Immunoglobulin aggregates The current invention is in the field of protein concentration, to be more
precise it relates to the use of tangential flow filtration (TFF) for immunoglobulin concentration and
immunoglobulin aggregate removal. Background of the Invention 5Proteins and especially
immunoglob‘ﬁﬁr@@%@sgﬁ% important role in today's medical portfolio. Exprggg{gﬁzg%i)é?ﬂ@“for the
production of recombinant polypeptides are well-known in the state of the art and are described by,
e.g., Marino, M.H., Biopharm. 2 (1989) 18-33; Goeddel, D.V., et al., Methods Enzymol. 185 (1990) 3-7,;
Wurm, F., and Bernard, A., Curr. Opin. Biotechnol. 10 (1999) 156-159. 10 Polypeptides for use in
pharmaceutical applications are mainly produced in mammalian cells such as CHO cells, NSO cells,
Sp2/0 cells, COS cells, HEK cells, BHK cells, PER.C6(r) cells, and the like. For human application
every pharmaceutical substance has to meet distinct criteria. To ensure the safety of
biopharmaceutical agents to humans, fonexangmbuliclegerdégaasids, viruses, and host cell proteins,
which would cause severe harm, have to be removed. To meet the regulatory specification one or
more purificatioWistepsrhaviedentadiow thehmaadfatiuringnprocassrAiong bthasrpprityisthitoughput, and
yield play an impgriantgplein deleripining s APRIAPTiaie RIHicaten RRCesin Rt ouihgir chemical
and physical prggerties, such ,moleculgggw]?ight and 20 domain architecture, including secondary

modifications, tie SRR HYBEELREY B iR AREREEIE BEMILAs very complicated. For example,

SeSh &% low volumes for economic handling and application storage.
Furthermore, fast concentration processes are favored to 25 ensure smooth processes and short
operating timesP At aBREREHADE HaR BRI TIBIRY At e R Bt kedays Beisdlally after final
purification stepsycfrkicabigs sustainetsiafiagbeyantaffasting ttvefbal drupobrpehictesTire correlation
be:ygegn ?hi%r)%F%ég:ﬂ ?Q%?&{éﬂ@@ 53 t&I}g@P{t!%If%eca@%wétﬂggf%?ﬁ%ﬁ%@rI\me‘,OC_mZn?aA'r
antibody (m termedi was i ed by Ahrer 30et al.,.J. .SCI.

(2006) 108-115&!‘1%%%02 é%%i@ﬁﬁ%—?sﬁ%@gﬁzfga%’e@gﬁwﬁﬁcé‘ﬁv ms°§é§ﬁég@§§}%é§ﬂow and
pressure paraméter@wde nigditdiepiide &.9. BEEMIALHM., %‘Pé‘l?}‘B%prg%e%Qﬁ?ﬂ 31#906%) 40-50; Luo,
R., et al) Bioprdtsgseinidé (2@06sd 4l Ghaviahdenticrl GppliakiofEuard . RiiaimaredtcBiophaimaceut.

59 (2005) 407-4dfhtaperteskthaiarustion andirnalysis-at agareoates (o lienid Helo@mntibody

fommlation fomiﬁ-?lpé/ Hiffgﬁ{]é(?@itqpon sfress;ethods. In US 6,252,055 a concentrated monoclonal
. eils, PER, '&es,ncﬁele. . . . .
antibody preparation’is reported. A method for producing a concentrated antibody preparation is

reported in US OOE/018274 .Atc%nggined]ﬁrocess lﬂ%lé%% an IHlltrafiltrgtito ?diafgﬁg\gon, and a
second ultrafiltrafib ‘%”e’ﬁﬁéﬁ%écflsl eporetlf%/op RUSRA S BERD VLTS reported a

process for conderftPatyths aftih Gl yisriparaichtifalmg e iz Sumanaltafitramat wittr 8 fixed
recirculasion ratectfs2 5Rusdémind Semmdlproténe ehitiosimahicoftheeenrs dntsisblosure g a method for

obtaining a concentiaigdimmunealaRilinlLio v tRRosHtisl oy iliaticnicharanterized in that said
15method comprlsrfg the following steps: %Qrowdnlqn% solution con aining a '@{“gﬁ&%@ﬁ“"” to be

concentrated whe |n°‘sva%eirlﬁlr?lnuun%cgt ObUiR S present itrsaid gdilitioh in'monomerica polymeric

form, whereby tR@RIEHBROGREGE Y6 AHEtEsBI & FRRIPRIGERIITGHe hPESEHEin said 20provided
solution has a first value of more than 2.5 % when determined by size exclusion chromatography,
concentrating s&ldesstutiarirpeboitisal Lade Pl sicdnipiodrisa tanbentiadewiragiht and removing
said pofymeric igumuiioglebkiliechye diltratidndafter b eddy modifications, the downstream

processing of immunoglobulins is very complicated. For example, concentrated
solutions are required not only for formulated drugs but also for intermediates in
downstream processing (DSP) to achieve low volumes for economic handling and
application storage. Furthermore, fast concentration processes are favored to
25 ensure smooth processes and short operating times. In this context imperfect
tangential flow filtration (TFF) processes, especially after final purification steps,
can cause sustained damage even affecting the final drug product. The correlation
between shear stress and aggregation in tangential flow concentration processes for
monocional antibody (mAb) intermediate solutions was investigated by Ahrer, K.,
30 et al, J. Membr. Sci. 274 (2006) 108-115. The influence on scalable process



250f the tangential flow filtration and thereby obtaining a concentrated immunoglobulin solution,
whereby the fraction of said polymeric soluble form of said immunoglobulin is after step ii) larger than
said first value and smaller than a second value which is 1.25 times the first value. 30Another
embodiment of the current disclosure is a method for, obtaining a concentrated immunoglobulin
solution by tangential flow filtration, characterized in that said method comprises the following steps:
-3 - providing a solution containing an immunoglobulin to be concentrated wherein said

immunoglobulipdsfprasant Hy%%i@&ﬂgﬂ@ﬁﬂ@&nﬂ@ﬁﬁﬂﬂﬂf&@@ﬁlr@%&ﬁ}ﬁé&m wosrebyathedraction of
the polymeric solu%e mmuwglq%ﬂu&form nt n,s @1& 45”9(‘)”({ sglutlgnllsfgnore than 2.5 %
a

when determme&?g Siz6 exclusion t flrst number of’par%ldles%t%cgsssue of more

romatograp

than 1 gm in sdié @t‘i’@@d‘é‘lé“%%ﬁhﬁwlﬁh&b@cﬁra@w doRbarneivg Sarphemseruprédided under
i) by employin_g{a)tm)gemiallﬁowdﬁtﬁa&ﬂ)nhmtim@eﬁnﬁtan&A@ﬂﬁz&@ bakhesehnys 1ig ablagniag a
conceniyated Ifmynagighy ni%%‘fﬂf%ﬂé’ﬁ'ﬂfo%ﬁ&?c’ﬁgr'l%ﬁ@@ﬁ Ofa%ﬁgﬂglﬁs yyin.a '@tﬁo‘%fsm‘fﬂe than 1 gm

in said solution ermlned light obscuration, w y said second number o partlcles with a size

of more than 19??1%%@39%@?\ SoRFERicd s anes! RBA b SIS RIEAA™ K2E°BPTGredhan 1 gm.
15A further embyethokenfoof thedurment disslosengdsd metivod forppepatucing dshetgrategous

immunoglobuli@f}%@s@gﬁp@zﬂ% fgu%viﬁﬂ&%%@%?0@9395%&19&9&&?9?{%%!@%35@aanalrfgﬁ @%ﬁ:' Codmprlsmg
one or more nucleic acids enco eterologous immuno in under
conditions suitaaﬁfz for fﬁ‘%"é@pr’é %ﬁr ?%tﬁg%gfgfoldﬁoﬁ%n%ﬁﬁ%ﬁBgIQ&tﬂ%%éﬁ%ig %ﬂ% the
heteroldgous irh0igISBEIIa fromttdearpserbiftariosraninatiieroethbbede prdparetinediing,

concentrating the;okiaiRechagkeRMsRURRIBRIUIC comIiSiAg heketaiaagous immunoglobulin
using a tangential flow filtration 25 method with a constant Ap of 3.0 bar, whereby the number of

particles in saldi%ﬂﬁ%ated solution with a size of more than 1 gm is smaller than 200 times the
number of particles with a size of more than 1 gm in the solution prior to the concentrating when detel

mining the nu er of}%%rtlcles IP%“?m:[re l;()gcuptlon -4 - Anda}spg&ta?f the current dlcsiclosure isa

method for removing IMmunogio gregat ugeflrso?ﬁng%l?mmunog%%%?ﬁoélofntngn characterized in

that said methdﬂl@bﬁﬁpﬁl@bﬁhﬁeﬂ%ﬁ@wdgys&@p@ny@rémnn@taag@mt@wwtﬁanﬁﬁgrsmqmnoglobunn
to be Sgoncentraéathdrdaaipiissaiblel falmiivipgleteylin is present in said

1} providing a solution containing an immunoglobulin to be
concentrated wherein said immunoglobulin is present in said
solution in monomeric and polymeric form, whereby the fraction of
the polymeric soluble immunoglobulin form present in said

20 provided solution has a first value of more than 2.5% when

determined by size exclusion chromatography,

11) concentrating said solution provided under i) by employing a
tangential flow filtration,

1i1) removing said polymeric immunoglobulin by filtration after the end
25 of the tangential flow filtration and thereby obtaining a concentrated

immunoglobulin solution,

whereby the fraction of said polymeric soluble form of said immunoglobulin is
after step ii) larger than said first value and smaller than a second value which is
1.25 times the first value.

30 Another embodiment of the current disclosure is a method for obtaining a concentrated
immunoglobulin solution by tangential flow filtration, characterized in that said
method comprises the following steps:



solution in monomeric and polymeric form, or providing a solution containing an immunoglobulin to be
concentrated, wherein in said solution the formation of said immunoglobulin in polymeric form is
induced by the application of 10heat, ii) concentrating said solution provided under i) by employing a
tangential flow filtration with a constant 4p of 3.0 bar, and a constant transmembrane pressure of 0.6
bar, removing immunoglobulin aggregates from the immunoglobulin 15solution obtained in step
i) by filtration with a 0.2 um pore size filter, whereby the number of particles in said concentrated
solution of step ii) withya size,afxke than sbiivis stoatighthan 290 ;}mﬁ&g‘gd%mpe&@f particles with
a size of more than 1 um in tch§ S@A%ﬁ?@% p(}, ré}giftihesc%n(irenrﬁt{%inég\ghfeg dgtermini g the 20number of
particles by light obscuration. Afha embodiment of the ‘CUrTEnt TieeioSure ifSHRethod 18t the
reduction of the formation of SP¥HGROY I BHIREF SO apkyBwIan B TemvEeithy hedtmssiorafon step
with tangential flow filtration,thdepeisthgicedutilslp ismshisvedhyithefadditiprssshppiemendation, or
generation of immunogIobulig&_m@gg@agﬁ&?lysblgl%%fqﬂ'ghpggr(t/ce) t@ge ta&%%%ﬁ%o%%egggtion step.
thod accor Isclos

In one embodiment of the m Ing to the ure the number of particles’in said

concentrated solution of witfFASPEBIERTGRRAASITRY 1S S Ansh armbeT ebpasies mishhasitser of
particles with a size of more ¢harmteubasirl the $okidsobrids:tclthercordentiagingpdeeradeteimining the
number of particles by 30 light obscuration. In a further embodiment the fraction of said polymeric
soluble immunoglobulipy formis:pagredngan il when.deigtmined asdbe @r@@ugﬁ@@pﬁlgug{ve of the
peaks eluted prior o the peas e, mangmsiie,mmungolobuin e . sizs sxclision,
chromatogram of said solution.%_n another em odlme_nf comprises the ethod aclor |%1§: S the
disclodive prior to or after steBtaIAE fIRSWHSEIEYES: EnsugEghminaspiubogs, witictetpeidtion
containing the heterologous immmbiragi@atiicicSmione ambotiimeattaa heteraloggdssimimsmoglobulin is

a complete immunoglobulin,&&&ﬁdmw@ ulin fragment, or an immunoglobulin conjugate. In a
further embodiment the mammalian cell'is & CHO cell, a BHK cell, or a PER.C6(r) cell. In another

embodiment the .determini 9 bé/ I(ifht 0 SCUfatiOI’.] '15 at %Prot.ein ncen&gti n of 90 m?/ [. In one
embodiment thd Iractor et Sa T3 HBRT SRR B 18 BFS QI IRB Bt &SR8 than said

first value and 2RthliBrethandalssicsnabeaiepwtiiclesisvith @ sineeyf therfirdewaluenin one embodiment of

the disclosure is a method for obtaining a concentrated immunoglobulin solution free of insoluble
immunidglobulin diggregatbsdbyctanddntial-flandfitiation: anchahid canseaitaigd imeanaaglobulin solution

is free of 15 in5lHhiR MBHRCAAIHRRIGEEGAIRSD er embodiment said method is for

obtaining a concentratéd immunoglobulin solution frée of insoluble immunoglobulin aggregates and
soluble mmunoglobulg aggregates of more tlganagtpm b}én%?pagegéiﬁl flow filtration, in which said

. d . ng 4 recom CIRNDIISING One, 07 MOore,
concentrated immunoglobulii Soluticn is free of insoluble immunoglo Wi aggregates and free of

soluble 20 immunoglobulin B8gfagatids snagisardistsrplagong saraunsaiobvgisaid polymeric

immunoglobulin is by filtration with a filter with 1.0 p.m pore size of less, in one embodiment of 0.2 pm
pore size. In a furtherlsmbodisieritiihe sodcehitnatibn oftdgimmuneglebilin!aftexthsstamoéntrating is

more th@n 80 mg/ml, in anothrrrmeRAdiveNRARN8p$R. ma/ml, in still another embodiment more
than 100

c) recovering the heterologous immunoglobulin from the recombinant
mammalian cell or the culture medium,

d) concentrating the obtained aqueous, buffered solution comprising

the heterologous immunoglobulin using a tangential flow filtration

25 method with a constant Ap of 3.0 bar, whereby the number of
particles in said concentrated solution with a size of more than 1 um

is smaller than 200 times the number of particles with a size of more

than 1 pm in the solution prior to the concentrating when

determining the number of particles by light obscuration.



25 mg/ml. In one embodiment the concentration of the immunoglobulin after the concentrating is less
than 275 mg/ml, or less than 180 mg/ml, or less than 130 mg/ml. In another embodiment said filtrating
the concentrated immunoglobulin solution is with a filter with a pore size of 1 f1111 or less in order to
remove the immunoglobulin in soluble aggregated foim of more than 5 pm and to remove the 30
immunoglobulin in insoluble aggregated thou. In one’embodiment said polymeric immunoglobulin form
is soluble aggregated and insoluble aggregated immunoglobulin. In one embodiment said

immunoglobulininpgéymariedenmds: diselvhle:aggraemed fspraungiebulin form. In one embodiment
the fraction of tlhe ng)}g}lgrqggi@l%ogjbl% imggug%g!ogglgn Qﬁmoisléfjs thfsi(%u }5 lcjl/o,gﬁa?n%%%regrpnbodiment
35less than 15 5% an S il angtgﬁe‘_cfr embodiment less than L0%. -6 - Details escription of the
Invention The dbptsAtdmehas srovitkssle fatnsinortetaining a concentrated immunoglobulin
solution free of immunoglobulin aggregates by tangential flow filtration comprising the following steps:
5i) providing a solutiofn contairimgliaug innmemoglobutionteibmgomeshtriatedimhgdobidisaitbimimunoglobulin
is present in said solution in Jenomere, aRcheRiyMere farmuwbershyithedrastion ofigaig,goluble
polymeric form is more than 2‘13 % when determined.as the area under the curve of the peaks eluted
prior to the peak of the mondmernic 1 i%%ﬁr%%%ﬁﬁﬁrp ?n%néﬁle‘é%%ugfon chromatogram of said
provided solution, i.e. of the Bsisi@high nieletalar weigtigsMw) fommrsminzeridéntritingsaid solution
provided under i) by employing:étangantiatiiowdiltationdwbsiey dwinordhe dapgestiakfigw filtration
the number of immunoglobulip malcuies con‘aned Indneamunaglopylinn topalvmericform |
increases, preferably until insoluble paricles are %Pmed, i) removing sard inso ’Ie, Immunoglobulin
in poly]rﬁeric form by a filtrati]é‘Ff‘Etep after the end of the tangential flow filtration and thereby obtaining
a concentrated immunoglobulin solution free of 20immunoglobulin aggregates. An anti-IL-1R antibody
(see WO 2005/0238712) wascavaifaiyi¢ing ssefitientugivanttiesifedusidboratdrie ssatrloeitgenof the
invention and, therefore, theighgrankinyRRtian dsexeraplified withihis kpnimagjobalinghe invention is
likewise in general practicab(l}e Wj[;dkrlltottrher imrrynoglobulins. 'I%rbl% xemplified description is done only
25 by way of example and no?rg’y wayag?ﬁlllr%lﬁaﬁagln ST e iRvention. These examples are provided to
aid the understanding of the present invention, the true scope of which is set forth in the appended
claims. The terms "tafigentid TRV g tRIRURISH PN AG8FF 1 JEerin (R HAWB RSP RHHIN the
current 3nvention, denote a filtiation ptoeess ilhetepnia $oliiontidd eotitaining amaobypeptide to be
concentrated flows along, i.ezf{@pgential, to the surface of a filtration membrane. The filtration
membrane has a pore size with a certain cut off value. In one embodiment the cut off value is in the
range of from 20,Kl| kDa. in another embodiment of lla.. This filtration.progess.is.a - 7 - kind
of an ultrafiItrat}%}ﬁ%arégggs%?%%e?%n?p'agigg%%ﬁ%wa}%%%%%g%tg% I(S)(\)/\ilugfo'%hg%_s%fgtln _n“f%) %Sé%encentrated
tangential to thefrssoRtne! (Heveistarertishihand tetimes themeirbpa Rerpreestigh asizavb", which are
used interchangeablthavithintherctitcenilinienien; denbtecthegressugewilaickiéscappliag tadrive the 5
solveni@nd compoRenis.smallel iR ;‘gm%&%pﬂjgg_lue of the filtration membrane through the pores of
the filtration membrane. In one embodiment the transmembrane pressure in the methods according to
the current invg{lﬁogl 235 b%ibar. T %transm mirane ressq{gdif,oan average pressure of the inlet,

111 ment of the ent dISCipsure 15 a met r the reduction'a
outlet and permeartle and can be ca cuﬁ%ﬁe& as. 6

formation of immunoglobulin in polymeric soluble form during a concentration
step with tangential flow filtration, wherein the reduction is achieved by the
addition, supplementation, or generation of immunoglobulin in polymeric soluble

25 form prior to the start of the concentration step.

In one embodiment of the method according to the disclosure the number of
particles in said concentrated solution of with a size of more than 5 um is smaller
than 100 times the number of particles with a size of more than 5 um in the
solution prior to the concentrating when determining the number of particles by
30 light obscuration. In a further embodiment the fraction of said polymeric soluble
immunoglobulin form is more than 5 % when determined as the area under the

curve of the peaks eluted prior to the peak of the monomeric immunoglobulin in a



) TMP =mpp 2 The term "immunoglobulin” refers to a protein consisting of one or more
polypeptide(s) substantially encoded by immunoglobulin genes. The recognized immunoglobulin
genes include the different constant region genes as well as the 15 myriad immunoglobulin variable
region genes. Immunoglobulins may exist in a variety of formats, including, for example, Fv, Fab, and
F(ab)2 as well as single chains (scFv) or diabodies(.g. Huston, J.S., et al., Proc. Natl. Acad. Sci.
USA 85 (1988) 5879-5883; Bird, R.E., et al., Science 242 (1988) 423-426; in general, Hood, L E, et al,,
Immunology, THEEERERA NupmatedaaitrisyitbuiytiandlmanrisTien pomeaahdopsEes ., Nature 323
(1986) 15-16). Hearetind scropleig infudiegiohiiprde notes Anrisap U agdobubnmbiskomprises two
so called light immunoglobulin chain polypeptides (light chains) and two so called heavy
immunoglobulin chaingpolypeptiges (heawishrinvuEach it heayymahslightispggigbulin chain
polypeptides of a complete 25 immunoglobulin contains a variable domain (variable region) (generally
the amino terminal portion of-‘ﬁ}{%%r%%g%%&e chain) comprising binding regions that are able to interact
with an antigen, Each of the heavy and light immunoglobulin chain polypeptides of a complete
immunoylobuliffcoifis € RWHERInt RgioRATGENRERNY thsndarpesiptBimingl porticiemists constant
region of the héawyulogintmidiates tre Ithhinckipdpbiline dnighesy.i) to cells heannggddbalgamma
on 25 Bram el T T e e e
classical comp%@ﬁ%ﬁ%@%ﬁ@j\’é’g% ﬁ%ﬁ&i&%ﬂ“{féﬁﬁtﬁ?ﬂ%‘%@%ﬁ’éﬂ%%éﬁht obscysptipn 1s
immunoglobulinsdigittomheangetratiivinall 4 cogprisés differemtsbgrasntss ifeadioor rsmdvork regions
(FR) angl three fypriyasishisoreginns (ERR) idhaieaRbmMHNRglebwinmtagMert \denpoigs a

polypeptide comprising at least one domain selected from the yariable domain, the CH1 domain, the
hinge-region, 5 %1% : aaé‘rﬁ%‘fﬁ? w‘(’-:gkll?I%”ll!;lSﬁrlnlasi([jil;‘_?or{fﬁlés 4%8%%1380?%%%%}%%%%?’& the variable
domain or the CLtHpaigtirdirs iihinehiand. Intsd ewrins e ¢erectBriegtives and variants thereof. For
example, a varighie:fleognainkin whiehoangiee mereiagiosl acEseiapiosuasid iesiansearepgeleted, may
be present. The term.:'i lobulin conjugate” denoies a polypeptide. comprising at least 10 one
domain of an iiﬁ%%élé%%ﬁge%%%ﬁoﬁg %@h%%ﬂc%ﬁf‘j‘aaﬁé“ v%%%%ﬁ%&esgﬁr{fg%ga ﬁ?tﬂir

polypeptide. THESRINPEr pBRBSsirR & 2 asivaaimuHb gRostrn epigay cridseehodris fer or growth
receptor, or antifustgenic peptidecatrerahplemantiatibolior thelikéodn offezendfodimehiigaid
immunoglobulig,Ganiiaale ARNLARR ARJMMHNGRAIBRRMAREHIR ARVAIEIUbIBRCAB ARG four
15non-|mmunoglobulln pélgé)%g i %i. G rlleral chromatographic methods and their use are known to a
person skilled i #18 &Y. CRERIEMD ,t’éﬂPé‘mﬁ{oﬁPé%h;??@trF%‘a‘?ﬁBH?ﬁ%ffmﬁWﬁ‘PEl.ohé%i‘.‘}, Part A;
Fundamentals seidtibechnidiwesoE|sevibbBcizmeeiighiishing @gmnpatey, Mewiierlqf{:082)cDeyl, Z.
(ed.), Advanced{h\Rnaaiegrarhis-apstd&eetamigration MW&&&Q&&@J@%@?& 1friRgMer Science
BV, Amsterdaml,nThe Nf}e]tgef.lan 3 (%.%?8 5P00{§(’ C g ar}g}Po(?le, S. K., Chromatography Today,
Elsevier Sciencé blB_ﬂ% Om‘é om nly, ew Yo ,}Sﬁﬁg&}?’ 3pe§l,nhﬂg?f: Prétein Buitifitation: Principles
and Practice, SpribREmoeiaig) Riewn Yorr, 1082) & Santisrearbodimeal thedopansietiatap Olening: A
Laboratory Manmatusegdieditiger Gald Spiiraddamornid aperatanalressneaid 2aSprnddarbor, N.Y.,

(1989); or Currgi Riplacois i Meleculyy Blolgay, Aspbel, Mo gl.aky (eS), Johp Wilgy s Sons,
0 u

Inc., New York. For the purification of recombinantly produced heterologous immunoglobulins often a

combiration of BEEYe e MO 826 JRSp RIS OB b1 ANy Wi rstem theaffinity
chromatographyois:tatawesl Bylessethatvid adagiohabr less than 180 mg/ml, or less than 130

mg/ml. In another embodiment said filtrating the concentrated immunoglobulin
solution is with a filter with a pore size of 1 pm or less in order to remove the
immunoglobulin in soluble aggregated form of more than 5 pm and to remove the
30 immunoglobulin in insoluble aggregated form. In one embodiment said polymeric
immunoglobulin  form is soluble aggregated and insoluble aggregated
immunoglobulin. In one embodiment said immunoglobulin in polymeric form is a
soluble aggregated immunoglobulin form. In one embodiment the fraction of the
polymeric soluble immunoglobulin form is less than 25 %, in another embodiment
35 less than 15 %, and in still another embodiment less than 10 %,



30 separation steps. The final purification step is a so called "polishing step” for the removal of trace
impurities and contaminants like aggregated immunoglobulins, residual HCP (host cell protein), DNA
(host cell nucleic acid), viruses, or endotoxins. For this polishing step often an anion exchange
material in 2% HPEHGH mode is used. - 9 - Different methods are wellEstABEHEYH W9l widespread
used for protein recovery and purification, such as affinity chromatography with microbial proteins (e.g.
protein A or protein G affinity chromatography), ion'&"change chromatography (e.g. cation exchange
(carboxymethyl resins), anion exchange (amino ethyl resins) 5 and mixed-mode exchange), thiophilic

adsorption (e.g.mmlm@emﬁ@ﬂ@emam@b@nd)ﬁther SH ligands), hydrophobic interaction or aromatic

adsorption chromatography (e.g. with phenyl-sepharose, aza-arenophilic resins, or

m- aminophenylb%on&ﬁ@&h@l),;m%}ﬂl&heiﬁ@vﬁféwty CHIRRAIOSAP I the i Ml G(1)-affinity
material), size exclusmn cg matci1 gh%e 10electrci8{)1'§fretlcal me%hog guch

electrophoresis, capuﬁla Bt Sphoresis f\fjayafnl‘g'sjﬁ R a%pffﬁa lochemeBio egﬁm?S (1998)
93-102). The teﬁHW@@E@F@F&@B%Sﬁhﬁfﬁ%ﬁYMﬁ%ﬁﬂenoteS an immunoglobulin which is not naturally
produced by a mammalian cell. The immunoglobulin produced according to the method of the
inventiorPis produced by recorithiganiaivsimns SiahinEs micaros alebwliadly nevereriiedstate of the
art and comprise protein expeessisdidimikaiygtoalls withawhsegdenirespvemanshisatation of the

heterologous immunogloby&i@ M&a@g&y@g&% (0% m%qﬁe%gagylﬁ)qg mg&urlty For the
production, i.e. expressmn of an mmurg@jlobulmﬁnu%elc acid enc%n g the ljg tc ain and a nucleic

acid encoding the heavy ¢ fosiR SrEE SRR Eadh RO AF TGS a8 LRsPESRRR By <hdard methods.
Nucleic acids encoding imeAuribglobsaht lighttehd H?re@rvytghaihg apeteadfy thelatedramesequenced
using ceaventional procedgs:tdyltatimarcellseasnsatusasheoanitigeadi sichidusieicdadids. The
expression cassettes maysgﬁlmﬁlertgdoﬂ}% AR BIPIGE ﬁ'%l@ﬁﬂﬁg&?*ﬁﬂpﬂ% fglrﬁl)sthen transfected

into a cell, which does not otherwise produce immunoglobulins. 25 Expression is performed in

appropriate prokaryotlci: or C%%Iégw%%g%l% ggﬁ%@g 398%'1?5’&%' mﬁngmgﬁ%g{o{g@n I ells after

lysis or from the cultures ernatant e term "sol tlon containin

concentrated" as used witAf AL et BShE SR e S oRsera rﬁﬂﬁfb?@‘a’%ﬂﬂhfﬁn containing
a 30 complete mmunoglalfdmn‘amginhmhmgmmﬂmlﬁmgmnedr@ntimmmmgloblwlhmimnfugate This
solution gnay be, e.g., a Ctﬁwﬁ@ﬁ@emﬁm%@éa@e@olgfef@ﬁlarpmﬁ@grﬁ@bhmﬁqu@rme@ pglished
immunoglobulin solution. rHet rologous DNA" or "heterologous polypeptide"” refers to a DNA
molecule or a polypeptlde ora populatlon of DNA molecules or a population of polypeptides, 35that
do not exist naturally wﬂ-nn a given ho t{f»ﬁl;',; E%‘\lAl%g!ggul(?sbh?terolo qus 10 to. - t]br a par articular host
cell may contain DNA & e ?Eﬁ\ll SO long as that host

rive or% fﬁe hostc ecles
DNA is combined with norfliGéoniaPRER sy BQWAﬁg@H%EﬁM@@%W%HF&We containing
a non-host DNA segment emeodinyg azpolypeptiteteperabivdimkgobtdia hosiDNA ségmentf5
comprising a promoter is Gapsideradvgheaahetgeologous DNA molecule, Conversely, a heterologous
DNA molecule can comprise an endogenous structural gene operably linked with an exogenous

promoter. A pepiide ROﬁ%%@&?@%@@%%@ﬂﬁ@s@@?@%ﬂ&%ﬁ%w'&fﬁ&&%{&!ﬁ!ﬁ&@us peptide
or polypeptide. 10The1t§rm ‘under %ondrlrtllo fstﬁmtable for th gegssmn of the he rolo ous

rator att e mvenilon an efore, the current 1nyenti
immunoglobulin N dehoteL 2htitidns wWhichare use&%r?he cultiva |on’ol? SHintanEh Call expressing

an mmunogloblfhﬁxéﬁi?bﬁ?éﬁ"@% Kifovimmerepeian Witsily e igstatinidd e wireiokeskited in the art.
It is also knownpmeaipgysoniskdi@drinthe:ackibiadihesEheonditipli§ ahayeaptide peddirgaly the type of

15 ma'ﬁ“a'ianlﬁ’?uf&yuﬁk\@éﬁﬂgé‘%a{%%wBPQMQ%!B@&P(ﬁémn%Qe@%@é @SﬁF}EQma“a” cellis
cultivated at a temperatgeg ?0 ampebuc dters%annglﬁ {a eri dm(%fe gglzﬁ sg}fﬂqent to 0\9/ effective
0

protein productlon § e immunog 18 Etrrent invention provides a
method for obtaifiiid & esdeethiaids s giemsulin solutlon substantlally free of immunoglobulin

aggregates by tangential flow filtration comprising the following steps:
The terms “tangential flow filtration” or “TFF”, which are used interchangeably

within the current invention, denote a filtration process wherein a solution
30 containing a polypeptide to be concentrated flows along, ie. tangential, to the
surface of a filtration membrane. The filtration membrane has a pore size with a
certain cut off value. In one embodiment the cut off value is in the range of from
20 kDa to 50 kDa, in another embodiment of 30 kDa. This filtration process is a



i) providing a solution containing an immunoglobulin to be concentrated wherein said immunoglobulin
is present in said solution in monomeric and polymeric form, whereby the fraction of said soluble
polymeric 25 form is more than 2.5 ) when determined as the area under the curve of the peaks
eluted prior YSAARHEERESf the monomeric immunoglobulin in a size exclu&idrEERPEHIABHram of said
solution, ii) concentrating said solution provided und7er i) by employing a tangential flow filtration,
whereby said soluble polymeric form of said 30 immunoglobulin does not increase by more than 25 %
when determined as the area under the curve of the peaks eluted prior to the peak of the monomeric

immunoglobulirkindactize exehfSionichrpriaiagrtis arsaiteandentadessealutierowenfoliag polymeric
insoluble immugagleRulinyax ilation afiah g Ao ihciagasntaLiiau diiaiion and thereby obtaining

a concentrated immunoglobulin solution substantially free of imrnunoglobulin aggregates. 5In other

words, the currentinyentiap comprises, & melhochfor obiaining,a Goneenira!ed Jnmppagigbulin solution
by tangential flow filtration, characterized'in that said method comprises the following steps: i)providing

a solution contatiie 4R rAMEREGTIBERATo HERBnLENREER G MEY e 18 ABPRSHh SR SBIBH R is present in
said 10%olutiosvinemonsiweripanchpolymgidiomthevhsreffythe foh thio Aloftine potyshesie soluble

immunoglobulinfasapresenpitsaigipravidag-sahiionfasadistivalugof merithan:2. ;& when
determined by gize cxelision AR eihods. accord@HCSOAING,FA SRlIRR prvided under
i) by employing a VIET) enﬂalzflrowlﬁﬁratlon, iﬁ?rer_noving salénﬁo ymeric |mmunogfobu In by filtration
after the end oftBanGRAFAPABRPHIFARfoRY SYE fH& ADGSY BIRES RS 4 E S CRiRAtE PHHFRARDglobulin
solution, wherebythe attiontefshidgedmeric soluble form of said immunoglobulin is 20after step
i) larger than said first value and smaller than a second value which is 1.25 times the first value. The
term "substantially free" denotes th%? pﬁpﬁiration of an immunoglobulin contains at least 50 % (w/w)

of the ifdmunoglobulin in moddffier i ofs.embodiment at least 75 % of the immunoglobulin in

monomeric form, in another 25embodiment at least 90 % of the immunoglobulin in monomeric form, or
in a further embodiment more than 95 % of the immunoglobulin in monomeric form. The term "does
not increase by more than 10 %" as used within this application denotes that the fraction of the
immunoglobulintimne padim St ok ol dodsrn otincreaseiby cmxigtthanof 08%e For exanmple if the
fraction of the "pmgﬂsali}%“euﬁ%mi YBARHER0Mb I RIS b R ek tarthertapgantial flow
ftration determied by size exciision, cfrgmalodkaphiy tis 611y dengles.iiatihg fiagligp does not
increase by more than 8.75 95, #RHat 1S 10 558 At maximan. g1om & o
15 myriad immunoglobulin variable region genes. Immunogiobulins may exist in a

variety of formats, including, for example, Fv, Fab, and F(ab); as well as single

chains (scFv) or diabodies (e.g. Huston, J.S., et al., Proc. Natl. Acad. Sci. USA 85

(1988) 5879-5883; Bird, R.E., et al., Science 242 (1988) 423-426; in general, Hood,

L.E., et al., Immunology, The Benjamin N.Y., 2nd edition (1984); and Hunkapiller,

20 T., and Hood, L., Nature 323 (1986) 15-16).

The term “complete immunoglobulin” denotes an immunoglobulin which
comprises two so called light immunoglobuiin chain polypeptides (light chains)
and two so called heavy immunoglobulin chain polypeptides (heavy chains). Each
of the heavy and light immunoglobulin chain polypeptides of a complete
25 immunoglobulin contains a variable domain (variable region) {generally the amino
terminal portion of the polypeptide chain) comprising binding regions that are able
to interact with an antigen. Each of the heavy and light immunogiobulin chain
polypeptides of a complete immunoglobulin comprises a constant region (generally
the carboxyl terminal portion). The constant region of the heavy chain mediates the
30 binding of the antibody i) to cells bearing a Fc gamma receptor (FcyR), such as
phagocytic cells, or ii) to cells bearing the neonatal Fc receptor (FcRn) also known
as Brambell receptor. It also mediates the binding to some factors including factors

of the classical complement system such as component (Clq). The variable domain



- 12 - The term "immunoglohulin in monomeric form™" as used within this application denotes
immunoglobulin molecules which are not associated either covalently or non-covalently with one or
more other immunoglobulin molecules. This does not exclude that the immunoglobulin molecule is
associated SYfhé¥’& gﬁ%tly or non- 5covalently with one or more not-imMmuHs g%gtﬁqilrﬁmr%oolecules, such
as carbohydrates, chromatin etc. The terms "immungglobulin in polymeric form" and "immunoglobulin
in aggregated form" as used within this application denotes immunoglobulin molecules which are
associated either covalently or non-covalently with one or 10 more immunoglobulin molecules. These
associated immefiagletmilinaglotedinadiphaybbeafthibaanetimmongyisisuliffonol estgmaortdifferent
immunoglobulin melecues . kBis %@@gygﬂ%%@%@@@g&gﬁgl(@m@jecule is associated

either covalently or non-covalently with one or more not-immunoglobulin molecules, such as
carbohydrates, gfromatin;ic, The e, RRlYMENe Selrkls L pdoptok "tidlpmalectiaryeight (HMW)
form", which can be used interch geatélgy WIthIF thﬁ;ﬁgpllc%tlgp, d(gnote p%lgng,erlc, l.e, aggregated,
immunoglobulin?%l‘ijéﬁ%ﬁﬁpﬁ%tc‘f &Sﬂja CUHPLORISNE T 5 dﬁe SUBBUrtered $oiitien The term
"polymefic insoliislEfdrdondeinotas polfrdeneit.comatirEgdtclomaimahadispiishwiterebibsaid
aggregate is noy.seiuliadmain agtraUsdaiianest 20ghtutiam. lalstepdosddhecniathadvacsadding to the
invention is the JNARHACRARIIBRBSRMIN JUNAMEAGIBHN ANIDRAIBERIC 0L iHIRLEDY these two

forms are soluble in the solution. In ste f) oéthe ethod is the provided immunoglobulin solution
containing the iffrATHBYABLIFBIATHBROMERS &Y BERFFERAL form concentrated 25 using a tangential

flow filtration method. It has now surprisingly been found that if a solution contains an immunoglobulin

in polymeric butl&sI e fdmmpweriePH b rERHEd o L EIeE WHR IHRGRHTG R RSN Y number of

immundglobulinomotouiés df et sizecgidhd ipaitichs, oighfrddin thei igatedriog lobelifda polymeric

form increases yptikthe dMRusPgiNRWpR PolreREdopalispadengemsh- sattbiR duthgisolution.

Concomitantly iTiast n938% S AUbIEMIURPAIRRHD 10 AN ELC RIFIR, IRinGE. dddng he tangential
that'i lin %0 imm

flow filtration. Tﬁﬁg,llt has been found that'in. unoglo utions containing’i noglobulin in
polymeric solubf@TSFHbr frieeoREeHttatibh st8p Mith ?ﬁ%ﬁ’&%ﬁlo%‘ﬁ?tﬁﬂf%ﬂﬂg}%ﬁ?ﬁined
immunoglobulincimpgiytmeriv gokubiaformnfogibesiay gloleratesy dsadyitivkal imimanogiobulin
molecules from tba-seiuiendesuliingdipepedeced - 13 - formation of new immunoglobulin in
polymeric soluble form. Thus, this results in immunoglobulin in polymeric insoluble form, which can be

][?moved from tf@%&%ﬁ?%ﬁi@%@?& pogiaidinsalution @faearréhhsﬁ?ﬂq%kr)u@&%ﬁmlw | simrz}e
iltration step. 5Another,aspect of t rrent invention is.a met I gbtaipi ncentrate
immunoglobuIin'&s“(e:)ﬁft‘[l“oshe%y0 angentigl _oW?ﬁ%%ﬁ%ﬁ 138n%ﬁé%mfﬁg?gﬁ%w&ggé?eg@fpa%}Qroviding a
solution containfrémesalinsttobrsimigrse gbﬁ‘é‘éhﬁ‘ﬁfé’&%mg?lﬁhl’é&i@qmﬁ?ﬁﬁobi%‘ﬁL}ifff present in
said solution in mesoeeid, T drdl pdlimeraifimoncongeplating & id tsotutgostipro¥idéddnder i) by
e;nploymﬁ a tama%ﬁe&iﬁgyysﬁﬁr&tm mtéh@e/%wpﬁﬁe%@dnmﬁﬁ@b&ﬂa@aaump@@m;nw&isl% Witr? a size
of more than 1 in sgid,solutj 0es not increase, during the concenjrating s re than a
factor of 200 Wf%g;laﬂ‘le 18 lehé'mif’er o?opr)%arr%ﬁﬁléag IS i)%aryrh}%r?g 1 ?%éﬁcgrggg&%%t% @?r?%r%?émbodiment
the number of pHATEIESTE defEHrnsansbli Gt obgatratidaberrsterasiientadio #56 mg/ml. In
one embodimerfptiegaukiiokg ofparfictes(With a Size ofakdrectivdn (5domMidesshotGhorawsé by more
than a factor of £QQ\whad tnetMbeLafiRaticies dvetprmmined ylighbehseHraties, lnanother
embodiment is the fraction of sali lymeric form,of said im I inmor % when
determ %ged as't %rglr%(gfﬁrn il é’r?ﬁf’ ﬁ%%f%eg%ggﬂg% fifec qﬁ) r%%%%%%g Olc%%?ﬁ gxgnggﬁeoﬁmeric

immunoglobulinﬁ%’ﬁﬁé-eg&ﬁﬂsmr&f‘ﬁz&}ﬁﬁﬁ@%B?'sgﬁ"s%‘?ﬂ]ﬁon. In a further embodiment is the

concentration of the immunoglobulin after the concentrating more than 80 mg/ml, in one embodiment
90 mg/ m1 or mbpe. the ansifierpvepiysanmbirandy i hare pross B auRAY e hgential flow

filtration is constdtinat OcorbbinAwathdr ddfiectotthennyehtionasgrapbthedforipresiptingla
heterOIOgoF‘S iW@EHQ%EQQBP&SQVRPJFEEHG;t&ﬁéﬁllﬁwﬂpﬂaﬁﬁ%uowed by one or two additional
30 separation steps. The final purification step is a so called “polishing step” for the
removal of trace impurities and contaminants like aggregated immunoglobulins,

residual HCP (host cell protein), DNA (host cell nucleic acid), viruses, or

endotoxins. For this polishing step often an anion exchange material in a flow-

through mode is used.



a)providing a recombinant mammalian cell comprising one or more 30nucleic acids encoding a
heterologous immunoglobulin, - 14 - c) recovering the heterologous immunoglobulin from the
recombinant mammalian cell or the culture medium, d) concentrating the}f)ceﬁ%y? %% 1z%(aéleous buffered
solution coer?lé?Hdoﬁ% fzieterologous immunoglobulin using a tangential flow Tiltration 5 method with a
constant Ap of 3.0 bar, whereby the number of partlges in said solution with a size of more than 1 um
does not increase by more than a factor of 200 when the number of particles is determined by light
obscuration. In one embodiment the number of particles is determined at a protein 10 concentration of
90 mg/ml. In a fifieesmbedinie at¢hechetesblohodisich widesppesuliseis @Tpmpiatednommumnoglobulin, or
an immunoglobylig fﬁgﬁeﬁb@r@@mmmmpwmn@% gie. Wratithanethersabediment the
mammalian cell |5?CHO e||fo?.em cgl .or aRPER C6§ ?II The.t m ere%ombl ant r‘?lammallan

di

Iy r 1011 €X cnromalo
cell" refers to a Eelliito w% a nucleic ac Y 0. %8 g a he ero gous p e tla'e can be or

is introduced / ti&sfedien "-’Fﬂ@'@é?rl‘lcﬁé}éﬂ"ﬁﬁ’(ﬂ@’éf&e@éﬂe R SRS 481 R9e r’@ég%)n of nucleic
acids. Inone emhbddirhedtithelmanhmeaiaticelislia Clidpesih (@.g. @HM - GO DP@EInTr a BHK cell,

or a NSO cell, og,21SBa{Q celli ofigahEK 293168Mhauia HRK-293 EBNA sethara RER-56) cell, or a
COScells. In an%ther mboqlment the m mm%llan cell |s a 20 CHO ceII fa BHK ceII ora

PER.C6(r) cell. sr%%}éic?ﬁmpe% pe expressm% cg}l |ﬁcfi ides thE‘mS&E)JeCF elf and 1ts pro eny Thus,

the term'' recomﬁﬁé?ﬁ’@éi?em’gwﬁ‘égctrfé“p‘ﬁrnfa?ﬂréh@?éétégiﬁgﬁ éﬁb"&%ﬁfﬁgé@’m’clﬁﬁﬁn progeny
cells derived thed&frpm amidhaia (i@ gafinioythersrartber efztransfersoit iskiswmangemgipodativht all progeny
may nofpe prefé&%%YdQﬁ&%%%&l"th&éd@%&'ﬂta@l%%ﬁ@lé*&%&i@%%m Zhinadyvertentpndations. Variant
progeny that ha¥§1’1h§s me fLH)[C,ROR 1% lvity as (31%@ nﬁ)l transformed cell are

tesa’s

included. The te ere asused |s app |cat|on lution in which changes of

pH due to the addition or r of aCldIC or b sic E ubstances is leveled quer sybstance. Any
fod Ak

buffer substanc Ss‘iﬁﬁﬁﬁg’ tgli? BRI ERR B B e d Y Th B B S & et pﬁhlc déeutically

acceptable buffersutritiate Perausst s EcasBlyigphedphohie Hem B He REEstic acid or
salts thereof, mtm@@id@m@&iﬁsfmete@foﬂﬂﬁrphehnemrsﬁahﬁﬁbmepf:eze(ﬁibm@mpImﬂm) $tbanesulfonic

acid or galts theh‘?&ﬁé&ﬂ?’éﬂ%@éﬁﬁﬁ%&%ﬁ?ﬁicQ{)(@QQ feSalts 1hersn rg@%@me,@ Lssthgreof, or

TR1S (hydroxymethyl aminomet or,salts thtereof In one emp%| meEt he buffer substance
is phosphoric aciti & %%t't?uereof acef’c SO SHRSHErERS, 5PEHIE adid ot sa %greof or histidine
or salts thereof, isargesibelin st therebr Pomfiettian tthe B‘Eﬁf@?%‘i?‘é‘éﬂa%bﬁcﬁﬁa?‘é‘érﬁ]dﬁ@e an
additional salt, Swhtiese@lienidiureChipieesicandfamsosciunitbhlites andiar pathssiwaisghloride,

and/or 5 potaS%mM@Jﬁneﬂq/95§agiy%eikr@éed @%%Q %ﬁmmétfﬁgetéa%e{ﬁmdiment of the

inventiop the pH value,of the buffg)ied ag %{o tﬁo tl ? f a?én 7S 1O to pH 1%@(&) Pnother
embodiment of ﬁ%’rﬁefjsll—?%ﬁstse 5H Y furhereibodiment's om p B and in still

another embodlhﬁé\ﬁtﬁf@réﬁﬁwk&a@m%ﬂ BfgiIWOIPPﬁWES’ch@?C%ﬁ‘iﬁéﬁ%‘f?@n?&’é&pﬂ%%ﬁ%ﬁ%thod prior
to, i.e. before, opaftedstep Hytheltolowilly stepsejpuiiyingsthecaglieats nualéaredidslufion containing

the heteromgou%}éﬁ%@f@ﬁggg@&@-may be inserted into an expression plasmid(s), which 1s (are)
then transfected into a cell, which does not otherwise produce immunoglobulins.

25 Expression is performed in appropriate prokaryotic or eukaryotic cells and the
immunoglobulin is recovered from the cells after lysis or from the culture

supernatant.

The term “solution containing an immunoglobulin to be concentrated” as used
within the current application denotes an aqueous, buffered solution containing a
30 complete immunoglobulin, an immunoglobulin fragment, or an immunoglobulin
conjugate. This solution may be, e.g., a culture supernatant, or a column

chromatography eluate, ora polished immunoglobulin solution.

"Heterologous DNA" or ,heterologous polypeptide® refers to a DNA molecule or a
poiypeptide, or a population of DNA molecules or a population of polypeptides,
35 that do not exist naturally within a given host cell. DNA molecules heterologous to



The purification in step e) can be by different methods and techniques, such as a 15 chromatography
step, or a combination of different or similar chromatography steps, or precipitation, or salting out, or
ultrafiltration, or diafiltration, or lyophilization, or buffer change, or combinati h f, or the like. In
another emBSUANEAEYHE heterologous immunoglobulin is a complete |m%1%qr?g§ﬁ§%%%ﬁ%gﬁr an
immunoglobulin fragment, or an immunoglobulin gOﬁp_njugate. In one embodiment the mammalian cell
is a CHO cell, a BHK cell, a NSO cell, a Sp2/0 cell, a COS cell, a HEK cell, or a PER.C6(r) cell. Still
another aspect of the current invention is a method for obtaining a concentrated immunoglobulin
solution, comprisipgy tiaeldellewinglsteps: contaip piivididgiaeso futiontborftasing! aspémeniineglobulin to be
concentrated 2WASISiB.R3NARINAY QDL SR EaeRtiin salkhSalUlRR HoRIRGLMETC @ad polymeric
form, ii) concentrating sai lution by employi tangential flow filtration, and proguycing thereby a
concentrated im%%ﬁ’c%‘l’éb%ﬁrgfo:ﬁ for% amp?e, ahil% f‘htrlggl%c%%eccgﬁ%entgated%mmunoglobulin solution

obtained under $3E8GHE ofAErdigem RRAPR M IRSHBB UKoY nferkofbriNA 168FRBE, it has been
found that duringthgridngentigldtovetiltiatiomofiinet oo flobulhrsotltigns cBNaining sail:

immunoglobulindg maongmenicopmAnd involineriaderm e fervation afRdeiional saluble
immunoglobulin in gﬁ%}/mg{iﬁéfq(rgg istli)educed whereas the(e%lready contained immunoglobulinin 5
|

polymeric form FHCRRE 8RR bIe Th the' SBIGHIg IS transterred to an immunoglobulin in polymeric form

which is insoluble in the solution. Thus, the number of imm lobylin molecgules associated with each
other in the imnﬁﬁ%‘l‘geﬁl%r? ﬂiYBSV)H‘ftJ%?i‘EC gﬁ# %c%gggé@ahmgtﬁ]eofgﬁgéﬁ ra |§ﬁr8 e
immunoglobulinpsplédiorr wilbiertisisntial flow filtration until the immunoglobulin 10 in polymeric form is
no longer soluble in the solution. Thus, another aspect of the current invention is a method for the
reductidi® of the Toemation ‘eiseiubteiitimunoglotldirfon potysreriessorm efuihg Betomnkegavation step
with tangential figwhfiltkatiovuimherein e dadustian ishaghienedidy the additiol;aispplesientation, or
generation of saupie IMMUNGOIGRHIG: ) RRVMSIG QIR AIIPLIA et oksAaagenial flow
filtration. The immunag obulin |.nx[go ymeric form n a§ be, e.g., generated by heat stress. The following
examples and figtiH¥PArdeHEvIBED B8 éiBetrﬁBth}Hné? &S Er ésp%gelfﬂ??ﬁ?eﬁ?igrf Hé'true scope of
which is set forthkifletheraphe e dlsinithesdt donditierstaory thanmdeifieditmseaddmady in the
procedures set fgrta mitheut-20dgparitac fomibe Spitth ohsap buientitteasdipgion:af the Figures
Figure 1Turbidity, iting congpriratien g difierept.eonarnipfigmgdesidaps; cRagsptation in
mg/ml, Y-axis: tur?)?arllt]y daetermlne at 350 nm. lgur§ 2Number of particles > 1 um. per ml solution
during concentrBfBAYiLHifRsnt BNt forPH8He S SE R Yis: FES KR n PR OR FE&tor (CF) Y -axis: 106
particles/ml > 1 ummFEigghd 8Statrdiifrsoiible dHdrEgates out of concentrated anti-IL-1R

The current invention provides a method for obtaining a concentrated
20 immunoglobulin solution substantially free of immunoglobulin aggregates by

tangential flow filtration comprising the following steps:

i) providing a solution containing an immunoglobulin to be concentrated
wherein said immunoglobulin is present in said solution in monomeric
and polymeric form, whereby the fraction of said soluble polymeric

25 form is more than 2.5 % when determined as the area under the curve
of the peaks eluted prior to the peak of the monomeric

immunoglobulin in a size exclusion chromatogram of said solution,

ii) concentrating said solution provided under i} by employing a tangential

flow filtration, whereby said soluble polymeric form of said

30 immunoglobulin does not increase by more than 25% when
determined as the area under the curve of the peaks eluted prior to the

peak of the monomeric immunoglobulin in a size exclusion

chromatogram of said concentrated solution,



antibody solutions (left: Ap 3.0 bar; right: ixp 1.2 bar). 30Figure 4Increase in high molecular weight
forms (HMWs) with respect to the HMWSs present in the sample before concentration; X-axis: 1: with
low HMW content (approximately 0.6 0/0) prior to the TFF with Ap 1.2 bar; 2: with hi(i;h HMW content
(approximat®f§ L B#3EArior to the TFF with Ap 1.2 bar; 3: with low HMW SBESHIEHEBPRY to the TFF
with Ap 3.0 bar; 4: with high HMW - 17 - content prior to the TFF with Ap 3.0 bar; Y-axis increase in
HMWs in %. Figure 5Number of particles per ml i the” solutions before concentration and after
concentration with a Ap of 1.2 bar or 3.0 bar, 5 respectively; X-axis: 1: before concentration with low
HMW content; 2: befofg) cansentatinyaithihiglolMVVieentenl] sbaite bedflequtatidrotisolution with

low HMW content with Ap e%l. bﬁ%d':t \g%%%glncgmaﬂ&ga%ﬁolgggn Mgm@g%@m\{y}gogtent with 4 of
It i 0 bar;

1.2 bar; 5: after concentration of solution ow 10 HMW content with 4 of 3. r; :%{Ter
concentration of solution WASRIYF MW RSHBRERRIAD 3B Bhr: TERSAIHA Ylogeﬁartl es per ml;
right Y-axis: particles per miformsigebullf agpreEagrsre 6For material with a high initial high molecular
weight form content a species at about 5000 nm is observable beside decreased 15intensity for the
monome¥ (befoia astheentkation thelyconersignaby toaxisnpariticleasipeihadmioY -akisimalative intensity in

%; squares: congapiaeal aravFAMYE aanisntsoluion siABAThw Rargamand: gensentrate of a
high HMW cont;anntths?!gtg}icf)rrll1 g&A&) of 1.2 bar, %rjaﬁﬁ\%% concentrate of a low HMW content solution at

20Ap of 3.0 bar; cirdler Concentraie of a ?gtH ¢onteht solution at Ap of 3.0 bar. Example 1

Methods 25a) Turbidity measurement. The [i)hotometric ahsorbance was d%t‘\je}gg]{ged at 350 nm and

550 nm, where no intrihsic cRISMBBRords T HEAnfBBE LotEh dBEBH _stUec fophotometer
Evolution 500, Thermo Fisheiosesatafid \Waktrimn seis AmThaeglabies Virereresedsifedaihdiluted. As a
referengg medium the approgsiatRbuifaticOsatmiomivespaedc Byetywheaby g gatisascgonducted

three times. b) Size-exclusiop;HP. e c%mg@togﬁmymn%ﬁg@dp%g@rﬁ Tgsqh; flaas TSK
3000 SWXL column on a Summif HPLC syste éDioD%ex, Id?tein, erman HTE% g%ut‘jV neﬁ)eaks were
of - 18 -

C
monitored at 280 nm by a UV'§Ba8%a A2y e 885 DTHeXT Kitd! RS
determined by size exclusion chromatography ,

1) concentrating said solution provided under i) by employing a
135 tangential flow filtration,

i)  removing said polymeric immunoglobulin by filtration after the end
of the tangential flow filtration and thereby obtaining a concentrated

immunoglobulin solution,

whereby the fraction of said polymeric soluble form of said immunoglobulin is
20 after step ii) larger than said first value and smaller than a second value which is

1.25 times the first value.

The term “substantially free” denotes that a preparation of an immunoglobulin
contains at least 50 % (w/w) of the immunoglobulin in monemeric form, in one
embodiment at least 75 % of the immunoglobulin in monomeric form, in another
25 embodiment at least 90 % of the immunoglobulin in monomeric form, or in a

further embodiment more than 95 % of the immunoglobulin in monomeric form.

The term “does not increase by more than 10 %” as used within this application
denotes that the fraction of the immunoglobulin in polymeric soluble form does
not increase by more than 10 %. For example if the fraction of the immunoglobulin
30 in polymeric soluble form is 7.5 % prior to the tangential flow filtration determined
by size exclusion chromatography this term denotes that the fraction does not

increase by more than 0.75 %, that is to 8.25 % at maximum.



the concentrated samples to 1 mg/ml the column was washed with a buffer consisting of 200 mM
potassium dihydrogen phosphate and 250 mM potassium chloride pH 7.0 until a stable baseline was
achieved. The analyzing runs were performed under isocratic conditions using a flow rate of 0.5
ml/min. oveP9360Miff#Es at room temperature. The chromatograms wePEHEEGPAFEAMEnually with
Chromeleon (Dionex, ldstein, Germany). Aggregation in % was determined by comparing the area
under the curve (AUG) of high molecular weight forfds with the AUG of the monomer peak. c) Light
obscuration. 10To monitor the particle burden in a range of 1-200 pm a SVSS-C patrticle analyzer was
used éPAMAShH&@til@méﬁﬁmm%gw\hrf]&ﬁﬁy%@mnwtmims @@ranaf;mﬂhﬁ syﬁtﬁmiwasl calibrated
according to the irement . ia Yol <788>. Wi -moRQsize polystyrene
spheres. Three %%Sé%%i rer n%eunr%g({)?%aé\}glﬁg réﬁé@%ﬁ?%&?? %T\Aw%t%ggl %tré %%gﬁ%é ?/%%%%%}J %‘%§molpwere
performed. ResBR& GRAkeR BE AT SR HREARED R RHA 98 RRTEE 1BUSUTIENOANTESF 1.0 mI. The
number of partieletideuhie dhwammithiglitiebensoksuwdoncentratiod kitlitrdoDyertinioright-scattering
(DLS) DES is a aparévasivadechinis ue formeaswinghanicgisizaidy pisalbuinihessul- micron size
range. In the cugrer?tﬂné{eargégoc trb)?n %g}]aesciczer Nano S apparatus 20 (Malvern Instruments,
Worcestershire, U g\ﬁltﬁ { '

a temperature controlled quartz cuvette (25C) was used for monitoring a size
range between thnmtand 6 E)m. The jnte Sity. of th? back S{:atte‘red Igse.r light weltsbd?tected at an angle
of 173. The intensefty fllittuated st rate that 18 o%opgrﬁla%ﬁt @68% the pa’fﬁorc1 eu&ﬁ%glolﬁ”slpé%d, which in
turn is governe@¥syepaietidcsive. Partierd swihimtdlda rridienéne pdenai¢eByatPHEP M analysis of
the fluctuation imstatikredhight antensityi{{ad uikke Bvide(elt) pMeaswrementipMBlispended Particles by
Quasielgetric Light: Seateringh NiIey Inoi¢la83) TRecokdR By NARIG1JglbSratiatRguipplication of
Photon Correlation Spec 0scopy, Plenum Prf%s E%?SS ? The sm&%sm ution bX |r]te0n§|9/ was
calculated usinént‘”f'}(e ruftiple hafrow mode oFthe BT S SoHware (MANVERR). %’E%pgglf)n_eun]ts were

conducted with BeHIfHed Shinges, rotStsniry thebthsd s weeskalsiio Wslés agfgrasiates - 19 -
stained with ReviehsibleoPiletain Detacindkil aalytietirosnSigmandtdricht{BdetnhegiobGiérmany). The
membrane Wa?xﬁ&@@&'l’_@?,dsﬁ&‘?_ra‘é\’%mﬂﬁfﬂ}meguﬁ%roﬁ{&@ﬂ ASEROMIGHPSpERMME %_81(1'!3@%!‘33’ Wetz!ar,
Germarllé) eqw[%glerg,,w%rr\ a‘%li%%al camera DC g@g (L nd%r 80-t|r‘nM is‘:tr;na nlfl%atlogségee e.g. Li, B,
et al., J. 5SPharmaceutical ScI: 6@% ?I.r84‘6- . Z13'). xample EmTangen 1al Flow Filtration A
conditioned and REFRgF3BIN&ibRife rdYs a BRBERISBIUSAISH BOBRftin drfti- 2gargaidantibody was
concentrated twentufeiglaiuiio, 1 @Qaredimabl ygeeghanastidnateldl < B sy stprroAKFtnedsflowmi (GE

Healthcare, Amgjigham BiRsEigAce ARmMRPEARLSIWRARD) @ﬁ@&@@%ﬁé@.@!@%&&é feheet cassette
(Sartorius, Gottiln en G?rggﬁmy \g/ith a 'EI.}Q rosartTM membrane. ol regenerated C%Uu se, with a
a tot

nominal molecular vvgelf)&? cut-oft 0 r§8Yk L& t"eéfﬁ?lglere{‘?]eﬁgreséi} (L)#%dﬂ m2ahd a L gﬁ(rilembrane
Ioadingzgf abouf%@@(’@‘/mz. The target concentration was set to 90 mg/ml. Different Ap parameters
were tested and were the following: Method 7:transmembrane pressure = 0.6 bar 20cross-flow = 90
mi/min Ap = 1.2ba&emBtAbEo Methemharapiding frédstreatpp pahe immunoglobulin present

in monomeric form and in polymeric form, whereby these two forms are soluble in
the solution. In step ii) of the method is the provided immunogiobulin solution
containing the immunoglobulin in monomeric and polymeric form concentrated
25 using a tangential flow filtration method. It has now surprisingly been found that if
a solution contains an immunoglobulin in polymeric but soluble form prior to a
concentration step with tangential flow filtration the number of immunoglobulin
molecules, i.e. the size of the particle, contained in the immunoglobulin in
polymeric form increases until the immunoglobulin in polymeric form is no longer
30 soluble in the solution. Concomitantly almost no new soluble immunoglobulin in
polymeric form is formed during the tangential flow filtration. Thus, it has been
found that in immunoglobulin solutions containing immunoglobulin in polymeric
soluble form prior to a concentration step with tangential flow filtration the
contained immunoglobulin in polymeric soluble form further agglomerates

35 additional immunoglobulin molecules from the solution resulting in a reduced



Ap = 3.0 bar. Turbidity measurements (Figure 1), LO results (Figure 2, Table 1) in the course of
25concentration process showed that enhanced formation of immunoglobulin in aggregated, insoluble
form was depending on the applied shear stress. - 20 -turl sz< 0L99 99 ECC L98I lum oi<IL 6
25335 6911V AMBE %1835 691'66 turf s < ZLV 261475 PCI/ER2008/010060
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formation of new immunoglobulin in polymeric soluble form. Thus, this results in
immunoglobulin in polymeric insoluble form, which can be removed from the
concentrated immunoglobulin solution after the concentration step by a simple

filtration step.

5 Another aspect of the current invention is a method for obtaining a concentrated
immunoglobulin solution by tangential flow filtration comprising the following

steps:

i) providing a solution containing an immunoglobulin to be concentrated
wherein said immunoglobulin is present in said solution in monomeric

10 and polymeric form,

ii) concentrating said solution provided under i) by employing a

tangential flow filtration with a Ap of 3.0 bar,

whereby the number of particles with a size of more than 1 pm in said solution does
not increase during the concentrating step by more than a factor of 200 when the
15 number of particles is determined by light obscuration. In one embodiment the
number of particles is determined by light obscuration at a protein concentration of
90 mg/ml. In one embodiment the number of particles with a size of more than
5 um does not increase by more than a factor of 100 when the number of particles is
determined by light obscuration. In another embodiment is the fraction of said
20 polymeric form of said immunoglobulin more than 5 % when determined as the
area under the curve of the peaks eluted prior to the peak of the monomeric
immunoglobulin in a size exclusion chromatogram of said solution. In a further
embodiment is the concentration of the immunoglobulin after the concentrating
more than 80 mg/ml, in one embodiment 90 mg/ml or meore. In another
25 embodiment the transmembrane pressure during the tangential flow filtration is

constant at 0.6 bar.

Another aspect of the invention is a method for producing a heterologous

immunoglobulin comprising the foliowing steps:

a) providing a recombinant mammalian cell comprising one or more
30 nucleic acids encoding a heterologous immunoglobulin,
b) cultivating said cell under conditions suitable for the expression of

the heterologous immunoglobulin,



381841 12 199L 207838 707471 r sr1< 0118 66Vgl 11528874 29284408 15845 332595 27611698
46218164 particle size before concentration, solution containing a low number of aggregated forms

(insoluble) before concentration, solution containing a high number of ag}gr%?gated forms (insoluble)
TFF with AP 2P ERIow number aggregate solution TFF with Ap = 12 BEF SRR AUmber

aggregate solution before concentration, solution c?gtaining a low number of aggregated forms

before concentration, solution containing a high number of aggregated forms

c) recovering the heterologous immunogiobulin from the recombinant

mammalian cell or the cultare medium,

d) concentrating the recovered aqueous, buffered solution comprising

the heterologous immunoglobulin using a tangential flow filtration

5 method with a constant Ap of 3.0 bar, whereby the number of
particles in said solution with a size of more than 1 um does not

increase by more than a factor of 200 when the number of particles is

determined by light obscuration.

In one embodiment the number of particles is determined at a protein

10 concentration of 90 mg/ml. In a further embodiment the heterologous
immunoglobulin is a complete immunoglobulin, or an immunoglobulin fragment,
or an immunoglobulin conjugate. In still another embodiment the mammalian cell
is a CHO cell, a BHK cell, or a PER.C6® cell,

The term “recombinant mammalian cell” refers to a cell into which a nucleic acid,
15 e.g. encoding a heterologous polypeptide, can be or is introduced / transfected. The
term ,,cell” includes cells which are used for the expression of nucleic acids. In one
embodiment the mammalian cell is a CHO cell (e.g. CHO K1, CHO DG44), or a
BHK cell, or a NSO cell, or a SP2/0 cell, or a HEK 293 cell, or a HEK 293 EBNA cell,
or a PER.C6® cell, or 2 COS cells. In another embodiment the mammalian cell is a
20 CHO cell, or a BHK cell, or a PER.C6® cell. As used herein, the expression "cell”
includes the subject cell and its progeny. Thus, the term “recombinant cell”
includes the primary transfected cell and cultures including the progeny cells
derived there from without regard to the number of transfers. It is also understood
that all progeny may not be precisely identical in DNA content, due to deliberate or
25 inadvertent mutations. Variant progeny that have the same function or biological

activity as the originally transformed cell are included.

The term “buffered” as used within this application denotes a solution in which
changes of pH due to the addition or release of acidic or basic substances is leveled
by a buffer substance. Any buffer substance resulting in such an effect can be used.
30 In one embodiment pharmaceutically acceptable buffer substances are used, such as
e.g. phosphoric acid or salts thereof, acetic acid or salts thereof, citric acid or salts
thereof, morpholine or salts thereof, 2-(N-morpholino) ethanesulfonic acid or salts
thereof, histidine or salts thereof, glycine or salts thereof, arginine or salts thereof,
or TRIS (hydroxymethyl aminomethane) or salts thereof. In one embodiment the



TFF with Ap = 3.0 bar of low number aggregate solution TFF with Ap = 3.0 bar of high number
aggregate solution uognios iw / sapped Jo Jaquatu WO 2009/068282PCT/EP2008/010060 - 21 - The
visual easily detectable burden of insoluble immunoglobulin in polymeric form in concentrated
solutions by‘%giﬁlé’%oﬁq‘ﬁg‘ftion-staining method depends on applied shear B LEEHNY 18 Ysed
concentration method, supporting results obtained hy LO and turbidity measurements (Fig. 3). The
increase of immunoglobulin in polymeric 5 form for the concentrated solutions depends on the status
of the polymeric precursors before concentration. When material is used, which already contains the
immunoglobulirbinfiep kiivesiectorpashvtheacidrantdixahptef/ £dix asidatemaiinebebyoSBC), an

increase in the ampunt of, pelymericfermsisuring.tapasntialiow firatanwas satdaigetable by SEC
(see Table 2). 1 Tabl§12: %Eg ta, sa Ple HMW/ polymeric form. Peak! HIMW/ goélymeric form Peak
% n{ o 1 salt, 5 eg.

2 MW/ n iymdPR9 S SN VAUE P af 2ddiional st sic

sodium chloride, and/or sodium sulphate, and/or potassium chloride, and/or

5 potassium sulfate, and/or sodium citrate, and/or potassium citrate. in one
embodiment of the invention the pH value of the buffered aqueous solution is of
from pH 3.0 to pH 10.0, in another embodiment of from pH 3.0 to pH 7.0, in a
further embodiment of from pH 4.0 to pH 6.0, and in stil! another embodiment of
from pH 4.5 to pH 5.5.

10 In another embodiment comprises the method prior to, i.e. before, or after step d)

the following step:

e) purifying the aqueous, buffered solution containing the heterologous

immunoglobulin.

The purification in step €) can be by different methods and techniques, such as a
15 chromatography step, or a combination of different or similar chromatography
steps, or precipitation, or salting out, or ultrafiltration, or diafiltration, or

lyophilization, or buffer change, or combinations thereof, or the like.

In another embodiment the heterologous immunoglobulin is a complete
immunoglobulin, or an immunoglobulin fragment, or an immunoglobulin

20 conjugate. In one embodiment the mammalian cell is a CHO cell, a BHK cell, a NSO
cell, a Sp2/0 cell, a COS cell, a HEK cell, or a PER.C6® cell.

Still another aspect of the current invention is a method for obtaining a

concentrated immunoglobulin solution, comprising the following steps:

i) providing a solution containing an immunoglobulin to be concentrated
25 wherein said immunoglobulin is present in said solution in monomeric and

polymeric form,

ii) concentrating said solution by employing a tangential flow filtration, and

producing thereby a concentrated immunoglobulin solution,

iii) filtrating the concentrated immunoglobulin solution obtained under ii)

30 in order to remove the immunoglobulin in polymeric form.



forms increase in aggregates [Woi mean value of increase in aggregates [Q/0] main Peak IL-IR LMW
forms before concentration, solution containing a low number of aggregatedforms 0.54 0.49 0.74 0.00

0.220.020.540.710.76 0.67
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Thus, it has been found that during the tangential flow filtration of
immunoglobulin solutions containing said immunoglobulin in monomeric form
and in polymeric form the formation of additional soluble immunoglobulin in
polymeric form is reduced whereas the already contained immunoglobulin in

5 polymeric form which is soluble in the solution is transferred to an
immunoglobulin in polymeric form which is insoluble in the solution. Thus, the
number of immunoglobulin molecules associated with each other in the
immunoglobulin in polymeric form increases during the concentration of the
immunoglobulin solution with tangential flow filtration until the immunoglobulin

10 in polymeric form is no longer soluble in the solution. Thus, another aspect of the
current invention is a method for the reduction of the formation of soluble
immunoglobulin in polymeric form during a concentration step with tangential
flow filtration, wherein the reduction is achieved by the addition, supplementation,
or generation of soluble immunoglobulin in polymeric form prior to the start of the

15 tangential flow filtration. The immunoglobulin in polymeric form may be, e.g.,
generated by heat stress.

The following examples and figures are provided to aid the understanding of the
present invention, the true scope of which is set forth in the appended claims. It is
understood that modifications can be made in the procedures set forth without

20 departing from the spirit of the invention.

Description of the Figures

Figure 1 Turbidity during concentration via different concentration
modes; X-axis: concentration in mg/ml, Y-axis: turbidity
determined at 350 nm.

25 Figure 2 Nurnber of particles > 1 um per ml solution during concentration
via different concentration modes; X-axis: concentration factor
(CF), Y-axis: 10° particles/ml > 1 um.

Figure 3 Stained insoluble aggregates out of concentrated anti-IL-1R
antibody solutions (left: Ap 3.0 bar; right: Ap 1.2 bar).
30 Figure 4 Increase in high molecular weight forms (HMWs) with respect to

the HMW3s present in the sample before concentration; X-axis: 1:
with low HMW content (approximately 0.6 %) prior to the TFF
with Ap 1.2 bar; 2: with high HMW content (approximately
7.2 %) prior to the TFF with Ap 1.2 bar; 3: with low HMW
35 content prior to the TFF with Ap 3.0 bar; 4: with high HMW



99.46 98.29 99.14 0.00 0.00 0.04 TFF with Ap = 1.2 bar of low number aggregate solution 0.90 0.96
0.00 0.00 0.03 0.96 0.90 0.99 0.96 0.95 34.33 47.76 43.28 41.79 99.03 98.93 98.99 0,06 0.00
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content prior to the TFF with Ap 3.0 bar; Y-axis increase in
HMWs in %.
Figure 5 Number of particles per ml in the solutions before concentration
and after concentration with a Ap of 1.2 bar or 3.0 bar,
5 respectively; X-axis: 1: before concentration with low HMW
content; 2: before concentration with high HMW content; 3: after
concentration of solution with low HMW content with Ap of 1.2
bar; 4: after concentration of solution with high HMW content
with Ap of 1.2 bar; 5: after concentration of solution with low
10 HMW content with Ap of 3.0 bar; 6: after concentration of
solution with high HMW content with Ap of 3.0 bar; left Y-axis:
10° particles per ml; right Y-axis: particles per ml for size > 25 um.
Figure 6 For material with a high initial high molecular weight form
content a species at about 5000 nm is observable beside decreased
15 intensity for the monomer (before concentration only one signal);
X-axis: particle size in nm; Y-axis: relative intensity in %; squares:
concentrate of a low HMW content solution at Ap of 1.2 bar;
diamond: concentrate of a high HMW content solution at Ap of

1.2 bar; triangle: concentrate of a low HMW content solution at

20 Ap of 3.0 bar; circle: concentrate of a high HMW content solution
at Ap of 3.0 bar.
Example 1
Methods
25 a) Turbidity measurement.

The photometric absorbance was determined at 350 nm and 550 nm, where no
intrinsic  chromophores in  the antibody solution absorb (UV-VIS
spectrophotometer Evolution 500, Thermo Fisher Scientific, Waltham, USA). The
samples were measured undiluted. As a reference medium the appropriate buffer

30 solution was used. Every measurement was conducted three times.
b) Size-exclusion-HPLC.

The chromatography was conducted with a Tosoh Haas TSK 3000 SWXL column
on a2 Summit HPLC system (Dionex, Idstein, Germany)}. The elution peaks were
monitored at 280 nm by a UV diode array detector (Dionex). After dissolution of



0.05 before concentration, solution containing a high number of aggregated forms 5.07 4.69 2.20 2.50
7.27 7.197.23 92.59 92.64 0.15 0.18 TFF with Ap = 1.2 bar of high number aggregate solution 5.05

4.63449 2.61 2.63 2.46 7.66 7.26 6.95 7.29 5.95 0.41
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the concentrated samples to 1 mg/ml the column was washed with a buffer
consisting of 200 mM potassium dihydrogen phosphate and 250 mM potassium
chloride pH 7.0 until a stable baseline was achieved. The analyzing runs were
performed under isocratic conditions using a flow rate of 0.5 ml/min. over

5 30 minutes at room temperature. The chromatograms were integrated manually
with Chromeleon (Dionex, Idstein, Germany). Aggregation in % was determined
by comparing the area under the curve (AUC) of high molecular weight forms with
the AUC of the monomer peak.

c) Light obscuration.

10 To monitor the particie burden in a range of 1-200 pm a SVSS-C particle analyzer
was used (PAMAS Partikelmess- und Analysesysteme, Rutesheim, Germany). The
system was calibrated according to the requirements of US Pharmacopeia Vol. 24,
<788>, with near-monosize polystyrene spheres. Three measurements of a volume
of 0.5 ml with a pre-flushing volume of 0.5 ml were performed. Results were
15 calculated as mean value and referred to a sample volume of 1.0 ml. The number of

particles counted was within the sensor’s concentration limit.
d) Dynamic light scattering (DLS)

DLS is a non-invasive technique for measuring particle size, typically in the sub-
micron size range. In the current invention the Zetasizer Nano S apparatus
20 (Malvern Instruments, Worcestershire, UK) with a temperature controlled quartz
cuvette (25°C) was used for monitoring a size range between 1 nm and 6 pm. The
intensity of the back scattered laser light was detected at an angle of 173° The
intensity fluctuates at a rate that is dependent upon the particle diffusion speed,
which in turn is governed by particle size. Particle size data can therefore be
25 generated from an analysis of the fluctuation in scattered light intensity (Dahneke,
B.E. {ed), Measurement of Suspended Particles by Quasielectric Light Scattering,
Wiley Inc. (1983); Pecora, R., Dynamic Light Scattering: Application of Photon
Correlation Spectroscopy, Plenum Press (1985)). The size distribution by intensity
was calculated using the multiple narrow mode of the DTS software (Malvern).

30 Experiments were conducted with undiluted sampies.
e) Staining method for detection of insoluble aggregates

The concentrated antibody solution was filtered through a 0.22 pm cellulose acetate

filter membrane {Sartorius, Gottingen, Germany) and the retained particles were



-3.87 0.83 92.17 92.56 92.86 0.16 0.18 0.20 before concentration, solution containing a high number
of aggregated forms 5.27 4.69 2.41 2.50 7.68 7.19 7.44 92.02 92.64 0.30 0.18 WO

2009/068282PCT/EP20081010060 - 22 - sample HMW/ polymeric
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stained with Reversible Protein Detection Kit solution from Sigma-Aldrich

(Steinheim, Germany). The membrane was examined after washing with buffer

under a stereomicroscope MZ 12 (Leica, Wetzlar, Germany} equipped with a digital

camera DC 100 (Leica) under 80-times magnification (see e.g. Li, B, et al,, |.
5 Pharmaceuftical Sci. 96 (2007) 1840-1843),

Example 2
Tangential Flow Filtration

A conditioned and filtered histidine-buffered aqueous solution {(pH 5.8) of an anti-
10 IL-IR antibody was concentrated twenty fold up to 100 mg/ml by use of an
automated TFF system AKTAcrossflow " (GE Healthcare, Amersham Bioscience
AB, Uppsala, Sweden) by employing a scalable flat sheet cassette (Sartorius,
Gottingen, Germany) with a Hydrosart'™ membrane of regenerated cellulose, with
a nominal molecular weight cut-off of 30 kDa, a membrane area of 0.02 m? and a

15 total membrane loading of about 400 g/m”.

The target concentration was set to 90 mg/ml. Different Ap parameters were tested

and were the following:

Method 1:  transmembrane pressure = 0.6 bar
20 cross-flow = 90 ml/min
Ap = 1.2 bar
Method 2:  transmembrane pressure = 0.6 bar
Ap = 3.0 bar.

Turbidity measurements (Figure 1), LO results (Figure 2, Table 1) in the course of
25 concentration process showed thatenhanced formation of immunoglobulin in

aggregated, insoluble form was depending on the applied shear stress.
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forms TFF with Ap = 3.0 bar of high number aggregate solution 5.02 5.09 5.38 2.80 2.92 2.86 7.82
8.01 8.248.025.18 7.73 10.83 7.91 91.84 91.81 91.54 0.34 0.19 0.22 before concentration, solution

containing a low number of aggregated forms 0.59 0.49 0.15 0.22 0.74

WO 2009/068282 PCT/EP2008/010660
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The visual easily detectable burden of insoluble immunoglobulin in polymeric form

in concentrated solutions by using a filtration-staining method depends on applied

shear stress and the used concentration method, supporting results obtained by LO

and turbidity measurements (Fig. 3). The increase of immunoglobulin in polymeric

5 form for the concentrated solutions depends on the status of the polymeric

precursors before concentration. When material is used, which already contains the

immunoglobulin in polymeric form (as in the current example 7.5 % as determined

by SEC)}, an increase in the amount of polymeric forms during tangential flow

filtration was not detectable by SEC (see Table 2).

10
Table 2: SEC data
HMW/ : mean
I"{MW /. IiMW/_ polymeric maian increase yalue of main w
sample polymeric | polymeric | =" value in increase | 5 iM
form form Peak 1 polymeric | aggregates in 1R forms
Peak 1 Peak 2 and 2 forms [%)] aggregates
(%]
before 0.54 0.00 0.54 0.67 99.46 | 0.00
conceniration,
solution 0.49 0.22 0.71 98.29 0.00
containing a
low number
of aggregated 0.74 0.02 0.76 99.14 | 0.04
forms
TFF “gth Afp 0.90 0.00 0.30 0.95 34.33 41.79 99.03 (3,06
=1.2baro
low number 0.96 0.03 0.99 47.76 98.93 0.00
Aggregale 0.00 0.96 0.96 43.28 98.99 | 0.05
before 5.07 2.20 7.27 7.23 9259 | 0.15
concentration,
solution 4.69 2.50 7.19 92.64 | 0.18
containing a
high number
of aggregated
forms
TFF with Ap 5.05 2.61 7.66 7.29 5.95 0.83 92.17 0.16
= 1.2 bar of
high number 4.63 2.63 7.26 0.41 92.56 | 0.18
aglgre.gate 4.49 2.46 6.95 -3.87 92.86 | 0.20
sotufion
before 5.27 2.41 7.68 7.44 92.02 | 030
concentration,
solution 4.69 2.50 7.19 92.04 | 0.18
containing a
high number
of aggregated
forms




0.710.73 99.17 98.29 0.09 0.00 TFF with Ap = 3.0 bar of low number aggregate solution 0.00 0.00
0.00 1.06 0.98 0.95 1.06 0.98 0.95 46.21 35.17 31.03 37.47 98.83 98.83 99.03 0.11

WO 2609/6068282 PCT/EP2088/010060
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MW mean
HMW/ HMW/ H /. mean increase value of .
i . i . | polymeric 1 . . main | ;..
sample polymeric | polymeric | ©c2 value in increase | oo W
form form polymeric | aggregates in forms
Peak 1 IL-1R
Peak 1 Peak 2 and 2 forms (%] aggregates
[%]

TFF with Ap 5.02 2.80 7.82 8.02 5.18 791 91.84 0.34
= 3.0 bar of
high number 5.09 2.92 8.01 7.73 91.81 | 0.19
agprega e 5.38 2.86 8.24 10.83 9154 | 0.22
before 0.59 0.15 0.74 0.73 99.17 | 0.09
concentration,
solution 0.45 .22 0.71 98.29 0.00
cantaining a
low number
of aggregated
forms
TFF with Ag) 0.00 1.06 1.06 46.21 37.47 G8.83 011
=30baro
low number 0.00 0.98 0.98 35.17 98.83 | 0.19
Ssrogate 0.00 0.95 0.95 31.03 99.03 | 0.02

In contrast to this the amount of high molecular weight forms/polymeric soluble
forms increased when nearly monomeric material (0.6 % of immunoglobulin in
polymeric form as determined by SEC) was concentrated (Fig. 4). Regarding the
5 status of larger and insoluble aggregates after concentration a contrarily relation
was observed. Solutions with a higher extend of polymeric form precursors before
concentration showed more larger and insoluble aggregates compared to the
initially nearly monomeric solutions {Fig. 5). A shift from smaller, soluble
polymeric precursors, i.e. from polymeric forms in which only a few
10 immunoglobulin molecules are aggregated, to larger insoluble aggregates during the
TFF process depending on the status of the polymeric precursors of the used

intermediate was found. DLS data supports this perspective (Fig. 6).

Not only unfavorable high pressure profiles in TFF but also contaminants like
soluble aggregates can cause an ongoing aggregation process with a shift of

15 aggregates to larger insoluble species and precipitates during concentration by TFFE.



0,19 0.02 In contrast to this the amount of high molecular weight forms/polymeric soluble forms
increased when nearly monomeric material (0.6 % of immunoglobulin in polymeric form as determined
by SEC) was concentrated (Fig. 4). Regarding the 5 status of larger and insoluble aggregates after
concentration a contrarily relation was observed. Solutions with a higher extend of polymeric form
precursors before concentration showed more larger and insoluble aggregates compared to the
initially nearly monomeric solutions (Fig. 5). A shift from smaller, soluble polymeric precursors, i.e.
from polymeric forms in which only a few 10 immunoglobulin molecules are aggregated, to larger
insoluble aggregates during the TFF process depending on the status of the polymeric precursors of
the used intermediate was found. DLS data supports this perspective (Fig. 6). Not only unfavorable
high pressure profiles in TFF but also contaminarts like soluble aggregates can cause an ongoing
aggregation process with a shift of 15aggregates to larger insoluble species and precipitates during
concentration by TFF. 23 -Claims Method for removing immunoglobulin aggregates from an
immunoglobulin solution, characterized in that said method comprises the following steps: providing |
solution containing said immunoglobulin to be concentratggdmaherein said immunoglobuiin is present in
said solution in monomeric-and polymeric form, or providing a solution containing an immunoglobulin
to he concentrated, wherein in said solution the_formation of said im L0 meHC form is
induced by-the applimmmdﬁh@ﬁt?ﬁ%dﬁ%?ﬂ?ﬁ{?ﬁé{g%fﬁggﬁj% %0%%%%%%P6§%%ploying a
tangential flow filtratiaﬁam&th:‘aﬂddnmm%é&ﬂﬁt@é PRAFPEAT g‘ESﬂl%’ﬁ%r%ﬁé‘membrane pressure of 0.6
bar, iii) removing immunoglobulin aggregates from the immunoglobul n solution obtained in step ii) by
filtration with a (1.2 ufn pqie,sigs filteronmerelyammgmiset adporticlieS s ar E@rﬁ&?ﬁ%{f&ﬁ%olution
of step ii) with a size of morgﬂg@i%ns‘% HJELis smalisaihon 2RQdimpsdie plmber iof pantiches st a size of
more than | urn in the solu‘ﬁq{n pri,o(;ﬁ%%grconcentrating when determining the number of particles by
light obscuration. 2. Methdt®'gEE0 1 o claim 1, characterized in that n r iglgs in said
concentrated solution of’ vmh‘féii'giéeaofsﬁlnﬁ?gnthﬁ%‘@‘ﬁfﬂéﬁsagmgﬂmu%)g?OhH%% e Qs

er than 100 times .the :
wherein in said solution the formation of said 1mmunogmbam i polvmernc

form is induced by the application of heat, |
if) concenirafing said solution provided. under i) by employing a tangential flow
filration with a constant &p of 3.0 bar, and a constant transmembrane pressure
of 0.6 bar, ’ . |
iii) removing immunoglobulin  aggregates fom the immunogiobulin solution
obtained in step ii) by filtration with & 0.2 um pore size filter,

whereby the number of particles in said concentrated solution of step i) with a size
of more than 1 pm is smaller than 200 times the number of particles with 2 si7e o7
more then | pm in the solution prior to the concentrating when determining the

number of particles by hight obscuration.

2 Mcthod according to claim 1, characterized in that the number of particles in said
concentrated solution of with & size of more than 5 pm is smalier than 100 tmes the
number of particles with a size of more than 5 pm in the solution pnor 1© the

concentrating when determining the number of particies by hight obscuration,

Method according to any one of the preceding claims, characterized in that the

L}

e : o
faction of said polymeric solubic immunogiobuliin form 18 more than 5 % when
determined as the arca under the curve of the peaks eluted prior to the peak of the
monomeric immunoglobulin in a size exclusion chromatogram of said solution.



number of particles with a size of more than 5 um in the solution prior to the concentrating when
determining the number of particles by light obscuration. 3. Method according to any one of the
preceding claims, characterized in that the fraction of said polymeric soluble immunoglobulin form is
more than 5 (Y.D when determined as the area un#gr the curve of the peaks eluted prior to the peak of
the monomeric immunog,lobulin in a size exclusiofi chromatogram of said solution. 24 4. Method
according to any one of the preceding claims, characterized in that the hcterologous immunoglobuiin is
a complete immunoglobulin, or an immunoglobulin fragment, or an immunoglobulin conjugate. 5.
o g 0 G &0 e eSO B4R laBsiey ekl Bl e o by ot

obscuration is afa protein conce_n{r ion of 90 m . L : .
heterologous immunoglobuiin 182 complete immunoglobulin, or an immunoglobuiin

fragrment, or an immunoglobulin conjugate.

3. Method according to any one of the preceding claims, characicrized in that the
determining by light obscuration is at a protein concentration of 90 mg/ml.



