 5athitbtaéiflanarhate. 2. The formulation of claim 1 comprising histidine-aspartate buffer or

histidine-glutamate buffer, wherein the basic amino acid is histidine. 103. The formulation of claim |

comyprisi inine-gspartate or.argjnine-glutamate, wherejn the basic aming acid is arginine. 4. A
stantaoe an |bgé%-?ggrnn§ﬁ§%ng ocrorﬁ%lfla%?%oonag %Ib?i rﬁlc aﬁ%?i@i??eigs ?ﬂf ést‘?af‘f&}‘%f(ﬁ@ﬁg?ﬂgfblutamate

buffer, and arginine-aspartate or arginine-glutamate. 15 5. A stable antibody-comprising formulation

comprising i Rysharaipe kRdamHE e aHanes aPRFtHR RUIS Rty of the liquid formulation is 30

tris(hydro methylgaminomethane-gIutamate buffer.
mra-s or 1ess.

10 15. The formulation according to claim 13 or 14, wherein the liquid formulation is stable at 2°C

to 8°C for at least six months.

16. The formulation according to any one of claims 13 to 15, which has not been subjected to

lyophilization during preparation of the formulation.

17. The formulation according to any one of claims 13 to 16, which is frozen stored at -30°C to
-10°C.

18. The formulation according to any one of claims 1 to 12, wherein the formulation is a

20  lyophilized formulation.

19. The formulation according to any one of claims 2, 4, and 7 to 18, wherein the buffer

concentration is 5 to 100 mM.

25 20. The formulation according to any one of claims 3 and 7 to 19, wherein the arginine

concentration is 5 to 300 mM.

21. The formulation according to any one of claims 1 to 20, wherein the antibody is an anti-IL-6
receptor antibody.

30
22. The formulation according to any one of claims 2, 4, and 7 to 21, wherein the buffer

substantially comprises only amino acid(s).

23. The formulation according to any one of claims 1 to 22, which is for subcutaneous

35  administration.



206. A stable antibody-comprising formulation comprising tris(hydroxymethyl)aminomethane-aspartate
buffer and tris(h)droxymethyl)aminomethane-glutamate buffer; 7. The formulation according to any
one of claims 1 to 6, which does not substantially cérhprise 25chloride ion and acetate ion. 8. The
formulation according to any one of claims 1 to 7, which additionally comprises a sugar. 9. The
formulation according to any one of claims 1 o 8, wherein the antibody is a humanized 30antibody or a
human antibody. 10. The formulation according to any one of claims 1 to 9, wherein the antibody has

been mogiifi@drﬂéthaaefoa@d@gﬁi@ﬁﬂgoagg}egm&n%ﬁﬁgtﬁmmgw&&rm@m@CCOrding to any one of

claims 1 to wherej n dy concentra on 15 %O linl.or more,. 33.12. T. ne formul ion
according %o ncy})%%eél 0 élms % i?)m\R/ Ter n e ahtibody €O rﬁréﬁ %ﬁm %% f5513.
The formastatiorehiceoTpinig tdoamy e mftblaﬁmnmmlm, WhICh is a liquid formulation. 14. The
formuiation according to claim 13, wherein the viscosity of the liquid formulation is 30 mPa s or less.
1015. leéformu accordln? to claim 13 or 14. Wher ein the i l(ﬂ} (g formulation is stable at 2C to 8C
for at le i%‘lpﬂﬁéé Rt AR %ﬂ?&?& SO CPIREAS B 15, which has not
been subpgbﬂefebtmwwhﬁhdm@haﬂyﬁwepagaﬁwm@ﬁthm h}rmni@mﬂpams: dcid Dhelfvemidatichas
according tg.amy ARespiGlaims: bR 14 sl fiegen stored at -30C to -10C. 18. The
formulation according to any one of claims 1 to 12, wherein the formulation is a 20lyophilized
formulation. 19. The formulation according to any one of claims 2, 4, and 7 to 18, wherein the buffer
concenti#ioh iseEhtal 100snpe25 20 At fye datiowfatinataccouding frozanysoneobEfkaims 3 and 7 to 19,
whegein he, arQiiae-consentrasion | '5‘01511%}1’52‘91% flndidi BRI AARAEAUNGIRANY 208 &f claims

Ito 20, wherein the antibady is an anti-1L-6 receptor antibody. 3 he formu ation according to any
one of cAREETA08 5ReF1RS E&am e iU QBntially comprises only amino acid(s). 23
The formulation according to any one of claims | to 22, which is for subcutaneous 35administration. 34

24. A Melog {06 RURRIPSS) eégggeggg@%% Rmatian: %mﬁg i Qg3 hiahly-concentrated

antibody-comprising formulation b spartic acid or Mutamic aci a counter ion speC|es to a
buffer intti#&ARTARBAL &P SLIRbATNBRIPSI Sigoforaadiriiy  fyretas carmstin anishoa glrgmifuididetage of
a highly-cooeetetrate dpatitsady-cabijirsing oy foutadiariday using aspartic acid or glutamic acid as a
counter ion species to a buffer in the formulation.  26. A method for suppressing aggregation
formation during frozen storage of a 10highly-concentrated antibody-comprising formulation by using
aspartic acid or glutamic acid as a counter ion species to a stabilizer in the formulation. 27. A
method for suppressing aggregation formation during liquid storage of a highly-concentration
antibody-comprising formulation by using aspartic acid or glutarnic acid as 15a counter ion species to
a stabilizer in the formulation.



