Optimizing the production of antibodies field of the Invention The current invention relates to the field
of polypeptide production and purification. A general method is provided for the production of purified
antibodies by separation of an antibody molecule from an antibody variant by 5chromatographic
methods, e.é?&%ﬁmﬁ?&% therapeutic efficacy, by for example choosing as @ﬁ%%%@%ting time
point and/or a specific purification scheme. Backéround of the Invention Monoclonal antibodies have
great therapeutic potential and play an important role in today's medical portfolio. During the last
decade, a significant trend in the 10 pharmaceutical industry has been the development of monoclonal

antibodies (mAbs) as therapeuti@)ﬁgmnfgqﬁg(i;gﬁgmgg(%;?gg&%rgggr of diseases, such as cancers,

asthma, arthritis, multiple sclerosis etc. A recent report indicates 376 mAb development programs
(from preclinicg, L1 I onoclonal antibodies currently constitute about 20% of all
biopharmacedticals | ar tars. 15 Monoclonal antibodies are predominantly manufactured as
recombinant pgpteins in genetically engineered ma lian.cell culture. Typically, a stirred tank
bioreactor is 51;%3@1 for prodde For}%%% thrgq %%_%ré?edﬂ%%@%e%pgﬂg@ﬁ?ﬁ%cgfgfi% i8hedtly a
downstream proeBedtiesndisrng at marredis srrsided e tispeccaption of mmpbadamipediess. The drug
substance whigh isetypitialty eoliquin isutitindornmikiadeintiaiiugar Oprathiely Feahawnanyapplication
every gharmageutitahsupsiancehas iemegt distinet Qﬁ%%t&uﬁe ERRAILS RS Sl Dhpie _
blopharmaceuctllj%a!g}a ens:[setcotpcuhrggvnstoneﬁor more %J(Dflca ion ségps hgve.to follow thg manufacturing
process. The goaﬂ Orfovhsstream p?%é%%s’ﬂ%x‘/)efgb SRt & hStEforET %?é\?@lﬁﬁ‘%f’?ﬁgh-yielding, robust,
25 scalable, apd reliable process that results in high-purity product. Typical contaminants in the
process includt B Es L MM CP), viruses, aggregated and fragmented product, and
residual media components, Separation of the antibody product from these contaminants requires an
orthogonal puWé’Qﬁ&?ﬁrﬁ%%@%@ﬁ%ﬁ‘ﬁYﬁz%ﬁ%éﬁﬁﬁ%\lﬂﬁMB?‘WQW&‘MW ralenAb
purification 3@npiestess inedicalspratfolis. dombigatiorissoidéitadtion aipidluemmatograpisesteps. Besides
purityichroughpsiragtield RiRdaan, iMeortaeh rele indelarminingramaRRRRYAAMARAtIoN process in
the pharmaceiigglind ity 30N R NDARRE OPRBRIRGT I ZOI0I00409,2 of the
production costs for a monoclonal a fibo Jy arise from the downstream processes. %\ccordlng to the
international CBHiETe ADR BRPRIGHBRBERS ElasHiakn deTarRt AeaAtt Bidigiasbtarmatheterogeneity
defines its quaktglemuetiierdegnasesaftbm preclinical to market) and monoclonal antibodies

currently constitute about 20% of all biopharmaceuticals in clinical trials.

15 Monoclonal antibodies are predominantly manufactured as recombinant proteins in
genetically engineered mammalian cell culture. Typically, a stirred tank bioreactor
is used for production of the secreted mAb, the upstream process, followed by a
downstream process consisting of harvest, chromatographic capture and polishing
steps. The drug substance which is typically a liquid is then formulated into drug
20 product.

For uman application every pharmaceutical substance has to meet distinct criteria.
To ensure the safety of biopharmaceutical agenis to humans one or more
purification steps have to follow the manufacturing process. The goal of
downstream process development is therefore to develop a high-yielding, robust,
25 scalable, and reliable process that results in high-purity product. Typical
contaminants in the process include DNA, host cell protein (HCP), viruses,
aggregated and fragmented product, and residual media components. Separation of
the antibody product from these contaminants requires an orthogonal purification
process that utilizes various modes of purification. In general, a mAb purification
30 process involves various combinations of filtration and chromatographic steps.
Besides purity, throughput and yield play an important role in determining an
appropriate purification process in the pharmaceutical industry. Roughly 40-60%



5 profile should be monitored and characterized to ensure lot-to-lot consistency. Microheterogeneity of
mADs therefore is a concern for production, especially for downstream processing. Characterization of
the product is necessary for determining variants, which may be present with similar properties, and
may complichfe BuHie §¥r’bn (see e.g. Ahrer, K., and Jungbauer, A., J. ChFSri&G31¥28+58b 841 (2006)
110-122). Microheterogeneity of mAbs for exampfe results from posttranslational modifications,
enzymatic modifications, incorrect translation of the target protein, and modifications caused by
processing and alteration. Each modification may affect the biological activity or stability of the final
product. ThusofraifdPiedrasienatRFguitstitatirreHiandiaitivin s arEva dhe AR IsESRE 15several
variants of a pietesseChromatographic and electrophoretic methods for example are tools for
resolution of protein variants. The non-enzymatic deamidation of side changes of asparagines and
glutamine respiitesdingroteins iatefiamsaspdsitiedos ciagerheisragendllfidf rgadarainant proteins.

The unchafge&aa%m% %mm@wo%%t r@e@%@'fiﬁdqt_?aﬂ{}'s&d R Jvamalg and

iso-aspartate re ue or Iuta ate and a\ilﬁ)artate residue fore, an additional charge is

introduced to?ﬁ ostlé?ﬁ dits2ta 8naf'ﬂs ﬁfﬁmﬁr\ﬁ & aelnsﬁreP r%é%eﬁ?"ﬁ'so?né& Anal. 21
(2000) 1129- Ms@yhri@mm@rﬁbﬂfanﬁ#ﬁaﬂw&ral AritiBoRies), feanndustimcaspesially &0mny stage from
inside the cellgowfigfcaacreiicressiugnoqharicetionicdursty sieragedand isndexcRSadiffésent conditions of

stress. Deamigialion ah aspaiagiesias %W@qgég%qtt%ﬁ 'EMQM*%{%;}Q%QWH@ hgiprogeneity of
monoclonal antibo fles g/ kﬁa observatlon fé%ore C|d|%?% es aft tln antihodies or their
separated fraSABRE TR P BUSL YH e e 28 I{ﬁ% ° é? J. Phannac.
Scierlées 97 04§ 6134422)D ééma%aﬁmaﬁn@auéésr@ﬁéwmuwwégm%%ﬁw@b to
30antibodies podiganataied acdifiapraigscivhinbiigemetatiyatsitltdiconreariasielitiionfon cation
exchange Chrﬁ@%@é&’@i}ﬂﬂeﬁ?t%a tyRigaapsiicatians 6f Hp&giﬁg GRACRIAIRGH ersylation
pattern, resultin co-varia Wtfﬁlc% ar exam Ievcan va%h tt ‘3?@ g tlce”@lf” ure or due to
the culture coﬁﬁg?(?ﬁ% Br%a\)’le%/vegtee é)ko%\ca & *8\/\?? 5Biotec f 008) 482-501).
WO 2011/009@2919@wélrzbqiﬂme%cm@mﬂmeaﬁakmahwﬁﬁfbcarﬁmﬁmtﬁréeﬁ%&i
immursoglobuligsaitenrdacamitiaapaneaf. diffecent calaphic carbrlatogphphidstaphisiefployed.
Generally an @EH&EM&Q&M%@M&?S@A%%@W%&”@ two or even more additional separation

steps. The final purification step is a so called "polishing step"” for the
The non-enzymatic dearnidation of side changes of asparagines and glutamine
residues in proteins is often responsible for charge heterogeneity of recombinant
proteins. The uncharged side chains of these amino acids are modified to an iso-
20 glutamate and iso-aspartate residue or to a glutamate and aspartate residue.
Therefore, an additional charge is introduced to the protein per modification
(Aswald, D.W, et al., J. Pharmaceut. Biomed. Anal. 21 (2000) 1129-1136).

For recombinant monoclonal antibodies, deamidation can occur at any stage from
inside the cells, after secretion, during purification, during storage, and under

25 different conditions of stress. Deamidation of asparagines has been reported to be
involved in the charge heterogeneity of monoclonal antibodies by the observation
of more acidic species after incubating antibodies or their separated fractions under
basic pH at elevated temperatures (review: Liu, H., et al,, J. Pharmac. Sciences 97
{2008) 2426-2447). Deamidation introduces one additional negative charge to

30 antibodies and generates acidic species, which generally results in an earlier elution
on cation exchange chromatography.

Other typical modifications of antibodies concern their glycosylation pattern,

resulting in glyco-variants, which for example can vary in the course of cell culture

or due to the culture conditions (for review; see: Beck, A., et al., Curr. Pharm.
35 Biotechnol. 9 (2008) 482-501).



5 removal of trace impurities and contaminants like aggregated immunoglobulins, residual MCP (host
cell protein), DNA (host cell nucleic acid), viruses, or endotoxins. Tsai, P.K., et al., Pharmac. Res. 10
(1993) 1580-1586, described the isoelectric heterogeneity of an anti-human CDI8 monoclonal
antibody. ThE¥@R4HYE9BReterogeneity was speculated as arising from seBUERFA) WEAMation of the
immunoglobulin heavy chain. Moorhouse, K.G., el al. (J. Pharmac. Biomed. Anal. 16 (1997) 593-603)
discussed the use of HPLC for the analysis of charge heterogeneity of an anti-human CD20
monoclonal antibody. 15Kaltenbrunner, 0., et al., J. Chrom 639 (1993) 41-49 used a linear pH gradient
combined witHF arsahegragidisatio s e phratsunbisaiy prages eifemmpneghdinbryanfes 2 In wo
2006/084111 (oiiebiaataauwd differenietben ishroentigneshlyswepichh asgootlisag Geibaamoeunt of

deamidateed paipentiges Mshaeslign Uisiol 'ﬁﬁgﬁe'%@te# FORIRRR0. B ., Blotech.
and Bioeng. 44 4 727-7 a}hazsed %qed -batch proces “ everal aci onoclonal

antibody specfé& W profic AR BRUSEC B R Y ?:?ef) 'egcffﬁﬁr °c,ro §itions.  Three
mAb vériants mﬁ@‘fﬁb 9 tﬁé%i@%ﬁé@%ﬁ%m%@iw@% ]akﬁh@@fftéﬁ?ﬁnanmgﬂééwf@hams have
been resolved-aydeatidiExohesgedhroroaiayrapRy ugiog acklieandNac| giaglientakneuiral pH
(WeitzhandlergMqBygteomics 1 (2001) 179-185). FthuMAb HER2 or Trastuzumab (sold under the
trade name Herceptin(r)) is a recombinant humanized anti-HER2 monoclonal antibody (herein her2

anibody) used fgr thg trsatnensal HERR Qva s sabiERE dene AMPiedmelagatc 30 breast

cancer. Trastyzumab binds specific pé¥ e same epitope of HER?2 as the murine_ anti-HER2

antibody 4D5 HESEHISBE M 19hd 2k AR UG CRIPwsiore! (14¥ePTTes 1 7504 8swzumab is a
reconBinant Hisserigedityersionsppentatetrivie aarsink HRM antipriyial Décanofdetzn tofaghtiuMADb 4D5 or
trastuzumab apdndnbashieprhetinicalbiactive in patients with HER2-overexpressing metastatic breast
cancers that had received extensive prior anticancer therapy (Baselga, J., et al, J. Clin. Oncol. 14

(1996) 737-744otrastezunaabeand '(us meﬁm G RHERRIAHEN P5q HRSGrHoechinEse.8«k 337. The HER
family of recepfar télé’%%l &E@&e% %rgqxghg}ggsﬁré% gneetll Jro de [{ﬁ‘%ent@&% and survival.
I nc act

The receptor fam‘fy includes four distine members ep| ermal grow or receptor (EGFR,
ErbB 1, or HERPMYERM 3 R¥Y or p185™), HER3 (ErbB3) and HER4 (ErbB4 or tyro2). Monoclonal
her2 antibodies, directed against the %ene product of the her2/neu gene, were found to exist in seven

differdt variaMlieBEMERLEY i AbtHeCAERTE StiahLrthet hesrditiborae Pk emdisitantly produced
lead to charge:bheteredewaliyassaih thadithe uarsiepisacoaldibedyepariated biffeatigniextleange
chromatographyusiag a linear increase in ionic strength for elution. All six minor forms, besides the
main peak, could be assigned using a combination of analytical techniques, among others ion

exchange chmalasraniy ke HEHSR ahoth: att&ly GUQIRIPGS Fhéifo(RB08): SRR 4S) reported
that the IEC-Peak %had a peak area f 73.89 res g active form of her2 antibodies,

which is the nfSSPEBUR G %WSH?‘ 3??85 Sp& "esr CiGRENAHARERE REREEd about 25%
of all 8htibodiesisalatadited.

Robinson, D.K., et al., Biotech. and Bioeng. 44 (1994} 727-735 disclosed a fed-
batch process in which several acidic monoclonal antibody species were produced,
wherein the occurrence depended on the culture conditions.

Three mAb variants differing in the presence of lysine residues at the C-terminal of
25 heavy chains have been resolved by cation exchange chromatography using a linear
Na(l gradient at neutral pH (Weitzhandler, M., Proteomics 1 (2001) 179-185).

RhuMAb HER2 or Trastuzumab (sold under the trade name Herceptin®) is a
recombinant humanized anti-HER2 monoclonzl antibody (herein her2 antibody)
used for the treatment of HER2 over-expressed/HER2 gene amplified metastatic
30 breast cancer. Trastuzumab binds specifically to the same epitope of HER2 as the
murine anti-HER2 antibody 4D5 described in Hudziak, R.M., et al., Mol Ceil. Bio]
9 (1989) 1165-1172. Trastuzumab is a recombinant humanized version of the
murine anti-HER2 antibody 4D35, referred to as rhuMADb 4D5 or trastuzumab and



EP1075488B1 and EP1308455B9 reported the purification of her2 antibodies by cation exchange
chromatography using wash steps with different conductivities prior to elution (bind-elute modus) at a
fourth conductivity. Thereby a composition of her2 antibodies was obtained wherein the amount of the
acidic variants in the composition was reduced. Simﬁarly, WO 2004/024866 (Genentech Inc.) dislosed
the purification of her2 antibodies by cation exchange chromatography using in particular gradient

wa_sh. Accordingda,the cueientSReGHCA]l &ié&me{ipﬁtm%%k%fﬂg%&%@m Bl of the _
active form (IEC peak %lggﬁaffd <20 5@/0 ot the inactive form, corrggt%%%?d %%(g%ge?k 4 in the analytical
on-exchange SATSFAAHRY B CRETIYCPRRG PASEI SMmAR THE s fieibbiective of the
embodiments diseloSaddhetdin id?proldde’ ahbtAerstetieth fardhigs pusticatioh mErecsimbiantly

produced antihgadiasandfouths enrishmenhof ARRNIAALY BOREUIRJCBlVE i Amanibady variant
thereof. 5 With the rrénagghod ccordlr%g tq the dl%ﬁ|0 1ﬁrfera a{ance rggardln Ico.r%(f}sé andeth[errapeutlc

i ) - ; ! .
efficacy can be obtained. It has been Sr%hgf%guﬁd at ﬁ%lel%lpqﬂlm??atlgﬁnégan be obtamed %y introducing

an in-process-contipIBEdya fiviy tHetweinfachsre BrindingwbsifeahepesitioivERaRBFesence of

the antibody m@leile Bridio) arVAHRY IHEEROS endie? they Ry Of, thigs R oBriRi thadntitfody molecule

or variant ther%@}@@g Jpgyw of the amounts of the antibody molecule and the variant thereof, is

deterruined prior to harvest or determination of the purification scheme. With this method, the

harvesting time point.and purification scheme is adapted to,the variant pattern or qualify of the
R TR g etnss oy

antibody source mMateriat Theretore e curéhtdic %@3%%?0%?883%0 1&thS 8 production of an

antibody compeitioyctofapnsify aEshntibBOMR Mdleculevanddsy A ramitiere st othprisidithe following
steps: a) providingaatsaatplehcomprisingdne asiibesinnmsieaile apehankatiantibereof hhdetermining

the presence oﬁ gg?oag}ligg)dy mqllegu[[{(a) %r.éd a a}/i%{li%n% (t)i&%e%g and/or hda %atio Q[f the amount of the

antibody molecule o Variant %H%_reo]fa ) the sum of the .amountsse%?rtaf'ng anﬁbgaﬁor%o?égu?él%fnd the
variant thereof STHARAEIRTARR LREREY SHRF BT Gate AR AtenEbdoeslwtioneAlngXimBE$oint and/or
antibody purifidatias, $eheimnelonbasipeftherdrldohisiged inssigm Rpritenetiyrpodduelingaan antibody

composition compyizioghe: ARLAAY. CelpeiaA0 LNRKARLINSIRON IDAN AsRetRiers ig provided a

I
method for producing an antlboc(i?/ compasition com}prlsm ana d)é molecule and an acidic or basic
variant thereof "cSntERIGEh SRS Stepd 2P d@iﬁq%ﬁda@ﬁtrﬁb?el Ssaking e aRtBody
molecule and anearign 3tteféofnt )restesmiainththectatiofofithe fakanlint obtdécantibady imtiecule to the

sur?hofd the ?mmksagﬁﬁagr?%bigﬁg T}%%ﬁiﬁ%@g@@tﬂ%%ﬁ@@ M% %%%b@il@tt}au g}slbaqulytt_ical
metnod pertor 0] allguorl or sald s ple, and step C) comprises: oa al) opuonally tiitrating
i Sl i

and/or centrifu§ind onlﬁ'mp(ﬂ E%stset%aﬁaé?, a2) optionally performing an affinity chromatography by

applying said further filtrated and/or centrifu}ged sample of step al) or said sample of step a), on an
affinity Chromaﬁfg]I%W%%ﬂjm EP130845589 reported the purification. of her2 antibodies by

cation exchange chromatography using wash steps with different conductivities
prior to elution (bind-clute modus) at a fourth conductivity. Thereby a composition
of her? antibodies was obtained wherein the amount of the acidic variants in the
composition was reduced. Similarly, WO 2004/024866 (Genentech Inc.) dislosed
the purification of her2 antibodies by cation exchange chromatography using in

particular gradient wash.

According to the current specification Herceptin® on the market must contain
>65% of the active form (IEC peak 3/3*) and < 20 % of the inactive form,
corresponding to peak 4 in the analytical ion-exchange chromatography profile (see
Fig. 2 and Table 1).

Summary

Thus it 1s the objective of the embodiments disclosed herein to provide another method
for the purification of recombinantly produced antibodies and for the enrichment of an

antibody molecule relative to an antibody variant thereof.



a3) performing a cation exchange chromatography by loading the sample of step a), al) or eluate of
step a2) containing the antibody, optionally after adjusting the pH and/or conductivity, onto a cation
exchange chromatography column, a4) eluting the antibody from the cation exchange chromatography
column i) by a gradual increase of conductivity and/r pH of the buffer applied to the cation exchange
column, and ii) second, by a step wise increase of conductivity and/or pH of the elution buffer applied

to the cation exghange seiMBdEsharatio At theamawnt ofitheanibady npelgcylf to the sum of the
amounts of the antibody mée |r31?§rt1t % bﬂ‘%s below a.threshold ratio

) molecule and a yaria 11 reqf detei

selected from thEFRRYE S 5%@%“%&%%“5 tEp i S%EP&%@ CHAGPARIAAISE without a
gradual increaserobeohtiintdity antifelupiEoinhio-estissswidobpisiedutonh éheoamniagite ratio of the
amount of the apigogdyimalectdmiedipsum Whibe prreHsiehiBasmhennnalacipdod 2 variant
thereof determinedn 5120, 1) 5 2baye & (reshold et sclegled famhe rang of 65 10 5%, thereby
producing an antibody composition comprising the antibody molecule and a variant thareof 5b The
current disclosﬂ}@'eélgé%ﬁio dedrahéhgsenyruialplicieichdhedand snsnsatbdraprarierian aliquot of
a sample comphisiegf,apatypefiiide feivteicamination dftensulsequenihpalypERtidepuifigation scheme

of said sampleyQgIalied RessrNton 1 LR DVRIGR TS SRERLINEN AL AOVdER g Tt aspect a

method for theﬁgrodu,ction of antibody composition enabling the large-scale pro uction of antibodies

comprising a high FEREMAGEDPIHEURIFS SYerABIROIS SASHIAKIA%N is highly economic. Therefore,
the first aspect of the current invention is a method for the production of an antibody composition,
comprising an aheisderg.nible culecahdlisdariant Preratt compstsidgithethsllowidgcswpfayproviding a
sample comprigitgsae antihediinigleculprantkavatanbiaerealeW and a variant thereof,
2011/009623PCT/EP2019{9941§09.I§ bs)tgetermining the presence of the antibody molecule and a

variant thereof andjor the ratio of thecamouint of the antibody molecule and the sum of the amounts of

the antibody malecule and the variant thereof, c) determining a subsequent harvesting time point
and/or antibodépuriﬂﬁ%{ﬂéiﬂl%@&?&ﬂag SAALE St @H%?Q‘gb?&%"‘é&ﬂiﬁ%ﬁ prtant thercod,
b)

determining the presence of the antibody molecule and a variant thereof
and/or the ratio of the amount of the antibody molecule or variant thereof to
the sum of the amounts of the antibody molecule and the variant thereof, in
an aliquot of said sample

¢) determining a subsequent harvesting time point and/or antibody purification

scheme on basis of the data obtained in step b),

thereby producing an antibody composition comprising the antibody molecule and

a variant thereof.

In an aspect, there is provid.éd a method for producing an antibody
composition comprising an antibody molecule and an acidic or basic variant

thereof, comprising the following steps:

a) providing a sample comprising the antibody molecule and a variant
thereof,

b) determining the ratio of the amount of the antibody molecule to the sum
of the amounts of the antibody molecule and a variant thereof in said
sample by an analytical method performed on an aliquot of said

sample,

and step ¢} comprises:



thereby producing an antibody composition comprising the antibody molecule and a variant thereof.

In another embodiment comprises the current invention the use of analytical ion 10exchange
chromatography of an aliquot of a sample comprisirég a polypeptide for determination of a subsequent
polypeptide purification scheme of said sample. The’practice of the present invention will employ
conventional techniques of molecular biology, microbiology, recombinant DNA techniques, and

immunology, Whigh 16w Shﬁ!ttxl&ﬁr%(mﬁmr%@rﬁﬂﬁ%‘ﬁa sihe Jh@!ﬂyks&méﬁcﬁmlques are explained 15

fully in the literature. See e.g., Sambrook, Fritsch aniatis, Molecular Cloning: A Laboratory Manual,

Cold Spring H: 1 n arb Y GI er, D. M (ed.), DNA
Cloning - A Prac |ca¢12(%%ﬁ§g %@ﬁi&e%ﬁ glﬁ gl&’%ﬁr Pg%s yl(%%lt J. (ed)),
Oligonucleotide SyntHEEfREr & Lap?@&olflﬁﬁfééll )18} [ERRS, B.D. and Higgins,

S.J. 20 (eds.), Nuclelof‘an&j)hymmmfﬁmMﬁms&gnammébaﬂﬂ) Freshney, Rd. (ed.) Animal cell
culture - a practical approach, IRL Press Limited (1986); Perbal, B., A practical guide to molecular

cloning, Wiley. lntessaignes ¢ k08 Ihe grrigs Metheasoiafmam gmyg(&%as%éﬂs&fess Inc.); Miller,
J.H. and Cabs, M.P. (s%dsz?b an(%g ntsfer vecto? for mamm Ilan cg@g Colg |ng Harbor Laboratory
(1987); 25 Methods in B {701, fghe%n O 485 &wLF &R gsSRan. P{d Wu, eds.,
respectively); Mayer éﬁéﬂﬂfhﬂ@émee% }’Hrﬁ%‘iﬁﬁfd@’?é*#ﬁ@&!%ém@cﬁsqﬁl@élP&?kﬁﬁgélecuIar blology,
Academic Press, Longank88:fpbeeprsaiy.K., Protein Purification - Principles and Practice, second
ed., Springer-Verlag, N.Y. (1987); and Weir, D.M. and Blackwell, C. (eds.), Handbook of Experimental
Immunology, 30Melumesi:i\inBidekwrihseieptiicRublications HI36 ) Sa0eiaL A omatographic

methods and their use are known to a person skilled in the art. See for example, Hefiutiann, E. (ed.),
Chromatography, flfﬂ'i % 1 u % S an Technl vier,Science Publishing
Company, New York, 1 %ﬁ%qf} Ik aéng vgﬁlée Yﬁl% g)/s%rr %elc{zn Iéier}é;tromlgratlon
Methods 35in BiosciefRRlE Wﬁﬂﬁfé’m%ﬂﬁ The Netherlands (1998); Poole, WO
2011/009623PCT/EP2010/004509 7 C. F., and Poole, S. K., Chromatography Today, Elsevier Science
Publishing Company,iNeacdakkbi 9919p Sémaé&rﬁ.%.p?m@nﬁuﬁﬁwﬁéw pHindigies and Practice,

Springer-Verlag, N.Y {#881 hu3rmipenkd & (&8 akisrdxMalgeulanflaning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory 5 Press, Cold Spring Harbor, N.Y., (1989); Ausubel,

.., etal. (eds.), CusratBraraeals inMalecsialcBinlagy, Jolilqy i%éqnﬁ IPfie New York; or

Freitag, R., Cluomatographlcal Techniques in the Downstfeam Processin ecomblnant) Proteins,
Methods in BiotechndtBtoFopishe Rﬁ%ﬁﬁ%ﬁh@?@%&ﬂ%%ﬁpﬁ&m%@ %ﬁi%ﬁéols 2nd ed.,
Humana Press Inc. (2067p bdppbd2%-45Brastetkods dorchuriftifgpdlypepigdes’ afeiavell establlshed
and widespread used;J gy are employed either alone or in combination. Such methods are, for
example, affinity chromatography using microbial-derived proteins (e.g. protein A or protein (3 affinity
chromatography), ion glxchange chromatography (e.g. cation exchange 15 (carboxymethyl resins),
anion exchange (amino ethyl resins) and mixed- mode exchange chromatography), thiophilic
adsorption (e.g. with beta-mercaptoethanol and o R ligands), hydrophobic mteractlon or aromatic
adsorption chromatogtaphs &9, Witk plierse NP %Thlﬁ r&¢
m-aminophenylboronigabial), lnmawhé]amléﬁmmﬁ?)mmﬁfmtq@ﬁapﬁﬁ(e glutvith lﬁ(ffhztl(ll) and

Cu(11)-affinity materialh$ige RxehdsionaiomatRaramiysrand a@&a{ﬁtsvec}f‘é%{f%ti9retlc methods
(such as gel electropho fﬁSl ca%a%nlegt{gghore % S}ltjhé/g!qata thm ca gb%ﬁﬁquochem Biotech.

75 (1998) 93- 102). For the purlflcatlon 7 reCombmanty produced 8 often a 25
combination of differeYirtsitithareptolpigtoyraghie §Eépsa| émﬁlﬁy@da@éﬁéha]@/ ratisrotein A affinity
chromatography is folelwaddofreneheriveadditianaksgparation steps. The final purification step is a
so called "polishing step” for the removal of trace impurities and contaminants like aggregated

immunoglobulipg,esidualiiGly (RRStLeIb o teiBn IR o8 ol Rus eifaciinEyses, or endotoxins.

For this molecule and a variant thereof.



30polishing step often an anion exchange material in a flow-through mode is used. The following
terms, unless otherwise indicated, shall be understood to have the following meanings: The term
"host cells" encompasses plant cells and animal cells. Animal cells encompass invertebrate,
non-mammalian vertebrate (e.g., avian, reptile and 35amphibian) and mammalian cells. Examples of
invertebrate cells include the WO 2011/009623PCT/EP2010/004509 8 following insect cells:
Spodoptera foﬁtQ%ﬁ%&Qﬁé@t&ﬂh@%&@ﬂﬁ%@@ﬂYﬁf& mmrmategﬁs@m@msm SER),
Drosophila mel nog ster (frturtflgrgjnd Bombyx mori See e.q., Iauc ow t taI bBro/TechnoIogyG
(1988) 47-55; |Iimr R eta enétic En gligreelf"% é ow, J: ?&emtmal K( )a§)lolS §u?9|tenum
5Publishing (198@@9@%@%@9@%&&35&@%@ Nature 315 (1985) 592-594. The terms
"expression” or "expresses" refer to transcrrptron and translation occurring within a host cell. The level
of expression qleiadlert s o stigalmbiay be determined on the basis of either the amount of
corresponding mRNA that is present in the cell or the amount of the polypeptide encoded by the

structural 10geTie:thadsismexpresaed mébm@e in Bhadermpestitivatianc agdised Withinctivg agplication
denotes the entlrebc?ntent oft eogee%sa Whehr Jt the fermentgttilgtgo%ft gnfttl st {:e%llér e. the groduction of
the heterologous po as been carried oar, Sfﬁ mprises uced0 ftfnétero gous
polypeptide, ot’hE@rﬁ%@t%%ﬁ&@ﬁﬁ%&ﬂ?%@s@%@tﬁ@@@ﬁfbﬁlEfﬁh}d’ds‘t"@éﬂ%l%ell fragments,
and all constituents supplied with the nutrient medium and produced by the host during the cultivation.
The terms "cellbuteireantbdilirst’ @pdctaiithrecnmadivmyasion te amethitivdosdhetimedoctibe afaintenance,
growth, propa%tIamwd%xaﬁﬁﬁameﬁceﬁaﬁhaa@mﬁtﬁtﬂedsrttﬁtﬁéeﬂr@%mate%@%efafnultlce”ular
organism or tissue. Cell ctllr1 L;Erelzoimedtrum may be optimized for a specific cell culture use, including,
for example, c&lehltr eggro Medfut Which is formulated to promote cellular growth, or cell culture
production medium which is formulated to promote recomblnant protein production. The terms "fed
batch cell cultite" aREPSiNBAeHRRItHETPES IgdberRiEndyenst i e alatinbt éhiiefein the cells,
preferably mammalian, and culture medium are supplied to the culturing vessel initially and additional
culture nutrients are fed, continuously or in discrete increments, to the culture during culturing, with or
without periodic cell and/or product harvest before termination of culture. Feeding may be based on
the consumption of specific cell culture ingredients. 30The term "sample" to be purified herein
comprises the polypeptide of interest and




one or more contaminants. The composition may for example be "partially purified" (i.e. having been
subjected to one or more purification steps, such as Protein A Chromatography) or for example may
be obtained wrectl ffr(%m a host cell or organism producing the ponpeptldeF%Fég the composition may
comprise harvested cefi-dulture fluid). The term * ‘cpntaminant” refers to aRFIoFE-INO8P R esirable
molecule that is present in a solution such as a load fluid. A contaminant can be a biological 5
macromolecule such as a DNA, an RNA, or a protein, other than the protein of interest being purified,
that is also przjéent(%n a sa ﬁg\? of the protein of interest being_purified. Contaminants mclude for

example, undediralsis BrBtRIRE, dHaRTEsCiren sty grabata BritEHS anrsfo et dherce
underdisulfide-bond@d/pr dhsimatimightheotovuiat sidhghagpede snoltvaieproteihs £mmo}ﬁdbe cells that

secrete the 10 prot&hﬁaﬁm@‘ﬁwimaa@%gﬁ%@é\gﬁmm@m&m the cell culture medium,
molecules thatpre o ANARSOMENi St Ign alfiiy SoALIReadh g ample durig

prior pyrification steps, for ex m le, Protein A; an € oto%n anucleic acia: A iTus: orafragment of

any of the foregoing- THE (&2 %Pgﬁkfﬁt‘éﬂ?a‘ﬂﬁi‘/‘?ﬁ%@ﬁﬁp 8% used within this application denotes a

solid 15 material comprising a bulk core material to which chromatographical functional groups are
attached, preféredshy pyaovalgrinboridedyhehplsicorecomapeiialg shendeilstdodnisidealaahihvolved in the
chromatography;R{eaessrde®: the interaction between the polypeptide to be separated and the
chromatographical functional groups of the chromatography material. It is merely providing a three

dimensional 2 iamMeH UGN 0 SQALOBRBlI Al RS ORELAIONPS, A Aliagfied and which

ensures that the %Dutlon cont{aunl ubs ance t be se arated can access the chromatographical

functlonal grodp. Prétera ?y Sa c Gl 9@95? Sl pcﬁéf&é’%*?ﬁﬁ RotERERiy ©ig
"chromatograpi§iFrmfare qg%Sgéﬁ%ﬁpﬁﬁs@miéﬁmﬁm&m@me&ﬂﬁméﬁmlgroups are attached,
preferably by covalent 25 bonds. Preferably said "chromatographical functional group” is an ionizable
hydrophobic gidgppietictyefrdbbabiseroumyentiarcoviiplen rou pomvaritiohadlifleterigatsrarhiatographical
functional groupsieiaeGiahigednicasbiaildgyb rdoditihane EyiaN thipRi fh RO MREREREnSIgwovalently
bound charged gaup, ﬁ/lﬁﬂl‘%@*‘sﬁﬁ% ﬁ%oaﬁ%smﬂ'?ﬁﬁLﬂ‘éﬁ“@ﬁéﬁ%&m‘ﬁ"‘g é”a?gdrf@aoar%gc'es (including

30 mlrfgopartl %ﬁ and bead s made from materials such asgﬁmer metal (paramagnetic

ferromagnetic Baries, lﬁFé Q8 RPR S B Rl Eﬂ’aa%ssm’é’ée%’l}&h%%m&ﬁd polymer gels;
zeolites and oﬁé@b%(%’%ﬂﬁ@hc@gldéxwm piraber rhaljobsansBrienéry8sontmda&ptisgich as a

packed cthrlomammfpmy .00 lomen, DINDaydDe Iaml@ﬁiﬁﬁgnai??@%ﬁ@ﬂ%ﬁﬁr&&h wsihaads and
microparticles r N
PO11/000623 e oS0 o o e s NI AR 2o
nanoparticles ana go d%’&fSﬁfi‘ (a)li%l‘ fﬁ%@ I@é rcg ]ﬁia%‘gi AHasinetat dxide particles.
See féf examéf‘éﬁ\)l»aﬂﬁ?l@RﬂC& WbM%yﬁéaﬂ&hé’ﬁ%tW@Ws(@%atmm%)B@A 327A.5The
terms "hydropAabieichdrgeltaduci praclicainagiegien IR IOPHEHCI tmitet (O ERNPerbal, B, A
practical guide to molecular cloning, Wiley Interscience (1984); the series Methods
in Enzymology (Academic Press, Inc.); Miller, J.H. and Calos, M.P. (eds.), Gene
transfer vectors for mammalian cells, Cold Spring Harbor Laboratory (1987);
25 Methods in Enzymology, Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, eds.,
respectively); Mayer and Walker (eds.), Immunochemical methods in cell and
molecuiar biology, Academic Press, London (1987); Scopes, R.K., Protein
Purification - Principles and Practice, second ed., Springer-Verlag, N.Y. (1987);
and Weir, D.M. and Blackwell, C. (eds.), Handbook of Experimental Immunology,
30 Volumes I-IV, Blackwell Scientific Publications (1986).

General chromatographic methods and their use are known to a person skilled in
the art. See for example, Hefimann, E. {ed.), Chromatography, fifth ed., Part A;
Fundamentals and Techniques, Elsevier Science Publishing Company, New York,
(1992); Deyl, Z. (ed.), Advanced Chromatographic and Electromigration Methods
35 in Biosciences, Elsevier Science BV, Amsterdam, The Netherlands (1998); Poole,



be used interchangeably within this application, denote a chromatography method which employs a
"hydrophobic charge induction chromatography material”. A "hydrophobic charge induction
chromatogr ﬁo%(m%%é%ls is a chromatography material which comprises chrg}rgat% 54£hlc function
groups which can'in‘oné pH. 10 range form hydrqphoblc bonds to the subStanca 10 be separated and
which are charged either positively or negatively in other pH ranges, i.e. HCIC uses ionizable
hydrophobic groups a chromatographic functional group Generally the polypeptide is bound to the
hydrophobic charge induction material der neutr lff’ ondltlons an recove}; afterwards by the
generation of thdrgefPephif&itsn y%‘ é’éqsm faaetl ﬂ‘?r“&e A @%\%[Bﬂ%brc charge
induction chrdﬁ@maglraphltﬁwna’t@ﬁa@@%l BiSsusea RllEF? Braumn Byydwessin(Faincplgs. aSA). The terms
"hydrophobic mirtagtiospehematepmaphyy or(1bRE):, witdiras) b usealinfedzhangeadiy within this
application, deoIm3.A! C,Qreg%t%@ptomgrh@gcmmﬁm TBelEOBBRRIC BACRR. igppratography
material" is employed. A dro hObU ter%%% n chromatogr p m} al a chromatography
materidl to wﬁéF?ﬁyGPéﬁﬁé’&ﬁggF&i &hslichal 51 AssRREof gf ‘B% WEHd as
chromatograpPietégatstitniadeelps Bivie e pepidéey Ea‘ted\&épe(ﬁﬂin@foﬁ eagaydrophobicity
of their surfacg exposethaminpiacid sidethajos whichthan iDisract-wdith tiadyedshighobit groups of the
hydrophobic n¢ﬁr&gﬂ9g Wmtoqmﬂyd@qﬁer@llotga&msggacws lggtwgel%q)ly@gptldes and the

chromatograp terjal ca influence tur vent and |on C st of the solvent.
Atemperatureaﬁl%‘? 03’@ %p% ts ?ﬂg Efgf V\? - é“ﬁ%?ygé%tfd n&n drophobic

interadlion chimm&iddgh@hhy material as the motlon of the amino acid side chains increases and
hydrophobic amino acid 30 side chains buried inside the polypeptide at lower temperatures become
accessible. Alsteisodirefonpiso fihubivrspistitsrsroni btsdBiskabmdrigesisaid wned. ddeteased by

chaotropic sr?lt@e Hyslsrhokipdntametion shimaisgiophyuoRiafiais &y e, gfo?tt&rarﬂg&r;haro'lseblCLf-4B,
6 FF, HP, Phe e available from
GE Healthcare HS%%%%%%&%?&%%@%W%%g?égggﬁt;?e%ﬁnggﬁ (([":I}?I{ %?hé’% Ec%%?”ng to the bulk
material. WO2@H#y 9‘3‘?%‘?@?5@%@10?60%@59‘@? PHOMHARFFIBRNILS BnFEHRXSFFIRNS® as used within
this apblicatiofrefbnsipwtevhrosisio graiphyexdunay idisheripidyrssinslafiditynctrdmatsgraphy
material”. In ag@HiRLY chraaeigaranhy tepkaiypeRligRRH AR SERAMRBE PagechpdMardIological
activity or che%galoaf{é{ctgﬁ dﬁ&ﬁﬂﬂbng p)t(}%%ﬂggggatmé& g8 %CtVQISta;HS ﬁrategaﬁg&pﬁ,mydrophoblc

bonds, and/or hydrogen bond formation to theé chromatographic functional group, T0 recover the

specifically boRAERBE e Fm tH‘QEforrﬂ’t&ﬂ:’ﬂrf)"rfr’l}éﬁt?ﬁ?apW%Fé‘ﬂgtl‘etﬂwefeﬁ&&mp‘ertltor ligand is
added or the ehomagoheaplhyreoirditions, mesH @bhgptovaliialtyotarivatogaih stiergtivdhthe buffer are
changed. An "sffmjty ehtontakaprafinitnatesiatialy, a gheorepshgiaphyhidnatatesisiyvhighicomprises a
complex chromaiagiavlic{UARIABRLELC YR Budlfiesenpsingle iy ﬁmetqgraamtt wctional groups
are combined | order to hind on e talncfgpe of poly ep ge This chyo fggé)} éﬁmaterlal
specifically birf %Oséﬂ%?ﬁt l‘?g E?&%ﬁgﬁth BepbiRA %lﬂ‘f FE-speUdy atographic
functional grodfZExemplary ' affrnrty chromatographic materials" are a metal 15 chelating
chromatography material" such as Ni(ll)-NTA or Cu(ll)-NTA containing materials, for the binding of
fusion polypeptigesheortuaiifingiarhexihistiirenaglyr pulgpesdtidemwithglobwiitisuddiof serface exposed
histidire, cysteinmsinBeardrypRPOANsas emoRtAsrastibetipd s Ungicheamséaaraniy material” such
as protein A, of Jfjogn Ia%rgrta%hr%ﬁa B R

chromatograp?ty mater mprisin e substrate analogues, enzyme coractors, or enzyme

inhibitors as cHiGMaby E“Fuﬁrﬁttﬂtafﬁl’o’ﬁ& Wt cpliesti H%ﬂﬂﬂﬁ%oﬁtﬁfﬂﬁfgﬁmy%ﬁfenal such as
chromatographgematerizisss enspeigitimpulytaltkh agighegatcd | vorfacglrbuvbpsorssighaldpédteins, or intact
cells as chrorr(at@g&nttbeot@ngtim@kg@w czﬂwttteadrsad)heraiébstta tarmtdirﬁteh:bé\trﬂ@compasses

Proteiy,A recoygrg( rébm aoﬁ@)tr“é] § SOICE %%Qfm'é’{éﬁ%“i‘n% BERQ Hx%‘ Et}ﬁalée -g. by peptide

synthesis or by reco nt techniques), and Variants thereof wh alnt ty to bind proteins

which have a EHAGHS feolen- POIRILARERARS RUIRE e AT, G5 Hlincare Lie
Sciences, Germany, ore m"Ié
following meamngs

The term "host cells" encompasses plant cells and animal cells. Animal cells
encompass invertebrate, non-mammalian vertebrate (e.g., avian, reptile and
35 amphibian) and mammalian cells. Examples of invertebrate cells include the



30"Protein A affinity chromatography" refers to the separation or purification of substances and/or
particles using protein A, where the protein A is generally immobilized on a solid phase. A protein

comprising %Iﬂ &mgﬁgggion may be reversibly bound to or adsorbed b)ﬁ,m@%%}&éﬁgxamples of
protein A affinity chromatography columns for usg in protein A affinity chromatography herein

- 35include protein A immobilized onto a controlled pore glass backbone, protein A immobilized on a
“polystyrene solid phase, e.g. the POROS 50A(TM) column WO 2011/009623PCT/EP2010/004509 12

(Applied BioSystems Inc.); or pratein A j bilized on an _agarose.solid phase, for jnstance the
(PROTEIN A @ﬁﬂﬂ%dééchﬁﬁ&g%%% or eﬁd’ﬂ? alz_gé%laﬁﬁ')ﬁgérunﬁ“neg?& P e Lite
Sciences, GeFMaHpitDnd edrth AR EH EngsIEHrnTIRsgRiplay e Rttt aBBlication denotes
a5 chromatoBeayiiyx methd@eehick. elaplbys,aVietetl gheliw Tiviomiaggahgsfatéridl;. Metal chelate
;hr(?lr)natﬁgrﬁgbmi&r,b?sm %?E@@x@ﬁ_@@@n@i@é&h%@%ib@%??ﬂe@sﬁﬂ%é?kiﬂﬂkﬂ%hﬂén@rﬂ('|), l\(lji(ll) or
n(Il), which ig hound t ighas.chr ographi i , ectron donor
éN uti)%sﬂmgo(fbg’é?ﬁﬁ%%gaagg ot lgmf%ta %r., Fp I %3: r%'}ﬁsg{%?%j v?/?%%%

groups of surface expdsed a ide chains of polypeptides, espe th imidazole 10

containing sidﬁghains and thiol gropp containing side chajns. The chelate isdforme tatrioH values at
which those sid¥ ciFATRE aFEPRFIERSt pdrtly RBIBrotons gci_.tﬁlhter Sl 8By Peptita i< YeCovered from
the chromato§essrng #ithialayost caBnbeeileyrbofierpetraon of By dteeisin B8 SRty "metal
chelating chramstogréabyninadostalie esikof e thé& hirdatinounif (GareipalibcayenRifeASbmnces,

Germany), or 155 ractoge kMBI EMRCRRHEAIS HE phi i idaceirRibed a5 axenangaslIromatography”

as used within this ﬁFplication %ngligg a&hromatography method which employs an "ion exchange

chromatographii fiaterial PIRS Term "o exchange chromatography material” encompasses

depending whether a cation is,ex,(;hange in a "cation ﬁ(changqe chron%ato r.%?hg" a 20f"cation
exchange chrdtfatBgtaShi SR BFAn"AHIBh LS AREHARHGEN GRSIFS Ao WAy ©

chromatograpthy wssehnibereincharigensntamoatof thp hyshneabribs:. tradredrstionoadXbadtye
chromatograplyologtal afoBeesrid, Witkirbébis apfi¢asian TeRotempristnmebjebighditalecular weight
solid phase that GapiGs GovalepHDOMRE-CRAIARE iRy PS-aRENRIBAaaLeRRicdNGlional groups. For
overall charge 25 neutrality not cy% ouBrl]ﬂ(%[cs:tiunter,lonstare asBsomat?ld ﬁgerewnh. The "ion
excharge chrB‘?ﬁ%‘fﬁri’ﬁﬁ&%ﬁeﬁ ' SaBfih Ho SREHARYE RIPROFL VAT BEIRY counter ions
for similarly chagdaniend phevsastrtobadivt donmgche DeBertiRg on the charge of its exchangeable
counter ions the "ion exchange chromatography material” is referred to as "cation exchange
chromatographie3@rmsateatio¢tburgsiediion” exchandfore odhant grefphio raardritive Flpter depending on
the nature of the gharesearaue, thewel prshaagencrampingpby Jatenialn etiekestad to as e.g. in

the case of cafipn & ' g5an ials i ic agid. aropps ( carboxymethyl
T e L s S

] group the "ion exchange
chront3tograpfy HEteray @%Bgﬂrﬁlﬁﬂi8?1ra"fh?ff?é“g‘l‘é§§”i§81ﬁ‘§esﬂ“i?né”g‘l\%}é@k ' neé%}?l%\ge
chromatograpéstirreiteriagreletendiioro wheh dor&rmthlatdHe povalsngy burerorisgedadlbstituent. WO
2011/009623R\hiFR#04/0045081 i which is formulated to promote recombinant protein

production.

The terms "fed batch cell culture and "fed batch culture,” as used herein, refer to a

25 cell culture wherein the cells, preferably mammalian, and culture medium are
supplied to the culturing vessel initially and additional culture nutrients are fed,
continuously or in discrete increments, to the culture during culturing, with or
without periodic cell and/or product harvest before termination of culture. Feeding
may be based on the consumption of specific cell culture ingredients.

30 The term "sample" to be purified herein comprises the polypspti_dé of interest and
one or more contaminants. The composition may for example be "partially
purified" (i.e. having been subjected to one or more purification steps, such as
Protein A Chromatography) or for example may be obtained directly from a host



For example, strong cation exchange chromatography materials have a sulfonic acid group as
chromatographic functional group and weak cation exchange chromatography materials have a
carboxylic& a%g)%?%)q%sﬁ?’chromatqgraphic funct@onal group. "Cation exchan%?‘ Ic)glrgp&ﬁ[gugrgphy
materials”, for example, are 5 available under diffgrent names from a muft)ﬁ:u e O companies such as
e.g. BioRex, Macro-Prep CM (available from BioRad Laboratories, Hercules, CA, USA), weak cation
exchanger WCX 2 (available from Ciphergen, Fremont, CA, USA), Dowexe MAC-3 (available from
Dow chemical cgm ané/ - Jig'fliid S arati§'ns, I\(Iidlan. , MI, U%g), Mustang C (available. from Pall
Corporation, Bt il?§, P AT ,&)r,]%: U RSSERER (e("ﬁ\/l CW%?} ﬂéﬁ’yﬁfoé??d"ﬁgrtisphere
(available fronhayrgahaptisleltmretieidd, UK), Amberlite(r) IRC 76, IRC 747, IRC 748, GT 73 (available
from Tosoh Bioscience GmbH, Stuttgart, Germany), CM 1500, CM 3000 (available from BioChrom
Labs, Terre Habtetann UgmammdCMrslershirosT heEigst Powndasizaklplenplaeu@ Bidbasthcare, Life
Sciences, 15 gesem i) aCRMMeY Giadly availabia qatian exehangmiasiomibshe e
carboxymethy ey RAKER AR ARKT My SRIGROBIOPY (R Ipimelice o aaarose (-
SP-Sepha o) llable™fr

SP-Sepharose Fast FlowTM or ose High PerformanceTM, ava om GE Healthcare -

Amersham Bié%teréﬁtc@w&aé@nmﬁf i RRSLRGSRSr Rth §FBRE ShIFHORtHRSREEEon agarose
(e.g. S-Sephabsi FastiRbOWCOMamininls en2Dfdemie R ewith cardediifbls cionicies v@wnttany). The term
"hydroxylapatitechse matrgrash yrasinsessidnad hisoampicatinnddenpiesandamprategeaphy method

that employs %%ﬁrg%iaggﬁm%g@ﬁ LIOSRIRIE ASEOAAIRABRNYMAlRHAL LxamRlary

u
hydroxylapatite thromatography a%grlals are Bio-Gel HT, Bio-Gel HTP, Macro-Prep Ceramic
(availdBle fronBIGRANES PUBEF téﬁétsf%%‘ﬁ&%ﬂﬁiﬂ%eﬁé%ﬁf%é‘#, BAYSRABEUBigma Aldrich
Chemical CorpioloSiies thptipox plapp afitenrzbseriont sgidudighiRbsdimoat¢@aiivcheniyaeh TSK Gel
HA-1000 (TospitoHaamfleduribiSMorThaitiroheitercdhrasuisad, wittisnilis applicatiamdenotes a
solution in whigh E‘Q&%;OJ pH.dye %%&%ﬂﬂﬁ%%fﬂl@%&%@fiﬁgidic or basic substances is leveled

30 by a buffer substance. Any butfer subStance resulting in such an effect can be used. Preferably
pharmaceutic cceptable buffer substances are used,,s as e.d..phosphoric acid. or salts thereof,
Boeic o or L Lronp By AR 2 Ea S e BN BRS £ aronoling
ethankulfonid3H D r SRR HREH P HISiIfTe R EHRS therkish gema er PN BRTio% ! Tris
(hydrovmethy88psmimomtabsk (FEES 0y dattsoveladf Bapecidly prdkered aretphalsphoric acid or
salts thereof, enagetinacid vy salthibereoinonhsititasiberpalitoesent. ory/ Giteraction
201009623R R 2010 AR0R W e s e OBl N PR spluton my

S orl

. bé 1cal” runetio )
comprise an additional salt, such as e.g. sodium ¢ e, sodium su e, patassium chloride,

potassium sulER¥PSSHithh SRR I SentvH Hin'his e Yarevidirg hilse dueasiMlithin this
applicftion defretestsokhta mivp treo vk Borivgepbpaio s etienabrenepT hecnaavbrdneridself is

composed of avaRlyARtifciBRtin sslol@bcentinaly aibylananpolyiopyentesctaylaseunyl acetate

copolymers, p&'é”‘éﬁ?%%%%%%&&ﬁ‘%w%%f bgr%%‘?qﬂg%é’ﬁfg | GRlogide: &%Ly %ﬂ&l@ﬁ&l (fylon, e.g.

ZetaporeTm, N66 Pos polyesters, cellulose acetate, regenerated cellulose, cellulose
composites, p%%%e@%ol@@ﬁ%ﬁﬂ%e@f@ﬁS@&%mﬁ?ﬁﬂ sIHBISRHE AR PRones,
polyacrylonitrifehisblphepiciegeephictidBingtnnalogravpm areveveshédb ieeltel]y Tyw ekepldibrous material,
or of imPrganiceEerinfguehias ZeolithaniadgAlReR TiRRterdy drouytapatiie. The-allading buffer” is
that which is 0 Iti S| ' pterest and one or
more contamﬁﬁ%ﬁq%& SQQ(EH%&W&%@ H}ed BQJ?{&%E‘Q&;@QJ S .

: chromatographical functional groups are combined in order to bind only a certain

type of polypeptide, or a covalently bound charged group.

A “solid phase” denctes a non-fluid substance, and inciudes particles (including
30 microparticles and beads) made from materials such as polymer, metal
(paramagnetic, ferromagnetic particles), glass, and ceramic; gel substances such as
silica, alumina, and polymer gels; zeolites and other porous substances. A solid
phase may be a stationary component, such as a packed chromatography column,
or may be a non-stationary component, such as beads and microparticles. Such
35 particles  include  polymer  particles such  as  polystyrene  and



15 exchange resin. The loading buffer has a conductivity and/or pH such that the polypeptide molecule
of interest (and generally one or more contaminants) is/are bound to the ion exchange resin. The term
"wash buffer" refers to a buffer which is used to wash or re-equilibrate the chromatography material,
e.g. the ion g&ﬁ%ﬂé’@%@%in, prior to eluting the 20polypeptide molecule o?%?@gfmﬁdé ash buffer
and loading buffer may be the same, but this is not required. The "elution buffer” refers to the buffer
which is used to elute the polypeptide of interest from the solid phase. For example the conductivity
and/or pH of the elution buffer are adapted such that the polypeptide of interest can be eluted from the

25¢chromatog R HFIRAAREMACTIER i rP ek SREHGES S8 PRSI NAPERE ST ofPBUARYE refers to a
buffer that magoBeidsandaeeayerapenticitresuhhorn atb craplaysnrud riwtab axidsepionctsegage or Protein A
resin such thafoit eriniigeratased. JRe tar., cansdyativityhafers,iovthe abilityaafrag @geepus solution to

conduct an B%Sb%gjg%gurrent between two electrodes. The unit of measurement for conductivity is
mS/cm, and can be measured using a conductivity meter. The conductivity of a solution may be

altered. by chapqing the.amount of ions in therein. For example, . WO ., . s

2011/%09623 J : Oﬁg%aél]?@ Clcg_ 'eéﬁgﬁtﬁ rfo&a{ rﬂﬁtg%ﬁl }ggeor{t é{h%%r ’aﬁléﬁhn?%l} a salt (e.g.
NaC1) in the 51Ut eipiraaatdievihstdbiserabinmdips.tdengtssr SHreBrRiEahy. B firifying” an
antibody or a palgpeptidefrom chgdlupiorbtoriprigingithetjpolygeptide gngdlonerateradie Aontaminants is
meant increasingitaeHIeHr %Qig@qﬂtwéﬁfﬁh&ﬁﬂﬁ%%ﬁwm@ g thersplbiiRRapiyyemoving at

:;ji t?,rv‘f]’i CC;’ g%%%?ﬁﬁ%}? NG 5MP2RION: JNSHIRE RIndSSS'STIS RAIRY, 22 RolyRepifde refer to the
10 range form hydrophobic bonds to the substance to be separated and which are
charged either positively or negatively in other pH ranges, i.e. HCIC uses ionizable
hydrophobic groups a chromatographic functional group. Generally the polypeptide
is bound to the hydrophobic charge induction material under neutral pH conditions
and recovered afterwards by the generation of charge repulsion by a change of the
15 pH value. An exemplary “hydrophobic charge induction chromatography

materials” is BioSepra MEP or HEA Hypercell (Pall Corp., USA).

The terms “hydrophobic interaction chromatography” or “HIC”, which can be used
interchangeably within this application, denote a chromatography method in which
a “hydrophobic interaction chromatography material” is employed. A
20 “hydrophobic interaction chromatography material” is a chromatography material
to which hydrophobic groups, such as butyl-, octyl-, or phenyl-groups, are bound
as chromatographic functional groups. The polypeptides are separated depending
on the hydrophobicity of their surface exposed amino acid side chains, which can
interact with the hydrophobic groups of the hydrophobic interaction
25 chromatography material. The interactions between polypeptides and the
chromatography material can be influenced by temperature, solvent, and ionic
strength of the solvent. A temperature increase e.g. supports the interaction
between the polypeptide and the hydrophobic interaction chromatography material
as the motion of the amino acid side chains increases and hydrophobic amino acid
30 side chains buried inside the polypeptide at lower temperatures become accessible.
Also is the hydrophobic interaction promoted by kosmotropic salts and decreased
by chaotropic salts. “Hydrophobic interaction chromatography materials are e.g.
Phenylsepharose CL-4B, 6 FF, HP, Phenyl Superose, Octylsepharose CL-4B, 4 FF,
and Butylsepharose 4 FF (all available from GE Healthcare Life Sciences,
35 Germany), which are obtained via glycidyl-ether coupling to the bulk material.



carries no net charge. Below the isoelectric point proteins carry a net positive charge, above it a net
negative charge. The isoelectric point is of significance in 10 protein purification and can for example
be determined with isoelectric focusing or with computer programs. Further, analytical ion exchange
chromatogrgﬁﬂﬁ‘%&/g{]&ﬁl}é’solve protein variants wjth very similar pl values?f%@gﬁ%?f%l Tor example
only by 0.1 pl unit. By "binding" a molecule to a chromatography material, e.g. an ion exchange 15
material, is meant exposing the molecule to the ion exchange material under appropriate conditions

“(pH/conductivity) such that the molecule is reversibly immahilized.in or gn the chromatography
material, e.g. arvidiBxcREHYY nTBrema Brar e Bt ?{fﬁrﬁé thitePSe ﬁsag%ﬁ\?\?éléjﬁt BRGetule and a

charged grouphspiatagephyrowtwafvhiciormplerany caffiarsyishroopipgrabhimgtemdiedl is meant
passing an apprafiiaie Stiktbseneh olepayibridbiamnageiaridbaederipheaditiegion exchange
material. To gliiiya %P"Sﬁ(éi!rﬁc%?”a}%ﬁtﬁ?? FhehaRRARINg LS ARRIANGE @uBalRentide or
contaminant) from another (e.g. an antibody) by mean Z{{a soIvEnt, e.l?. from a chrogiatography
material. 25T FEATHOHIn X HTRIARm San%lﬁﬁl%mﬁr?' 2EF2 iR Mle PERERSof '8s (I¥ed in the
current inventibrodateseapbic Spwtiaivh sode 5 awensmbtegessticslethoendrraliiptitsolution
containing a stibstanee fBhinjeresinalomalgit Nacanipelvith acstapianaryiphase piéédrably a solid
phase, wherefy. the SHRANGR, AlIREGSL Rinds0dhe stalonARRNaSEnfSadaaHIbihgSubstance of

interest is retained on th S a;lﬁ%n%has%gvhereas substances not of jnterest are removed with
tant.

the flow-throuBH ST (& Safesrd: " %%t%?m&ﬁ% erdrd 8“]?&)%?8% the stationary
phasé@n a seswieristep sl themsineyecovopekfmemostanbivafynsherd witsminewhieh solution. This
does not necesis@fiytdengtediatib@f i thRnoh 20 3higR0a2 e idd 20 1dHP45B9nd6 substances

not of interest g aeema&ﬁq)g@t&ﬁ;%%ﬂt&@méoﬂ%{g ehibeRuBsanCEs RRkRbIIEs A gemoved, i.e. at
least 50% of the 'subhstances_not of interest are,removed, prefefably at.least 75% of the substances not
R, T, Sereiicat 9k

of interest arer&MBVR Y15 &feP] PRECIA Bt e BY 98t 6r SRISPAEP &P Pnoved,
preferably 5mbrectivaal ogmpf fireemplistaneEiniyt Srietestaniic SRISFE THE rPef@w-through
modef'sand grammaﬁigahﬁﬂﬂﬁv@ﬁﬁbjh&fﬁgﬁﬁsuﬁedgmmmumiﬂcw@ntﬂnmmﬂocbdamt@ an operation
mode of a chromafparaphy06iiag, wmmapaglyéﬁm@@emm SybRiAReRAL iRerest is brought in
contact with a sﬁﬁona‘% phaﬁg, pre%\gab%la %soll é_@rl;ase, Wh%re]? he substance of | gerest does 10
not bind to thA°SRABHATS SHke! ALHTUIPIh & SRS ARES SFintEretl s SBEATHEA SRREN in the
flow-through dRiPeRinsereatant SUBBtAARERAY RipdinerebropraieRHpbie mreriste skl iAsthe solution,
bind to the stgiteranyphasendpgehareremoyegfrobittimgchitamtdhiphpasnotaiiccadsasily denote that
100%,gf the sylsiancesHRY OLinkeigr! AgdaRavedigmhestien M@gﬁptiw% of the

substances not 2,5 of interest are re{r%)l}/ed, l.e. at Ieéa%st 50% of the.suhstances not, CiR;[lerest are
y

actors, Or enzyine 1 5 4§ c?ga}n aplu netional gro T a ?e
removed from tha“SBitiSn® Brefsrabi at e 48759 Ol StARCcES nBt OFmterés are removed the

from solution, PreiegBRFarHESEDn st s THShaRfc S PERINET RN SRAREI RN TOTRIIFBEN the solution,
preferably mopeiisancBaddesf thelsubstéreesmepoisnteyhsbareteamowed fromttheclislution. 20The
terms "gradienh gl afRHER BRI QRogpode”, "continuous elution” and “"continuous elution method”,
which are used interchangeably within this application, denote herein a chromatography method

whereii e.9. the amau of: 2 SURSIARGE-satsiRge uliosmbasstaepelizsnlulinr AfeaRausd gubstance from
A e g e o B i X S O I e 28 MR synhesis

or by recombinant techniques), and variants thereof which retain the ability to bind

proteins which have a CH2/CH3 region. Protein A can be purchased commercially

from GE Healthcare Life Sciences, Germany, for example.

30 “Protein A affinity chromatography™ refers to the separation or purification of
substances and/or particles using protein A, where the protein A is generally
immobilized on a solid phase. A protein comprising a CH2/Ch3 region may be
reversibly bound to or adsorbed by the protein A. Examples of protein A affinity
chromatography columns for use in protein A affinity chromatography herein

35 include protein A immobilized onto a controlled pore glass backbone, protein A
immobilized on a polystyrene solid phase, ¢.g. the POROS S0A(TM) column



25 changed by a sequence of small steps each not bigger than a change of 2 %, preferably of 1%, of
the amount of the substance causing elution. In this "gradient elution” one or more conditions, for
example the pH, the jonic strength, amount of a salt, and/or the flow of a,ghipmatosyarby method,
may be ch&ﬁé@g ﬁﬁ'gaﬁy, or changed exponentiglly, or changed asymptotically. Preferably the change
is linear. 30 These linear changes can be separated by stationary phases. Moreover, the steepness of
the linear changes may vary during elution. Step elution may follow gradient elution in a specific

P CDEP2010100HHE WS FT D00 i e e (oL S DL o,

Bréin'e.q. the amount § causmg elution, i.e.
the dissolutioferof intlenerd sisstaRROFEM a &roﬁ%’@é‘%ﬂ%‘:mgéﬁ l, |f]r’ &%? lowered at once, i.e.
directly from gpepsHuSEMANDG HMnemt(m}éééﬂ@hrhﬂ.ﬂﬁvsS@@@peéhﬁ@ﬁ“@Mb or more conditions, for
example the pH, the ionic strength, amount of a salt, and/or 5 the flow of a chromatography method,
is/are changeghgleahoncadrentiattistrngtaianiyg, aalsiel twithsedondppigatimallevgigeaThe change in

the step is bigger th{:lndg %haqg%ﬁ)c;dlscy%lﬁéﬁfeéﬁ%%%f 10%nRidheannauntRidnasmastance causing

elution. "Step elution™"denotes, that the conditions are changed i her d mglse in contrast
to a linear chﬁﬁg@aAﬁ&AEQ&WW&@ag%?ﬁéa CEHE %re (ﬁalntglne ?E%%eﬁe%%t in the elution
method. The hemésteprdmlonmnsﬁhréﬁe%lf&elﬁﬂiﬁﬂ Wér%“é@er‘t‘éhﬁ’%ﬁ?o?ﬁ’ﬁf@g?%&? lumn by using
only step elutjgndesielstioranpalypeasiidefandioot geeadient andtielvironedespegtveret®ématography

step. A "singlg step" e%eegégm%ogﬁa%w@%ﬁg RS Of PaptRICORGiensI v examplediee 15 pH, the
ionic strength amounto a salt, and/or the flow of a ch gmrqto%@eolgxa@éar?h%hmgg qg at once from a
startihg valueaing viffectaningdo d?tl SR MENGET mcrementally, fe. stepwise, in contrast to

a linear changexradeatarth vawmw@daﬁwwm éﬁu‘?vé?@ﬂté’?ﬁ@fé@lt RIS Rithin this
application deniesm@adippsiapeat sepoviiteafomtiethbomatoliehhy swAtetiah ROacBERERing a

substance of '”tg{(f%&%%% yrifigy ?,ﬁm%g|@§%EW1M@MWQMQ§@5@?@WMES that a)

the solution is a toa c he sta Rase, cgied, or b) that a
stationary pha8d584H ¥ 1]3 8%@’1%?%)& ut%r?%:(%r?t%?r%rl% the s@é@tagn;ce of interest to

be purified paEm@ﬂﬁdiM@t(@%ﬁ@ﬂ@W%ﬁ&@e% \Mng for an interaction between 25 the stationary
phase and the substances in solution. Depending on the conditions, such as e.g. pH, conductivity, salt
amount, tempEhatisre) sind/ex daneratbrosortreshyt sassbFHETS BIRAPUSAIE HGHAS e stationary
phase and thw&g@@@d fruendhe wal uﬁloanﬁltl}@r atibstancesdemgin ¢hrsolatégraphiie substances

remaining in SO|L{[IOI1 parhpe It% d g thefl OU%m-Eﬁ?g;IJQW throwahidenesastiees0 solution

obaned el s gmaﬂ%alﬁ%t%@% 4 B e har st B coovered
from e flow-thatioh dyghrmegholisofantitzaritay-nsersal oF aRiATIPINE SHENSNRFIAR &g H8Ripitation,
salting out, ultgafitrasionneiafitsatiam ity ophilizasiorxalfiniy chrametggpiphypsesdiehb85volume
reduction to o Ii%?ci:n ‘af:g%o i%%g&%@ d SRR ARAse RN e gtatiennrpiAasaidgptication
2011/009623 enoltltzes arcl) immobile hlg?) molecular weight solid phase that carries covalently
bound charged groups as chromatographic functional groups. For overall charge
25 neutrality not covalently bound counter ions are associated therewith. The “ion
exchange chromatography material” has the ability to exchange its not covalently
bound counter jons for similarly charged ions of the surrounding solution.
Depending on the charge of its exchangeable counter ions the “ion exchange
chromatography material” is referred to as “cation exchange chromatography
30 material” or as “anion exchange chromatography material”. Further depending on
the nature of the charged group the “ion exchange chromatography material™ is
referred to as e.g. in the case of cation exchange chromatography materials with
sulfonic acid groups (8), or carboxymethyl groups (CM). Depending on the
chemical nature of the charged group the “ion exchange chromatography material”
35 can additionally be classified as strong or weak ion exchange chromatography
material, depending on the strength of the covalently bound charged substituent.



is added, e.g. as a powder, to the solution containing the substance of interest to be purified allowing
for an interaction between the stationary phase and the substances in solution. After the interaction the
stationary p i ved, e.g. by filtration, and the substance of inter the stationary
phase is obg?rfg%qﬁg ﬁﬁ%%supernatant. The term "¢gpes not bind to" and grggrn%%ga@%%galents thereof
as used within this application denotes that a substance of interest, e.g. an immunoglobulin, remains in
solution when brought in contact with a stationary phase, e.g. an ion exchange material. This does not
necessarly dgnote (et 100% of e subsiance. of 10 njereshiomalng i Splon Ry gesentially 100%
of the substance 61 interést rentains in so u 0f; i.e. At least gBX/o of the Su stance of Mterest remains
in solution, praftaBiguat R NEWEERTARNS HupsHoasds MrdRe IR iFRUBTUISIT I erably at least
80% of the sulistanctegmiphicrestesataihsvie solcaibox Preferabl\zatipast AbY6rodtrgraphbstance of
interest remaipg ip SRIUERRpPFRIgHBRIE IRISsth B dmAeaphih eratbatanag O inteRstaemains in
solutiogm The terq\ai;llré-ngcreglg?fCroQttrgl Par%rg%t%r" Qxﬁl%) diés'o parl%n;renter é"u%Zud gog m%itgring a reaction
process applig‘éa{o proléeses va |§aet|on.‘tjﬂ3{és could for examp ecge onitored dung cultivation of cells
expressing aRantibge-Biemelbiav e SemiinkidrectrrgrsicesEieshies Par &r" a value is
obtained triggetisig a@thspebifigac0 X! thw sdadioinoprdCgder gearfpmeforCR G Ake for example
oxygen grgd gbwéﬁ@ﬁmmgwmm%@m%?dwﬂ%@mmﬁw ngianiagﬁé?ﬁoﬁ@,e action .
triggered by uri argmeters.cou r example pe a feedback contr e oxygen an
glucose sup%&@ﬁé%ﬁgo | %%%I%Fg%}fgﬁg%}l%ﬁ ?H’eqjaargggggilofggog’égs&}-(}:ﬁéjogg?the amount in
the cliffivationtRédiGralweoSMukins M- 42 thdhétc BNesg D Ak bdisphembetiietla s, or the
content of spevifistighrcpivaBantsfokhridiie mirtiedi@® pRi¢IPRE JdmpRcodidl f6TeXxample be
withdrawn froghesnedism a.Les IBseruls temssterstitedentinersiuing dammeniations A

"polypeptide" pojymer.consjsting ¢f.amino acids joined b tide d h r produced
naturally or sy% etic@ﬁ?ﬁﬁ%ﬁ/p%ﬁﬁeg o ET%%% aﬁ%’%’ou?%%r?ﬁ%%timsm%e%may e referred to
as "peptides"” CAfSrERETRSIecUi@st c Sty BlRlo Somofethdiftbtess drifoMBINearss one
polypeptide ofGrrmient)atididanitly acidaidsidassrmehbecefsiredivhas tmiotlinstboX polypeptide may
alsg comprisqﬁmﬁe&m&ei@&%@mmgmmﬁgmﬁgwgﬂeﬁmmﬁzwﬁl spagnser 35carboxylic
acid esters. The nQr-amino acid.c ongnts. may. e t M :
2011/009623CHY "%8‘1%63%65ﬁ?ﬁ?&?&g?@@“&%ﬁ%@ﬁﬁﬁ% CaneY Adle oy with the
type of cell. PERicphddealhsaie rmamshein FHesriFrees ﬂpﬁrﬁﬁ@h‘fcfd%%‘g%m&ture or the
nucleic acid emsbdiriphthylsanmeotAliditions suctsadcarbebsmhatsgkaspSlare Génaraitpinot specified,
but mgy be prgsgn&ranetheless 13618188, Gepmakinant polypeptide” refers to a polypeptide which
has been produced in a host cell which has been transformed or transfected with nucleic acid

encoding the gelypeptide.arRiapuaes s RRrlPsRlidaaRaresinahRomalearusdaraebination. The
term "heterologous DNA" or }"%qete{ I%g%us gol gegtide" refers to a NfA.lo mpe Ifta or.a polypeptide,
O R AR oS DD AT of STy e T oIS

or a populatio ( opu 0 ypeptidé do not ex naturally within a
given cell. DNAueBfiedaRlp R sIigo gl partiEreEPALSy eBraamasRRbYemokdi#dm the cell's
species (i.e. emdoganGies HNABso-(aAgHEPth M set-$ N A isacam imedabith fiom-d3itB LINA (i.e.
exogeBous DNAY, GRiRXAMPlar& ANAdROIGHe conipining AROUkRILS 1&RNA seamant encoding a
polypeptide opeiebivalinkea o AREA\S NG SCAment Comursing.a pIaMichs Ratsideed to be a
heterologous e Iecﬁré’."Conve)r’se yl,"al{ e ePofogous molecule can comprise an endogenous

structural gen&CaBursbinReESKitHAdiexsgehoLrspitSHBIEOR-pEptide or polypeptide encoded by a
non-cell's DNA molecule is a "heterologous” peptide or polypeptide. 20The term "antibody" refers to
any immunog(Bbeilieror fhagieredt trorsed, withieibisnapaltaion ek FabEIes ip H&HsY an
antigen-bindinghgiigss tigiRdnt incie addixitn o nedl Hapitetlda djealy dasiakutmonaeloidtveieth ospecific,
polyspgcific, nan;spagific, lumaniagd, iuARRRALE £Rain cHINGLE .S uRhe Ugn fEcaminant, hybrid,
mutated, graftgd, bispecific, trispecifc. and in th enerated antibodies.
referably pharmaceutically acceptable~burfer 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, or Tris (hydroxymethyl)
35 aminomethane (TRIS) or salts thereof. Especially preferred are phosphoric acid or

salts thereof, or acetic acid or salts thereof, or citric acid or salts thereof, or



25 Antibody fragments include Fab, F(ab")2, Fv, scFv, Fd, dAb, which may retain antigen-binding
function. Typically, such fragments include an antigen-binding domain.  The term "amount" as used
herein correa%%q%%g% guantity of a polypeptide or antibody. The amolgjé]{ /ﬁi%i?lﬁﬂf%%essed in
relative units, €.9. area tnder peak in 30chromatpgram, or for example in ug. An "antibody molecule”
as used herein refers to the antibody of interest, which for example could be the most active form in
comparison to the variants thereof. The variants and the antibody molecule are expressed from the
same sequence,. WO 2011/009623P.CIA132010/004509.20 An "active antibody or active variant” as
used herein rgf&?g‘{’é’ an an (ﬁgo f Wi F‘u ? ﬁl_é%n%ﬂlglggl%a ugf Igncﬁ?}yéo%enéa&iﬁ?ﬁ gpﬁ'?e Mctive variant”
is between 7aditionsbssibisurd av&ragtedtighlords. sadbsaywahest pasiwayardpts are
expressed fropotiseimamefattibotlyrsednancer) pbasstxarvipietédhe Herceptin variant 5 which carries no
deamidation or isomerization of its asparagine residues, corresponding to the main peak, peak 3/3*, in
the ion excharge ehromatagian (seaikdg wadhndiTishispl)daastisedigbestbivlagieaiqotency in
compayison tq the pRErYRIaNSHFRALARH. ALAFIIE YRERNE Q5 ARRBEPGHY, THolGRYIGis a variant of

an antibody molecule of 10 interest WhiTh Is more acidic (e.qg. determined %Islqscielectric focusing or ion

exchange chrBfHEHYraBRY) Manthe RRHES) %P BRE et RY S o ASHHRidic variant is a
deamidated veehymsiso irsidedefnowmietairnsts whlkbrdianatin theodvidigiredioshiprelsmparison to the
main peak, d.q{mmegx@mgeghmgt@g%phye ﬂ&ﬁ;de&fnigatyd{eta;mmsa @@w@ptide mqlecule
is a polypeptidewereln [nEKAMPLERAGQ BIRES ARbARYINGILRSIAVE ol deariginalpolypeptide

have been con erteglst spartate, |;e. Ehe neytral amide side Cf\gin has been canverted to a residue

with aff overalPHRH Sr. APAORRTHSHRREPS Sy ari BRDRFERRIHBR: is RUEHPERLHSay variant with
a conversion 8hasperagimevy e Fadareosemfabiocadiel 2 0prsiiBh. 300w soretPonding to peak 1 in
the ion exchangrwahtematagiasuctiig z2oiab) i), ALiasiarantydbaranatipady molecule is a
variant of an antibody molecule which is more basic (e.g. determined by isoelectric focusing or ion
eﬁqhsng? cg_;gﬂfmgm@@xlmam wgamm;M@wamime-raﬁhﬂdﬁtﬁma&waéha@t&ara 25 inclzluder(]i,
which only differ for exam n riza ) e : retically should not alter the
overall thgoreﬁoclgpgﬂqé%er%?qﬁ?gign%ﬁg%@)% %tgvgﬁlc?igl %n%?ﬁ%lgu to\ﬁ{l%% ré\&cl)n %é?rﬁé}t%ort?{ Sfttbr% antibody such

that the antibGa§eRABISHRnd h‘?o*‘éag’é'ﬁcbf@vﬁbﬁa}ﬁ BRI PIYLOE HHo SR AR 85 dy, during ion
exchange chrpoigtepidp myeFhikisfonerasnsedtizenceadly with tharseeceptisnvianiaist SGressolved in peak
4 (Fig. 2, Tablgydnd Thentaih el¥aenkarians refers to an antibody variant which is characterized by a
different glycosylation pattern in comparison to the antibody molecule. That means that the type and

distribution of-pglysagohatigies,aitachag:-tadhe mirtibadvidihg dieanskisklifierertamang the

glyco-variants, & glyo-Variant of an anip

Oqu. the ion exchange resin, prior to eluting the
20 polypeptide molecule of interest. The wash buffer and loading buffer may be the

same, but this is not required.

The “elution buffer" refers to the buffer which is used to elute the polypeptide of

interest from the solid phase. For example the conductivity and/or pH of the elution

buffer are adapted such that the polypeptide of interest can be eluted from the
25 chromatography material, e.g. the ion exchange resin.

The term "regeneration buffer” refers to a buffer that may be used to regenerate the
chromatography material, e.g. the ion exchange or Protein A resin such that it can

be re-used.

The term "conductivity” refers to the ability of an agueous solution to conduct an
30 electric current between two electrodes. The unit of measurement for conductivity
is mS/cm, and can be measured using a conductivity meter. The conductivity of a
solution may be altered by changing the amount of ions in therein. For example,



WO 20111009623PCT/EP2010/004509 21 molecule may also fall into the category basic or acidic
variant if their pl value differs from the antibody molecule. All antibody variants are expressed from
the same s e antibody molecule and thus are for example > ' @Iy modified,
either in viv%%gg\ﬂ?ggme term "threshold ratig' as used herein referﬁgﬁ’ﬁeﬂf@?g@? the amount of
the antibody molecule or variant thereof to the sum of the amounts of the antibody molecule and the
variant thereof at which a specific decision is drawn. For example the threshold ratio could be decisive
for the purification schemg aor harvesting time, 10 point during fermentation.. Oy, is decjsive for the type
of cation excr?ﬁﬁ6818}%HF&%BEW%&H%M&S%%E’%%WBV\? fhae% ﬁﬁﬁrgﬁbﬁ gﬂéne%%g% t|1é%rtlarformed
differently fromandenlisend peaoenrisse tirdeshrgrentygH e threshold ratio (gradient versus step
elution for example). The term "ratio of the amount of the antibody molecule or variant therof to the
sum 15 of theBympunifypiztheranstibbogymoletupelapeptide ieiane thelidism refenpnsiagdtio which
corresponds tguthpepitigtiand ehthe apaLERithisaniRodan aleesday ardaptdbergaliry a certain
volumg to the gpuit8h 9% ARvsev IRl addhe v aaimharRalibdbe sRMANplume. Thus, the
amount of the antibody molecule or variant thereof Is s€t in relation to the sum of the amount of the
antibody moldEo B8 SHRPASEIRSal amounts of the variants thereof Thus, for each antibody variant and
the antibody molecule in an antibody containing solution a certain ratio can attributed and the sum of
all these ratiod MUt ber1 tstedsic ReHt oS CaPebmeRATHEF By the M RS GRS foTYktthange
chromatogramsiras stronst ikhéige. Belbrerdie tsecleotadsoiptipnosiplotiedy or affepaetormining the
antibody cqnt%ﬁéxﬁ'@, ZBoRECieNnSRsMsB Rt g Norabselule RIORImMe aTNRMEBES & ennecessary for
deterrl‘rgnatl_on %ttelg r%“%’c%{?)%eaﬁdscé’r? %raegc%@(ﬁb e’%%# ?r?ﬁ%@ai inl'iﬁ?g }é%bflg)cu{‘o%ﬁg{ngvrabsorptlon’
correspondlng?tp a certain protein amount, coult e su_ﬁment or calcu ating the rati * For example,
the peak area¥ittheRREH SRegiaTrah L EhF parabdisdbiotetarharetiGhraPaieeraalYof M amount of an
antibody moleestéverpvatdant Biuerati wetheisular of travastibo dyffeiecive cxathpkerizny thereof The
sum of the arey ofiahi paaks (antibody molecule and variants) would then correspond the denominator
and the area under single peaks to the respective numerators.  Unless indicated otherwise, the term

"herr when US§9 thS&Hlé@f%r%&S’ié&%% hﬁ@lﬂfﬁ%@%ﬁﬂf@ﬁé&{ﬁfﬂégﬁ’ J?ﬂ%ﬁ“éi@ﬁ%r%%”e- The
human_her2 gene ar]fl her2 35protein are descrfg%%én 83 ba et al., PNAS (?LgSA 82:6497-6501
2

(1985 and WESB14/GodE3b EHBERS JHD,/ 6. e ot o e N e 419990234 (1986)

(Genbank accHSSRIFIHGNBEILoRSERTLRINEREITHY. T9d tdhAh "GrugplelitrisadqysEdtherein refers to
the purified aritiboelyiliadhéformuléditonhbutien gripbl isatseal, forpthe tieatxdnrnge padientd. The drug

product 5 congingguipimert lexekafibes astive.antiRo gy oranadtag d.maxipumdeyel ef the inactive
variant. These valu%s are evz%l{ﬁ%tleod deur'kpag[ltge d vellopment and submitted to the Health Authorities.

"Treatment" ré:Féarrgf‘o Bot %ﬁ)erapeu i€ treatment and prophylactic or preventative measures. Those in

needé)(; treatment, include, those‘a{read wijth the disorder as.lOV\{)eI Fést hgg&in which Hée disorder is to
e

be prévented. oS H%gr"' ’iTslaéeﬁlyachn T8 AT Al BRSSPl omT vﬁlihof’ﬁfatpolypeptide

purified as desBrBaitEralY. MRtk 8B e D AkchIgaRate@sorders or diseases including those

pathological conditions which predispose the mammal to the disorder in question.
To "elute” a molecule denotes the act of separating one substance {e.g. polypeptide

or contaminant) from another {e.g. an antibody) by means of a solvent, e.g. from a
chromatography material.

25 The term “bind-and-elute mode” and grammatical equivalents thereof as used in
the current invention denotes an operation mode of a chromatography method, in
which a solution containing a substance of interest is brought in contact with a
stationary phase, preferably a solid phase, whereby the substance of interest binds
to the stationary phase. As a result the substance of interest is retained on the
30 stationary phase whereas substances not of interest are removed with the flow-
through or the supernatant. The substance of interest is afterwards eluted from the
stationary phase in a second step and thereby recovered from the stationary phase
with an elution solution. This does not necessarily denote that 100% of the



15During fermentation of an antibody not only the antibody molecule, that is the antibody of interest,
but also variants of that antibody are produced. These variants could have similar activities in
comparison %‘Q&Qe %%is)t%%jy molecule but could also be less active, for exgn&gl%%%rﬁ%stagatment ina
patient and mlgh?loe unwanted in the bulk drug pygduct. One example cou? be & deamidated antibody
variant, which 20 might be more susceptible to in vivo degradation. The method according to the
invention enables the production of an antibody molecule at high yield and high purity with regard to
unwanted variapnts. The methaod according to the invention.is,b Q rprising finding that the
antibody comB%%ﬁ%?gﬁe\?vftlﬁﬁg%glrtar%ttﬁig \%ﬁg‘ﬁ %l%ltl\é 50 ?grq ’a \A)ﬁ?&ﬁ%aﬂr}ggge%%[eﬂceeég Pg? example as a
ratio of the anebURIBTP SR SERINSEely- fn e dend 1808a Aot SHhsiRRAT ‘Eﬂ'ttf%p HiE58 e folecule and
the variant thesaafyednpbefeshibite dttbetle THsi et oér ectisansysanizpeihttresh areestimgy eidne point of the
antibody and/Bfe?&Qﬁﬁﬂhke@aﬁf@mdafI@Hé”éﬁ@&l@ﬂc%%%m@f ThetestheeGerRRbIN eetespRrovides in a
first aspect a methad fordhe produgtion of.anAibedy.pompasiian, 30comprising an antibody
molectle and BV riant théteof, com;s)rlsmg ?he(%omnwmg steps: W
20111009623PCT/EP2010(004509 23 b) determining.the presence qf the antibo olecule and a
variant thereof SHifaP ¢ ?ﬁﬁg%ﬁh@%‘i‘ﬁ%&ﬁ Sf ﬁ%ﬁ)éou%ao 3&%%%%%%3% t¥é£rne“o’¥ to the sum of

the amounts dhe¢hesaanibypnhotcdsietementhperatinthmpds «dfaiAhapmagarby sagthedmple, 5¢)
determining ashiaEes| yenitibarvestiigriimespbinirasdionastisody puiifisationsehemdtbrebasis of the

data obtained insiGR D) HNE! xfa%ﬂy%\i@gzﬁﬂpmy'quye?e&pR@éigmzﬁ%@mﬁiﬁgrgaﬁmgbody molecule
and a variant thereof Injb referred asf%gct of the curq}e%t |nv%nt|on th?.s méo eis ﬁtc%”&ulture medium
e u

10 collprising™ah HRTHS ) A SRESIRDAREPSS b T TPl OF 2 HERS QEiiE %r,ngll C&MI& Gebris or is an
eluate of a Preidier Arathpiffostibiprgb gpr shy steprmasti uhrarss it bitkeceuridhitinvention the
sample comprisingalbe msithndly thealeiatienabidhe terianidiesepidsandcivaterabtainteolirom other

columns usedfor ARRAAVRRPASALIAGY HEG-ARIRY BXRBRGS CRlbFT: hy dierhabic R¥erction columns,
15hydroxyapatite chromatogra columns etc. In certain aspe ftrflef‘hcurrgqt mventlpn, the variant
ﬁlégc]%ﬁ) ﬁ ﬁ%o% (8] £ Stances 1o

m
of the antibod} SRR’ v%’ﬁef’r?e}‘g%ag% GHARE ' GRCS-VANBnT oF & Variant with a

differdAt binding &ffmes) e watmed, dtigdnitast et shaduheansebaey Alolieiiel Mmestill another
preferred embegdimentfithe sarianitohthecdatbbdy teatetite if thitesdROnactivet wdniatdiian the

antibody molegulediself AGHY IOl fREXHRRISHRE MeaRYIRH N fitnkitieb Ry of efficacy to
neutralize an antigen) or in an q imal Hmcf? for exa@plgr In anomerggf(e)gr&% er E1t,)[gl)r(11ci:g§ent, the pl of
the antibody rIBIRECHE AHETRTS Borghe soTutcn, preietaby otttk 935%

not of interest are removed from the solution.

20 The terms “gradient elution”, “gradient elution mode”, “continuous elution” and
“contimious elution method”, which are used interchangeably within this
application, denote herein a chromatography method wherein e.g. the amount of a
substance causing elution, i.e. the dissolution of a bound substance from a
chromatography material, is raised or lowered continuously, i.e. the amount is

25 changed by a sequence of small steps each not bigger than a change of 2 %,
preferably of 1%, of the amount of the substance causing elution. In this “gradient
elution” one or more conditions, for example the pH, the ionic strength, amount of
a salt, and/or the flow of a chromatography method, may be changed linearly, or
changed exponentially, or changed asymptotically. Preferably the change is linear.

30 These linear changes can be separated by stationary phases. Moreover, the
steepness of the linear changes may vary during elution. Step elution may follow
gradient elution in a specific chromatography step for elution of the bound
molecule from a specific column, as described below.

The terms “step elution”, “step elution mode” and “step elution method”, which are
35 used interchangeably within this application, denote a chromatography method



0.5 pl units from the pl of the antibody molecule. Pl values are determined with 25 theoretical software
programs, if for example the sequence of the protein to be analyzed is known, or by methods known

by the persagskiligds9 the art, like isoelectric focusing, for example. | RETESAN UYLt of the
invention, providing a sample comprising the m&dium, the cell, the antibody molecule and a variant
thereof comprises the following steps: 30i)providing a cell containing a nucleic acid molecule
comprising a nucleic acid sequence encoding said antibody molecule, ii) cultivating said cell in a
medium for 45(%,(‘:! VS o0 RIRAKRY G SPEIpiEa i dbenz etiition), \Othe dissolution of a

2011/009623f P20101Q04509,24 In still further aspectspidhednyeaiidncottieating of the cells in a
medium in sk %‘Q’Etf’é‘&gt%fgrrnﬁfg: 831%0%%?&; ’

rably for 4-18 d pRsigrelped for 4-16 days.
51n still furthdivesthe fterofone TARSAGSTH &MRFRHY 6?}%5321%‘% 'ﬁwna@?{nge%ﬁ%n in stey (l%l(ﬁ Jerformed until a
specific antibgght conaamralits isaiaines, eillahstionn g BTraTANH) I@‘as’sat% mg/1, more
preferEany attk%aﬁg&ogpargg(%Q_Bgrgggﬁﬂﬁf&ﬂ e¢lat dasptSel mgmst fragsa Bstceftrations depend

among others on the kind of antibody ex edi D Hif casseefikigreeppns aizaatibedy concentration
of 10at least 380N PR IRLlTEL .aheé%'p{ﬁggs

Tred aspect of the cur | on.ftheypresence of the
antibody moIMgwﬂﬁ%ﬁﬂ&ﬁﬁ%?@dﬁgh&m@ergﬂg’% tﬂgg?nsgéét&g%étb%%ﬁu gh&&olecule or
variant there@g&r&mﬂo&ﬂmwﬁtbethmubgdynﬁ@l@w%eéﬁa‘tﬁéi\?ﬁﬂﬁmem% ot fs tetermined by ion
exchange Chggr&%{g%m 18r BY-ApalWita dathaxchangthd Sooditpnatyg ressiyainaksttchnique is
generally known by the skilled pe ?%“IAQEEBE art and involves for example cation exchange
chrorWatograﬁ‘?ﬁ/’lﬁ’éﬁﬁe&%ﬁ%n@g{u(ﬁon. or calculation of the relative amounts of the antibody

molecule and the variant thereof the area under the paaksds, defewaiagd dardhet ve peaks
resolved (for GBalE O asﬁﬁ?sg? 198 1hae hen bt

BiChEHSd, 'See the Examples below). ingti e 20 presence
7 o anibadsomolebuteareol.eAR sl ot RS BTSSR IO

ermination wWhether the antibody
molecule and{g&H@faB&éheé%fémamWima specific sample or not. The mere observation that a
specific variant is contained, irrespective of their relative amount, could be decisive for the harvesting

time point or puFifig; ipgaﬁh@megélprméﬂswmdeMQnm%ﬁW%ﬁﬁ%htfﬂf\f@?‘?ﬁaﬂ? & percentage of

the antibody molecule, i.e. the antihady malecuie sfdrienastiow vasiantainetepfibydé@fmined by other
suitadi®@ meth® 03‘\3%/’m Saﬁ%lég Ekgﬂ

n by illed person, e.g. by iso L%gt{;igd‘lfgacggque(ggﬁdmaﬂi;smntext also the
review of Ahreshangrd i Patls® f%?éhsttgﬁré%o‘é?g%g%?v%. 41, pages 110-122. 30In further aspects

of the current imeaptid mthenpresByce aﬁa’@ﬁsé’malﬁ’ﬁf‘g?sélg?’c%ﬁ{}%aﬁan S determined, e.g. by
MALDI-TOF analysis or other methods known by the skilled person ir}the artd hin this
The term “applying to” and grammatical equivalents thereof as used witht

application denotes a partial step of a purification method in.which a SOll-Jti()l'l
20 containing a substance of interest to be purified is brought in contact with .a
stationary phase. This denotes that a) the solution is added to 2 céromatograph:ﬁc
device in which the stationary phase is Jocated, or b) that a stationary phase 15
added to the solution. In case a) the solution containing the substance 9f interest to
be purified passes through the stationary phase allowing for z.m interaction bejcv‘veen
25 the stationary phase and the substances in solution. Depending on the conditions,
such as e.g. pH, conductivity, salt amount, temperature, and/or flow rate, some
substances of the solution are bound to the stationary phase and thus are rem-ox‘fed
from the solution. Other substances remain in solution. The substances remaining
in solution can be found in the flow-through. The “flow-through” denotes the
30 solution obtained after the passage of the chromatographic device. Pre.ferabiy the
chromatographic device is a column, or a cassette. The substance of interest not
bound to the stationary phase can be recovered from the flow-though by Ijnethods |
familiar to a person of skill in the art, such as e.g. precipitation, salting out,
ultrafiltration, diafiltration, lyophilization, affinity chromatography, or solvent
35 volume reduction to obtain a concentrated solution. In case b) the stationary phase



WO 2011/009623PCT/EP2010/004509 25 relative to the sum of the most active variant and the other
variants thereof, is determined, see for example Fig. 2 and Table 1 (cf. Harris, R. J., J. Chromatogr. B
752 (2001) 233-2453. In another embodiment of the currentinvention, the presence or ratio of the 5
antibody molecdle KNdist variant thereof is deterjpined daily, every secoﬁ§ﬂ§§?(gwﬁlﬁﬁer defined
increments, after for example 3, 5, or 7 d of fermentation or daily or every second d after a certain
antibody concentration in the fermentation medium, 0.2 to 1.5 mg/ml, is reached. In still further
embodiments of the current inventjon, the relative amount of the active ant%:%j is determined only

once 10durindtAS e fidntstoRPRRER Aok SRIRAR Y BRI ESRE BB S R MRS 99, 11 or 12 d of
fermentation forrHgfcanining farcerinipreshpo biiveasn dhetstativatp el thind theeswbiigesaion, the total

antibody amountdhstignohttie ansentetelitieianiianeyamyraidenarthalcdasants inltkaisample) at a
certain fermeniafigh @éystﬁr%%ﬁm%?%PEH?%BGEH‘%%EQ%&Q)’ tt%ﬁaéleSisc‘%'ﬂﬁi%Q@rﬁoﬁrel'ke for

example protein measurements and ELISA. In another aspect of the current invention, the total _
antiboay amotiReA3 %, rtain time point is calculated on basis of the time course of the total antibody
amount known for previous similar fermentation runs. In the Examples below an exemplary method is

described for tHE dEBmMIPEEB Sitfdhetddgraumaica saisnensdifasicteni 43R of the current
invention, the tarstilbppljcatioke aidecsasd thatriansuhsrsof ispurtisdtby.gation isxvhasgletetinamatography,
optiﬁnally aftefeaﬁmrmi@g;@sbaft@&ﬁ @ﬂé@gﬂﬁtﬁgfﬁmﬂ%& Ir&@aﬁﬂiﬂi?ﬁ ﬁﬂ@@g&gsaa,alhﬁwlever, r<]3Ie|oend
on the purity of the source matetial, i.e. on the ratio.of the unt of the anti e to the sum
of the amount§ of the an %8 yelrgﬁé e(!;ou Sex}alorﬁ %"?,Sgﬁ‘;% (t%%{r}'%e%kgﬂg ﬁérgﬁgetg%%%%r%gdj aspect of the

curreAinventiBIFrSLABHERNE SlHEYY BEntirradalbod WtnshghecSHRTRPRS e BRTEH i) by a
gradual increasmafieandsadtitiby, anel/at gehssf Heobofféhesplisdnies thé satimnteschangdcolumn, and i)

second, by a SRS lerRiaBsE-0T &R0 destiuitiansissRidObiNaaledicrhaiiieindmppled to the cation

exchange colmR 0%/3a.L e amaunl oLite artiedt maless e inatm g gmounts of the

antibody molelule and a vanant thereo etermined in step al) is below a thres ratio, or WO
2011/009623BCHEEPI% 6fdhasybstance of interest remains mn solution, preferably more than
15 95% of the substance of interest remains in solution.

The term “In-Process-Control Parameter” (IPC) is a parameter used for monitoring
a reaction process applied to process validation. IPCs could for example be
monitored during cultivation of cells expressing an antibody. By measuring or
determining the “In-process-control Parameter” a value is obtained triggering a

20 specific action on the reaction process. Examples for “IPCs” are for example
oxygen and glucose levels, pH and CO, values, during fermentation of an antibody.
The action triggered by measuring these parameters could for example be a feed-
back contro! on the oxygen and glucose supply. Other IPCs could yield information
on the antibody to be produced, e.g. the amount in the cultivation medium, the

25 quality, e.g. the percentage of active and inactive variants, or the content of specific
glyco-variants. For determining a specific IPC a sample could for example be
withdrawn from the medium or the IPC could be determined online during
fermentation.

" A “polypeptide” is a polymer consisting of amino acids joined by peptide bonds,

30 whether produced naturally or synthetically. Polypeptides of less than about 20
amino acid residues may be referred to as "peptides”, whereas molecules consisting

of two or more polypeptides or comprising one polypeptide of more than 100

amino acid residues may be referred to as “proteins”. A polypeptide may also
comprise non-amino acid components, such as carbohydrate groups, metal ions, or

35 carboxylic acid esters. The non-amino acid components may be added by the cell,



26 with a step wise increase of conductivity and/or pH without a gradual increase of conductivity
and/or pH of the elution buffer applied to the column, if the ratio of the amount of the antibody
molecule to t&e Syum of the amounts of the antibody molecule and a variant thereof determined in step
al) is above & threshbitPritio. 5This threshold ratig in the context of the cUifErERAveMIdTPtan be
‘determined as follows: The aim is a formulated therapeutic antibody drug (bulk drug product) with a
predetermined minimum level of the antibody molecule of interest and a predetermined maximum level
of a variant thereo{i{_gﬁt] 6?|‘Ut in the specification of that antibody. These levels are for example relevant

for the Regulafdry’ RiCIYPEPTAE T TARTSRIht 387 S b il sthetheSnafivists unwanted for
other reasonsFPohyethideshokidefiesd bereloter tainescthédia pneskings tinbedsbinmeastchgrurification scheme,

in particular thixenaetenf ebitiendddiing whatiamexarngs s RMato g5y dRRE Sxaupplsbelow the
threshold ratio,dhe. anfinody Js puified B lent elution, followed by step elution, in the cation
exchange chrgmatog%’taphyétep in’o?gerxt)égggg%getﬁ# %{lg%‘ﬁ%lsghtly high purity of the antibody molecule
and yield, an oye that ratio,the antibody will be purified by step elution only in order to obtain high
yields e‘glmd stiﬂ]glrl%tig% |esr?ﬁ?flmllﬁmtﬁel_]§éﬁ'g§?¥grl erg. efﬁutg, the 9:!#5%%{%8 IS’ ISE(SB%SQ, %?Qt antibodies,
which meet thE"&GEDANRRIRS i idNhahBech ewieamebns irpasfretal wist meleiatesid of the source
material, and trabtighdst pobgibiddecldspradud the eblgireddénaanottmipseiamadaoizodiment, the
threshold ratio-getepmiips the harvesting time point, such that for example harvesting is only
performed if values above the threshold value are reached, see below, in order to always use the step

elution only mege {wtiea&a@mgqﬁw%@tggé@e@méme cgrarpd et is,thapguring

fermeptation, specific antibody varjants might occur angd increase in their 25relative amounts whereas
the an{}éunt ofqﬁ)zeg%%boéa%/ %%ﬁ%m?érﬂ RRHENeR § Pr\\z“*e‘?’rﬂlgﬁ\’i‘f%?ﬁ TRERERIE G the threshold

ratio of course*Bi¥periidea sk Fethets Bnstheatralpdyithibezpeiitadctie NAenteltewleonditions, the
demands of thHetceaitpwsutharjiies calad ddledoynnsitsiarmEaddeaivud dtion procatyrgsdised

(chromatograghy siaks.A%8Bo0 ditlansdhus iasio badelued fay sach ergpaulisantivody

production Proges '%ne |é/}i(dugrlllg/. B@ﬁ aﬁ fined threshold ratio the relative amount of a certain, for
example unwamed VarameL it |vg%‘ G EHER T Hmu0 AP OF R SREBTHPSANIBRIR GF interest is
relatively low. RS EBeotitadHs mrplipepdde wreghibitinkedutton s8hsoBl fostumrsttby step elution
on the same calupnisiig suitphiebosrpiyifyingideesd/MO 2014/0R963RBGHEFRA1GH04509 27
Conversely, a heterologous DNA molecule can comprise an endogenous structural
gene operably linked with an exogenous promoter, A peptide or polypeptide

encoded by a non-cell’s DNA molecule is a "heterologous” peptide or polypeptide.

20 The term “antibody” refers to any immunoglobulin or fragment thereof, and
encompasses any polypeptide comprising an antigen-binding site. The term
includes but is not limited to, polyclonal, monoclonal, monospecific, polyspecific,
non-specific, humanized, human, single-chain, chimeric, synthetic, recombinant,
hybrid, mutated, grafied, bispecific, trispecifc and in vitro generated antibodies.

25 Antibody fragments include Fab, F(ab’),, Fv, scFv, Fd, dAb, which may retain
antigen-binding function. Typically, such fragments include an antigen-binding
domain.

The term “amount” as used herein corresponds to the quantity of a polypeptide or
antibody. The amount can be expressed in relative units, e.g. area under peak in
30 chromatogram, or for example in pg,

An “antibody molecule” as used herein refers to the antibody of interest, which for
example could be the most active form in comparison to the variants thereof. The
variants and the antibody molecule are expressed from the same sequence.



antibody molecule from the variant to such an extent that a drug product can be obtained which is
suitable for the market. The step elution only mode, however, is less suitable in this case, due to the
“lower degree of purification of the antibody molecule from the variant thereof. In the worst case, step
elution woul&‘fﬁ’o{?’ﬂéé?a%&% a drug product suitablg for the market, if the aniBaRPESHHhg solution to
be purified has a ratio of the amount of the antiboay molecule to the sum of the amounts of the
antibody molecule and a variant thereof below the threshold ratio. See the examples below. On the
other hand, if the ratio of the amount of the antibody molecule to the sum of 10 the amounts of the
antibody mole®lIe?SHEFARDLAY AT RSB HTAN aftiBYA ESHIMISTRE $81akGRtBogY Bifitd is higher
than the threshighl rliegithépeteep ehitibn ativithofithd(frctiveativiamgXchargeschrétnatdgraphy is
EreLerred,ljinqaoms@w&gnmﬁge i@&mffaffzm %g)ﬁa@jer?%ﬁmpqgfﬁif%ﬁﬁdv@xﬁépfwiom fﬁSU“S in
igher yields ' roduct can.be, obtaine ich is suit the 15 market. In other
words, due to%%%ﬁ%ﬁ?%%gaﬁg oafl%?earslg_a?gg Fﬁ%\‘éﬁ%ﬁ%ﬁﬁé&‘ ?51???% tcgtiorﬁlrc(:a cWaH_agj%a{:‘%Iumn,
expressed by YRPaBTER eRRioACATHEAN BE AHEREIIRNEN 9E dBtirFRaERERS)i&R8I8&SD elution).
Since the stepeigipendiogleodbeingurapion exealidiiy thimmatogrdphy dsfavamdieawiiseegard to yield,
the harvestingraerliias 3 DenebaseRisHEl hablar #inat 28, heRmauRLefias.amibody molecule
to the sum of U&%gﬂ&%{;@é&%&?he antibody molecule and the variant thereof is always higher than the
threshold ratio and step elution would thus always lead to an acceptable drug product. Preferably, the

antibody is recaovered.from. the, cell culture medium when the ratiq. of the.amount of the antibody
molecule to th%nsuarﬂgé? %aé“énrﬁo%?n% %?%8@%8%8%%% ol e%"dlg(}fﬁoaﬂﬁlg%i’é‘ﬂ{etﬁ Fe%% ratio is 0-2%

highet%han thEETFESHEKFPaid, RS rAtiSicrererreefsringshy byl gseslscsiisd &misiigothdothreshold ratio.
Thereby, it is exglangddiratthe gephghtationbastsiasiiong ke o ssible:fest OAtaminghligbfabsolute

amounts of thg,aiteduris 2% RQ0ag R QLdeh iR IF-ANUN AV QIRbIS [atiqaf thegppount of the
antibody molec:ut?1 toatcrlngigum of the amounts of the %%tibod‘){l 3§Fﬁgol cule and the variant thereof

According to our |ﬁd|ngs aﬁ%%lgnéel&aﬁofgﬂ&é?ﬁogf %%rmen?éftilon, pe?c?&%ta{ﬁg Sf‘ﬁ%“gﬁtibody
molecule decr¥A&B&EHEBAS the percentages of the variants thereof increase (see Fig. 1 for
Herceptin).  In a certain aspect of the current invention, the threshold ratio for determining whether
an anlttbody will eaBjsiatade ovBy Bkt % relimspiide HrsvReRde) ia phpaithertBBwithergiadfent, followed by
step elution, amxatithistepealttion©alpaiadiomGite(Ved HR1MQONE2IRGIER2DMY/ 04509 28 100%,
preferably in the,rapae G049, 465 aNd Mesiaipirirddnie (ANAe.00 $RefS08, lapdugher preferred
embodiment of tl;nie current mven} on,c}he hresholognr tloiﬁ 67 Z,%. The antjbody according to the
residi aijﬁg I

current invention is preterably prodiced By 5 TeEombing e ’I‘?\‘[‘J%‘}tcfﬂ%eégﬂ’é’ f B¥he current
invention is a fiél@ftiaesty eesutiyithe saTTEPheEoraRaEREh &0 ASRATERIR HrrtndnfuBeidr aspect is a
cell cabnprisinpesaidnndtleicgacidresspodiiggarpamtitodyiacterding éachm gaveniamiézenaral methods for
recombinant pigguction efigntibodies are well-known in the state of the art and comprise protein

expression in prokaryotic or eukaryotic cells 10 with subsequent isolation of the antibody and usually

purification to 16 (see for ' iews: Makrides,
e s o A (e e RS

S.C., Protein Eﬁ\%r. Purif. 17, 18.3-%02 (éQQTé,Gelége,_

Kaufman, R.J"ME1. BiBIeEnReT< S BodsieTaned &Y. iREISEIR 1BCUBRE(ORASD X FRES 870-880.
15For the exprassigie &y hitisotie asbafbrensdreibned inter¢sosHeatl, Alseleiriasisisencoding the
respexitive maddiettdgivhivhdonbadifehdtiscrimprsesiad isiemexpiassion Mpatarsdy wiagdard methods.

The hybridomg £plsGRY SROHRIGRE SRUGROEsEH RBA.ARA %m,@%eoacﬁ\i?g'rﬁtﬁ@hgu NA may be

inserted into expression vectors, which.are then tira}lnsfec; ed into host cells such as'C cells, NSO
cells which might result 1n & conformation of the antibody such that the antibody elutes

in the more basic region in comparison to the unmodified antibody, during ion
exchange chromatography. This is for example the case with the herceptin variant
30 resolved in peak 4 (Fig. 2, Table 1).

The term glyco-variant refers to an antibody variant which is characterized by a
different glycosylation pattern in comparison to the antibody molecule. That means
that the type and distribution of polysaccharides attached to the antibody (the
glycans) is different among the glyco-variants. A glyco-variant of an antibody



20 SP2/0 cells, HEK293 cells, PER.C6 cells, yeast, E. Coli cells, or myeloma cells that do not
otherwise produce immunoglobulin protein, to obtain the synthesis of recombinant monoclonal
antibodies in_the host cells. The host cell is cultured under conditions which are suitable for the
expression of thé h&t&rstdgous polypeptide and the heterologous polypeptid&iE1¢B¥4tde from the cells
or the culture 25supernatant. Generally, the methods and compositions of the invention are useful for
the production of recombinant proteins. Recombinant proteins are proteins produced by the process of
genetic engineering. Particularly preferred proteins for production according to the methods and

compositions SPHHEHRERH R hroigithE £l ER0 Rat Koot el ic K RRbI s BIbIKYRS. Preferably,
the proteins aréiSexsrbaul the antthadyimiiepsisducts. WO 2011/009623PCDEP2010/004509 29 The
method according to the current invention is in principal suitable for the production of any antibody. In
one embodimeit thetipotdyumagiokuling prpdessed Wit thie: neethodaeencding thidheniiention are

recombinant imgBRgIgRILRS. &2 athek arprodinarissiicImmunegiabyinmars papized

immungglobulin§, 5immunoglobulin fragments,immunoglobulin conjugates or chimeric
. Yiro . . . .
immunoglobulins. In another aspect of the current invention the antibody is selected from the group of

monoclonal a lyclapal antigodies, In a preferred embodiment the antibody is a maonoclonal
antibody. 10A?1%'t%%r as;@ﬁgg?ﬁéaé@rr@ﬁﬁﬁp%ﬁﬁmgfﬁ@ RARE SRR O G ArtHEidRiIin of the 19G
or IgE class. IRBHePrensirsyle pbyaiimentherecdritbddissaef wenaome aftthodisihddystill another
embodiment teobstibostie sheradicadieyetiareitbdspreatdisg dRine duwantinepkipreare
therapeutic or gia, | iBodigs 1 r ' ibodies. are.therapeutic
antiboges. 15Ce|%ﬁ9§£‘ﬁ??$‘§%q$§ﬁ%§§%‘§?ﬁ g ?%“%‘éﬁﬁﬁgﬁ“?ﬁr’?@é e
terologous pol)Paptidd &an HBHANIE b&hn iRANSHEERE sBEF alle A8 SXERHEST insect cells
or prokaryotic CERMMEREPEr nier SRE e BEdiRfev ofh dhiesbeldomatie elukanydtipediimedmammalian
cell. Preferablyiistacntigfroalinn aetlda asiviaeeliline raioa Stk acthineOmhacbisli2aacell line, or .a

human cell lingy2@iaMsha5RER &fdrBeImaLs, in one embodiment of the invention the eukaryotic
cells are continuous cell lines of animal or human origin, such as e.g. the human cell lines HeLaS3

e e PSR UEER A Dl Bl AR G250 7

HTIOSI%(Rashedet , S.,etal., %f)gcer 33 (1974) 102/7-1033), or ce lerive C{heefes%m. 25In a
certain-aspect Of Hfe?BHEN Th s ABHAR daR'reisif0ddhe ivrrnedithTeadassepnditoriiohat the
antibody is exptisBeeprmsporsisoinbibariuesitnicrfecambent uitlithel gaiteriyiyninianyiedesired manner.
The nutrients agdten aeearting e this aspeat o the immeation ERMRIRRIEssaRIALaMINgAcids, such as

0. glutaminey ol KUHGRAAT HAGHEABAINEI 216, ARLABIIANAHHENBSFE MRl ATing acids, 30

. . G .
vitamins, trace elements, salts, or/and growth factors such as e.g. insulin, and/or peptldres, e.g. derived
ihgsol okt

YRR Bs it RPN S aekliomertit e gioet pirisieultivation) of

from plants. In"'one em .
the celfs. The @l sitare asxviheliétheap st Htoieos ntiors.idqrepdredtibodymediam adtable for the
cultured cell. Ihonasmbpdineotief thednvantiomthe sunedssallisnaChR.ce 8yitakle culture

35conditions fpgBaminalipcels A 6 KAIRRERES - FiSVBANSoW. lsudl Fitids can for

example be determined from ion exchange chromatograms, as shown in Fig. 2,

wherein the UV absorption is plotted, or after determining the antibody content via

25 protein measurements. No absolute protein measurements are necessary for

determination of the ratio, since it is only a ratio and not an absolute value, but only

UV absorption, corresponding to a certain protein amount, could be sufficient for

calculating the ratio. For example, the peak areas under a chromatogram, can be

used for determination of the ratio of the amount of an antibody molecule or variant

30 thereof to the sum of the antibody molecule and variant thereof. The sum of the

area of all peaks (antibody molecule and variants) would then correspond the
denominator and the area under single peaks to the respective numerators.

Unless indicated otherwise, the term "her2" when used herein refers to human her2
protein and "her2” refers to human her2 gene. The human her? gene and her2
35 protein are described in Semba et al., PNAS (USA) 82:6497-6501 (1985) and



WO 2011/009623PCT/EP2010/004509 30 Immunol. Methods 56 (1983), 221-234). Moreover, the
necessary nutrients and growth factors for the medium, including their amounts, for a particular cell
line, can be [ '%% mpirically without undue experimentation as describelg f% exgmple, by
Mather (ed.) in Mammalian cell culture, Plenum Byess, NY (1984); 5Rick%%/g, %9 a?%‘ﬁames, B.D.
(eds.), Animal cell culture: A Practical Approach, 2nd ed., Oxford University Press, NY (1992); Barnes
and Sato, Cell 22 (1980) 649. The term "under conditions suitable for the expression" denotes

conditions whigh are used for.the cultjvation, qf Il expressing a polypeptide and which are known to
or can easily tlj%agleatrgﬂ%%ﬁ%? yaglbeéﬂgéﬁg%ﬁgé?@ ) é(?ﬁ‘ﬁ’?g]?(ﬁ I WP A9 ERMed in the art

that these con@iﬁé*@“m]éy vary depending on the type of cell cultivated and type of polypeptide

expressed. In general the cell is cultivated at a temperature, e.g. between 20 C and 40C, and for a

period of time Bhdfitdant ‘téraficavedticCtive psodidetion otitre confwgateifed. dnohvdytan2geays. In one

embodiment ofotheuiatienbomteevBldiUEe ised SHSRRNGRMBM L ARIYITNRENALE plaaRether

embodjment the, calls Qﬁﬁiﬁ%‘&dﬁ?%@%mﬂé’%‘é (RIBINSOM RS GRS UGN 8%, -9 @
referre free cuit

maximum of 1% (v/v). In.a embodiment the culture Is a serum-free culture, €.g. in a
serum-free, loW3sHote; eStforPEuRTR FYa bl ures dey s yalspmsatiang §‘t‘i‘|ﬂ“f‘ﬁﬁtﬂ$er preferred
environment thetheddivalih i4 phowdigsiee and/or completely synthetic. Commercially 20 available media
such Ham's F10 or F12 (Sigma), Minimal Essential Medium (MEM, Sigma), RPM!-] 640(Sigma), or
Dulbecco's MddiftetrEsi| eédehdadibmb( [dMuSigmeaineontaih imgapieciixiatepaddiitadsare exemplary
nutrient sglutti)%@s&w mll | ﬁmsa:iaomﬁyaaﬁf@wE@&?m@m&%geaaﬁr@ﬁ‘&}eﬁ%ym%tﬁ&&%epgeenf 3‘_5
mentigned abgve. ell culture, procedures for the large- or small-scale production of antibodies are
poten%glly us&&?‘w%t%%st%lenn%ﬁr{?g(téjgﬁg%r‘g%]sge{ﬁﬁ%%er?t?gltﬁ rocedures including, but not limited to, a
fluidized bed bjorgactor, hollow fiber bigreactgr, roller hottle culture, or stirred tank pbioreactor system
may be used, ‘él#] th%sf)e{é%rr two &) gtecr%%(,%\g\ll% g?%itﬁ%@m%’@ﬂ? Lrjfrgfgl RGN RaBe operated in
one of a batchPeesriide paidisd aspredmbehherdpniihisonsludenchomingod spserdiserdasode. In certain
embodiments @f diredsesantibrlithatcsliyratisiogicit dodittena spliHoptaligpeeass withiegding according
to requiremenis gkthRsradireRe¥yldich a portion of the culture broth is harvested after a growth phase
and the remainder of the culture broth remains in the fermenter which is subsequently supplied with

rosh medium i\ GLHORREZRETIERRANAIONASEN S pdn artina o, The process

according to thet‘jtgé/?ml n enables the desire arvested In very yleﬁds. According
C

antibod
to another as8Er8F¥HE IIERtoR" r@hEIERTT %ﬂﬁ’t‘ig%goéé’lfiﬁﬂiﬂ%‘med" Theése variants

could have similar activities in comparison to the antibody molecule but could also

be less active, for example during treatment in a patient and might be unwanted in
the bulk drug product. One example could be a deamidated antibody variant, which

20 might be more susceptible to in vivo degradation. The method according to the
invention enables the production of an antibody molecule at high yield and high
purity with regard to unwanted variants. The method according to the invention is
based on the surprising finding that the antibody composition with regard to the
variant distribution, which can be expressed for example as a ratio of the amount of

25 the antibody molecule to sum of the amounts of the antibody molecule and the
variant thereof, can be shifted to the desired direction by adapting the harvesting
time point of the antibody and/or subsequent antibody purification scheme.

Thus, the current invention provides in a first aspect a method for the production of
an antibody composition,

30 comprising an antibody molecule and a variant thereof, comprising the following
steps:

a) providing a sample comprising the antibody molecule and a variant
thereof,



conditions are devised to enhance growth of the mammialian cells in the growth 5 phase of the cell
culture. In the growth phase cells are grown under conditions and for a period of time that is
maximized f%ﬁr%\%ﬁmcﬂture conditions, such as temperature, pH, dissolved oxygen (D02) etc. are
those used with the particular host and are known by the skilled person. PACEBHIRE B%he present
invention, the cell-culture environment during the 10production phase of the cell culture is controlled.
The culture conditions for the antibodies to be produced are defined by the following parameter: a)
Basic medium: amo%,nts and t}/ﬁ)es f nutrient amounts, optional plasma components, growth factors,

salts and buffers, nu@lbSSTETHRE BSRISSEREth e drtibodrarolsshlsané andamidieredftable carriers,
15b) Types and amount8ngf@atiphydeatd dhsosmesidisdolire dunidygbn naotroult, @mwmdarium amount,

pH value, osmolality, tentiegsatusesirelugiersithegrawtinstatene) sateaaliduibirr additives (e.g.

plasma components, grouth, fagioes SUCH Asi &8k P LT SQmponents, growth hormones, peptide
hydrolyzates, small 20 r%(f)lecules (like dexamethason, cortgo_l, iron chelating agents, etc.), inorganic
e

compotnds (like seléhe ST IHE cAmBETREERA AT IS HIR I e REEY o £RFECE I RBEAHON profile (like
butyrate or quinidine, alRanéirabeisbevsppdrasisefithcatasibtrine&G Btehdrmones, salts, inorganic
ions, buffers, nucleosides and bases, protein hydrolyzates, antibiotics, lipids, such 25as, e.g., linoleic
acid) are addetiiefebtiperduddig\resaatibédy exarppidinoneagsesitigltito ampibudd sistieeulating either cell
growth and/or gphangingesf survival and/or manipulating the glycosylation profile of a glycosylated
antibody in any desired direction. The polypeptide production phase generally begins at least 3 hours

after the 30 bgginpiegRtdhg@wWiRhaseauth ariat koA dosaboul 2ah oW QLAlternatively at
about %}20 to 1090%h0u1rr§ eg‘tea{ntit;b%gi innin OLQ e %rowth has%. The produgle%?éﬂhas can last, e.g.,
from 40 14 daysTAltemnativeny, e proauction phase? 3%65%0 fes e &4l IR, for example
up to 28 d. DufigithRs Bhaiseluaige Do Pravened aboTiEpronetngmrrbosie. dalltlbdirieas generally
plateaued, e.gsspegariththéccoeltgrowtniias thadeshpladarpitiingrhd uatibods prineanye kxdne aspect of
the current, inigemikiext: SAEIRING Of @GR AREd I WEHTUBE JINRIRYEed Sof UnBRLRIMINation of

ifi Il cultur r r(l r iQn, anti nt) or li heck of the anti
e ed  SPAERBR RS GRS D BRI LU0 SO e antbody
15

hydroxyapatite chromatography columns etc.

In certain aspects of the current invention, the variant of the antibody molecule is
an acidic variant, a basic variant, a glyco-variant, or a variant with a different
binding affinity to a defined antigen in comparison to the antibody molecule.

In still another preferred embodiment, the variant of the antibody molecule is a less

20 active variant than the antibody molecule itself. Activity could for example be
measured In “in vitro” assays {e.g. efficacy to neutralize an antigen) or in an animal
model for example.

In another preferred embodiment, the pl of the antibody molecule differs by 0.1 to
0.5 pI units from the pl of the antibody molecule. PI values are determined with

25 theoretical sofiware programs, if for example the sequence of the protein to be
analyzed is known, or by methods known by the persons skilled in the art, like
1soelectric focusing, for example.

In a certain aspect of the invention, providing a sample comprising the medium, the
cell, the antibody molecule and a variant thereof comprises the following steps:

30 1)  providing a cell containing a nucleic acid molecule comprising a nucleic acid
sequence encoding said antibody molecule,
i)  cultivating said cell in a medium for 4-28 days,
iif)  obtaining a sample from the medium,



(determination of the relative amount of active and inactive variants). In a certain aspect of the current
invention, the cells are cultivated in medium under conditions suitable for the expression of specific
antibodies agvdolg(ﬁq}g tg a certain percentage of the antibody relative to a variant thereof. This
percentage Can vary L0 during fermentation, i.e. could increase or decredc"ERHEPPIESEtable (e.g.
linear decrease/increase or according to a specific formula) or not predictable. Generally, antibodies
produced by host cells are not identical with regards to structure and amino acid sequence, although
the nucleic acid encoding the antibodies are identical, but are modified during fermentation and later
on by different processes. 15 Common modifications are for example deamidation and glycosylation,
which can leatftilhigRenatersigeidhy Brantiemasbinriasotiecsils i drsdirsrniestarion batch.
Other modificationsidetinfptot I3adgeshetefagbhyeftr drédntom phetendisyifiderfednidfarm@tion,
N-terminal pyrggkitamine cyclization, C-terminal lysine processing, isomerization, and oxidation, and
less common modification of the 20N-terminal amino acids by maleuric acid and amidation of the
Ctermynal amiaiaeiduibie.QRvesHNG NERBLIRAEARILE e N RN R Fjing

fermentation of anr?ntib%d e antibody is. hz;r,/]ested, 1.6, withdrawn fréom e culture and either

freezed or separated from ’tévr%éﬁ?ﬁ\ﬁ?f?)’?‘tg’)? SRECFRTEUAES SR RCEn A5 3 2 A Mding to the

invention on bei&&@Ptheat deapoShbrngrlgquality ereferabhtibgdicesntaiingefetiend, exstessed by the
ratio of the ammoefietrefi thel exstingdy mgtetulhedevasiashihemefdepthe aurmngf dhelmaunts of the

antibody molegile AnehREIANER JRRLERT FAh e XatBRIP R BERRCRF G RRHBACYIRNGR R fhGgrtain variant
(zat(:ldlrl:0 basm,g%cot-%%%]g{ or ex rﬂr_llgl ) might determine that the fermentation had to be 30 stopped,

for example in order 1o aveid fRIRET énrichment of unwanted, for example less active, antibody variant
during the further culfivation. Bu;)ﬁlso the relative amount of a certain variant to the antibody molecule

of interest, i.e THPTAHETES A508FI AL SHE SN AR ifo e RIS SRS A RE ARG BRIBINES of the
antibody molegifl&@narinaigriothendofhenigin détérenimecting hathestintiptidverpdiitite emder WO

2011/009623R&TitRROLOIOMMSNR 3aniosghitainattiogiyad aadibe dycenepasitinn Hetesmining a
preferred purification seh T | ' Id. the pared wi efined)
threshgld ratic?l o whifr?, o g‘%ﬁn@%ﬁfﬂ% %gr}r%%gl{'[%%%ﬁi%ﬁlu%t e%c?@%%@%‘? b #c%%%lg%?’ltinued, such 5

that a Bertain SRTSHHALSERBhy B LR = o A G X ) P RREYLEHE AFitibody
composition. EHigHolyeeiapmmple tat onsechhagavhrolmive o usingfgrediant elufavorable variants
is relatively higbyr erifigattiatbfedamelant of shewikibodienalande alrialesing law viradneertain sample,

(nen that puriifaap RLoRGIRAdR hec0RAseR-MAIR aliowha puleaian of i gryigody molecule
of 10 interest %t;tcléth the unfallvoragl:é)iie %(arlant}#sﬁa low as tog%ée . On the other hand, the ratio
determined inStépbf ?gﬁf’f’ﬁﬁ’c?afa gt tHEtetfie f‘ﬁfflﬂj%lﬂ’ coIFTERRnet (il a desired
ratio ¥lobtain®tesThre gétbmanitedy srolsenlatiodan teirapdereof|ipbeorane ddermiratiatio can also be
extrapolated famthkefurtbeitisibivatioslicsae Relswy. variant thereof is contained in a specific

sample or not. The mere observation that a specific variant is contained,

irrespective of their relative amount, could be decisive for the harvesting time point

or purification scheme.

25 In further embodiments of the current invention, the percentage of the antibody
molecule, i.e. the antibody molecule of interest, or variant thereof, is determined by
other suitable methods known by the skilled person, e.g. by isoelectric focusing
(see in this context also the review of Ahrer and Jungbauer: J. of Chromatog. 2006,
Vol. 841, pages 110-122.

30 In further aspects of the current invention the presence and/or amount of glyco-
variants is determined, e.g. by MALDI-TOF analysis or other methods known by
the skilled person in the art.

In still further aspects of the current invention the amount of the most active her?
antibody variant, corresponding to peak 3/3* in the ion exchange chromatogram,



15The duration of the fermentation of an antibody producing cell line and the conditions during the
downstream procedure are exemplary parameter which here are shown to affect the relative amount of
for example the deamidated variant in comparison to the antibody molecule of interest in a sample,
see the Examipié&81307° 20Assuming that the downstream procedure set§ BRI for
purification of closely related antibody variants, which may only differ in the charge of a single amino
acid, then, for example, the level of the antibody molecule in the fermentation medium must not fall
below a certain threshold value, such that the downstream procedure still result in a sufficiently pure
bulk drug prodB@WFinige sy iefddeTRere sy avetanardalisnotheal (rtianttdppsatats specific time
point, e.g. by detoveriad, tee fntdxadykdig thewnd T ankur¢onetitgg, Ruhen tithretativgramount of the
antibody molegsdeappaynt fygier than a defined threshold ratio. ~ According to a preferred aspect
of the current invention, the time point at which the antibody is recovered from the culture medium, is
derived from a.ompAds el W SRbFaNoIRIGYIBNShESTRsg D & Pl pmbodiment of
the current inven lon the haryesting time point is determined b eg_tlmatlng the ratio ottthe amount of
the anfibody rAdIECI%BF 8%&"@%?58?3%&%5@%%%%‘5 S BYERessFRLERY nfBlecule and the
variant thereofb9tagasipfinng ankrrsesnde aitseosirpmade Dfahd detdtivoramiotion of thel WO

2011(009623BL HHeR26dDAb A% a4 ARty Mabedy|e-bycantatiai HailipesaraiagRnSPecifically in
this case a singla;Hragw ¢nesthine E??Qa&ﬁé&elf’%@ﬂﬂ?g&g@@?'@&H#%&E%ﬁ%f‘%?ﬁﬁh%ﬂ%)ént{’ the sum of

the amounts of the antibpdy molecule’and a \;ﬁ%antt " by analytical ion exchange

chromatography - Might B J e PR RERTRIAG e SRR BlInE (IFSTRI Py tRREntibody from
the cdRure meiing, Sip dermrntatinn pien Taprvindahathaed fimstatatioh hpicfgrdelivaitbfrodn further
measurements] by &2cé dafererahahn eitHisedisrg, point for antibody recovery is calculated by
assuming that the amount of the antibody molecule in the medium decreases after a certain length of
cultivation by meectaiaifaibbperceniagehd Aberr dnadearaihaiveralsired-asheshahdag current
invention, the ' rminati fihe ratio of the amount of the antibod lecule to the
sum of the amﬁ%ﬂé{'&g %ﬁgdggt%%dy mo%%lﬁéﬂa%nﬁ@gﬁ'anmtotﬁegﬁe% |58pg$fo\?arﬁgatsur¥ﬁlnﬁ% ratio is 0-2 %

above a certaiAIRESAbR FEHE R RSP RIS Y s AgiapBnstndsthe matbods i amburihef the antibody
moleédle to t&ibarh prirse. alifeuiots efanplantibtsily 18anotaueds and sBidSAnt itherestién the medium

for the cultivatisgeéoboiag ifrermayahtivhichdne sammedy siepuiih Masdeash akaipgd: fy calculating

that ratio accq:gig&gaggdtt&% fggggvi&gtfl%nﬁgg erein Do is a cultivation day,

5uRR oF i PP
at which the sample in ste cg is obtained, 20(())5. IS % cuﬁivat:?lona %ﬁgi? gllg'WﬁﬂumD]g,mﬂnls{% fhe ratio of the

amount of the SRS RIS TR TE MY JURS: IP dh8 SrABEDPHIRNAMNERAYPHBICRERO4AY a variant
thereof at D., feacbeiblpatbecteaararabomobiithdead ihouptiolesuiplito sum of the amounts of the
antibody molecule and a variant thereof at Do, determined in step iv) and 25C is a value in the range 1
%/dayland 5 d8/dagteTireedmibed\ofblecutesid iheentieoo veeaoh fimmytheoinedi amdvheaiai. in the

medium is 0-ZHiscI oy Ul JNERERGN Bfkhange chromatography, optionally after performing

an affinity chromatography step. The elution modes used, however, depend on the

purity of the source material, i.e. on the ratio of the amount of the antibody

molecule to the sum of the amounts of the antibody molecule and a variant thereof,

25 According to a preferred aspect of the current invention, elution of the antibody
from the cation exchange column is performed

1} by a gradual increase of conductivity and/or pH of the buffer applied to the
cation exchange column, and

ii) second, by a step wise increase of conductivity and/or pH of the elution buffer

30 applied to the cation exchange column, if the ratio of the amount of the antibody
molecule to the sum of the amounts of the antibody molecule and a variant thereof
determined in step al) is below a threshold ratio, or



Preferably, the antibody molecule is recovered from the medium when R. in the medium is 0-2 %
above the threshold ratio, most preferably when the ratio is close 30to or even identical to the
threshold va,wS.29\4\{580;%1351/009623PCT/EP2010/004509 35 As it is discussed la}bov/e tge threshold
ratio depends among others on the nature of the gntibody molecule and 3’1?%%@@&%’@“8? purity to be
obtained in the antibody composition. In another embodiment of the current invention the amount of
the active her2 5 variant, corresponding to peak 3/3* in the ion-exchange chromatogram, decreases
daily by about 2% after a certain time o{ cultivation, e.g. after 10d of cultivation (see Fig. 1). In a certain

aspect of the cu ﬁtsﬁ?_{}e‘?ﬁﬁ&{rﬁg?i‘éedg SHAMEH SR BHRE PHr St RaBhAHARNP bES KA Uest (e.g. 1-2
d before harvestgrel ity Brdfom o itihicl oyepmbntiiowpbicé tathsieplnheitihe deterafined R, is for
example 2 A afhe\aniinentru siho khtididy thenetteaultivatiomis Pedarmachio ook furitesagay and the

harvest of the gflaaslyis OGRS RIS AUARL APIRUUDAIR R e gase g Herceptin

fermentation R, at harvest will then be very close to t eshold ratio, since the ratio decreases from

dl 1 to 412 of the fermeniation-ny. a 9 hich is 15known from a number of prevjous fermentation
runs. If, howeverjl the eic:germ%ledI Rggéé:t%gﬁﬁ\{sv?écs%ethcgﬁr ?fongggggﬂtﬁgqrﬁ%%gﬁaﬁlgﬁé,ag,g_ 1.5%

above the ratid JPHESmERt=AIBh 8, PIaieisd tHisrraratiscrelbRy rérHee rubo AragimrvdisBitely stopped
to assure a suffithentiigktemmiitsdomingrbuk idvaly qfr ddumitiBOfiy anpiedeleasf aseestt aftha current

invention, a sajdadrmdienanltivationvaesium sampiisieertheantinadymelesslaanfariant thereof
is obtained. I-ntﬁygI&{gﬂ&&gﬂ%@g&ﬁ%@g&gﬂ%g I8 &%rfpf@?lgerﬁo%lg%m %Q1 Qe daily, every

oritl o
second d, etc., or even more than once per day. T'his sampling can start Immedia eltfl with beginning of
the culflire or ARS AN IHERRET E’ﬁfféﬁ%P‘?‘BﬁstH‘?B‘bY%’&ﬁ%ﬂﬁﬁPWﬂtm§ BRTIRASERE  ratio of the

amount of the Brfidbtsshnblettie and/ clctanamtstiibechiraestitgetsuenofitheanpuificaidne antibody

;nolecule z?jnd schatianintbereali# geth® perraniass aithg @eﬁmﬁaeﬁeﬂ cﬁ%éiﬂﬁktof@%lﬁa@mpl% is
etermined. A ' re.determi in this e. The.s ng can be
R, B MR 1 D R S SR e

5\?2?12?2ﬁ,d;?Zo?%ﬁg‘%%B%féearﬁ%‘ff’of’hgﬂﬁléaé’ﬁﬂH’d‘&f)%ﬁ FUIBRRREAREY. ST 18RRI can either be
done Adtomatiedrnar pusicianty Ihige raiityerfiBedintioty ohoheihy emdigrel dhengarbplinthatep is
performed autematicaliviBdis samplepvalfrae ¢argANGRIGBXaMRIRMEMblag] 124008 pl. WO
2011/ 009623%9&-’&@%%9&9é5%ﬁ§ng the safety criteria. Thus, the threshold is set such, that
antibodies, which meet the Regulatory Authority demands, are obtainable
irrespective of the nature of the source material, and that highest possible yields can
20 be obtained. In another preferred embodiment, the threshold ratio determines the
harvesting time point, such that for example harvesting is only performed if values
above the threshold value are reached, see below, in order to always use the step
elution only mode in cation exchange chromatography. The background here is that
during fermentation, specific antibody variants might occur and increase in their
25 relative amounts whereas the amount of the antibody molecule might decrease
during fermentation.

The value for the threshold ratio of course depends among others on the antibody
to be purified, the fermentation conditions, the demands of the Health Authorities,
and the downstream and formulation procedures used (chromatography steps,

30 filtration etc) and thus has to be defined for each therapeutic antibody production
process individually. .

Below a defined threshold ratio the relative amount of a certain, for exampie
unwanted variant, is relatively high and the amount of the antibody molecule of
interest is relatively low. It has been found that in this case, the gradient elution
35 mode, followed by step elution on the same column, is suitable for purifying the



In another embodiment of the current invention, the percentage of the active her2 antibody variant in
the bulk drug product obtainable with the described methods, is ..?..65% and the percentage of the
inactive her2 variant is,%O%, wherein the active her2 variant correspond;&gggﬁzalfuyﬁ’;dg the ion
exchange cﬁ%&“&%&’gﬂ?&%, and the 5inactive variggt in this context corresponds to peak 4 of this
chromatogram (see Fig. 1). In a certain aspect of the current invention, the ratio of the amount of the
antibody molecule to the sum of the amounts of the antibody molecule and a variant thereof in the
antibody composition produce%is frgm 50-100%, gﬁferabflﬁl from t60 Bo 101% fl/&a&d mé)st preferred
from 65 to 108840aheRRlsae AL RIS AT BR R M AN THE S HI Soy & BeStitied. Fn a certain
aspect of the cuaioed inbishtissuitsblp shypbptiaerst farstem rbrEpamy s ROCSyBAS SniSthe culture
medium as a geerRiemdpalypERtice: altheugkht Msemizgbe of guvidredidront iestoslidgsates when

directly expresgeg WiRY mesaipianhirsionaht BRasRg, Lep weRieuRIdhRAeiedy from the cel
culture medium, is performed b etho?h% knoig/n by the sklggeg)ﬁ]erson in the a{toe.l%. Qg separating the
f

cells from the¥&lHeRISRYT FHBdRIf AP g rf”épl,}(t & GORGPE MEEGm oF I§./03131

& or example is
centrifuged topreifieddpanicuiatetdkdanaunmt densentbpdy melassi dp dhiterHiirafidhisand/or
centrifugationgtepsmig Hdalewedheigafiae anddantibadpaenfaicling Selubieshdideafocells and
cellular debrigg is @btained; Iae;polypeptide is then purified from contaminants with the following
procedures being exemplary of suitable purification procedures: by fractionation on immunoaffinity and

on-exchange Golymns: 3OS ENGISE RASSRRHC pefomalogsaty o siica or on a

cation exchange resin SUC?:I as _ romatofocusing; SDS-P ?{5 ammoni mgulfate

precipRation; @%ﬁl ittt G5 AR O SRISH AL INS - 78U o BFSTTA BePAAPEEE columns to

remove contacninaintsg Aqutitsase hehibitdresushhaghph&iapl thethyedintoiplitudtifled PWISF) or EDTA

also may be b@ﬁﬂéh@ﬂ%@id@@ﬁ@@lg’%ﬂﬁﬂ@d@&@a dw@%ﬁigiﬁiﬁgtiar_pﬁhe@,(iﬂﬁddnﬁhe art will

appreciate thaf purfiafion mehgds SHaIE, R4, AAROIRSRUIS PLUIRIERL Ak Rauye modiication
y

to account for changes in the, ¢ aracter of the po pe%tlde upon expression in.r c?mk%'nant cell culture.
In preferred eMB¥EIMERES VAL A& RBALS M Bu? fgg}?gnw S |r?\r/ok/ees affinity
chronhatographyrkelidavethdyvomdsnderdhahgdichrourabigrapHie sausesweeriBburiid ifatography
steps further gheommipexapinpantlontiltepensieps Gosuitabia titbe pudiicaiion diaatibodies, known

by the person of LI, for vield (step elution).

Since the step elution mode during cation exchange chromatography is favorable
with regard to yield, the harvesting conditions can be chosen such that the ratio of

20 the amount of the antibody molecule to the sum of the amounts of the antibody
molecule and the variant thereof is always higher than the threshold ratio and step
elution would thus always lead to an acceptable drug product.

Preferably, the antibody is recovered from the cell culture medium when the ratio
of the amount of the antibody molecule to the sum of the amounts of the antibody

25 molecule and the variant thereof ratio is 0-2% higher than the threshold ratio, and
most preferred it is very close to or identical to the threshold ratio. Thereby, it is
exploited that the fermentation lasts as long as possible for obtaining high absolute
amounts of the antibody but not too long in order to avoid an unfavorable ratio of
the amount of the antibody molecule to the sum of the amounts of the antibody

30 molecule and the variant thereof. According to our findings after a certain length of
fermentation, the percentage of the antibody molecule decreases, whereas the
percentages of the variants thereof increase (see Fig. 1 for Herceptin).

In a certain aspect of the current invention, the threshold ratio for determining
whether an antibody will be separated by cation exchange chromatography either
35 with gradient, followed by step elution, or with step elution only, is from 50 to



WO 2011/009623PCT/EP2010/004509 37 can be included, as well as further chromatography and/or
filtration steps after the cation exchange chromatography step and before the Protein A affinity step. It
is also possi tgo{le/\({q)rﬁsz% the order of the chromatography steps. Prior to the application of a solution
to one step (Or 16 & LUbs&quent step) of a purificatjpn 5method, parametefs; SHEH HE¥YpH value or
conductivity of the solution, have to be adjusted. In a preferred aspect of the current invention, the
medium containing the antibody molecule and a variant thereof is applied to an affinity

r?rapc_% E;:'{sggterformed. In still certain aspects of the

hromatography col ffinjty ch i
current 10 ik SRR Bl R ARy Sl SRR RAEE LA EFEELED 1€ omployed fo

the removal of &é-Baik Grtire prséeeed nomstimeanef codtovertnytprodutes, Teeloostditibrasifor this step are
known to a peisén.s¥skill in the art. In certain aspects of the current invention, is the affinity column
material protein A material, protein G material, metal affinity chromatography material, hydrophobic 15
charge inductiphechinibad9gsapbinateyiahtHErdn O VERRNQbIGIBteARY OB s tematngraphy
material (HIC, 6.0, WL ANGON:oPAIOSs,: 2ArepopIliclesing, arm.aminopenybofonic acid).
Preferably the affinity column material |56£|£0tg|n Amaterial of metaﬁnaﬁlnl'ty chromatography material.

In a certain asPRROHFHEGC AR RSRIRIN S 181 HYRIHORIARE RohTheDIRERsRase 22681k used to purify
the antibodiescathprisoiigl givhseibeprefedhbhcadotumnothyglysmgaditas soothsilioacntidace for
mmobilizing tes.RyaleihoBy eeabbi6MRLAObRLARS 1 EaAARULe b HRIDIa RO O 2 silici

acid column. etimes olumn has been coated with a reagent, such as glyceral, in an attempt
to prevent nor?%a%c‘%#g%dq}lg%ﬁcéeg{t%wg @S?E?hnn ?%gsﬂ%ggs)eﬁ%él}ﬁ?nor{ , %u(?r%r%ér%i%%l/s 25 available

from Bfbproce®eifg TIRTREEENS d5PKamPRE ot PIBERTA BidtrditRvallioregiEs&tesIuMRN tvhich is coated
with glycerol. pheanzbentisgbctgastpibableummduiiy éretiofyrthexdnpteinha dlesiadgsreiavecterized by a
binding capacityaRighsr $1an PRig erppadiimh Prowsind magsial;isdilisudher aapegts of the current
invention higfflgy 603 b3S AT O MIIGRETRISIN (45 SUBIAAS e brge, Jg malri at the
C-terminal cysteine. via epoxy activation IS employed i the affinity Ghromatography step. Exemplary
materials for tH8ProEmaiiedriig %ﬁaﬁélfg? 3:%791%90% according to the invention are MabSelect
Sure and MabSelect Xtra (both obtainable from GE Healthcare, Lifesciences, Germany). WO

2011/bd9623PCTIEPYTIeFHoRsh e auiuisaton Bamenivagbia Thest sedCugbtic 2¢idsn a certain

aspect of this imeritign thés sffertcentaint feD Tiebr andthenpyotdadssinhibitesard/ omantibody
stabilizer. In aSgr@InRSRRES LN AdRNHBYsal o thewaRilhely: OBl ging: Mediin o separated

from the cells apnd cel ris,,f ample by.centrifu n and/or filtratiqn or depth filtration, is loaded
on the equiIibr%%agégoll)lg\?f)?h%{lge%g%g@aygéééat df?lée?q\?/ﬁlc i h%é“ﬁ%‘etes%a}%%) %Rﬁésé(aluilibration

buffer. As the KBfieEin B Bretbaratiapsfisicd e digat il o hrasei thesroltPisdlisorbed to the
immoBilized PER®i deldn dHbthey eatamiidntsscrls, agBhitk sedHaristenOwatjoma cells

that do not otherwise produce immunoglobulin protein, to obtain the synthesis of

recombinant monoclonal antibodies in the host cells. The host cell is cultured under

conditions which are suitable for the expression of the heterologous polypeptide

and the heterologous polypeptide is isolated from the cells or the culture
25 supernatant.

Generally, the methods and compositions of the invention are useful for the
production of recombinant proteins. Recombinant proteins are proteins produced
by the process of genetic engineering. Particularly preferred proteins for production
according to the methods and compositions of the invention, are protein-based

30 therapeutics, also known as biologics. Preferably, the proteins are secreted as
extracellular products.

In one embodiment of the method of the current invention the cell is a recombinant
cell clone capable of expressing the heterologous polypeptide.



10Proteins (CHOP), when the protein is produced in a CHO cell and DNA bind nonspecifically to the
solid phase. The next step performed afterwards, comprises removing the contaminants bound to the
solid phase. |n certain asg)ects of the current invention, the wash buffer includes a hydrophobic

electrolyte soNeALIH 3 Wash step, as for example JMAC 15 and/or TEAC GFSRABRTA. to about 1.0

M) of may include a divalent ion or a solvent. Suitable buffers for this purpose include for example
TRIS, phosphate, MES, and MOPSO buffers (see the Examples below). In another aspect of the
current inventign, the wash buffer comprises arginine at neutral or acidic pH. FoIIowin%Iéhe wash step

mentioned abdv, b sfeEitfeie dhfs FRESTRIBHERERR Boith@adinahn Hiteble sk elution buffer.
The protein magdertioxanipiey betdiotyd fromehendsidmeny sirg) iannedertigintuifie radingda low pH, e.g.
in the range franmmaie hdiadeheutdnE ramelas afriHties Rfits iR thismHpgssncude citrate or
acetate buffers, Afieqalivelve e gluion RullsLeamRriscsRranng dialent sals qr solvents. 25The
eluted protein preparation may be subjectedn.tga %ltlonaalrpurlﬁcaaﬁon steps. E)‘(egmpflary_ further
purific£ion stePEHRASRY R oA RSHARS chr SRS G B Ndial §RMLSMTSity QrontBiBSF#bhy using an
antibody to capnmenggiabrdiesn, hydrophobic interaction chromatography (HIC), hydrophobic charge
interaction chromatography (HCIC), ammonium sulphate precipitation, anion or cation 30exchange
chromatographyasttienetpre cp itationseversshate HRbGdchroirated faphytererilipan f

chromatofocuﬁﬁg&m]g%ag)@ ford 2RISSRIES AR ERPE AN EBUIRALR YROIAMD JRJIQN, exchange

i
chromatograph Orilsoagw alo%% after affinity chromatography. In a certain aspect of the current invention
the cation exchange chroma og¥aphy follows the affinity chromatography step WO
2011/96)9623PCI 2010/004f5g9 39 dire.ct‘l)/, v.vith_ougother hromaﬁ)graphy stgﬁ%s in. between. In
furthet specté B THE BRTE iV NEP AR 4 ?dﬂ%%ﬁcﬁﬁ}‘gfb% aamBipasratis P tteps are
employed betiEete@ffinigtarigssalibanexpreeimed mbpsamaptaibl ariihpsiestion sesiealngel
chromatographytisieticis aineit ahogisitcinthodinenly dheaiidoienpeiiussabietanidbeysvariants, host

cell protein (HGR):iHh HShICARAER PFLAIRA o RN I5aERE L MABHRY ARRISEYILUSRS dphe solution

containing thep?é?etg'e Se}gb% iﬁl%gpﬁl%. antibodies are therapeutic antibodies.

15 Cells useful in the method according to the invention for the production of a he-
terologous. polypeptide can in principle be any eukaryotic cells such as e.g. yeast
cells or insect cells or prokaryotic cell. However, in one embodiment of the
invention the eukaryotic cell is a mammalian cell. Preferably said mammalian cell
is a CHO cell line, or a BHK cell line, or a HEK293 cell line, or.a human cell line,

20 such as PER.C6®. Furthermore, in one embodiment of the invention the eukaryotic
cells are continuous cell lines of animal or human origin, such as e.g. the human
cell lines HelaS3 (Puck, T.T, et al, J. Exp. Meth. 103 (1956) 273-284),
(Nadkami, J.S., et al., Cancer 23 (1969) 64-79), HT1080 (Rasheed, S., et al.,
Cancer 33 (1974) 1027-1033), or cell lines derived there from.

25 In a certain aspect of the current invention the cell is cultivated in medium under
conditions that the antibody is expressed. The recombinant cell clones can be
cultured generally in any desired manner. The nutrients added according to this
aspect of the invention comprise essential amino acids, such as e.g. glutamine, or
tryptophan, or/and carbohydrates, and optionally non-essential amino acids,

30 vitamins, trace elements, salts, or/and growth factors such as e.g. insulin, and/or
peptides, e.g. derived from plants. In one embodiment, the nutrients are added over
the entire growth phase (cultivation) of the cells. The cell culture according to the
present invention is prepared in a medium suitable for the cultured cell. In one
embodiment of the invention, the cultured cell is a CHO cell. Suitable culture

35 conditions for mammalian cells are known (see e.g. Cleveland, W.L., et al, J.



According to a certain aspect of the current invention a cation exchange chromatography step is
performed for purifying the antibody. With particular 10 reference to Fig. 3, which shows exemplary
buffer profile&gh&c}:ﬂo%g&rpe used during cation exchange chromatography, the pH and/or conductivity
of each buffer s7are INcréased relative to the pre eding buffer. The aque U LSIHBH %S prising the
polypeptide of interest and contaminant(s) is loaded onto the cation exchange resin using the loading
buffer that is at a pH and/or conductivity such that the 15polypeptide and the contaminant bind to the
cation exchange resin. Exemplary, the conductivig of the loading buffer may be Iow,%g[. from about
h

5.2 to about 6.6 TSR MMARCEs iR dibt-rol-thé ho XRFRY YTl ISFaseaty 7B e step or
gradient elutigrantid éagtocs fdimdaontediwny rentudirgntien, shewdtiofvexchahgdaresii bar, be washed
\[I)Vitf? washlgugtﬁrﬁw naeansisd e@mwwtwdmrua&a%rmﬁh@m?@lu@iwﬁmﬂs&, the Lirsit Waf]h

uffer cou tivity Ha [ Int > below the
cation exchan%ﬁg%m@ﬁés}ggg \Mt&: ?@%&%ﬁ 3r_sie%{;g‘#n@%b?ﬁ%ﬁi%%ﬁﬁﬁ%ﬁ@%g loading buffer,
i.e pHY.6, K Fickednid an HameheR - Ridfdas i eal it BiRstsal SPesabiuctivity and/or
pH so as to eltnd adoddbtidodraesitifanss. Nl PBAYY Brepolype Pttte G2 g8 0T16$9may be

achieved by increasing the conductivity or pH, or both, of the wash buffer. In certain aspects of the
current inventithe trasrbtiffdehesnd ibonel setizttle dbr/tBetoxdrosniGC icnptedaradudyticit whidtb mS/cm. The
change from washufigrideyasdtibfen ki sigpewiag NtioRifReUHionMads. RQExgMplary, wash
buffer Il had %95%&65 C%Hd%%tQQEX thlaré &%at of éhs%rllos g%ng bL{ f((aara'1 r?rftd; V\@Bsoh buffer |. Alternatively, the
pH of the was Suffer ﬁamgy exceed that of tHe Toadlng Buffer arid wash buner T ARG "

20114509623k Po o AT ABHORsG LaRd It erbe KA rirRsBdnd R h it &weshikeflof the cation
exchange colgmnyate phil appkorf qorigpaidey ésnnesedskd gmatiubushl] butwicvaedessarily linearly, by

washing with aAglinegpercentagef 10e elutiombuifenin thedqrabiifetiat exampig @ the examples
below, from 2%10{0 &Ig&g&hpeuffl%rd% x721(1)/% FtlHéiggnbllijﬁ?g)éSA rgrlljlltjtstloag &ra}sdient is preferred in the current
invention. After the was stgps, Either in the gradent ¢ 'sf{ep elition m‘o’de, elution is achieved with an
elution buffer that has a gH and/or(}cforgﬁluctivig{Il such that the desired po tide nQ longer binds to

e

lypep:
& B8 £ ?Qéué%ldﬁwr?. Tsﬁ%%%g’%d%ﬁu&?nductivity of the

, 1 one 0d1 { nv
the cation exchangée resmar‘f'&e us cotfd be ] . e
elutioh’butler fBRBeEEMTE0IRRBEBWEI e e dhs cebhaisceniiyrest the [Badivg Beelnitte wash buffer I,
and the washlbuffeedimiseoniiarth)esprbviousesgepa imtiérsiap efutlitn (mede. lJkxenmpidntethe conductivity
of ”(‘je etI'Ut'Iton %@6%@?"&3@‘&%&?9%?&&&9@%@-éui_ﬁu%?@rg '_ld'ksélsgl%nﬂfr?e,-ﬁﬂﬁri P@l@tgxes Iln . q
conductivity apd/or pH. during, elution of the is, step-wise 15far. elution in step elution mode
and gradual fc??ré?g el |olr‘mn?ts:%€rt§iﬁ'q%%é&ét)g%ﬁﬁ%s c%nr\érilei Vel {io,lﬁftge&r%fg%ﬁrg ameter, either
conductivity offpfomesh yciredivaidp piotiadiented(ficiomeleeerahshicekamge@divimn of both the
polypéptide andatiebtamiediat swhiléltnesoffidr pardide@igira),p Minimandustivinl, Msgieoiively) remains

about constaniviEM, Sigma), RPMI-1640 (Sigma), or Dulbecco's Modified Eagle's Medium
(DMEM, Sigma), containing appropriate additives are exemplary nutrient
solutions. Any of these media may be supplemented as necessary with components
as mentioned above.

25 Cell culture procedures for the large- or small-scale production of antibodies are
potentially useful within the context of the present invention. Procedures including,
but not limited to, a fluidized bed bioreactor, hollow fiber bioreactor, roller bottle
culture, or stirred tank bioreactor system may be used, in the latter two systems,
with or without microcarriers. The systems can be operated in one of a batch, a fed-

30 batch, a split-batch, a continuous, or a continuous-perfusion mode. In certain
embodiments of the invention, the culture is carried out as a split-batch process
with feeding according to requirements of the culture in which a portion of the
culture broth is harvested after a growth phase and the remainder of the culture
broth remains in the fermenter which is subsequently supplied with fresh medium



20In further certain aspects of the current invention, the ion exchange resin is regenerated with a
regeneration buffer after elution of the polypeptide, such that the column can be reused. In a preferred
aspect of thw%q%' Xz%ntion, the cation exchange material used for the_cation exchange
chromatography steleas a strong cation exchangey;with a 25 sulfopropyl 5&){@]@3@&% low
Sepharose FF (GE Healthcare, Lifesciences, Germany). In another aspect of the current invention
other suitable cation exchange materials known by the person of skill in the art can be used. In another

aspect of the c‘g;r%ngﬁgv‘%gtkgn&the% proteins are se§arated after affinity chromato rag)ht\é employing an
0 Of a n

anion exchange resin pror to 6 aier the cation 30 exc lgiﬁlé% ShiB dIEgFAPhy RIS ¥e methods of

the current inVaFTitsH 2ptibadyadedirvesisd ey hih gisidtally as described above with respect to a
cation exchange resin. However, the direction of change in pH is different for an anion WO
2011/009623PEFACing 10 edBoRepee ehingevesianAfedrbeattivaly caniomaxctethgeltheomatography
is performed irdhéifiony-tireotglisstogeernthaniiody c6mprosikiamisenveiedialigs thewan exchange

chvomalograpgylei ki USRS IS BUIUSRIOLSERS REFSaRl R dgpussed above.

In a 5 certain gspect of w%urren%wentlon, the gtr teins are séparated after arrinity chromatography

296y ML P SYAPNG St BE FoPdla R Ea b B0 a Atk chromatography,

employing furt Yer &S
anion exchand&epftHERo§HaphysahehyaimshdBIO ihtetraciorihstsromedoyitip By ipamigubader. The
chromatographysmetthadskedisetose thbeksllateppadicularly useful for separating 10 an antibody
molecule from at least one contaminant, where the contaminant and the antibody molecule of interest
differ only sligltbtandingir isogle ChreRRiNtsyeas #his the casdatR URlRSSHRWI n‘g]gp,grggeheterogeneity,
e.g. due to degmidadi I ization. With t ording to the invention polypeptides
and cgélltamina%r{l](t3 lﬂg@r@,%g, Er‘é%%?ﬁe%%gt %.?Wé@%n?e?gj%%‘%é a out” %géet(g %rglé{a?rﬁ.goﬁltﬁ% units. In the
Examples belﬁ%fﬁ?ﬁ%%&ﬁgd’%ﬁ?%ﬁrﬁQSEW@%WJ@W@@%%‘BE&‘F%aving a pl of 8.87, from a
singly-deamidated variant thereof having a pl of 8.79 (cf. Harris et al. R. J. et al. J. Chromatogr. B 752
" (2001), 233-245).3h HAshLREbAMERS e BRee oL RIS rAmesHePRiiPrshplienised to resolve
an antibody moleculedropezegiycarvetianfithersofaisgafidr besteninguacieasians ofnd 20pekypeptide

having a different disbuationyatsiplie-acichannRaied inbile nanvliantiers,

i5 b) Types and amounts of carbohydrate amounts, dissolved oxygen, amount,
ammonium amount, pH value, osmolality, temperature, cell density, growth
state,

¢) Optionally further additives (e.g. plasma components, growth factors such
as, €.g., serum components, growth hormones, peptide hydrolyzates, small
20 molecules (like dexamethason, cortisol, iron chelating agents, etc.),
inorganic compounds (like selene etc.), and compounds known to have an
effect of the glycosylation profile (like butyrate or quinidine, alkanoic acid,
or copper, insulin, transferrin, EGF, hormones, salts, inorganic ions,
buffers, nucieosides and bases, protein hydrolyzates, antibiotics, lipids, such
25 as, e.g., linoleic acid) are added.

Further additives are for example non-essential compounds stimulating either cell
growth and/or enhancing cell survival and/or manipulating the glycosylation profile
of a glycosylated antibody in any desired direction.

The polypeptide production phase generally begins at least 3 hours afler the
30 beginning of the growth phase, such as at about 12 to about 224 hours, or
alternatively at about 120 to 192 hours after the beginning of the growth phase, The
production phase can last, e.g., from 4 to 14 days. Alternatively, the production
phase may be 18-21 days or even longer, for example up to 28 d. During this phase,



polypeptide. In another aspect of the current invention, the antibody to be separated is conjugated to
one or more heterologous molecules. This heterologous molecule e.g. could increase the serum

half-life of the polypgRiide (e.9. PEG), a cytotoxic 25molecule (e.g. a toxipe¢henqthpiapeutic drug, or
radioactive isotope etc) or it may be a label (e.g.san enzyme, fluorescent label and/or radionuclide). In

certain aspects of the current invention the antibody containing solution to be purified can be any
material containing antibodies containing contaminant and a certain level of the active antibody

varian, e.g. saples, pre:puieg i AN 0chipmaRgIaBlicRRONS, 1 gnegEbodiment o
the current invenl%n, e cation ex gnge chrom fography step is performed employing gradient
elution, folloWdH ) BFEAUSHARDI RT'E8&Mgle chromatography step. WO
2011/009623PCT/EP2010/004509 42 In a certain aspect of the current invention, the antibody to be
purified a molbewhaseastisbdye iruEsnkAReERiat SPIRling ahtidh s MBYHPisMBEted to a tumor
antigen (e.g. gngpldheihctap reeptbiemndagowtsf faptoisy, seléctelifronparrngtoudlecatisting of 5
EGFRs HER?allal(ﬁggmllEpﬁ@Md Ea%oﬁ%llorTaﬁhhyegg&Qr &t TRAlkrigsaBiob dypaphotoxin-beta

receptor, CCR4, CD19; CD D % CD28, CD33,.CD40, . CDA0, CSE-1R, CTLA-4, fibroblast
activation proﬂg?ﬁefEAr}gsl,%ez%ﬁ? ?%% gﬁomrﬁlgggggiﬁfg% c%olﬁ ?g?’t?n Suftate proteoglycan (MCSP),

prostate-specific membrane antigen (PSMA), VEGF eceﬂtor 1, \ﬁtEGlgdrence tor 2, IGF | -R, TSLP-R,
10 PDGF-R, - BPefi e dsheFRiF e 008 hecer b Apoptosis ﬁ%& 9T-1R, preferably
EGFR, CEA, GDd0oos GikbIR ferrthepsnvesiapef snecibr antibodips speoisrifg o ResVEGF, EGF,
PDGF, HGF gnebangiensietn atniaoojheramnbodinarititheraioTiinakanrtbagycmsetected from the
group @f: a'ﬁr%m{'&maméﬂmbcsewaebseemm@iwﬂm@mgm ZUrmek, 15

abetuzu

ipilimumab, 1ab, Fanltumum b, rltuxmabﬁ n@otgéimra% mapatmy ,epﬁttuzumab and
pertuzumab, W@-el?sﬁ IR ORISR B BERG deveioped By Xoma. preferably trastuzumab,
cetuximab, arriferdicsumedugediey grese sl aradwizisieniisal with regards to structure and

amino acid sequence, although the nucleic acid encoding the antibodies are
identical, but are modified during fermentation and later on by different processes.

15 Common modifications are for example deamidation and glycosylation, which can
lead to charge heterogeneity of the antibodies produced in a single fermentation
batch. Other modifications leading to charge heterogeneity are incomplete disulfide
bond formation, N-terminal pyroglutamine cyclization, C-terminal lysine
processing, isomerization, and oxidation, and less common modification of the

20 N-terminal amino acids by maleuric acid and amidation of the C-terminal amino
acid.

The harvesting time point represents the time point at which, during fermentation
of an antibody, the antibody is harvested, i.e. withdrawn from the culture and either
freezed or separated from the medium, for example. This time point is chosen
25 according to the invention on basis of the composition or quality of the antibody
containing medium, expressed by the ratio of the amount of the antibody molecule
ot variant thereof to the sum of the amounts of the antibody molecule and variants
thereof. For example the presence or occurrence of a certain variant (acidic, basic,
glyco-variant for example) might determine that the ferrentation had to be
30 stopped, for example in order to avoid further enrichment of unwanted, for example
less active, antibody variant during the further cultivation. But also the relative
amount of a certain variant to the antibody molecule of interest, i.e. the ratio of a
variant of the antibody molecule and the sum of the amounts of the antibody
molecule and a variant thereof, might determine the harvesting time point in order



In a preferred aspect of the current invention, the antibody to be purified is a 20monoclonal anti-HER?2
antibody, i.e. her2 antibody, preferably trastuzumab or pertuzumab, more preferably trastuzumab. In a
preferred aspect of the current invention, the bulk drug her2 product produced by the method
according to YW iWEHEEH has a content of active antibody of more than OBOL/ BRW 18884818 20% of the
inactive antibody, corresponding to peaks 3/3* 25and peak 4 in the ion exchange chromatogram,
respectively (see Fig. 2). An example for gradient elution, followed by step elution in a single
chromatography step is shown in Fig. 3a. In gradient elution or continuous elution, according to the
invention, the EbRAHRVRyEHETEr TEY CHTIRORLRT fAelranlbeesach T3 PHRMSBH can be
separated frorfetiemeontaminant. These changes can . 30 be linear changes and can be separated by
stationary phases. Moreover, the steepness of the linear changes may vary during elution, see for

example Fig. JacAteonatetsipithe ahdddbsidancalnpdreineitiinddefifrediy tanyhld & xpaneantial. In

principal, catiopngxeianee.ApRMAsaerARRk B IthREReHArMAdR RIS L an R Jadient elution

mode ﬁmploy%sitmil%r lQufferls‘lrgseaet abO\ﬁa for (;[ e \{a(r:iaouge (a0%5%14909%23PC;I)’{)IFPZ(%&O/OMSOQ 43
: )

embodiments). fi cazer?alﬁnéscpec FOHRR Cufrent inven ion, the conadctii f;rotfothe eiltiolf buffer is in the

range from ab®tHsS 4o RBEYCPTRRSHIR. ThBigBiin asperiedanbectaeibmvbatishiine gradient
elution step isdalbowed loyrrivasinsteabie arsan esoehdivetiy byeand/aheHiasvwh eneading buffer) and
then by 5 stepelutienda Pl Bramaiagianby sieR- @il asRecksieRglitian following

gradient elution, is performed with 100%.af the elytion buffer whi congﬁ:c ivity is in the,range from
f?f‘]%%:?%adm BIe C#?lsj?’ which anew%?k?m%camtn Oﬂk '%Ihf e’ é‘gﬂl{}eémvgr?ezgnt is eluted

9.5 to about ﬁ m. n sti er aspects of tHe current inventi

from tHe catiofr&keHaMGE BofiffrBirrashly 1sERbAtaeionAardiorted S fhamtbeatenthe 10gradient
elution. In a céhmirnas pdatohites corrgep ibyentgn tndigatditnat useddonalution ahtse batibody in the
cation exchangﬁlaﬁhﬁ@tgﬁ%ﬁﬁé@ﬁiﬂmsfe&m:\f&%t%Jel@%@.gﬂféf@ééxl%ﬁghk%ﬁif?mé-%ﬁ@llumn VOllumeSi
21% to 49.4% elution buffer, 3.6 umn valumes:.49.4% to 58.8% elufi r, 7.8 column volumes:
58.8% to 72% 1be ﬁt‘u%%e%ftﬁ#é'r,pf”c%g urﬁcgn?/%lughn%é?%ghcglu?ﬂes?) 6 88?&?2%3% uﬁr?ﬁéeé?ri % B. In the

examples bel SR RISRLRS REvariant is eluted with a stepwise increase of the conductivity using the

buffer profile shown in Fig. 3b. By adapting the elution mode (gradient or step) in the cation exchange
15 The duration of the fermentation of an antibody producing cell line and the

conditions during the downstream procedure are exemplary parameter which here
are shown to affect the relative amount of for example the deamidated variant in
comparison to the antibody molecule of interest in a sample, see the Examples
below. -

20 Assuming that the downstream procedure sets a certain iimit for purification of
closely related antibody variants, which may only differ in the charge of a single
amino acid, then, for example, the level of the antibody molecule in the
fermentation medium must not fall below a certain threshold value, such that the
downstream procedure still result in a sufficiently pure bulk drug product with high

25 yields. Therefore, the fermentation had to be stopped at a specific time point, e.g.
by recovering the antibody from the cell culture medium, when the relative amount
of the antibody molecule amount is higher than a defined threshold ratio.

According to a preferred aspect of the current invention, the time point at which the
antibody is recovered from the culture medium, is derived from a comparison with
30 a threshold ratio, previotisly defined,

In a preferred embodiment of the current invention the harvesting time point is
determined by estimating the ratio of the amount of the antibody molecule or
variant thereof and the sum of the amounts of the antibody molecule and the variant
thereof by assuming a linear decrease or increase of the relative amount of the



chromatography step to the purity of the source material, i.e. the percentage of the 20 active variant,
high yields at a sufficiently high quality can be obtained. In certain aspects of the present invention the
elution mode“ia ?qu}%ggzgo the purity with regard to the percentage of the act}ve r;erZ variant. In still
other aspects of the current invention, the elutionsgnode is adapted to the %%?ggﬁfégfgai‘ﬁoaeamidated,
acidic or basic variants in the solution to be purified and 25 in certain aspects of the current invention
to the percentage of the deamidated and acidic her2 variants. In further certain aspects of the current
invention the elution mode is, adapted to. the purity with regard tqQ the percentage of certain
glycovariants JEtePH AR e %%gﬁr%‘ﬂn%ﬁ%g%ﬁﬁﬁa&%?@ﬁfﬁ ﬁl‘m’dﬂtf%ﬁ é&%ﬁﬁr‘? i¢
chromatograpR§anigRenBofyisdationighecatdograielstdrion vaorohber ¢f teebeetutiopfcan be
obtained, but thatathewsgpafation feboepniaRinatingd ariaatkis neérssigep syl the gradient

elution mode, Joliowed By RER SIMHAN - s ol S.IURGT %P%%ﬁi%%@fﬁ%%%an%? the purity of
the pr%teln to be further purifieq alregdy e€xceeds a certgin WO 201&% 09623P T/EP§010/004509 44
threshold valdgf?ﬁ%?ggyﬁég(ﬁfgft Hé’f%‘%’fgﬁf/i&@%’rgs%egﬂf@d WA St Wit S hiE8 BFsa, in case the
purity of the affiBddlEdo Belesdrind dorinm eterRved sfiprn frtestamernesmsiisyalnea seepadiution is not
employed, duentbdfienaranse tesepdionfeompbods iecovadientsitifised foflavwashing siepualution, thereby
accepting lowghauyieldsndnaBea VRIS IREPHIY-RERAC AL I0ar apeUlic alikPry ARY pafety, can only

be obtained Witrl1 Qa%dlegt eIthn, In case the Percentage of the most wanted antibody variant, the
antibody moleccl:}utlle, i the saa?ﬁp?éntoatl)g B rfedets higher than a certain percentage (or the relative
amount of the unwanted antibody variant is lower than a certain percentage). 10In another preferred
aspect’of the é.‘fﬁoé%lr}ﬁ\fgrﬁfﬁﬁkf‘f BréiateRsPss LAl M Srete LYRRAT SR e ERlBB @ nolecule and a
variant therecfdietinaneib ofithesatipoyitionaprodicddiis\aniibedtiorwisrultandbeciwombtbgraphy
performed by ansigiswis hineaBsEyahorRoaIdCihdty anthartpklcyithoprgrrduakingieasr of conductivity
andfor pH of e bifierARRied iR RAPRUTLA! dhe ARRedin] 2Dplggule and a variant

thereof in the eluate of step a2) containing,the antibody moleculé and a varjant thereof loaded onto the
cation exchan%% 3W&ﬁta?<§%;3§pﬂ§}f% SPRIEHHIS &5 3RS SHRe PABRF ABIY AR A7 06 2B IO st preferred
morekhan 75moleraldund e st tlrené isthe metivantiorhe Prigreifion &flpiwnehttendatography step is
performed betveadheisepsmidatewrinatiprad thesatorgihtiae smneuruRRAGthRaribedy molecule

and the amougg&)pjigéet@[}gt{g%m%%%ﬁpd the antibody variant and the cation exchange
chromatography step. The protein récovered after the chromatography steps may be formulated in a

pharmaceuticglly cgq@ cagigr 2hdis used for various diagnostic, therapeutic or other uses
olecules

known for such'm 5A céftain aspect of the current invention is directed to a composition
comprising a '

D, is a cultivation day, at which the sample in step ¢} is obtained,
20 Dy 15 a cultivation day following Dy,

R is the ratio of the amount of the antibody molecule to the sum of the amount of
the antibody molecule and a variant thereof at D,

R 1s the ratio of the amount of the antibody molecule to sum of the amounts of the
antibody molecuie and a variant thereof at D,,, determined in step iv} and

25 C is a value in the range 1 %/day and 5 %/day,

The antibody molecule is then recovered from the medium when R, in the medium
is 0-2 % above the threshold ratio.

Preferably, the antibody molecule is recovered from the medium when R, in the
medium is 0-2 % above the threshold ratio, most preferably when the ratio is close
30 to or even identical to the threshold value.



her2 antibody pro_duced by the methods according to the invention. The following examples,
references, and figures are provided to aid the understanding of the present invention, the true scope

of which is fﬂﬁtpoi (@39 appended claims. It is understood that modificgti ade in the
proceduresigéset or%ﬁ without departing from thegsspirit of the invention. EI%?@?&%%@ESH%Q antibody

(WO 99/57134), was available in sufficient quantities in our laboratories at the time of the invention
and therefore the current invention is exemplified with this immunoglobulin. Likewise the invention is in

general 45 practicable with.immunoglobulins, This exemplified |ption. i Qnly by way of
example and é}lso{ttf/ 5‘y“‘8?ﬁ‘.r%&ﬁ%n gft ees?lr?\lldeﬁ %n&?ﬁﬁé%%&ﬁr%ﬁgér@p%gﬁg%’ tg aid the
B

understanding'eritbqshe serlesleAnS PrketHseres SH YR WA LB ME AT AAB8EN ded claims.

5Description eftiyedrigures Figure 1Herceptin variant distribution during fermentation. Shown is the
percentage of a specific variant, attributable to Peaks 1, 3/3* and 4, respectively, in the ion-exchange
chromatogram, (sesHeigedbadiasmeniatiencdayst 10vadiiandtk airaOntFifamed BiRye Smodvn are

exchange o aasign
) 1T ab separation on a cation exchange column. assignment
are given in TS Y i‘%‘l‘%a?é e oy PRI r}dcf] gt %r%%% %i%%%ﬁ%%gghrom%tograpshy

on, €.g. a
_ or elution ¥ the ca
step. a) gradiéase &hgtibh , b) step elution. Example 1

In a certain aspect of the current invention Ry is determined only once, preferably
shortly before harvest (e.g. 1-2 d before harvest or at d 11 for Herceptin
10 fermentation for example). If the thus determined R is for example 2 % above the
threshold ratio, then the cultivation is performed for one further day and the harvest
of the antibody thus occurs one day after determination of Ry. In the case of
Herceptin fermentation R, at harvest will then be very close to the threshold ratio,
since the ratio decreases from d11 to d12 of the fermentation by about 2%, which is

15 known from a number of previous fermentation runs.

If, however, the determined R, at d 11 is less than 2 % above the threshold ratio,
e.g. 1.5 % above the ratio at fermentation day 11 (dl1), then the Herceptin
fermentation is immediately stopped to assure a sufficient high quality of the bulk
drug product.

20 In a preferred aspect of the current invention, a sample from the cultivation
medium comprising the antibody molecule and variant thereof is obtained. In still
further embodiments the sampling is performed more than once, e.g. daily, every
second d, efc., or even more than once per day. This sampling can start
immediately with beginning of the culture or after a certain time, e.g. after 7 or 10d

25 of cultivation. In this sample, the ratio of the amount of the antibody molecule
and/or variant thereof and the sumn of the amounts of the antibody molecule and a
variant thereof, e.g. the percentage of the active antibody variant for example, is
determined. Alternatively, other parameter are determined in this sample. The
sampling can be performed by methods known by the skilled person in the art. In

30 other aspects of the current invention, also the absolute amount of active antibody

can be determined.

The sampling can either be done automatically or manually. In certain
embodiments of the invention, the sampling step is performed automatically. The
sample volume can range for example from 1 pi to 10 000 pl.



Change of antibody variant pattern during fermentation The variant distribution of the Herceptin
antibody during fermentation was 20 analyzed for the large scale fermentation of this antibody
resulting in tlg@obzldlhﬂ&g;)roduct, at days 10, 11 and 12 after start of the culture. Samples were
collected at days 10, Il and 12 and analyzed by agalytical ion exchange cﬁ?gﬁgggb‘flgﬁ%ﬁ‘)for the variant
pattern and percentage of variants. The percentage of the variants was calculated from the peak areas
in the respective chromatograms obtained. As can 25 be seen from Fig. 1, which summarizes the

se of the variants

data obtained Lrlognojf% Irar%%-%galengerp%ntation runs, there |s a clear incre,

attributable to peaks & and 4 in the ion: ?((?Hgﬁ'éte’%‘f’é‘r‘ﬂﬁt&é?ﬁﬁ%@ﬁﬁ%‘? B RS 4R Table 1), from
day 10 to day 33iBp#e tEARSH ORI SaKe Prastiespoiats s avithditideserihaicamstbdnddess active
variant of Hercepfith #dakelpircompeséthefiaavatiantiyithnim:39 ispomgrizatien efasnar@gine and/or a

Lys450 residuge MQieaMebodlipeRaAMe EE?%G!%%'&%Q&&E?&&PJ&%%M BR{:/3" observed
e u

in the ssamples1 é:aoltlgl%t%gnat g%}/%hm to 12, corresgon Ing to n&gdified, ost active form of
Herceptin. ThUS: betwean fermentation day@T6 RIS tePS3E 4 SbUPLKHIMHREATIAMDattern, ie. the
relative amourdt'&f the variants increase whereas the relative amount 350f the antibody molecule of
interest decreases in the same time. WO 2011/009623PCT/EP2010/004509 46 Tablet: Assignments
for Trastuzum&b2CETiGH Espivandéhe hnorenitvyrenion PeakeFracfitrsPoakt S teturaitbifference(s) At
Light Chain Asndi@obteHeawy sGinait st leeM antibody molecule and a variant thereof

in the antibody composition produced is from 50-100%, preferably from 60 to
10 100% and most preferred from 65 to 100%. These values depend in particular from
the antibody to be purified.

In a certain aspect of the current invention, the polypeptide of interest preferably is
recovered from the culture medium as a secreted polypeptide, although it also may
be recovered from host cell lysates when directly expressed without a secretory
15 signal. Harvesting, 1.e. recovery of the antibody from the cell culture medium, is
performed by methods known by the skilled person in the art, e.g. by separating the
cells from the fermentation medium. As a first step, the culture medium or lysate
for example is centrifuged to remove particulate cell debris and cells. Depth
filtration or other filtration and/or centrifugation steps might follow. Thereafter an
20 antibody containing solution, free of cells and cellular debris, is obtained.

The polypeptide is then purified from contaminants with the following procedures
being exemplary of suitable purification procedures: by fractionation on
immunoaffinity and ion-exchange columns; ethanol precipitation; reverse phase
HPLC; chromatography on silica or on a cation exchange resin such as DEAE;

25 chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration
using, for example, Sephadex G-75; and protein A Sepharose columns to remove
contaminants. A protease inhibitor such as phenyl methyl sulfonyl fluoride (PMSF)
or EDTA also may be useful to inhibit proteolytic degradation during purification.
One skilled in the art will appreciate that purification methods suitable for the

30 polypeptide of interest may require modification to account for changes in the
character of the polypeptide upon expression in recombinant cell culture.

In preferred embodiments of the current invention the purification of the antibody
involves affinity chromatography, followed by cation exchange chromatography. In
between both chromatography steps further chromatography and/or filtration steps
35 suitable for the purification of antibodies, known by the person of skill in the art,



Chain Asp102 Contains NeuAc or Deamidated HC a Deamidated (to Asp) at Asn30 of both light
chains Asp/Asp Asn/Asn Asn/isoAsp Asp/Asp Asp/Asp No No b Deamidated (to iSoAsp) at Asn55 in

one heavy chain, ASHiASn . PCT/EP2010/004509
37

can be included, as well as further chromatography and/or filtration steps after the
cation exchange chromatography step and before the Protein A affinity step. It is
also possible to reverse the order of the chromatography steps. Prior to the
application of a solution to one step (or to a subsequent step) of a purification

5 method, parameters, such as e.g. pH value or conductivity of the solution, have to
be adjusted.

in a preferred aspect of the current invention, the medium containing the antibody
molecule and a variant thereof is applied to an affinity chromatography column and
affinity chromatography is performed. In still certain aspects of the current

10 invention an affinity chromatography step as the foremost purification step is
employed for the removal of the bulk of the host cell proteins and culture by-
products. The conditions for this step are known to a person of skill in the art. In
certain aspects of the current invention, is the affinity column material protein A
material, protein G material, metal affinity chromatography material, hydrophobic

15 charge induction chromatography material (HCIC), or hydrophobic interaction
chromatography material (HIC, e.g. with phenyl-sepharose, aza-arenophilic resins,
or m-aminophenylboronic acid). Preferably the affinity column material is protein
A material or metal affinity chromatography material.

In a certain aspect of the curvent invention, Protein A immobilized on a solid phase

20 is used to purify the antibodies. The solid phase is preferably a column comprising
a glass or silica surface for immobilizing the Protein A. Preferably, the solid phase
1s a controlled pore glass column or a silicic acid column. Sometimes, the column
has been coated with a reagent, such as glycerol, in an attempt to prevent
nonspecific adherence to the column. The PROSEP A column, commercially

25 available from Bioprocessing Limited, is an exafnple of a Protein A controlled pore
glass column which is coated with glycerol. In certain aspects of the current
invention, the Protein A material is characterized by a binding capacity higher than
25 mg antibody/ml Protein A material. In still further aspects of the current
invention high-flow agarose base matrix, to which Protein A is coupled to the base

30 matrix at the C-terminal cysteine via epoxy activation is employed in the affinity
chromatography step. Exemplary materials for the Protein A materials suitable for
the methods according to the invention are MabSelect Sure and MabSelect Xtra
(both obtainable from GE Healthcare, Lifesciences, Germany).

In a certain aspect of the current invention, the solid phase for Protein A
35 chromatography i1s equilibrated with a suitable buffer. For example, the



Deamidated (to Asp) at Asn30 bf one light chain, acidic form Asn/Asp ASn/Asn Asp/Asp Yes
Deamidated (to Asp) at Asn30 of one light chain Asn/Asp Asn/Asn Asp/Asp No 2 Deamidated (to Asp)
at Asn30 of %ﬂﬂ%%&n and isomerized (to isoAsp) at Asp102 of one 98%)@{,20{}%1}51@4%%1/Asp
Asn/Asn Asp/isoAsp No 38

equilibration buffer may be TRIS, NaCl, pH 7.1. In a certain aspect of this
invention this buffer contains EDTA or another protease inhibitor and/or antibody

stabilizer.

In a certain aspect of the current invention, the antibody-containing medium

5 separated from the celis and cell debris, for example by centrifugation and/or
filtration or depth filtration, is loaded on the equilibrated solid phase using a
loading buffer which may be the same as the equilibration buffer. As the
contaminated preparation flows through the solid phase, the protein is adsorbed to
the immobilized Protein A and other contaminants such as Chinese Hamster Ovary

10 Proteins (CHOP), when the protein is produced in a CHO cell and DNA bind
nonspecifically to the solid phase.

The next step performed afterwards, comprises removing the contaminants bound
to the solid phase. In certain aspects of the current invention, the wash buffer
includes a hydrophobic electrolyte solvent in a wash step, as for example TMAC
15 and/or TEAC (from about 0.1 to about 1.0 M) of may include a divalent ion or a
solvent. Suitable buffers for this purpose include for example TRIS, phosphate,
MES, and MOPSO buffers (see the Examples below). In another aspect of the
current invention, the wash buffer comprises arginine at neutral or acidic pH.

Following the wash step mentioned above, the protein of interest is recovered from
20 the column with a suitable elution buffer. The protein may, for example, be eluted
from the column using an elution buffer having a low pH, e.g. in the range from
about 2 to about 5. Examples of elution buffers for this purpose include citrate or
acetate buffers. Alternatively, the clution buffer comprises arginine, divalent salts

or solvents.

25 The eluted protein preparation may be subjected to additional purification steps.
Exemplary further purification steps include hydroxylapatite chromatography;
dialysis, affinity chromatography using an antibody to capture the protein,
hydrophobic interaction chromatography (HIC), hydrophobic charge interaction
chromatography (HCIC), ammonium sulphate precipitation, anion or cation

30 exchange chromatography, ethanol precipitation; reverse phase HPLC;
chromatography on silica, chromatofocusing and gel filtration.

In a preferred aspect of the current invention, cation exchange chromatography is
employed after affinity chromatography. In a certain aspect of the current invention
the cation exchange chromatography follows the affinity chromatography step



Main peak, acidic form, or peak 1 form with one Lys450 residue Asn/Asn Asn/Asp Asn/Asn Asn/Asn
Asp/Asp Asp/Asp Yes No 3 Main peak Asn/Asn Asn/Asn Asp/Asp No 4 Isomerized (to iSoAsp) at Aspl

02 of one heavy chain, and/or main peak form with one Lys450 residue
W(y 2011/009623 P y _ PCT/EP2810/064509
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directly, without other chromatography steps in between. In further aspects of the
current invention, other chromatography steps and/or purification steps are
employed between affinity and cation exchange chromatography.

This cation exchange chromatography step is aimed at reducing not only the

3 amount of unwanted antibody variants, host cell protein (HCP), but also leached
protein A, other leached material, , and/or viruses in the solution containing the
proteins to be purified.

According to a certain aspect of the current invention a cation exchange

chromatography step is performed for purifying the antibody. With particular
10 reference to Fig. 3, which shows exemplary buffer profiles which can be used

during cation exchange chromatography, the pH and/or conductivity of each buffer

is/are increased relative to the preceding buffer. The aqueous solution comprising

the polypeptide of interest and contaminant(s) is loaded onto the cation exchange

resin using the loading buffer that is at a pH and/or conductivity such that the
15 polypeptide and the contaminant bind to the cation exchange resin.

Exemplary, the conductivity of the loading buffer may be low, e.g. from about 5.2
to about 6.6 mS/cm). An exemplary pH for the loading buffer may be 5.7 mS/cm.

In the step or gradient elution mode according to the current invention, the cation
exchange resin can be washed with wash buffers of increasing conductivity and/or

20 pH. In the step elution mode, the first wash buffer could have the same
conductivity and/or pH as the loading buffer. In the example below the cation
exchange column is washed with wash buffer I (same conductivity and pH as the
loading buffer, i.e pH 5.6, x = 5,7+ 0,5 mS/cm) and then with wash buffer IT which
has at a second conductivity and/or pH so as to elute most of the contaminant, but

25 not the polypeptide of interest. This may be achieved by increasing the
conductivity or pH, or both, of the wash buffer. In certain aspects of the current
invention this buffer has a conductivity of 7.0 to 8.5 mS/cm, preferably 7.6 +/- 0.5
mS/cm. The change from wash buffer I to wash buffer II is step-wise in the step
elution mode.

30 Exemplary, wash buffer II had a greater conductivity than that of the loading buffer
and wash buffer [. Alternatively, the pH of the wash buffer Il may exceed that of
the loading buffer and wash buffer I.



Asn/Asn Asn/Asn Asn/Asn Asn/Asn'AsplisoAsp Asp/Asp No No ¢ Succinimide (Asu) at Asp102
position of one heavy chain Asn/Asn Asn/Asn Asp/Asu No Note: Differences from the main peak form

are shown iRhpldiacg.ype. SaRefers to presence of N-acetylneuraminic q,gqfﬁl}jﬁ}q@&;% gamidation in
heavy chain at Asn387, or deamidation at heavy ghain Asn392. WO )

2011/009623PCT/EP2010/004509 47

In the gradient elution mode, during the washing of the cation exchange column,

the pH and/or conductivity is increased continuously, but not necessarily linearly,

by washing with a defined percentage of the elution buffer in the load buffer for

example (in the examples below, from 21% elution buffer to 72% elution buffer).
5 A multislope gradient is preferred in the current invention.

After the wash steps, either in the gradient or step elution mode, elution is achieved
with an elution buffer that has a pH and/or conductivity such that the desired
polypeptide no longer binds to the cation exchange resin and thus could be eluted
from the column. The pH and/or conductivity of the elution buffer generally

10 exceed(s) the pH and/or conductivity of the loading buffer, the wash buffer I, and
the wash buffer II used in the previous steps in the step elution mode. Exemplary,
the conductivity of the elution buffer was in the range from about 9.5 to about 11
mS/cm.

The changes in conductivity and/or pH during elution of the antibody is step-wise
I3 for elution in the step elution mode and gradual for gradient elution.

In certain aspects of the current invention, a single parameter, either conductivity or
pH, 1s changed for step or gradient elution from the cation exchange column of
both the polypeptide and contaminant, while the other parameter (i.e. pH or
conductivity, respectively) remains about constant.

20 In further certain aspects of the current invention, the ion exchange resin is
regenerated with a regeneration buffer after elution of the polypeptide, such that the
column can be reused.

In a preferred aspect of the current invention, the cation exchange material used for
the cation exchange chromatography step is a strong cation exchanger with a

25 sulfopropyl group, like Fast Flow Sepharose FF (GE Healthcare, Lifesciences,
Germany). In another aspect of the current invention other suitable cation exchange
materials known by the person of skill in the art can be used.

In another aspect of the current invention, the proteins are separated after affinity
chromatography employing an anion exchange resin prior to or after the cation
30 exchange chromatography step in the methods of the current invention. The
changes in conductivity are generally as described above with respect to a cation
exchange resin. However, the direction of change in pH is different for an anion



Examnle 2 Purification of her2 antibodies with Protein A affinity chromatography and determination of
the percentage of active her2 variants 5Recombinant DNA techniques: Standard methods were used
to manlpulatﬁ]&)%/f\@ﬁ d%scrlbed in Sambrook, J., et al., Molecular Clonln A Laborator Manual,
Second Edition prlng Harbor Laboratory Fess, Cold Spring Harb W (15 ?The
molecular biological reagents were used accordlng to the manufacturer's instructions. 10Protein
determination: The protein amount of each chromatography fraction was determined by

trophot tri f Th It dt Icul t Id
The extncion SRR or MLF 1A A TAPRGE ALET ORAOLS e FESORL frote

amount (mg/nﬂP*—"‘ﬂB@%ﬂhﬁ‘?@S x Dilution factor Protein Mass (mg) in each Fraction = Protein Amount
(mg/m1) x Fraction Volume (m1) Yield (%) = Fraction Mass (mg) / Total Mass (mg) x 100 Host cell
protein deternfhatdHbodsT rempalsion trrsayetis cfiemtherdottex glangarbroomtedrantty atarixture of serum
albumin and Sﬂgommﬁeo&@&aﬁdmvwmyﬁtﬁn@pmm@g@inﬁ dﬂ@ﬁ’sb‘é&m tptie walls of the

wells of the micigufefBaies iy a.Mashocties IE SRLURISA! s micio e plpiare Incubated
and sampie ter the In

with a HCP calibration seq}uenc ifferent amaunts tlon Aft bation not

bound 25 samPIEPWAPERANE ERB0EES i St P hURar c?fﬂff?B?f’t%F?hé JiB i the wells are
incubated witrexsgmantilsadgeperokidas ccmatiranbyd arenboihangostieethpiagesiphiThadixed

peroxidase achydiyphsintaatethdioinguidaiinognith AB TS angeeletection at 405 rim. DNA determination:
30The DNA content in the samples was determined via quantitative PCR according to known

procedures. PrgieihRAMEENM Y oReaio @Eﬂ%sw%&w%i%héi%ﬁj}l%@m fpalepaktgaulting from two
dlfferelrét fermear?ltgxtllt?tpod %%f“é%&l% ng agpea%(%gg 3tar%-1r1{a% 91%949}%' éoOn%ammant and the
antibody molecule of interest differ only slightly in their isoelectric points, as it is
the case for proteins showing charge heterogeneity, e.g. due to deamidation or
isomerization. With the methods according to the invention polypeptides and
contaminants can be resolved, if their pls differ by only about 0.05 to about 0.2 pl
15 units. In the Examples below, this method could be used to resolve a herZ antibody
having a pl of 8.87, from a singly-deamidated variant thereof having a pl of 8.79
(cf. Harris et al. R. J. et al. J. Chromatogr. B 752 (2001), 233-245).

In another embodiment of the current invention, the method may be used to resolve
an antibody molecule from a glyco-variant thereof, e.g. for resolving a variant of a

20 polypeptide having a different distribution of sialic acid compared to the nonvariant
polypeptide.

In another aspect of the current invention, the antibody to be separated is
conjugated to one or more heterologous molecules. This heterologous molecule e.g.
could increase the serum half-life of the polypeptide (e.g. PEG), a cytotoxic

25 molecule {e.g. a toxin, chemotherapeutic drug, or radicactive isotope etc) or it may
be a label (e.g. an enzyme, fluorescent label and/or radionuclide).

In certain aspects of the current invention the antibody containing solution to be

purified can be any material containing antibodies containing contaminant and a

certain level of the active antibody variant, e.g. samples pre-purified by filtration or
30 chromatographic methods.

In one embodiment of the current invention, the cation exchange chromatography
step is performed employing gradient elution, followed by step elution in a single
chromatography step.



FI: her2 A<her2> = 0,907 nag/mL F2: her2 B<her2> = 1,739 mg/mL The supernatant resulting from
fermentation 2, Material F2, was stored for 12 h at alkaline conditions (pH 9) for generating artificially

deamidated t'g terial, 5 thus antibody of low quality and with a | - percentage of the active
isomer comr‘?a{':r}‘e!Z ?tgyghgee%ntibody of Fl. The percghntage decrease of the ﬁé\ﬁégﬁﬁaﬁggﬁorresponding

to the amount of active isomer, is visible in the ion exchange chromatogram (see also Table 2). In the
following this sample is denoted F2'. F 2": her2 B <Her2> = 1,739 mg/ml 10The solution containing
her2 antibody, i.e either. F1, F2 ang, Fﬁ%’ was applied itn a fir151t s'ggeﬁ. toda\ Protein A ap‘irziitxacolumn. The
chromatograpWicacgﬁHﬁlgngsﬁf@Feo s PSR SN FiA B e 188t ’IQ %’GE’ SaliCar, e Sciences,
Germany) EqiippesiiremiiRiyris, 25 mM NaC1, 5 mM EDTA pH; 7,1 15Wash step 1:25 mM Tris; 25
mM NaCl; 5 mM EDTA" pH 7.1 Wash step 11:25 mM NacCl; SQO mM TMAC; 5 mM EDTA; pH 5,0 Wash
step 111:25 mMiTgi§risnakpedad] {8 meRDTANsHNThedp 5 Higttnd Roa v Giaeligepe-2,8 0,4
Analytical ion gyeitarfaa s vaeategmahtorebeiesRinatiesal thenelativegeatesisahghefactive and
inactive her? gojihedrianizaas Rerleiyed vaanalvilsal IaaitnARgedPLCRRIpMatographic
conditions: Resin:Dionex ProPacTM WCX-10 Analgtical 4x'250 mm, Dionex 54993 (weak cation
exchange Chrbqﬁg:t@é%dp‘%photoxm—beta receptor, CCR4, CD19, CD20,'CD22, CD28, CD33,

CD40, CD80, CSF-1R, CTLA-4, fibroblast activation protein (FAP), hepsin,

melanoma-associated chondroitin sulfate proteoglycan (MCSP), prostate-specific

membrane antigen (PSMA), VEGF receptor 1, VEGF receptor 2, IGF1-R, TSLP-R,

10 PDGF-R, TIE-1, TIE-2, TNF-alpha, TNF like weak inducer of apoptosis
(TWEAK), IL-1R, preferably EGFR, CEA, CD20, or IGF1-R, and growth factors

involved in tumor formation, like VEGF, EGF, PDGF, HGF and angiopoietin.

In another embodiment, the monoclonal antibody is selected from the group of:
alemtuzumab, apolizumab, cetuximab, epratuzumab, galiximab, gemtuzumab,

15 ipilimurnab, labetuzumab, panitumumab, rituximab, nimotuzumab, mapatumumab,
matuzumab and pertuzumab, ING-1, an anti-Ep-CAM antibody being developed by
Xoma, preferably trastuzumab, cetuximab, and pertuzumab, more preferably
trastuzumab.

In a preferred aspect of the current invention, the antibody to be purified is a
20 monoclonal anti-HER2 antibody, i.e. her? antibody, preferably trastuzumab or
pertuzumab, more preferably trastuzumab.

In a preferred aspect of the carrent invention, the bulk drug AerZ product produced

by the method according to the invention has a content of active antibody of more

than 65% and less than 20% of the inactive antibody, corresponding to peaks 3/3*
25 and peak 4 in the ion exchange chromatogram, respectively (see Fig, 2).

An example for gradient elution, followed by step eclution in a single
chromatography step is shown in Fig. 3a. In gradient elution or continuous elution,
according to the invention, the conductivity and/or pH are continuously increased
such that the antibody can be separated from the contaminant. These changes can
.30 be linear changes and can be separated by stationary phases. Moreover, the
steepness of the linear changes may vary during elution, see for example Fig. 3a.
Alternatively, the changes can also be non-linear, fro example exponential. In
principal, cation exchange chromatography, either performed in the step elution or
gradient elution mode employs similar buffers (see above for the various



25Flow rate:0.8 ml/min Loading:50 p.1 or 50 pg Pressure:max 210 bar Buffer A:10 mM Na—phosphété,
pH 7.5 Buffer B:0.1 M NacCl in buffer A 30Temperature: Room temperature WO

2011/009623PCT/EP2010/004509 49 Equilibration, gradient elution and regeneration are performed
according to‘Yﬁ’ez?ci)}['g%lér% scheme: Time (mm) Byffer A Buffer B 0 85 15 ?36%4/1%;’?5051% pild

embodiments). In certain aspects of the current invention, the conductivity of the
elution buffer is in the range from about 9.5 to about 11 mS/cm.

In a certain aspect of the current invention, the gradient elution step is followed by
a wash step (e.g. same conductivity and/or pH as the loading buffer) and then by

5 step elution in a single chromatography step. In a further aspect, step elution
following gradient elution, is performed with 100% of the elution buffer which
conductivity is in the range from 9.5 to about 11 mS/cm.

In still further aspects of the current invention, the active variant is eluted from the
cation exchange column by raising the conductivity and/or pH step wise after the
10 gradient elution.

In a certain aspect of the current invention the gradient used for elution of the
antibody in the cation exchange chromatography step involves the following
buffers sequentially: 3.9 column volumes: 21% to 49.4% elution buffer, 3.6 column
volumes: 49.4% to 58.8% elution buffer, 7.8 column volumes: 58.8% to 72%

15 elution buffer, 1 column volume: 0% Buffer B, 6.5 column volumes: 100% B.

in the examples below, the active ferZ variant is eluted with a stepwise increase of
the conductivity using the buffer profile shown in Fig. 3b. '

By adapting the elution mode {(gradient or step) in the cation exchange
chromatography step to the purity of the source material, i.e. the percentage of the

20 active variant, high yields at a sufficiently high quality can be obtained. In certain
aspects of the present invention the elution mode is adapted to the purity with
regard to the percentage of the active her2 variant.

In still other aspects of the current invention, the elution mode is adapted to the
percentage of deamidated, acidic or basic variants in the solution to be purified and

25 in certain aspects of the current invention to the percentage of the deamidated and
acidic her2 variants. In further certain aspects of the current invention the elution
mode is adapted to the purity with regard to the percentage of certain glyco-
variants determined.

It has been found, that with step elution in cation exchange chromatography, higher
30 yields compared to gradient elution followed by step elution can be obtained, but
that the separation from contaminating variants is not as good as with the gradient
elution mode, followed by step elution. Thus, the former elution type is preferred in
case the purity of the protein to be further purified already exceeds a certain



555- 36 0 100 44 0 100 45 85 15 55 85 15 The percentage of the active form of the her2 antibody was
calculated by 10 determining the relative peak areas of peaks 3 and 3* (denoted 3/3* in the following
tables), wherein 3* represents a small shoulder of peak 3. The percentage of the less active her2
variants Werev%%lzcﬂdfé@%?zgy determining the relati\‘/‘g peak areas of peaks PaR#ZOIH/YEER 1, a
deamidated, acidic her2 variant (Asn to Asp at position 30 in one light chain) can be found and in peak
4 a her2 variant 15characterized by an iso-aspartate at position 102 in one heavy chain (see Fig. 2

d Table I), Table 2 summarizes the quality of the Protein A eluates obtained from the F I, F2 and F2'
S plos wh t%?éﬁé%d’%c %ﬁfﬁhé’xmﬁﬁg‘gr#m%g}‘%ﬁ/?fé‘%‘ffﬁ[?@d"ﬁ&o%ﬁl 2WPple 3. It can be

samples which
seen that the |ETePEaielIBcaskphe mathasfiétgtargibody to be purified further is less than a

certain threshold value, step elution is not employed, due to the worse resolution
compared to gradient elution, followed by step elution, thereby accepting lower

5 yields. In other words, the purity needed for therapeutic efficacy and safety, can
only be obtained with gradient elution, in case the percentage of the most wanted
antibody variant, the antibody molecule, in the sample to be purified, is higher than
a certain percentage (or the relative amount of the unwanted antibody variant is
tower than a certain percentage).

10 In another preferred aspect of the current invention, the yield, that is the ratio of the
amount of the antibody molecule and a variant thereof in the antibody composition
produced by the cation exchange chromatography performed by a step wise
increase of conductivity and/or pH without a gradual increase of conductivity
and/or pH of the buffer applied to the column, to the amount of the antibody

15 molecule and a variant thereof in the eluate of step a2) containing the antibody
molecule and a variant thereof loaded onto the cation exchange chromatography, is
more than 65%, preferably more than 70% and most preferred more than 75%.

In a further aspect of the current invention, a Protein A affinity chromatography
step 1s performed between the steps of determination of the ratio of the amount of

20 the antibody molecule and the amounts of the antibody molecule and the antibody
variant and the cation exchange chromatography step.

The protein recovered after the chromatography steps may be formulated in a
pharmaceutically acceptable carrier and is used for various diagnostic, therapeutic
or other uses known for such molecules.

25 A certain aspect of the current invention is directed to a composition comprising a
her2 antibody produced by the methods according to the invention.

The following examples, references, 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
30 set forth without departing from the spirit of the invention.

Herceptin®, a her2 antibody (WO 99/57134), was available in sufficient quantities
in our laboratories at the time of the invention and therefore the current invention is
exemplified with this immunoglobulin. Likewise the invention is in general



20 area under the peak in the analytical ion exchange chromatogram, representing the main form o_f
the her2 antibody, decreases in the sample exposed to alkaline conditions relative to.the §amp|e prior
to exposure @é.S% versus 58%) and that, vice versa, the percentage of the her2 variant in Pe;ak 1,i.e.
the acidic, deamidated hiar2 variant is increased (Jfrom 9.7% to 13.3%) aftéf EXBYSUfE4Palkaline
25conditions. WO 2011/009623PCT/EP20101004509 50 Table 2: Her2 variant pattern after Protein A
chromatography of unmodified her2 samples (F1 and F2) and a her2 sample exposed to alkaline

nditions (F2'). Sample Fl F2 F2' SEC [rel. Area] 98,8 98,7 98,8 IEC Peak 1 [rel. Area] 9,7 9,8 13,3
flgC Peak ?flgigﬁa&t_i%t%a]with immunoglobulins. Thgs exemplified description is done only by

way of example and not by way of limitation of the invention. These examples are
provided to aid the understanding of the present invention, the true scope of which
is set forth in the appended claims.

5 escription of the Fioures

Figure 1 Herceptin variant distribution during fermentation. Shown is the
percentage of a specific variant, attributable to Peaks 1, 3/3* and
4, respectively, in the ion-exchange chromatogram (see Fig. 3) at
fermentation days 10, 11 and 12 (F10, F11 and F12). Shown are
10 average values from 15 fermentation runs and the standard
deviation.
Figure 2 Analytical ion exchange chromatogram. Trastuzumab separation
on a cation exchange column. Peak assignments are given in
Table 1.
15 Figure 3 Buffer profiles used for elution in the cation exchange
chromatography step: a) gradient elution , b) step elution.

Example 1

Change of antibody variant paitern during fermentation

The variant distribution of the Herceptin antibody during fermentation was
20 analyzed for the large scale fermentation of this antibody resulting in the bulk drug
product, at days 10, 11 and 12 afier start of the culture. Samples were collected at
days 10, 11 and 12 and analyzed by analytical ion exchange chromatography for
the variant pattern and percentage of variants. The percentage of the variants was
calculated from the peak areas in the respective chromatograms obtained. As can
25 be seen from Fig. 1, which summarizes the data obtained from 15 large-scale
fermentation runs, there is a clear increase of the variants attributable to peaks 1
and 4 in the ion-exchange chromatogram (compare to Fig. 2 and Table 1), from day
10 to day 12 of the fermentation. Peak 1 corresponds to an acidic, deamidated and
less active variant of Herceptin. Peak 4 is composed of a variant with an
30 1somerization of asparagine and/or a Lys450 residue. Moreover, at the same time
there is also a decrease of the main peak 3/3*%, observed in the samples collected at
days 10 to 12, corresponding to the unmodified, most active form of Herceptin.
Thus, between fermentation days 10 to 11 there is a clear shift in the variant
pattern, i.e. the relative amount of the variants increase whereas the relative amount
35 of the antibody molecule of interest decreases in the same time.



58 58,3 54,3 IEC Peak 4 [rel. Area] 17,1 18,9 16,6 DNA [pgDNA/mg] 4,5 2 <2,0 RCP [ppm] 4376 1452
946 *SEC: Monomer Content, HCP: host cell protein 5SExamnle 3 Purification of affinity purified her2
antibodies W‘i}'%h %%}ion exchange chromatography using different elution modes Following Protein A
chromatography’ cafion 8xchange chromatography was performed to furtRe MEEREMI R desired her2
antibodies. Prior to cation exchange

Table 1:
Assignments for Trastuzumab Cation Exchange Chromatography Peak
Fractions
Structural At Light At Heavy At He.avy Contains .NeuAc
Peak Difference(s) Chain Chain Asn5 Chain or Deamidated
Asn30 - Aspl02 HC*
tDeamidated (to Asp) at
Asn30 of both light
a |chains Asp/Asp | Asn/Asn Asp/Asp No

Deamidated {to
isoAsp) at AsnS5 in
b jone heavy chain Asn/Asn | Asn/isoAsp Asp/Asp No
Deamidated (to Asp) at
Asn30 of one light

1* Jchain, acidic form Asn/Asp |  Asn/Asn Asp/Asp Yes
Deamidated (to Asp) at
Asn30 of one light

1 |chain Asn/Asp |  Asn/Asn Asp/Asp No
Deamidated (to Asp) at
Asn30 of one light
chain, and

1somerized (to isoAsp)
2 Jat Aspl02 of one

heavy chain Asn/Asp Asn/Asn AspfisoAsp No
Main peak, acidic
form, or
3* |peak 1 form with one | Asn/Asn | Aspn/Asn Asp/Asp Yes
Lys450 residue Asn/Asp| Asn/Asn Asp/Asp No
3 |Main peak Asn/Asn | Asn/Asn Asp/Asp No

Isomerized (to isoAsp)
at Aspl102 of one
heavy chain, and/or

4 {main peak form with | Asn/Asn Asn/Asn Asp/isoAsp No
one Lys450 residue Asn/Asn | Asn/Asn Asp/Asp No
Succinimide (Asu) at
Aspl02 position of one
¢ |heavy chain Asn/Asn | Asn/Asn Asp/Asu No

Note: Differences from the main peak form are shown in boldface type.

5 # Refers to presence of N-acetylneuraminic acid (NeuAc), deamidation in
heavy chain at Asn387, or deamidation at heavy chain Asn392.



10 chromatography the pH of the Protein A eluates was adjusted to 5,5 with 1 M TRIS. Each samplée
(Protein A eluates of F1, F2 and F2') was purified by cation exchange chromatography on SP
Sepharose EF (GE Healthcare) using either gradient, followed by step elution or steg elution only,
respectively YaSUMAG t5ix experiments. Each of the resulting chromatodiatie WAL 4 zed with
regard to the 15monomer content (SEC), variant pattern, in particular the percentages of the active
and deamidated variants, DNA and HCP decrease. The chromatographic conditions were as follows:
Resin:SP Sepharose FF, GE Healthcare Column length:35 cm 20Loading:conditioned Protein A pool
WO 2011/009@23P ;I;/ 12010/004509 51 Buffers used for gradient elution, followed by step elution:
Equilibration Wash buffer : 30 mM MES, 45 mM NacCl, pH 5.6 0.05; K=5.7 0.5 mS/cm
Elution buffer Pexifisaiianes ree? amfihesdiss pifhsiroteipAiaifinigy s ronsstegrmybnamde gradient used
for elution is shawmiin&iign3d.tBe fiersensegt weff tdpediatovattapiibration and Wash buffer I: 25 mM
MES, 50 mM NacCl, 5.6 0,1; K =5.7 0,5 mS/cm 10Wash buffer Il: 25 mM MES, 70 mM NaC1, pH 5.6
0,1, Ks 7.6 Oppdmulbianid oA bedferiqes:mM MES; 95 mM NaCl; pH 5.6 0,1; K=10.0 0.5 mS/cm

rhe buffer profigiaachiehsiRRANBRIShRMHIFDRA Ihelaiping ehigradand ashow e
variant disibufogy Uty <0 Yeld 9 etz anuigcies opiaine ipm e f] 2ble g an P2 (Table 4
Laboratory Press, Cold Spring Harbor, N.Y., (1989). The molecular biological

reagents were used according to the manufacturer's instructions.

10 Protein determination:
The protein amount of each chromatography fraction was determined by
spectrophotometric scans of each sample. The results were used to calculate
product recovery yields. The extinction coefficient for her? is 1.45. Calculations
used to derive the results are:

15 Protein amount (mg/mi) = 280 nm/1.45 x Dilution factor
Protein Mass (mg) in each Fraction = Protein Amount (mg/m!) x Fraction Volume
(ml)

Yield (%) = Fraction Mass (mg) / Total Mass (mg) x 100

Host cell protein determination:

20 The walls of the wells of a micro titer plate are coated with a mixture of serum
albumin and Streptavidin. A goat derived polyclonal antibody against HCP is
bound to the walls of the wells of the micro titer plate. Afier a washing step
different wells of the micro titer plate are incubated with a HCP calibration
sequence of different amounts and sample solution. Afier the incubation not bound

25 sample material is removed by washing with buffer solution. For the detection the
wells are incubated with an antibody peroxidase conjugate to detect bound host cell
protein. The fixed peroxidase activity is detected by incubation with ABTS and
detection at 405 nm,

DNA determination:
30 The DNA content in the samples was determined via quantitative PCR according to
known procedures.

Protein A affinity chromatography:
The following her2 antibody material resulting from two different fermentations

was used:



15A affinity and cation exchange chromatography, performed with a step elution only or with gradient
elution, followed by step elution. Table 3: Purity and yield of her2 antibody obtained from the Fl
sample Fl Prg %lnﬁ/ Ltéglte Step Elution only Gradient Elution, followed b él;é’eolution_Monomer
content (SE b el Area] Variants (IEC)Peak 1,Peak [% rel. Area] 3/3* A HN%—"(?antent[Pg

DNA/mg MAK] HCP-content [ppm] Yield [%] Antibody amount (mg) 98.8 9.7

Fl:  herZ A <her2> = 0,907 mg/mL
F2: herZ2B <her2>= 1,739 mg/mL

gs

The supernatant resuiting from fermentation 2, Material F2, was stored for 12 h at
alkaline conditions (pH 9) for generating artificially deamidated antibody material,
5 thus antibody of low quality and with a lower percentage of the active isomer
compared to the antibody of F1. The percentage decrease of the 3/3% peak area,
corresponding to the amount of active isomer, is visible in the ion exchange
chromatogram (see also Table 2). In the following this sample is denoted F2.

F2:her2B <Her2>=1,739 mg/ml

10 The solution containing ker2 antibody, i.c either F1, F2 and F2’, was applied in a
first step to a Protein A affinity column.

The chromatographic conditions were as follows:

Resin: MabSelect SuRe (GE Healthcare, Life Sciences, Germany)
Equilibration: 25 mM Tris, 25 mM NaCl, 5 mM EDTA pH; 7,1

15 Wash step I: 25 mM Tris; 25 mM NaCl; 5 mM EDTA, ,pH 7.1
Wash step I: 25 mM NaCl; 500 mM TMAC; 5 mM EDTA; pH 5,0
Wash step III: 25 mM Tris; 25 mM NaCl; S mM EDTA pH; 7,1 £ 0,5
Elution: 25 mM Citrate; pH 2,8 £ 0,4

Analytical ion exchange chromatography:
20 Determination of the relative content of the active and inactive her2 antibody
variants was performed via analytical ion exchange HPLC.

Chromatographic conditions:

Resin: Dionex ProPac™ WCX-10 Analytical, 4x 250 mm, Dionex 54993
(weak cation exchange chromatography)
25 Flow rate: 0.8 mi/min

Loading: 50 plor 50 pug
Pressure: max 210 bar
Buffer A: 10 mM Na-phosphate, pH 7.5
Buffer B: 0.1 M NaCl in buffer A
30 Temperature: Room temperature



58 17.1 4.5 4376 99.7 10.4 60,9 12.7 5.06 544 82 903 99.6 6.9 65 19.8 11.43 537 44 481 WO
2011/0(19623PCT/EP2010/004509 52 Table 4: Purity and yield of her antibody obtained from the F2'

sample
WO 2011/009623 PCT/EP2010/004509

49

Equilibration, gradient elution and regeneration are performed according to the

following scheme:

Time (min} Buffer A | Buffer B
0 85 15

30 45 55

35 45 55 <
36 0 100

44 0 100

45 85 15

55 85 15

The percentage of the active form of the her? antibody was calculated by

10 determining the relative peak areas of peaks 3 and 3* (denoted 3/3* in the
following tables), wherein 3* represents a small shoulder of peak 3. The percentage
of the less active her2 variants were calculated by determining the relative peak
areas of peaks 1 and 4. In peak 1, a deamidated, acidic her2 variant {Asn to Asp at
position 30 in one light chain) can be found and in peak 4 a her? variant

15 characterized by an iso-aspartate at position 102 in one heavy chain (see Fig. 2 and
Table 1).

Table 2 summarizes the quality of the Protein A eluates obtained from the F1, F2
and F2’ samples which are used for cation exchange chromatography described
below inn Example 3. It can be seen that the IEC Peak 3/3*, expressed as relafive
20 area under the peak in the analytical 1on exchange chromatogram, representing the
main form of the her? antibody, decreases in the sample exposed to alkaline
conditions relative to the sample prior to exposure (54.3% versus 58%) and that,
vice versa, the percentage of the her? variant in Peak 1, i.e. the acidic, deamidated
her2 vanant is increased ( from 9.7% to 13.3%) after exposure to alkaline
25 conditions.



F2' Protein Eluate AStep Elution Gradient Elution, followed by step Elution Monomer content (SEC)
98.8 98.8 98,9 [% rel. Area] Variants (IEC)Peak 1 13.3 13,6 7,8 [% rd. Area]Peak 3/3*

WO 2011/009623 BCT/EP2G16/004509
50

Table 2;
Her2 variant pattern after Protein A chromatography of unmodified her2
samples (F1 and F2) and a her2 sample exposed to alkaline conditions (F2°).

Sample Fi F2 F2’
SEC [rel. Area] 98,8 98,7 08,8
IEC Peak 1 {rel.

9,7
Area] , 9,8 13,3
[EC Peak 3/3*

58 8,3
[rel. Area] >, 54,3
IEC Peak 4 [rel. 17.1 18,9 16.6
Area]
DNA

4,5 2 <2,0
[peDNA/mg]
HCP [ppm] 4376 1452 946

*SEC: Monomer Contert, HCP: host cell protein

5 Example 3
Purification of affinity purified her2 antibodies with cation exchange

chromatography using different elution modes

Following Protein A chromatography, cation exchange chromatography was
performed to further separate the desired her2 antibodies. Prior to cation exchange

10 chromatography the pH of the Protein A eluates was adjusted to 5,5 with 1| M
TRIS. Each sample (Protein A eluates of F1, F2 and F2") was purified by cation
exchange chromatography on SP Sepharose FF (GE Healthcare) using either
gradient, followed by step elution or step elution only, respectively, resulting in six
experiments. Each of the resulting chromatograms was analyzed with regard to the

15 monomer content (SEC), variant pattern, in particular the percentages of the active
and deamidated variants, DNA and HCP decrease.

The chromatographic conditions were as follows:
Resin: SP Sepharose FF, GE Healthcare
Column length: 35cm

20 Loading: conditioned Protein A pool



54.3 56.3 62.3 Peak 4 16.6 14 24,4 DNA-content[pgDNA/mg <20 <0.5< 2,0 MAK] HCP-content

[ppm] 946

10

15

WO 2011/009623 PCT/EP2010/004509
51

Buffers used for gradient elution, followed by step elution:
Equilibration buffer and Wash buffer : 30 mM MES, 45 mM NaCl, pH 5.6 = 0.05;
k=572 0.5mS/cm
Elution buffer : 30 mM MES, 95 mM NaCl, pH 5,6 + 0,05; x = 10.35 % 0,65
mS/cm
The gradient used for elution is shown in Fig. 3a.
Buffers used for step elution:
Equilibration and Wash buffer I: 25 mM MES, 50 mM NaCl, 5.6 £ 0,1; x = 5.7+
0,5 mS/cm
Wash buffer II: 25 mM MES, 70 mM NaCl, pH 5.6 = 0,1; x = 7.6 £ 0,5 mS/cm
Elution buffer : 25 mM MES; 95 mM NaCl; pH 5.6+ 0,1; k= 10.0+ 0.5 mS/cm
The buffer profile used for step elution is shown in Fig. 3b.
The following tables 3 and 4 show the variant distribution, purity and yield of her2
antibodies obtained from the F1 (Table 3) and F2’ (Table 4) samples after Protein
A affinity and cation exchange chromatography, performed with a step elution only

or with gradient elution, followed by step elution.

Table 3:
Purity and yield of her2 antibody obtained from the F1 sample

F1 Protein A Step Elution Gradient Elution,
Elunate only followed by step
elution
Monomer content
98.8 i 99.6
(SEC) [% rel. Area] %9
Variants (IEC) i’eak 9.7 10.4 6.9
Peak
[% rel. Area] 3/3% 58 60,9 65
ieak 17.1 12.7 19.8
DNA-content Ipg
4.5 .06 A3
DNA/mg MAK] 3 i
HCP-content [ppm] 4376 544 537
Yield (%] - 82 44

Antibody amount (mg) - 903 481



327 88 Yield [%] 72 46 Antibody amount (mg) 789 502 As can be seen from the tables 3 and 4,
gradient elution, followed by step elution, 5 results in a higher percentage (4% - 6%) of the most active

antibody (3/3* ' mparison to step elution only. Gradient and ste lons are equally suited
for decreasi%‘é(%g@lia)%%%gt of contaminating host gell proteins (FICP). Ho%cgj\r/%ﬁzt 1g‘/3|§/%1%9 is markedly
higher with step in comparison to gradient elution (about factor 2). In part this is due to a loss of
antibody during the wash gradient in the gradient 10 elution mode. Thus, depending on which
parameter needs improvement, either yield of gmtﬁ g'radient or step elution might be optimal for
purification of antibodies. Further, in case the eluate already contains a relative high content
of the most active antib&@yiivaarantieide bhetantboknabifiandidemihnd Xammechange 15
chromatography step-is_step elution,-since a.sufficiently pure antibody with a much higher yield
compared to gFdient elution, followed by stdfyeieiion, cart bé&tsiptEivddnThe it higher yield
corresponds to higher an absolute antibody &iwaet produced which directly r&sutisrin higher antibody
production rates. However, in case the most active antibody (3/3*) constitutesfeibwiabs than a 20
certain percentage in the Protein A eluate, gradient elution, followed by step ejytigpg is preferred, since
only with this kind of elution a sufficiently active her2 antibody can be obtainegy[hgjower yields

obtained with TS Thetod;,; H{SEEF

[% rel. Area] 98.8 98.8 98,9

Variants (IEC)  Peak 1 13.3 13,6 7.8
[% rel. Area] Peak 3/3%* 54.3 56.3 62.3
Peak 4 16.6 14 24.4
DNA-content [pg DNA/mg
MAK] <2.0 <0.5 <2,0
HCP-content [ppm] 946 327 88
Yield {%] - 72 46
Antibody amount {mg) - 789 502

As can be seen from the tables 3 and 4, gradient elution, followed by step elution,

5 results in a higher percentage (4% - 6%) of the most active antibody (3/3* peak) in

comparison to step elution only. Gradient and step elutions are equally suited for

decreasing the amount of contaminating host cell proteins (HCP), However, the

yield is markedly higher with step in comparison to gradient elution (about factor

2). In part this is due to a loss of antibody during the wash gradient in the gradient

10 elution mode. Thus, depending on which parameter needs improvement, either

vield of purity, gradient or step elution might be optimal for purification of
antibodies. :

Further, in case the Protein A ecluate already contains a relative high content of the
most active antibody variant, the preferred kind of elution in the cation exchange

15 chromatography step is step elution, since a sufficiently pure antibody with a much
higher yield compared to gradient elution, followed by step elution, can be
obtained. The markedly higher yieid corresponds to higher an absolute antibody
amount produced which directly results in higher antibody production rates.

However, in case the most active antibody (3/3*) constitutes only less than a

20 certain percentage in the Protein A eluate, gradient elution, followed by step

' elution, is preferred, since only with this kind of elution a sufficiently active her2
antibody can be obtained. The lower yields obtained with this method, then have to



53 be accepted. The decrease of contaminating DNA and HCP is similar for both elution modes. In
another aspect of the current invention analytical ion exchange chromatography of an aliquot of a
sample com&rlswd%%ﬁggl peptide is used for determination of a 5 subsequenté%iﬁ@%?de purification

scheme of said 2Samp e. The polypeptide is prefegably an antibody, more }E)%f Bhoclonal

antibody and most preferred is a her2 antibody. The sample is preferably a sample obtained from a
cell culture, free of cells and/or cellular debris or is a sample obtained during chromatography for

purification of a polypeptide, Preferably the analytical ion exchange 10 chromatography is aimed at
resolving antit?c?d?lcgg‘?fga‘ts% ré%écfgﬁwy ecgﬁtﬁf%‘%ﬂmgn%\lxéh%‘?%gé{ rdfn%%éa?é Ay Ff%c'g{'cation
exchange chrémaesgreaghs. Preferably, the use of analytical ion exchange chromatography determines
a protocol used for the cation exchange chromatography step. Most preferred, in the subsequent
purification scheanether anpitxody thetureehfronertioationl pic dngexxdiurpe dBdmatberaghadual increase
gf conductiyityogaglgﬁ@jdtgiﬁa%ﬁj@@@m&m@@mm f &ﬁk}g&gﬂﬁ@g)ﬁ&hg&ﬁgﬁf@&ﬁg}noagd 1)) ser(]:ond,

y a step wise jpgr Q Vi of the ign r ied,to t ation exchange
columng, if the %%%%%%ﬁtepgi%]e&%%# ﬁeﬂag(r%g%ggé r}}le&tlgcﬂ?e%])%tﬁg% %ﬁ ?)l?{t)%z) %1} o ﬁ'?g: of the antibody

molecule and BF¢E&FERY doAsbPodys BerswiarelAdRPratnal sk otk estiResE5%d of conductivity
and/or pH witheat/egradiizidsicldasemnh ol duckvily nadimpiéobtdhed o waffentipplied to the

cation exchangeccofwam ihtherradiqupk i amauptofatisieotbeshs neipeuainihe suphef the amounts

fth tibod iant th ' threshold ratio,.25Th i0 of th t of
ofthe antbodynaleee.an Ayadanineieelss dhaieavashold aloy25The algolthe amount o

e to the sum of ounts of cule and a varlgﬁ% thereof are

| _ body mo
preferibly de(EPFBFERRHS BERAA o eof Ho R UCAPR G ARG g ihs. The
threshold ratiods detbangeechumistigimplivhe purityoro Geluivgs mdoandographpnfrofexsid dependent on
the antibody itgelfiapdtagapuificatoRIBiaeotEakobh Ry aBidrtalns.l iesberkirkrmducing an
antibody compgsitign comphising A AMREMRY'SEHS PR ap.eidlic otParls yiagLdpreot
comprising the following steps: . i .
purification scheme an antibody is eluted from a cation exchange column

15 i} with a gradual increase of conductivity and/or pH of the elution buffer applied to
the cation exchange column, and

i1} second, by a step wise increase of conductivity and/or pH of the elution buffer

applied to the cation exchange column, if the ratio of the amount of the antibody

molecule to the sum of the amounts of the antibody molecule and a variant thereof
20 is below a threshold ratio, or

with a step wise increase of conductivity and/or pH without a gradual increase of
conductivity and/or pH of the elution buffer applied to the cation exchange column,
if the ratio of the amount of the antibody molecule to the sum of the amounts of the
antibody molecule and a variant thereof is above a threshold ratio.

25 The ratio of the amount of the antibody molecule to the sum of the amounts of the
antibody molecule and a variant thereof are preferably determined from the peak
areas mn the analytical ion exchange chromatograms.

The threshold ratio is determined on basis of the purity to be obtained and is among
others dependent on the antibody itself and the purification protocol used.
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5a) providing a sample comprising the antibody molecule and a variant thereof, b) determining the
ratio of the amount of the antibody molecule to the sym of the amounts of the antibody molecule and a
variant thereof in said sample by an analytical method performed on an aliquot of said 10sample, and
step c¢) comprises: al) optionally filtrating and/or centrifuging said sample of step a),  a2) optionally
perfoiming an affinity chromatography by applpiig:gaitditber filtrated and/or centrifuged sample of
step al) or said sample 15of step a), on an affinity chromatography column, a3) perfoiling a cation

exchange chromatogief b loArgh %ﬂma&'ﬁb%fd%f%ﬁ){x?sﬁ&&[ LRkl op ARl fRgining the
antibody, optionally aq% justing the pH and/or conductivity, onto a cation e chari;gﬁ) chromatography

column, 20a4) elutidg ?ltﬂ?gd?/“fr?) Rt We%ﬁﬁﬁé@%ﬁ?grﬁé{fﬁ%%%l Wy a gradual
increase of conductistitysand/or pH of the buffer applied to the cation exchange column, and ii) second,
by a step wise increase of conductivity and/or pH of the elution buffer applied to the cation exchange

columns 25if the ratio gf fhevadiguni @ﬁrﬁmeaeﬁb@@yzﬁga@wkﬁltmm@ shflcehibeameunts afithe

antibody molecule and a varjant thereof determined in step b) is below a threshold ratio selected from
the range of 65 to 75, 55 with a step wise mcrease of conductivity and/or pH without a gradual

increase of conductiv. nd/or pH o the eI buffer a dtot olu n, if the ratio of the amount
of the antibody molec{EXé?1 E?m’é‘@ﬁ%nt of fﬁtéo Fé“&’f‘lﬂf 8£ b8 191 8"8}%‘% affaht thereof
determined in step al) is abmfé@tﬁr@mﬂd)féhl@%ék@ﬁefdlirﬁmttheinérfg@aofdﬁﬁth@r%@m thateby
producing an antibody compasifipn spnprisingtos antibedy aglraile 3ndia adast thetaef.

10 sample,

and step c) comprises:
al) optionally filtrating and/or centrifuging said sample of step a),

a2) optionally performing an affinity chromatography by applying said
further filtrated and/or centrifuged sample of step al) or said sample

15 of step a), on an affinity chromatography column,

a3) performing a cation exchange chromatography by loading the sample of
step a), al) or eluate of step a2) containing the antibody, optionally
after adjusting the pH and/or conductivity, onto a cation exchange

chromatography column,
20 a4) eluting the antibody from the cation exchange chromatography column

1) by a gradual increase of conductivity and/or pH of the buffer
applied to the cation exchange column, and

ii) second, by a step wise increase of conductivity and/or pH of the

clution buffer applied to the cation exchange column,

25 if the ratio of the amount of the antibody molecule to the sum of the
amounts of the antibody molecule and a variant thereof determined
in step b) is below a threshold ratio selected from the range of 65 to
75 %,

or



2. Method according to claim 1, wherein the pl of the antibody molecule differs 10by 0.1 to 0.5 pl units
from the pl of the variant. 3. Method according to any of claims 1-2, wherein in step b) the analytical
method is ion-exchange chromatography, ELISA, or MALDI-TOF analysis. 4. Method according to any
of claims 1-3, wherein said sample in step a) is an %uate of an affinity chromatography step or is a cell
culture medium 15comprising an antibody and a variant thereof free from cells and cellular debris. 5.
Method according to any of the preceding claims, wherein step a) of providing a sample comprises

i) providing a cell containing®dthuéleTCRTdTHOREERS T FRERR LR CIEIE 20 ae5H 28HIWsh R encoding
said antibody molecule, graduall) iacleuating saidicetivita médiumHon A28 ahytson buffer i)

obtaining a sample from theamg:i&lr{b therely.providing the saprie %gg§igg&§pm@, the cell,
the antibody molecule and a Variant thereof 25 56 6. Method a cording todé?%ﬂ f?tlgg preceding claims,

wherein the threshold ratio i§'8P85© AABRSH HCHPIREIPLAMRP Bhacterized in
that, if &n affinity chromatographytsteeréefinditatedn ¢t emffiteipy ThromatoyeapHiieshobPrstein A, or a

Protein G, or metal affinity cfuemaiqgsarin @nMathed @ceording to any of claims 1-7, wherein the
antibody is a monoclonal antibody. 9. Method according to claim 8, wherein the monoclonal antibody is

a her2 antibody. 1010, Methad, acearding to,laigug. whereindbs aniingdvis TSI UAHBAR

molecule and a variant thereof.

2. Method according to claim 1, wherein the pl of the antibody molecule differs
10 by 0.1 to 0.5 pl units from the pl of the variant.

3.  Method according to any of claims 1-2, wherein in step b) the analytical

method is ion-exchange chromatography, ELISA, or MALDI-TOF analysis.

4. Method according to any of claims 1-3, wherein said sample in step a) is an

eluate of an affinity chromatography step or is a cell culture medium

13 comprising an antibody and a variant thereof free from cells and cellular
debris.

5. Method according to any of the preceding claims, wherein step a) of

providing a sample comprises

i) providing a cell containing a nucleic acid molecule comprising a nucleic

20 acid sequence encoding said antibody molecule,
i1} cultivating said cell in a medium for 4-28 days,
iii) obtaining a sample from the medium,

thereby providing the sample comprising the medium, the cell, the antibody

molecule and a variant thereof.

25



10

10,

56
Method according to any of the preceding claims, wherein the threshold ratio
18 67.5 %.

Method according to any one of claims 1-6, characterized in that, if an
affinity chromatography step is included, the affinity chromatography is a
Protein A, or a Protein (3, or metal affinity chromatography.

Method according to any of claims 1-7, wherein the antibody is a monoclonal

antibody.

Method according to claim 8, wherein the monoclonal antibody 1s a her2

antibody.

Method according to claim 9, wherein the antibody is Trastuzumab.



