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Field of the Invention The current invention relates to the field of

pol ypept iwe 2priodee28i on and purification. A general nethedTiEP2@oovisded for
the production of purified antibodieslby separation of an anti body nol ecul e
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t herapeutic efficacy, by for exanple choosing a specific harvesting tine
poi nt and/or a specific purification schene. Background of the Invention
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nul tiple ?:gher@ﬁf@u etrentforf %Ealfés E@p%t fierdi sFalpBEp t@d&ﬁé}o@lgeﬁ%horaﬁ@nt |
pr ogr ans i nica rke noc) ona odi es currently
constituteP ':'ﬂJtm 108.0%:E51"3 ‘I’ne %Brroﬁ%gfgg?r tggl%o‘iuﬁt‘?:rf Pﬁ?‘trét? dtarqt’gpéles 15
Monocl onal banseépaeations aff earpr mﬁmudyanndlycuhmnlﬁfoact aﬂ ednﬁbodyeC\Qiﬂ‘hhﬂaby
proteins i ' %ngn r |caIIy, a
sti r(rged tan 8@9{%%};,%%4 ¥nei S SSE?? eﬁﬁMguhgﬁgn of {ﬁ# é}y bS'r %‘ t he
upst r eam pelinoses a SPQ@ﬁG\lV@ﬂ/ebtyn&tlmmsm prdion mmsfssnmfwgn@m sqlngm@f har vest
chromat ographi ¢ capture and polishing steps. The drug substance which is

typical ly Batikeidufdio$ thdBivehfbA! ated into drug 20product. For human
application every phar maceut1 cal substance has to neet distinct criteria.
To ensure t f b| har maceut i cal umans one or nore
purificati %}r??“g‘?ﬁ %‘8@8“% Y Bt ﬁr@pwamoim%fm@p YA eSWOrPRE YDal  of
downstr eaninptoday:ssmeldmell pqmnﬁhb Dmrmgetheflameddcmdejeweﬂgnﬂi@nhtrgﬁki yih eheli ng,

r Obguc . a?ﬁg{:&lﬁlcgl u‘?d?lqtrkeﬂnisalgleﬁ Qﬁeo%%§aoé1¥ll nCPF JHJ)WTQE %ﬁo 'é ity

pro pI ca contamnants 1 n roces pr otein
(HCP), vi rmabs) asheagettidagents fqratgm@t@wnppéaummquf dléﬁ:ascmahcfrresil a

conponent Scans@R 24s&irh® hr@titit NRuRipld RAGYsiPER dMQEcefllf F‘é{ﬁom'ﬁ@racat‘ég’ G ANt s

requires an o thogonal purification process that utilizes various nodes of
puri fi cat i $yelopmegt peegrems oy peerlinical fa |n€ﬂ’¥ke%@n6r@@%%@oq%mlb@@e%ar| ous
conbi nat i oqigrenflyf corstiite ofband20%r @ﬁazlngﬁalﬂhilnﬁaéduﬂBéls Besilides! puiaist v,

our o1 cat 1l e Podt & ereRrub T b Trorsd e SO pRubRRRs o ©
2011/ 0096 28R€ri¢aR X c@teisadmatin célk cydtweubypicatlyc e stiged tankabiomeactot onal
antibody agi3€q ff&Pﬁ?oBG&id?PX‘PﬁlUs%@fE}eﬂrr%B,s ﬁ{%supstream process, followed by a
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steps. The drug substance which is typically a liquid is then formulated into drug
20 product.

For human application every pharmaceutical substance has to meet distinct criteria.
To ensure the safety of biopharmaceutical agents 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%
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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).



For the purification of reconbinantly produced i nmmunogl obulins often a
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i ncludes fOUFUTSti nct nenbers i ncl udi ng epidernmal growth factor receptor

(EGFR, ErbB 1 , or HER1l), HER2 (ErbB2 or p185""), HER3 (ErbB3) and HER4
(ErbB4 or Rgbipgyn, 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
NaCl 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 monoclonal antibody (herein Aer2 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-HER?2 antibody 4D5 described in Hudziak, R.M., et al., Mol. Cell. Biol
9 (1989) 1165-1172. Trastuzumab is a recombinant humanized version of the
murine anti-HER2 antibody 4D5, referred to as rhuMAb 4DS or trastuzumab and



Monocl onal her2 anti bodies, directed agai nst the gene product of the
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According to the current specification Herceptin® on the market must contain

$5% 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
30 Fig. 2 and Table 1).

Summary of the Invention

Thus it is the objective of the current invention 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.
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Another aspect of the current invention is the use of analytical ion exchange
chromatography of an aliquot of a sample comprising a polypeptide for

25 determination of a subsequent polypeptide purification scheme of said sample.

Detailed Description of the Invention

The present invention provides in a first aspect a method for the production of
antibody composition enabling the large-scale production of antibodies comprising
a high percentage of the antibody molecule in high yield and is highly economic.

30 Therefore, the first aspect of the current invention is a method for the production of
an antibody composition, comprising an antibody molecule and a variant thereof,

comprising the following steps:

a)  providing a sample comprising the antibody molecule and a variant thereof,
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5Publ i shing (1986), pp. 277-298; and Maeda, S., et al., Nature 315 (1985)
592-594. The terns "expression” or "expresses" refer to transcription and
transl at iwo 20ti009628ng Wit hin a host cell. The | evel of expmPsivomsod a

product gene in a host cell may be deferm ned on the basis of either the
anount of corresponding nRNA that is present in the cell or the anount of
t he pol ypepti de encoded by the structural 10gene that is expressed in the

cell. The term "cultiyvatj on" used wi,.t hin this applicatio otes the
entire con{:eﬁt’ B‘T&Jtpﬁ@leveésslgi’ @ﬁf@f‘@f%f%w #811%@15?‘&&'58‘1‘3“?%%“&@ MNgel |,
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e optimz 0 peci fic ul.ture u i nc n or. e ce
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cell cul tuBmtq‘mhndlmgyj Oviethedb and Whrotdtolss Zralr miuL dﬂmdama) Pressnbice (Q@ﬁb)l;rbl nant
prot1%| n pré)lrg%tl . The ternms "fed batch cell culture"” and "fed batch

cul tuare, S used " herein, refer to a 25 cell culture wherein the cells,

preferably mamual i an, and culture nedium are sugpl ied to the culturing
vessel i ni Metlodg ferpuridnag ppbmsptidasiarqivell gotablished andadesprgad wensk iTReYv sl y or
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preparative electrophoretic methods (such as gel electrophoresis, capillary
electrophoresis) (Vijayalakshmi, M.A., Appl. Biochem. Biotech. 75 (1998) 93-
102).

For the purification of recombinantly produced immunoglobulins often a
25 combination of different column chromatographic steps is employed. Generally, a
protein A affinity chromatography is followed by one or two additional separation
steps. The final purification step is a so called “polishing step” for the removal of
trace impurities and contaminants like aggregated immunoglobulins, residual HCP
(host cell protein), DNA (host cell nucleic acid), viruses, or endotoxins. For this

30 polishing 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

35 amphibian) and mammalian cells. Examples of invertebrate cells include the
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protein A, or antigens, or an “enzyme binding chromatography material” such as
20 chromatography materials comprising enzyme substrate analogues, enzyme
cofactors, or enzyme inhibitors as chromatographic functional group, or a “lectin
binding chromatography material” such as chromatography materials comprising
polysaccharides, cell surface receptors, glycoproteins, or intact cells as

chromatographic functional group.

25 When used herein, the term "Protein A" encompasses Protein A recovered from a
native source thereof, Protein A produced synthetically (e.g. by peptide synthesis
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, e.g. the POROS S0A(TM) column
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rom.a chromat ogr i al.. The t.erm "bi nd-and- el ute node" an
grarthati ca ra@ﬁﬁ%\@ﬁﬁ@ﬁ@?e@ffﬂﬁ n%gjg& in the current invention denotes an
operation node of a chromatography nethod, in which a solution containing a
subst ance The ferméiasexdhangsr dugmatograpbyhasesedwiitihin this epplicatian deptiese,
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stationary phase. a result the substance of interest is retained on the
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term “ion exchange chromatography material” as used within this application

denotes an immobile high 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 ions 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 (S), 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.
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i nterest ins jn on,. pref re th n 1595% of th bst ance
of i nteresfﬁmm H%asﬁﬁ"géfuqu q.to e@?&ér é%é‘éa-s trFﬁﬂuﬁ’QF%ﬁeter"
(1PO) is ath]eaﬂﬁomhﬁrgramgdmﬁ&harmengt thiei iog exchmgbt resin, procewselapipgitbel t o
procgss val i,dat i X I ivation
of 1 s PRt gkl R S AR R of QAP Y A0

"1 n- pr ocessammphut this iPaptreguieed. a val ue is obtained tri ggerl ng a 20
specific action on the reaction process. Exanples for "IPCs" are for

examl e oxyengiith BLHEOTEkLIPHS bubtes MkICERUR ol Efite B ddigbepaEEDAt al i on
of an anti body. The actiqn_ triggere measuri n araneters could
for exanpl @tesest &%@Hbﬁ@ﬂ PhaTst g@‘f GWW%Q’G&QQMVE}?&“@;HEE@; tgeﬁlBP?n O her

| PCs coul dbyfte! aieldaaptreﬂrednbmhanthte f’;ﬁ)ly?p’tbtlhl@@y ifiterdse caf deduterdd feorg.thé he
anoynt in the Ctﬂtl@ r{e tme he &U&th, e.g. the percentage of
act ide andFRBAL; %at 5889 f(?{leexcgg EA5f specific glyco-variants.
For determining a specific IPC a sanple could for exanple be w thdrawn from
the medi urerw terme'retgéﬁemtmn tuffer"defeey toiafndten that maydierused t¢ eageneratettheon. A
polypept| corshst i de
bonds, ﬁ)gfa ﬂﬂ? l1éuceaclil e tL@éFﬁgx%}{ang%?gg??ggﬁrtﬂ %gﬁytggtpi{??g%s of

| ess than %&Hse 80 ani no aci d residues nmay be referred to as "peptides”
wher eas nol ecul es consisting of two or nore pol ypeptides or conprising one

IO0| ypepti d?h@fenﬂilf’rc@n&mltilﬂeefafﬂ toAh&abitityr eSaxdu@&:onayolhaomecf eondadt bio as )
el ns (0] Se, Npn-a C nts, suc
B S8F bonydIPArE Syt oVt o Fiskoded, T3 BE Ry OReAT0E SRIRAVED,

non- ami no @ah®/copapdrenbs meaguted Lmdlgeedcmiﬁucﬁmet)cmbler Tmonductlvity of a

2011/ 009623k Chnd e P ROIPERMERS. I or XBIBRsed, and
may vary w tﬁérﬁe‘%%]/b%{aﬁo éigg char}:gg?%mepgthlldes 0are defi ned herrel n ?’n terns of
their am no acid backbone structure or the nucleic acid encoding the sane.
Addi ti ons such as carbohydrate groups are generally not specified, but may
be present nonet hel ess.



5The term "reconbi nant pol ypeptide" refers to a pol ypeptide which has been
produced in a host cell which has been transfornmed or transfected with
nucl ei c awoaoamveeBng t he pol ypepti de, or produces the pONEPEVIOMSOAS a
result of honol ogous reconbi nati on. T™e term "heterol ogous DNA" or
"het er ol ogous pol ypeptide" refers to a DNA 10 nol ecul e or a pol ypeptide, or
a popul ati on of DNA nol ecul es or a popul ati on of pol ypeptides that do not

exi st naturally wthi iven cel|. DNA nol.ecules hgteral ggous Lo a
parti cul arthe@mouﬁhgpgg\xﬁggr}g AL P(/%‘BO‘F‘}t&%atsﬁh%ﬁ'él ﬁag[)slﬂgg? é@“é’?(‘ e.
endogenousmbNbB¢ albéred in@rdastotdehieve ed desirBlNéoridactivinhi ned with non-cel |'s DNA
(i.e. exogenous DNA). For exanple, a DNA nol ecule containing a non-cell's
15 DNA seggent codin L.y pept i | ] o) ]!

segnent - conpr PG, B R8sy P s A BRRAE in b WREIchColniihe )"

mol ecul e. Edypeptidelyd one hemerotayanmamNAs mehridofeasiethestegraese panity
endogenous, S Hﬁt‘iBUd?' rPBRDeARES thy sdlufbed Wﬁ&éﬁﬁaﬁé%%ﬁ@%gtﬁﬁ%’t er. A
peptide or _po Xpept é%‘enco ed by a non-ceYI's nol ecule is a

"het er ol oglE@ theedmpesttiafy pol ypepti de. 20The term "anti body" refers to any
i mmunogl obulin or fragnment thereof, and enconpasses any pol ypepti de

conpri si ngTkO"pINtor JRBelbLtAdi pognts iof @. polyieeptiés rafernol thel @l tubhich anmbtdin i t ed

to, polyclonal | scifi | ifi _speci-fc,
huran zod, SRR R ROrEcRI o vl BORY RREFLS 'Furyoren B hob o
mut at ed, gelafgeabotd 8penétf negative cbpaei The sndeitric\iointds gémsegnafiedcanm i bodi es.
25 Agtibo roteﬁ@%ﬁ@@éﬁioh fil\de f(!:ra&’aw%i@pl %&emﬁ}{e%%ﬁ\{soeféétricdt%‘eusiﬂ%bPh may

n- b ndi n Y, f u

retain antige ing function. Typica suc ragment s 1 ncl ude, an

ant i gen- bi With rgmupytes nrograms. Fphere analytigabuen exchange giropeiagraphyorqud ponds t o
the quantife¥o108 protial wAeRk ivieh GéryaithilROsiyvalubssi. @ I ingCRA cRemBkgEsed in
relative UIPI éi ehg. area under peak in 30chromatogram or for exanple in
ps. An "ant¥ '(R;u { ecul e" as used herein refers to the antibody of
interest, which for exanple could be the nost active formin conparison to
t he vari anBg 'bivelieglf a mblecular toaatchrematogtaphymatbnaly ergl asc idre ex¢langg pr essed
fromst he s . . [ 2010 " ive
ant imgody o@g%{:l? ?&gqggﬁ_aeﬁwség 1%15 g@gﬁg@gﬁy {r%eFe)f g)%sé)g%%g%ggg‘rﬁ ?ﬁd@%}t h a

hi gh bi ol o¥ipseprigotcondijions (@H/qonduefitity)i tugh othat e melecule i§areveistbly | s

bet ween 70i,aRgbili2Q40br b1 aqeaat%ﬁ%ga@l?wtyﬁat e@l bn 364 bRpdipd Hatcril S

(anti body variants _are exFressed from g%rsa g:n%réchdé%@fre%ﬁence . _For
exanpl e t heY MER BF i1ANLG ANFELRRUOBS RRTWEET: He molecy fi HRATESHh &upP of

I soner i zat ¢hangedf grols dfspaloagixoRangeshateesl, corresponding to the main peak,
peak 3/3*, in the ion exchange chromatogram (see Fig. 2 and Table 1) has

t he jhi ghesg b ol.0qi.cal ' [ .t VAI | ant

sepazlraat ed.é)&nlv%éll}:llg i%abeg(ra{ gs%}éadé]ﬂa agﬁﬁgﬁ{l iagﬁﬁgﬁ%glbggfﬁﬂem%gh a&{/gﬁ?atﬁ% of an
ant i body ndiremalography ntat¢nigl e¢.gthe yoi exehangematenialci dic (e.g. determ ned by

i soel ectric focusing or ion exchange chromatography) than the anti body

nol ecul e of, rOLRF @Sholeéile AR ekt é‘f‘seﬁﬁﬂa_ﬂh% oM@ ElRkinct Ge.@ pheweptat ed
variant. Al so inc| ude%&are | variants %\&5 gx elute.in the acl gl C_ region,

in conpar i ¥otPH{ANNAY) FRMhaRRIBY (©&yPAR ARl arany ef e RvlsRRk 8¢ HBAY? 15A
" deam dat eghromatoigtaphy daterigdol ypept i de nol ecul e is a pol ypeptide wherein for
exanpl e one or nore asparagi ne residue(s) of the original polypeptide have

been,.convets e O | B e : ' j ' been
con\r/&esr t ed ?%e ge@esﬁgﬁ'ggéﬁ%ﬁe éﬁn(jdgvea%lglgr Eﬁgiﬁag?ﬁcl %‘r@ar gegt%é e?‘?reﬁ?gggl%ggg? ed her?2
vari ant f otheexmepl inverfian @enotesaan ppssaljonvmpeilanf awhrematographye mtlhnd, on

aspar agi newhRhas RALtie Somtaindi A%uBStaflc2 0P RRdrbitoR b%@u%h@-ig-coﬁ&u Qafhosdi ng to
peak 1 in the ion exchangﬁ% chromi),t o%éam (FI% tg Table 1). A" bSLS| C
variant" oftatifnagnphassdprehsridy @ solidsphase aptesshy e substagice i daiyratoP el e
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



which is nore basic (e.g. determ ned by isoelectric focusing or ion
exchange chromat ography) than the anti body nol ecule of interest. Here, also
vari ant s woeomobérs! uded, which only differ for exanpl epoy/Eeroiosoures i zati on
of asparagi ne, which theoretically shwuld not alter the overall theoretical
charge of the antibody, but which mght result in a conformation of the
antibody such that the antibody elutes in the nore basic region in
conmparison to the unmdified antibo durin change, chr omat ogr aphy.
ThIS T 5 1 i ohaEiss e peRoreowestaa 1005 S PRSErRT BRO T Doni
4 (Fig. 2, ofTadrestlyre réimevedrine. gitieast \5004 afitthe eshibstandes mah odinhiebstyarear i ant
which is chara e by g r ari son
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mol ecul e. The t&p “Slow-theeghmaedey ri’t“g%‘t‘@méﬁé é’QE'é(a rf’?l sl ence as

the anti bog¥ dilefCinlventindddnbtes aihr@efzﬁfonemaﬂ@béawhﬁdmﬁtbglaﬁlh)atnednﬂL liry
er 1,n..vivo e . term

dified .in 5vitro. T, | .05 d
o i n-r e B sEs SPrdiind' pbbiis 1 el VR 0 ARl i 47 Uo°
vari ant t heatimfary phasecpeferatdf a swdidaphosetwhaebyt e swhstapesdgf mbdrest yloes and t he
variygnt t heraghq g tl’(?%’ %lﬁo rg%%ﬁkéc : Q?Quﬁ' tHe shl?‘stzg{c@‘m infeRist RXGYTRh&d t he

threshold rati o cou i'stve tfor the purification schene or harvesting

time 10 potither durthedlovethieughaer die Slmemaéafdeﬁlﬂéﬁt%e? 8Pt phéntesgple W at i on
exchange CQE&W&%F:M&E&%HE&’ bind & thBSlaBBhdrh htstera@xameé fbnfcaviell Grogd ution i s
per f or med dlffﬁBent é fromthe el ut Bg&grfor E %‘ﬁ éattlo i s, hi.gher
than the tHeee TBis; ¢peg @Phﬂ?‘@ﬁta“\ﬂé g% Vet B seBytanses P9t 8 ; The
term"rati ﬂ)t@ésttaheréiimﬁtﬁd)ﬁ thdsolatidri botdsssemiallgLil0d%oof thersubstandesawobf to t he
Perape 00 S iR ik refloxkd i & BAYS0IR AL SRl delhol M @iktedt NEE P01
reféPs to & }nett? % Wi €

corres on unt of the
anti body memeved éroox th%sphmnn, plhﬁqrddf' at least 7(5(% phthe substaiees net afiatesgsbunt of
the anti bogy 0@9&’ Itl?e E’BS: §d?§t|1(‘)ﬁ“ r@f@;a%l)t helasf 009 Jthlie SBBRantes WaE of Thus,

t he anpunt of e antl l e or 'vari ant thereof set.in relation

to the s umnéﬁfreﬂttﬁée HnYRd ﬁ'@fn theesobtionppygiershly gwss thap 5a/h8fs'thﬁéu‘?s(5‘t’5’FS amount s

of the Varh@mfsntkfég{;ﬁ-@frema-\qu}mﬁﬂ{e @hatonant | body variant and the anti body
nol ecule in an anti body containing solution a certain ratio can attributed

and he sum of all_.thes tlo,s“rru t 09% u,ch [ >0 xarrple
&@t erni %It‘?r’f[’dmgr%‘ﬁ rgxe(!'ﬁé%ge STt H’gfﬂé%llp 00(§ n% u&?s g'Iiiﬂmfl rl&lv\,her ein

the w abs‘arqntmmum slyiont tnecthodst, avhichr adetesradt nntn@halh@ahh't |Vadd9 dont ent via

25 protein, i t'ff&‘f%ﬂ{)t% heP¥n Q%Pdd‘l'&t@gﬁéﬁ)tr ﬂ'e&dﬁe@ﬁ&éﬁ”@%ttﬁe ahRunesessary for

det erm natl since 1t-] rati o not an absol ute
val ue, but Stﬁzﬁta»ycwaatiserqium% l%omeegﬁéﬁtdﬁl?fg afoa bsdt sHbstaseH ™M anount |

could be spfbirat phfy%aféﬁbpttk%is&ﬂ ok NBweAldi ébnttﬁqtsuswaﬂaltﬁe drinpagk ar eas
under a chronato ram can useq. for determpatlog?ao e ra f the

moddt of SRngsd | yowewnswté I ¥5pg SA%0 80" P8P of® t he
ant| body nplefsiathl¢ oo, \baTrtheaﬁkhoﬁﬂttaffeh)é subEmcs cansifg élbeoxarleahlsf gaildienpeaks

(ant!body %@s&ggﬁe &“%Bva“ iobh, 8P LA LIOSH BT R IRAR LN ARG, BRL o and

the area u he res
i ndi cat ed otshlerandée, the How of mchtoemazdgmplanm@ﬁm may ienchaaged §neaglyn9fran her 2

t d her2
17, 2t LD, OCIRR AolEt RESDUTRG it g e
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Wo 2011/ 00§B®BP@F¢EP2@PGP$)@450@€ Separgiednby ost%ttonéry phéteﬁr i“%rfgv%d 934
(1986) ( CegbepiesP6F eSlirRar BhHNges m49 326y Hurih® elutivaBlep . 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



The term "drug product” as used herein refers to the purified antibody in
the formulation buffer, which is used for the treatnent of patients. The
drug prodwmotzob/mas2Bai ns a mini mum | evel of the active amrcrhErdytomessoant and
maxi mum | evel of the inactive variant17 These val ues are eval uated during

t he devel opment and submtted to the Health Authorities. "Treat ment"
refers to both therapeutic treatnment and prophylactic or preventative
measures. Those in need of treatnent include ih.ose.al reacg ith the

di sorder a¥heigiere e FRsW 9fha frhstance irausng sien. i€ ths é"yf%\?e ®d. A

" di sor der "bduhdasupstandedirdrnanclirbdhtogiphd nkedtidl | is riisahot loeatedeattonet tile. t he

pol ypeptid rified as described, herein hi s (ngl-udes chr.onj acute
G sordor s o seuBart bR HIS e BBt Buelfd) Lt o FIHRE" Saf 2

pr edi sposembhecoraiitials, far ¢dampik thermdrthe nomjusgengsh, am&irdfregsdlieandiot at i on of
an anti bod y ' I t.n [ Y

i nt errgest , %‘S% ggla\fg%ﬁar%ta%%ggy t eé@égs?#gggiﬁ%rag l.lpé:to%gggﬁ; _‘?ﬁggté e%féiri ants
coul d havestaiting] waluatx ¢ s9condse.g.rfingbrivstie Ibp changerie thgstemisdyicadstbad e but

coul d al socHagt 88S9AGréfémbly 6f 1®%28PIHR Ehbunnef tHeSRbs@e dabsinglitioant and
m ght be upwanted in . the bul k dr uﬁdigr oduct .exanpl e coul e

I On be .a
deam dat ed SRR PBGRY JSAtenhal (IgiceRADan, g hanRed HBFamenBUEpk S BIEMF: i n vi vo
degr adat i o cohhrastrtetanaanciemgeli Afjerteach hreréasy dret domditna bieamainkengak tilduct i on
of ant i had | ec . hi ield and high purity with regard to
un\/\g@t ed v%‘?i"éﬁ@?pkﬁﬁégﬁ@@%g%%%dm ding to the invention is based on the
surprising findi ng that the antibody conposition with regard to the vari ant
di stributi Ghe teum Chtepaglutien expi’eebessl th oplutiorjoine aasertain phremapgranky anount

of 25 the gfitmRPusiY Gy bRplefutddToOdluf pOIbERHRY Qid hBeg@BlnPadMonD! ecul e
and the vari ant Q)Slhesgﬂgof,ycaﬁ bé shi ftgdlk?% t eé%egi red dlglr%ecti on %y
adapti ng t Wehasgspedtvergram#esgBhytiedf t he anti body and/or subsequent

anti body purification scheme. Thus, the current invention provides in a
first aspeat"smgheithpdddnotestahgropsss ihetdio tn®©br morecdnditomhy, foorRRaaplkeitbe,

Fol 11gni ng Bite8 i8MGHRG Rl IBHEEY 4 G a8y B TRso b S5 B Iy PRy BIBE | e
presence ofhanged altat pody fromh ecdrtingvdlug to a finalt valuge i gotheagdydgironstage r at i o of
the amount @%&Mﬁ%ﬁ% Ii.@ﬁoétwké; ix?tE%ﬁfPaEi B lidAPERAke L 0 the sum of the

amount s of ant ecul’e and the variant thereof, in an aliquot of
sai d sanpleg, 5c) detern ning (g subsequent .harvestj%i ng time poi.nt and/ or
anti body plh§ fSrEat 3RpYIREG fenend graampticabeqpivalenis therspi a5 e Mty ZBS b)
t her eby prgshlichtich dendted abeuialcasposid porfictionrmethod ihhehidhtd beldyiomol ecul e
and 3 vari ant .t f}ler eof tlr? a Fr&ﬁ:‘eertr god aspect o{ Erhe urrent itnw;r\ teilon t he
san‘&] e is AN gc?nst“B?% el B or%r &'r?& an°RN |tbbd§ Wat el e and a
vari ant t hgatiafary phasef Thin daoles thatch)dbe Isolution debddesl tora chroamtedrepiie of a
Protei n A alildid Yhfdl HERGAUARNREER loddled ok 1) it b BfioAREFRRe G the
current i n@éerllteinon tﬁe san‘if[e cghn%rfssi ngotaﬁee’arﬁtq)bogy rrﬁlgcu eﬁand t he
variant t heddedito ithe splutianudn eassis) shensdutionoiantpiniag theotubsascyskdiardst fant i body
i gﬁar atl Onpe %ﬂxr‘fﬁ‘e@%ﬁs@é& tﬁxﬁl@mﬁ@stsﬂ%ﬂwﬁhaswnwmgom @n lifttREast b&wee®! umms,
%gr oxyal[i)]% slteEtl%ngryr Shrggé %g{i aﬂ?e Xub%t%ngergn = s%ﬁuction. 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 removed

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. Preferably 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 methods

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



In certain aspects of the current invention, the variant of the antibody
nol ecule is an acidic variant, a basic variant, a glyco-variant, or a

vari ant wohror/wpd2Berent binding affinity to a defined 2OTiEReo10jom4509
conparison to the antibody nolecule. 18n still another preferred enbodi nent,
the variant of the antibody nolecule is a |l ess 20 active variant than the
antibody nolecule itself. Activity could for exanple be measured in "in

itro" .g. effi tral I
model for GRS oh SRR Srerr B e S e At e B B8 KT boay
nol ecul e dpiriféedsalloyvifig fortaa ifitefacfibn betwesn theostattdnerypthasé andthe anbstioody

ol ecul e, ol el SRS Yalih?? phAASRR Pk, 39! by EaRlio0” ame,

if for exa e sequence nown,
met hods knmthUbﬁencpﬁe@fsmmesi kot Ibednd tp theestationary| Ph@éells eblamedringhe ocu3| ng,

for exanpl gpehfateCertai n aspect of the invention, providing a sanple

conprising the nedium the cell, the antibody nol ecul e and a vari ant
t her eof co r| ses_the follow ng st eps: 30i)providin el | i.ning a
nucl ei ¢ acit c‘iﬂ eg nop i @ ApdgramEabical %&1 ﬂl&ﬁ%@@ aérﬂ?S |"Yi W4 d

ant |) bogy nﬂilﬁapblecatlbh)ddhuidsl t‘hath |an91t3ﬁinde ol interest, a7 gednunmmomoglemamdays

ii1) obtaini omthe ned 20 00962 P 004509
24 In stil fen?ag?ﬁ We?oq'gté%gﬁl ngfoqué R ﬁvlgt]ﬁf Jtltll?/nélﬁ Rﬁg) hégég ls in a
medi um i n etabpngd matesiah{Thisedass rfo©ne¢b_smlyid9®te Fhaeﬂ@@%bﬂfyh‘t @wbstlant.s oflays and
mosty gpr ef efg ?stf afil ?1 d8¥Fon 2 és%ér{tiallgufdd%rofaﬁlgeﬁib%taﬁée to'?‘%nle?é’s‘? ntion

cuIt|vat|ngo ecell inandumin s erformed until a
speci fi c aremayesdyn selvéient i-at pbheast S8kt &f ﬁh%i Su'aﬁttal}céagﬁ ISt EEMAPRL AR abl y at

| east 800 §E]{1t10n '}}?éf%ral&[)eﬁtefeﬁ;w 660/@t0f |tE@§1§bsﬂaQ@Q ofrﬂf{téﬂestal%amsffn Pledarred at
| east 1500 n‘1§l tl1 @)r&gg tions g ’e{’g .oth rs on t? eqlkl nd of
ant i body eR’ﬁ"ég ¥t qaﬁt§ 4 stanage @ Hﬁ?rﬁ TSRAmS N SERORIHEERIY ¥t i on of
10at | east at2@st @Q%Lof ﬂnemmbsftamee(cf intenesa rgmafie i edutisp podferablyt herecthan ent

i nvelgtl on, 9$(p s ?fxb%?es? %mﬁgsdxl %R.Itl%ﬁm e and/or variant thereof and
e an o

the ratio 0 ody ecul e or variant thereof and the
sum of the anti body m)l ecule and the variant thereof is determned by ion
exchange chhetmamogndsesess-Eogtrobbaramateyt (IBE) is mparametsansps fos momiteRag ogr aphy.

Thi s techni oigctioh ?Rﬁ%salaf);}‘he!ﬂn%r@dési Reliddtionl afCcPedout fboh ek @pRS beand
i nvol ves for exanp

e. catign exc chromat o h Si rad| ent elution.
For cal cul QEOPB?Feéf WHE ?‘@Y‘Yﬁtl%ogﬁgﬁ%%prﬁs‘%g“ éﬁf‘¥ Me@é‘ﬁ“‘ég 8hd the
vari ant t h?ét@@lhﬂidﬁ&h@“ﬁﬁ-ﬁddi&@? cbrh’tﬁolpmgllﬂetieS’ de,tahrernsnﬁiﬁaﬂ;?edl ttlg@rrrgspgclu v)e
peaks resolve s of. a pOSSi et ho ot a el ow) .
Det €r'mi nat ?%er‘f% a‘?{f?él %atb?ég%%lcog Pt e A ﬁPIPL d%r §Fecu e Eg(r{d or NSri ant
t her eof i sotygenmed ghdeselemelsgh @nd ﬂﬁbtmmeS,tmmnarfcmmthjlommf@l) @hbedd/ or
vari ant th‘i‘fx?%étldnst@g@eﬂ'H}eﬂebﬁrﬁﬁﬁﬂ&@ akdm & BIRLE1dOfor ré%m IENR Aeded.

observati on eci fI'c vari a I'S ‘cont al ne Irresp e tive of their

rel ative ahenkraontreben theixygercany glacesssupiy. Qvey BiGs sayld Y‘ﬁ’él itarmatigh
purificatigp e Qﬁt‘i%dyz@l!% brodubed, €ahnei s iPkhd baticatidremlediuiy,efti on, the
per cent age of  the aﬁl r}/
25 quality, e.g. the perce tage 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,



nol ecule, i.e. the antibody nol ecule of interest, or variant thereof, is
determ ned by other suitable nethods known by the skilled person, e.g. by
i soel ect rwo 2bw0si28g (see in this context also the revi earaP2itonessoand
Jungbauer: J. of Chromatog. 2006, Vol19 841, pages 110-122. 30In further
aspects of the current invention the presence and/or anount of glyco-
variants is determned, e.g. by MALD - TOF anal ysis or other nethods known
by the skill eﬁl. er.son f'n tth(f?oart. WD, 2011/ 009623PCT/ EI?%O?{OI 00£50§ 25
relative td PRENSHR BPYPRRIGR S ehprerseds oadimay Vapy Witk BT A% 94r5%hnt s

t her eof , iRolgpd¢pides aredicfmed hbwin axtemps of fhe. anZinanadidtzskbork (toktur¢darri s, R
J., J. Chr . 7 200 - : i t he
current i n@en u:%%? agﬁeé?cf) gehglgn%% S(%i?l %'r z\dd:ég)nog rgtu g’g%émghoﬁlgg%gé %%(S:u © and/ or
vari ant tt@r@m‘llyir@tdmceffl)%h@@ndjab¢yl;esmﬁ@pyetb@1@$§nd day, or in other defined
increnents, after for exanple 3, 5, or 7 d of fernentation or daily or

every secofgk dedf t"8dcombifint PolyRPLHESO N RORE @NpsRbEMIMel Whidhe hhebeEnt at i on
medium 0.2 to 1.5 r'[%/m, I’(S‘{) ached. In_stil]l fur%t;her enBodlf’rents of the
current i nRi@ARSGrn achost sedl which basesiransforigd on gapsfecteh i1t er ni ned
only once dfdddinignge tpobypkptide; vk drodutes tiecpol gpepeidt ak ra tesulgbh homofagonent at i on,
preferably aftﬁ{?ggio 11 or 12 d of fernmentation for Herceptin. In a certain

enbodi nent "§¢™ #t hod of the current inventi on, the total antibody

anount (sum of the ampunt of the antibody nmolecule and all variants in the
sanpl e) at The ¢ant dheterokagornRNASrordaieterelogeuse poliynentidgsi rafprsnge HoBY A nown by

the 1§5 Skihb%@uﬁe&ﬁﬁﬁoly{)&ﬁ?ﬁle‘c Bf a HOPIRLSn BF VA oA 6NE Mopuldién BEI SA. In
anot her aspect of the current i nvention, the total anltllbo %er%ggé@t at a
C

certain tiPRIVPRAtdes ithatcdp cior %Y W‘EB_&@“}(‘J‘P f HEVED (8 f® total
g(\tl b?dy g@aﬂlog@wWafp@fticnrae\ctbxﬁu'gaﬂdaigdiﬂbmgrdga?xwﬂtoﬁmhgwems dpaciedie f

the her 2 oo fITBmAsL DPLsS Tinknrs, it SIS 18R ois, Sty PR Rdkpat: " ©

i nvent i on, DNze(i@ntxdgedyusidNéguF @& exanipleaiRivA nidlecdotontginpigd forecklBy cat i on
chr Aaat ogr Doy SPAbRRod AP AIRCpYqR JoBIbRPTHELITS B s DR Mghent
of the souswepngingrd giromptes. isoponsifieredattp obofa higterelagenst YAt meleghle: body

mol ecul e t @oANRseiyM RiterbltRoBSNK %&écﬂé‘@a@éﬁﬂlﬂ%ﬁn@h@?é&ﬂoﬁs afttctarayar i ant

t her eof 25According to a preferred aspect of the curre invention, elution
of the antg€6’6d9p‘frf‘lgbh hinked. withoan exeEeoye RIBIMQIRL #s PSR eoPFrFRP?yR"}’“B?/ a

gradual i ngfcedekbph noaRENGIDNAtNolaaudé iya thdterblopbus" Ipeplide orgmipypeptdde.o t he
cation exchange colum, and 1ii) second, by a step w se increase of

excringe oot Fenfe {ehGs 5 b2 Rk Blopily AP LR ERECUIRREA 2%, | e
sum of t heermoopassss odnyt pelypepiide bpmpsisingulan anfigea-bindingngitet hEhe derm
det er m nedni.fdsd B8t Rlnbt 1itilRa!8VpAyd1BAASHBhSLISRHLT Monpecific, polyspecific,
non-specific, humanized, human, single-chain, chimeric, synthetic, recombinant,
hybrid, mutated, grafted, 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.



WO 2011/ 009623PCT/ EP2010/ 004509 26 with a step wi se increase of
conductivity and/or pH wi thout a gradual increase of conductivity and/or pH
of the elwbizonydoudBer applied to the colum, if the ratipoTEP26t0@os0DUNt Of
t he anti body nolecule to the sum of tie anounts of the antibody nol ecul e
and a variant thereof determned in step al) is above a threshold ratio.
5This threshold ratio in the context of the current invention can be
determ ned as follows: The aimis a fornulated therapeutlc anti hody drug
(bul k dr ughPr 8eHE dntikeAN oF aghiwwariant #etperinera fetem i) anpntibgdy émﬁ] %o

nol ecul e oligh bic6gisil lﬁtﬂého@r, pée@letaeﬁmweﬂthﬁmacmwdrmei istieteeata?( and

t her eof oPut. L the s fJ cat ant i bod These | evels are

for exanpl gg()/gloef aygpe ﬁ’«g ‘Y«’@élﬂfl @gﬁ‘} 1?&&1 ?P?I?tﬁs@n%bo‘j?'hé(avg}t? &Y ni ght

for exanpl am@sécbﬁsmadtel samd antody sequamnm)alﬁoe@x_ampleotﬂxhdﬂerpqnﬁnmmanfh| S

threghol d €vf#ch° éeﬁéynﬂggti&{' YRS tdfn?tspg%ﬁ}ae@?% r@HBhés' cation

scherre in partl u ar &l Ut on uring cat

chr omat ogr estegporEang wxhamain ppaK, oeak Hé* tiRrtke fosl chhmgec?hrqrh@togr@m (s6ely is

purified byiogpagi e]"htbleeh}‘ﬁésoﬂ?)e Hi@hdsP ¥ heital gb@ﬁcﬁhﬂéérﬁﬁmdoﬂ thNBe Gel ON

exchange chromat og y step inorder to 15 obtain a sufficiently high

purity of Y3@NLTE -mol ecul e and yield, and above that ratio the

anti body will be purlfled by step elution only in order to obtain high

yi el ds andAst'adillicantiatdif @ ahtibédyl olegult liea safat wf an anteyddy. mdleade of he

thr hoId t h, t Yohut hority
% | fn%erésg twﬁl‘éﬁ ois }np?ér ggﬁgéc ?8@ %éqenfn‘ﬁeS %ﬁ& ecp%;[ '?&Qﬂln%r §1g 1%@ erial

and that héxghenge qimwaﬂ@geap}w)aﬂns theantitpdyanelpewlt néintetest. dmoerrerplpoéf er r ed

enbodi ment 4y, édﬂﬁc %Qﬁ%&h@thﬂieéﬁida@edd@{rﬁﬁ(“AﬁﬁﬁnUb%e@ aFVAPTAGd WARKRAItET . such
that for exanple harvestl ng 1s only performed if val ues above the threshold

val ue are FeHihatidicssesion| B compagidefo tB° dngiayReafs I g WrefxeiagFon only
node i n caghromavxedpange chromat ography. The background here is that during
fermentation, speci f| c anti body variants m ght occur and i ncr ease in their

25 t t f_th tib I ht
docrase. i AR AR S ATTRAE AP T p AR RYE MRl o s
depends anenagnpie hee or orre epaaging ochyduets) lod tik pngmehpolwh@tfderhmfntbaem on
condi £§ onSeorbReRIBYRARS ; LN e"l?éﬂtrfaf‘aé"rﬁeh%étchﬁﬁ B hagileh Sn 0Bty £am and

forrrulatlon_roce S useé romato rap tratiron etc) and

t hus has t@su@ee Withaneqy erablract EﬁhQrH@FTa E%’é’dﬁ?“ﬂ?bfeﬁéﬁ%ﬂeﬁ%cess

i ndi vi dual her2 BEbEY daritirk wigHa tcBhivsfion dfr@ba@gﬁlbao ra@ﬂ;z&tdté'@t afnondciof a
certzg for. exa I'e unwant ed varltant ST atl vel h h and t he amount of
t he Znt i boRRFIHRR dtuFE SPTTRANAIG 19 Pefle)lafn TR Jon &k alnﬂ HALOBRR A und t hat

in this cadég 2 Meblgriadi ent el uti on 35npde, foll owed by step elution on the
same colum, is suitable for purifying the WD 2011/009623PCT/ EP2010/ 004509

A “basic variant” of an antibody molecule is a variant of an antibody molecule
which is more basic (e.g. determined by isoelectric focusing or ion exchange
chromatography) than the antibody molecule of interest. Here, also variants are
25 included, which only differ for example by an isomerization of asparagine, which
theoretically should not alter the overall theoretical charge of the antibody, but
which might result in a 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



27 anti body nolecule fromthe variant to such an extent that a drug product
can be obtained which is suitable for the market. The step elution only
node, howsveni1/ioge2Bess suitable in this case, due to thecCrmrerodegoree of
purification of the antibody nol ecul 1fromthe variant thereof. In the

wor st case, step elution would not lead to 5 a drug product suitable for
the market, if the antibody containing solution to be purlfied has a ratio

of the anoun t he ul e othesmof t he of the
ant i body nB‘PL‘E’H{e manh@'sg %E g?n{ﬁot?‘?g B%? SR t’?ﬁaélét\% gﬁv%ue See the
exanpl es béiffevs frén thdrentiodgmdiende. i f the ratio of the anpunt of the

anti body nol ecule to the sumof 10 the am)unts of the antibody nol ecul e and

th t i g d
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cation exchatrgelesnd dhis asg forpiymple pesétranslatipnally madified; §1t%qrut1 voe Or‘hb’éie in

conpari son,#,Q. gradient elution, followed by step elution, results in higher
yields and still a drug product can be obtained which is suitable for the

15 ket . he he .h I f. th i al
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and nost p&tﬁilﬁfté@‘ﬂn& Nhd REm 8PAA Brsd Patio’zYPustNb@ lbU‘VJ hRich WaﬁB@ rc‘éf?*or
enmbodi nent of 1:bhjtrab@current invention, the threshold rati

[ The
anti body a5t determiredc frmetan pHABRES Bhomatqgrams as ?'Vwﬁ‘r’é’dﬁ’(ge& by 5
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aC| gsencodl ng.the anti 'tdﬁy 1 to t.he inventiogn an urthfer aspect
o | RRkiP | DRttt DEr b BT oo TR B oSS ng &
the i nvent daermiGatimer cflthenstiopsiacd wis mrdy(an’mmmmﬁnq:traodbmlut@rvahfe buttanbpdi es are
vel | - knownyiynag By aber@bohdifie 3 b ARSCHTRE SH0BAOLSIA bE RSB | N

prokaryoti ¢ or eukaryoti su sequent i sol atl on
ant i body aerlculating thg ratie.i IftPfc%ttaiTmieattbe ;P%‘hat’eﬁﬁ@edﬁrl & shrpipatpezpt 61 Be product

(see for emanhedétaenﬁaidnwtﬂeratle\efeﬂeamt}{mf rolfdﬁannb%d? molE& At 8t varl%zﬁpr

Purif. 17, 183-202 (1999) ur.
(1998) 271thseesf tath sum of hey anm?\%iy mBleﬁt‘lS&‘?Ho‘fa“a%thffﬁégﬁeelﬂn é% Wer ner ,

R G, Drugaegsof 48 péﬂl&9&)1t186d)y &&ﬁecﬂélﬁﬂd ‘afanB)X W ithen obrrédpendirthe bodi es
as af Ore”engn'r?ﬁ{lgﬂar%nﬂhe%t & Sr %p%lulpeaq(ﬁ?gﬁrg%eg eoqu'mrf& {hs he respective

nodi fi ed I? eavy c arn nser xpreSS|on vectors by
standard net hods. The Kbrldona ceIIs can serve as a source of such DNA and

RNA. Once Uslssaiindicatedinshenwisenthe tan {"hesdl hdn usgdohessip refessi tohupast/sr4, whi ch
are then tpRpshaaHO%e M RIAOIS HFldnShS9CEn8S TR Rumh ! /Rr2 el @84 I7er2

35 protein are described in Semba et al., PNAS (USA) 82:6497-6501 (1985) and



20 SP2/0 cells, HEK293 cells, PER C6 cells, yeast, E. Coli cells, or
nyel oma cells that do not ot herw se produce i nmunogl obulin protein, to
obt ai n t wOogyntdeeeds of reconbi nant nonocl onal anti bodi esTiER2a1000450% t
cells. The host cell is cultured unde? conditions which are suitable for
the expression of the heterol ogous polypeptide and the heterol ogous

pol ypeptide is isolated fromthe cells or the culture 25supernatant.

General ly, the netho nd t| of. the . .invention for the
product i onY BMAMQILGHS ﬁ\é repflgr%%n? @gg%)r{gleﬁ W%F?f@@“ﬂ%’"%?‘é@?g%gr ns
produced bforieR@mpleocess of genetic engineering. Particularly preferred
proteins for production according to the nethods and conp03|t|ons of the

i nvention, Q d 30 r t] I l.
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WL, et a”ll“hus i]he 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,
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Mor eover, the necessary nutrients and growmh factors for the nmedi um

i ncl udi ngwoheiwooggzeunt s, for a particular cell |ine, carChEPIEOI4FINed
enpirically wthout undue experi nent asi on as described, for exanple, by
Mat her (ed.) in: Mammalian cell culture, Plenum Press, NY (1984);

5Ri ckwood, D., and Hanes, B.D. (eds.), Animal cell culture: A Practi cal
Appr oach, ond xford University,.Pres Bar nes
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preferred LXBLE S he culture is a serumfree culture, e.g. in a
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system may be used, in the latter two systens, with or without
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certain e venti on

split-batc 8 @gé%‘tmotang‘%@ég aﬁﬁgeé’clé‘d:f’ﬂtpﬁﬂs‘tnotortéﬁﬁ‘ftﬁ)@ et he culture
in which a portion of the culture broth is harvested after a growth phase
and t he r ehwdtilidaotiet ptdferreditmbodimenytite variaat ofithe antibedyfreoleewleas avdssch i s
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up to the vvor cess according t i nventi1 on enabl es
the desir emewerdor@dyn vidrob es$pap O@gt@‘ﬁcm to apytralizganyinEgen or it ab AR

anot her aspgat] 8f eddafpié.nvention, fed-batch or continuous cell culture
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wh 5 ft h
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analyzed is known, or by methods known by the persons skilled in the art, like

isoelectric 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 i)  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 4-28 days,

iii)  obtaining a sample from the medium,



According to the present invention, the cell-culture environnment during the
10pr oducti on phase of the cell culture is controlled. The culture

condi t i orsOf20r1/te@3ant i bodi es to be produced are defi ne@CipEPRO16/064509 OW Ng
paranmeter: a) Basic nedium anounts a4d types of nutrient anounts, optional
pl asma conponents, growh factors, salts and buffers, nucl eosides and
bases, protein hydrolyzates, antibiotics and lipids, suitable carriers,

15b) Types and anmounts of carbohydrate anounts, dissolved oxygen, anount,
ammoni um anount, pH value, osnolality, tenperature, cell density, growh
state, c) lopitilofwathes aspgets lof theaentiareeultivatmg qfithe pellscorpmedinnsin gepwt h
factors sugfiagleft Jor 4&%&9@,%@1@%@%?& 4-98?3?@ aR@ B0 BreferRRIPEIrdR16

hydrol yzates, small 20 nol ecul'es (like dexa hason, cortisol, iron

chel ati ng %@'énts, etc.), inorganic conmpounds (like selene etc.), and

conmpounds known to have an effect of the glycosylation profile (like

ﬁut yisat e o il fartlen@peas sbheiigyentivl cultivatpethe cethiuh nredidnt ansteeiyi n, EG-,
or nones, salt imorgani c i.ons, . .buffers, .nucl eoside S rotein
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stimul ati ng..gl I gl er, 2 eh Io¥idrs @RdhOT

mani pul at i %Sﬁrf]égeggtﬂg%gslf/ a%ﬁl'proﬁglcgﬁo ﬁgﬁblfgg%%sy? gt eé’ge?nt irf)qdy i.n any

desired di kiadtof gpibadyeexpeasyesk dnithrecase of dtarsaphinpamadibodycpasaniratigofs at

| eagip 3 hoktngastDO®mgNg pRerki Nni ng of the growth phase, such as at about
12 to about 224 hours, or alternatively at about 120 to 192 hours after the

begi nni f th wt h . Th ducti h Last, €.Q., f 4

Co 14 daysih B Gt BT OERUTERCBIR B s tae e ey Boonrsdy mdsdis ' cven

| onger, f oandéorangiant uhereaf &81 the Bioi ofythehasowtafethe anbody molecule or
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| ogarithm c cel f as en elrn production 1s primary. In one
aspect of d¢termined it ionj pxchenge chramasegraPhivage-8f by mmabicaluien gxehansf can be

emphgyed, ghrBmafdfaph§! ERTHERNIRR i9EerRPABR) kidwiChY theGWllledRrodalATRS &

(lactate 5production, antibody, amoupt) or quality check of. the. anti body
produced (@t &V Vﬁ%{?‘?ro‘ﬁ‘aﬁlﬂ’%c ﬁ%lqne‘fx&{l?lzﬁ'@ %ﬁ@ﬂﬁf’g@%f’éeﬂf‘e&%ﬂ“i A ve
vari ant s) . Fébncalcwletidrabh thesiektive imdune 6fitheediitibbady endlecuhe afidéhecedriamt ar e
cultivated,in medi um under, conditions sujtable for e [ i f
specific aﬁ‘tefel? LIt é“&ﬁeﬁ > Fd‘%%n@énrefi a@ﬁthgé?s g%tﬁ\g: éa’%%%)reg ﬁzegﬂ??body
rel ative t details af iaapossitie mathod, Thaes thee Exsamplag éebeaw). Vgtgrmination of the
20 presence of the antibody molecule and/or variant thereof is the mere determination
whether the antibody molecule and/or 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,



10 during fernmentation, i.e. could increase or decrease, either predictable
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acid encoding the antibodies are identical, but are nodified during
fermentation and |ater on by different processes. 15 Common nodifications
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According to a preferred aspect of the current invention, the tine point at
whi ch the antibody is recovered fromthe culture nmedium is derived froma
conpar i soNORtIN03Ra t hreshol d rati o, previously defi nedPCIrEP2019/084569 r ed
enbodi nent of the current invention t3e harvesting tine point is determ ned
by estimating the ratio of the amount of the anti body nol ecul e or vari ant

t hereof and the sum of the anmounts of the antibody nol ecule and the vari ant
t her eof by um ng .a linear e. or _incr of the,rel.ative unt of
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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 example
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



5 variant, corresponding to peak 3/3* in the ion-exchange chromat ogram
decreases daily by about 2% after a certain time of cultivation, e.g. after
10d of cuwbDivatdose3(see Fig. 1). In a certain aspect of pClrEpreannessho
invention R'" is determ ned only once,27preferably shortly before harvest
(e.g. 1-2 d before harvest or at d 11 for Herceptin 10 fernentation for
exanple). If the thus determned Rx is for exanple 2 % above the threshold
ratio, then the cultivation is perforned for one further day and the
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current inven percenta e active her2 antibody variant in
t he bul k drug product obtainable with the described nethods, is ..65% and
t he per cendiage thst stemelutigh dnedeedping cafion; exehange chramatpgphyie faiorabiee acti ve
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from65 to 100% These val ues depend in particular from _
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



the antibody to be purified. In a certain aspect of the current invention,
the pol ypeptide of interest preferably is recovered fromthe culture nedi um
as a secrwoedipobezpepti de, al though it al so may be recoverg®2émwomshost cel |
| ysates when directly expressed with®st a secretory 15 signal. Harvesting,
i.e. recovery of the antibody fromthe cell culture nmedium is perforned by
nmet hods known by the skilled person in the art, e.g. by separating the

cells fro fernment ati on nedi a first st t.he, cu r di um or
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m ght f ol Iicg\@/.7 I}lereafter an 20anti body containing solution, free of cells
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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.
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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.
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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
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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, nucleosides 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 after 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,
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bond formatio -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
or 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 fermentation 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



42 In a certain aspect of the current invention, the antibody to be
purified a nonocl onal antibody. In a further aspect of the invention, the
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y 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
dowﬁstream 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, previously 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
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The antibody molecule is then recovered from the medium when Ry 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.



In a further aspect of the current invention, a Protein A affinity
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Shovvn is t ercenta a specific variant, attributable to Peaks 1,
3/3* and 4thrqsgglﬁéew,\; q:rythe.cnlttwaew briestosmgd £ ong ferher é@V& thecharyssy  3) gt
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Qerceptfme% ek r(x) ?{ arves Ill (hedt E)éar\]/gr%/rc osdeet\c/>I tﬁg Ithq'eshold ratio,

ermentatio
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 Ry at d 11 is less than 2 % above the threshold ratio,
e.g. 1.5 % above the ratio at fermentation day 11 (d11), 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, etc., 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 sum 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 pul to 10 000 pl.



Figure 2Anal ytical ion exchange chromatogram Trastuzunmab separation on a
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vari ant s [ H‘@raé‘él adyedregussificde rel at i ve anount 35of the antibody nol ecul e of
i nterest decreases in the sane tine. WD 2011/ 009623PCT/ EP2010/ 004509 46

Table 1: pAsgicemdRatsect of thircagtazuvahionathiepolypeptianofintieso pedfogbhpby Peak
Fractions rpe%%l\sere r%% Hlléz%:lultltzl)lrg rfngél%rr}lcz?s(as gecretecl’ pglypepqu% :ﬁthough it also may
be recovered from host cell lysates when directly expressed without a secretory
15 signal. Harvesting, i.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,



Asn30 At Heavy Chain Asn55 At Heavy Chain Aspl02 Contai ns NeuAc or

Deam dated HO a Deam dated (to Asp) at Asn30 of both |ight chains Asp/Asp
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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 current 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
is 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 example 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 is equilibrated with a suitable buffer. For example, the



1* Deam dated (to Asp) at Asn30 of one light chain, acidic form Asn/ Asp
Asn/ Asn Asp/ Asp Yes 1 Deam dated (to Asp) at Asn30 of one light chain
Asn/ Asp Aso/28emo$@p/ Asp No 2 Deam dated (to Asp) at Asn®OTa@P2@0m0450ght
chain, and isonerized (to i soAsp) at 3spl02 of one heavy chain Asn/ Asp
Asn/ Asn Asp/isoAsp No 3* Main peak, acidic

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 cells 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. Alteratively, the elution 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



form or peak 1 formwth 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
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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
5 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 I 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 1. Alternatively, the pH of the wash buffer II may exceed that of
the loading buffer and wash buffer I.
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Har bor , I cal reagents used accordi ng
to t he nmaneNamntlel (mrthg exmphesubt:]oa/nsfrom 21% elutlon buffer to 72% elutlon 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

15 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, is 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
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via quanti I vie .PCR ac ord ures Protein A affinity
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resulging 512 Qﬁﬁﬁo%?i%l&aﬁé f0nrat 1041 64d ntft&naff‘ta@h&reQHggorft%m%gt zthdat]heal kal i ne
conditi ons eneratin artificial y deanm dated anti b y nat eri al

5 thus ant m&wyonolr«wﬁ glianterest dffar qpiyrslightly ik thedpeadentag aoigts, taﬁét ifctive
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i on exchan{@MERFRY Hihesmetheds Aording % erﬁmfeﬂ Of‘o?q Y € sanpl e
i s denot edcétaminants 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 her2 antibody
having a pl of 8.87, from a singly-deamidated variant thereof having a pI 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 radioactive 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.
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e
receptor 2, lymphotoxin-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,
PDGE-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,
ipilimumab, 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
monoclonal anti-HER2 antibody, i.e. her2 antibody, preferably trastuzumab or
pertuzumab, more preferably trastuzumab.

In a preferred aspect of the current invention, the bulk drug Aer2 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*
and 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 conductivity and/or pH are continuously increased
such that the antibody can be separated from the contaminant. These changes can
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

Room



WO 2011/ 009623PCT/ EP2010/ 004509 49 Equilibration, gradient elution and
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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 fer?2 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
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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 is 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
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practicable with immunoglobulins. This 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.
Description of the Figure

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
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.

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 pattern during fermentation

The variant distribution of the Herceptin antibody during fermentation was
analyzed for the large scale fermentation of this antibody resulting in the bulk drug
product, at days 10, 11 and 12 after 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
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
isomerization 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

of the antibody molecule of interest decreases in the same time.

| EC Peak 1 [rel. Area]
| EC Peak 4 [rel. Area]

9,7
17,1
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respectively, resulting in six expen,‘({jgmgé Each of the resulting
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Deamidated (to Asp) at
Asn30 of both light

a |chains Asp/Asp Asn/Asn Asp/Asp No
Deamidated (to
isoAsp) at Asn55 in
b |one heavy chain Asn/Asn | Asn/isoAsp Asp/Asp No
Deamidated (to Asp) at
Asn30 of one light

1* |chain, 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

isomerized (to 1s0Asp)
2 |at Aspl02 of one
heavy chain . Asn/Asp | Asn/Asn | Asp/isoAsp No
Main peak, acidic
form, or

3* |peak 1 form with one | Asn/Asn | Asn/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 Asp102 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
Asp102 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 2 Refers to presence of N-acetylneuraminic acid (NeuAc), deamidation in
heavy chain at Asn387, or deamidation at heavy chain Asn392.



Buffers used for gradient elution, followed by step elution: Equilibration
buf fer and Wash buffer : 30 nM MES, 45 mM NaCl, pH 5.6 0.05; =5.7 0.5
nS/ cm wo 20Hl0evé2en buffer : 30 "M MES, 95 nM NaCl, pHpPETAEP20100B450X =
10.35 0,65 5nS/cm The gradi ent used 470r elution is shown in Fig. 3a.
Buffers used for step elution: Equilibration and Wash buffer 1: 25 mM MES,
50 M NaCl, 5.6 0,1; Ic =5.7 0,5 nS/cm 10Wash buffer [I1: 25 nM MES, 70 nM
&81 pH 5.2 0, 1; :c 7.6 0,5 nS/cmEl ution buffer : 25 mM MES; 95 nmM

; pH 5. 0,1 Ic 10.0 0.5 nB/cm The buffer profile used for ste
el ution i sExampleZ n Fig. 3b. The following tables 3 and 4 show the varignt
di stributi pﬁlmﬁawidﬂ ¥f feord a)‘lhbbdle@fwnﬂﬁPi’otamtA hffihiesclobngitogdphyeamdt he Fl

Table 3 4 ft in 15A affini d [
(exghaﬁge) c 8%["6’(54’ dﬁ)’}ﬁe érrc %ﬁ\ﬂna?“eeéer rgéﬁlgpsut i onaon: SI E)?/ \?\nnt hCat on

gradi ent elution, foll owed by step elution. Table 3: Purity and yield of
her 2 Sant i bBelgombinathHAf teshmiques| sanple FI Protein A Eluate Step El ution

onty Gradi gahadth théiRlls 6l \RUETo BaniifRe BVA TR UMRBRETA SERBKGIN, 1( IFC) [ %
rel. Area] Varlants
al., Molecular lonmg A Laboratory Manual Second Edition, Cold Spring Harbor

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 her2 is 1.45. Calculations

used to derive the results are:

15 Protein amount (mg/ml) = 280 nm/1.45 x Dilution factor
Protein Mass (mg) in each Fraction = Protein Amount (mg/ml) 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. After a washing step
different wells of the micro titer plate are incubated with a HCP calibration
sequence of different amounts and sample solution. After 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:



[Y%rel. Area] 3/3* Peak 4 DNA-content[Pg DNA/nmg MAK] HCP-content [ ppni
Yield [ Antibody amount (ng) 98.8 9.7 58 17.1 4.5 4376 99.7 10.4 60,9

12. 7 5. 06wb441183098203 99.6 6.9 65 19.8 11. 43 PCT/EP2010/004509
48
Fl:  her2 A <her2> = 0,907 mg/mL
F2:  her2B <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 antibody matenial,
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’:her2 B <Her2>=1,739 mg/ml

10 The solution containing her2 antibody, i.e 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 II: 25 mM NaCl; 500 mM TMAC; 5 mM EDTA; pH 5,0
Wash step II1I: 25 mM Tris; 25 mM NaCl; 5 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 ml/min
Loading: 50 pl or 50O pg
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



537 44 481 WD 2011/ 009623PCT/ EP2010/ 004509 52 Table 4: Purity and yield of
her anti body obtained fromthe F2' sanple F2' Protein Eluate AStep El ution
G adi ent wbubimnge2Bol | owed by step El ution Monomer cont egt/epSEGN0{s96 I el .
Area] Variants (IEC)Peak 1 [%rel. Arema] Peak 3/ 3* Peak 4

DNA- cont ent [ pgDNA/ ng MAK] HCP-content [ppm Yield [%4 98.8 13.3

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 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 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 her2 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 in Example 3. It can be seen that the IEC Peak 3/3*, expressed as relative
20 area under the peak in the analytical ion exchange chromatogram, representing the
main form of the her2 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 her2 variant in Peak 1, i.e. the acidic, deamidated
her2 variant is increased ( from 9.7% to 13.3%) after exposure to alkaline

25 conditions.



54.3 16.6 <2.0 946 - 98.8 13,6 56.3 14 <0.5 327 72 98,9 7,8 62.3 24,4 <2,0
88 46 Anti body amount (ng) - 789 502 As can be seen fromthe tables 3 and

4, gradi w0 2elwmp@a, foll owed by step elution, PCT/EP2010/004509
50

Table 2:

Her?2 variant pattern after Protein A chromatography of unmodified her2

samples (F1 and F2) and a /er2 sample exposed to alkaline conditions (F2’).

Sample F1 F2 F2’
SEC [rel. Area] 98,8 98,7 98,8
IEC Peak 1 [rel. 9.7 9.8 133
Area]
*

IEC Peak 3/3 53 58.3 543
[rel. Area)
IEC Peak 4 [rel. 17.1 18.9 16,6
Area]
DNA

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

*SEC: Monomer Content, HCP: host cell protein

5 Example 3
Purification of affinity purified fer2 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



5 results in a higher percentage (4% - 6% of the nost active antibody
(3/3* peak) in conparison to step elution only. Gradient and step el utions
are equalwyp 28uidoest3f or decreasi ng the anmpbunt of contanm reatriprgoiboeisocel |
proteins (HCP). However, the yield issimarkedly higher with step in
conparison to gradient elution (about factor 2). In part this is due to a

| oss of antibody during the wash gradient in the gradient 10 el ution node.
Thus, dependi ng on which parapeter eds i nprovenent, either yield of
purity, grBuffersused fox gradignge ‘Hﬂ’%f‘afﬂw%ief’bffﬂ’ ton5 hyurification of

ant i bodi esEqiilibtaki6h buffer dsWastheuffroBeimMAMESU4S mMINaCADH 6@nt 8i0ss a
relative hi gl’g ﬁg%ﬁf{}ﬁ of the nost active antibody variant, the preferred

ki nd of el bfioh™i écn&ati on exchange 15 chromatography step is step

el ution, sEhtienabustet f i30i M IMESUPT navit NaGHypHiSith ta000ck hil§Bér +y0,63 d

conpgr ed tﬁ%sﬁ{]n‘?‘di ent elution, followed by step elution, can be obtained.
The markedl'y higher yield corresponds to higher an absol ute anti body anount
produced which directly results in higher _antibody production rates.
However, i Rheggdienhesedder elyiien sshawnimbbisy 323/ 3*) constitutes only | ess than
a 20 certain _percentage in the Protein A eluate, gradient elution, foll owed
by step el Buffers used for sep elution: s nce only with this kind of elution a

suf fi ci ent Eyuitibtativ ahéWashbutfeor 2 5eaM MESOBO aiMehCLTH6 H hvae =i ds

obt ai ned V\@%WI s met hod, then have to WD 2011/ 009623PCT/ EP2010/ 004509 53
be accepted: &Mdecrease of contani nat i ng DNA and HCP is simlar for both
el utlidon noWash buffealiio? M NI F0 oM Na€l, ptlr . #4t0, 1 ;nvedtl bh,.5andlegt i cal i on
exchange B ARRbABLAPIVRE M 35 HANCNaCL. pft S8R, E COMRIS0BMS/cRP! YPept | de
is used for determ nation of &85 su sequgnt pol ypeptide purification schene
of said sanple. The polypeptide is preferably an_antibody, nore preferred a
nonocl onal T %W%d&‘ogﬁdls%g’tf sirpetWiandy shawyitig3go3tnt i body. The sanple is
preferably a sanple obtained froma cell culture, free of cells and/or

cel lul ar deh¢ fillowing sabes Sediidl £shaln dienadiantudistigutidy, pueityogrdayibld dfdrer2

purification.of. a pol.ypeptide. -RPreferably.the [ ' e ge 10
chr omat ogr %PB}R?“I@& d@%ﬂ%egl %?mﬁgg SF\;?%lglegﬁtalX%o y (’g%?lé gﬁ]? ag.%lﬁirg gr%rg@pt he
anallyt i cal Aiaffiniéx emhergion chclamge chroapitygraghya periotinagd witle h ategelwionoymdy ogr aphy.
Preferably :g]Pa?f? | phib&ad bl R iange chromat ography determnes a
pr ot ocol u(s)re%l'n? r t??gglélgteﬁo% gxc a%gepc romat ogr aphy step. Mst preferred,
in the subsequent purification schenqe an_antibody is eluted froma cation
exchange colum 15i) with a gradual & fase of conductivity and/or pH of

the el ution buffempugpphidedeldo L2 saibodn obdtedrtesn ¢ Eingsmpierd i i) second,
by a step wise increase of conductivity and/or pH of the elution buffer

applied to i€ cation exchanqerfogﬁh%nn, gtg?méfhg%p{qi{)d}gmﬁgﬁnt of the

anti body nolecule to the sumo € anou nol ecul e and a
variant thereof 20is bel ow a EMAtshol d ®Yio, or wilPHoye gﬁte\ﬂi se increase
of conductivity and/or pH without a gradual increasdutidn conductivity and/or
pH of the e\héas: Qystdner applied to the cation exchange colum, if the
ratio of t Eﬁﬁﬂfﬁm of the arft&$ody nol¥cll e to théd%um of the anounts of

(&gl &8H

the anti body“nalé&cT d a variant thereof is above a threshold ratio.
Variants (IEC) Peak

| 9.7 10.4 6.9
Peak

[% rel. Area] 3733* 58 60,9 65
Peak 151 12.7 19.8
4

DNA-content P 45 5.06 11.43

DNA/mg MAK]

HCP-content [ppm] 4376 544 537

Yield [%] - 82 44

Antibody amount (mg) - 903 481



25The ratio of the anount of the antibody nolecule to the sumof the
anmounts of the anti body nolecule and a variant thereof are preferably
det er m n&MO2POMOP428 peak areas in the anal ytical ion ex®0&AFHe010/004509
chromat ograns. The threshold ratio i sS2determ ned on basis of the purity to
be obtained and is anong ot hers dependent on the anti body itself and the
purification protocol used. WD 2011/009623PCT/ EP2010/ 004509 54 Pat ent
Clainms 1. Method for producing an antli SidX conposition conprising an
anti body nol ecule and a variant the €3:conmprising the fol |l owi ng steps:
a) providing a saPphey aghyeidsifrigr dftébodnobtand frovh deulF 2 samghlea var i ant
S5thereof, b) determning the ratio of the anount of the antibody nol ecul e
to the sumggh the amounts of the giphikedy Ml equherBgn? VaGiaditnd hereof in
said sanpl e by an anal ytical net hgﬂ Ferfor med on an al I quot ﬁ{t sal d sanpl e,
10and step c) conprises: al) opti &y filtrating and/or cERfi®Pf uging said
sanpl e of step a), a2) optionally performng an affinity chiodgaedgraphy by
applying said further filtrated and/or centrifuged sanpl e oby stepp al) or
said sanple of step a), on an affinity chromatography col unf«ptionally
15washi ng ot and—eluting aftiboc om—th ot-tT
per f or m ng MoRapsTsnisRE tRhige chr ongtgogr aphy bygg gadi ng the gagpl e of step
a), al) or [¢ehtAreaf step a2) contal ning the anti body, optionally after
adj usti ng tWipiaRtd (@Pd) or reapducti viigy, onto a caypon exchangggchromat ogr aphy
col um and [%A)}e?i%raeéj y WE}%Q{( Rt he (o um, 2_0a4%6gl uting thesanti body from
t he cati on‘téxchiange chromat ography colum i) X a gradual iTicrease of
conductivity and/or pH dreak fe buf 1600 appl i ed tb*the cation %\%&hange col um,
and i) sdx¥Adionbanta [pgeDMAGBgI n<gé18ase of COQ@BC“ vity and/ &r pH of the
el ution bufl\ﬁ[gK]appl ied to the cati exchange coFumm, 25if TR ratio of the
anount of t antib | ecul e t he sum of anmounts of, t he anti body
nol ecul e and a'cgrétﬁptglf%}gn{mereof de&édrsm' ned in s%%ﬁ b) is beI%ﬁN a threshold
ratio sel ectied [4lom t he range of 65 to 75% 72 46

Antibody amount (mg) - 789 502

C il JUUY U C U A

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
yield of purity, gradient or step elution might be optimal for purification of

antibodies.

Further, in case the Protein A eluate 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 yield 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



WO 2011/ 009623PCT/ EP2010/ 004509 55 with a step wi se increase of
conductivity and/or pH wi thout a gradual increase of conductivity and/or pH
of the elwbi2on/dad2Ber applied to the columm, if the ratipoaT@EP2i0@osSM®UNt Of
t he anti body nolecule to the sum of t33e anounts of the antibody nol ecul e
and a 5Svariant thereof determined in step al) is above a threshold ratio
selected fromthe range of 65 to 75% t hereby produci ng an anti body

conpositiop conpri si he anti nol ecu and riant .t hereof 2.

Met hod accg? d‘f’%tet‘f) ﬂ%a%"?ﬁria}sevﬁ{b ¥ ARG, dglfleé?h‘é Sé‘ﬁ‘flf“bg yOUBI ecul e
I s 10an actltion@iodessi ¢ vari ant. 3. NEt hod accord| ng to claim?2, wherein
the pl of the antibody nolecule differs by 0.1 to 0.5 pl units fromthe pl

of the var rd"‘@otheff né%t]%g‘?heag Jn‘E“nM {1811 M}{lt?cfal? aéﬁﬁalﬂ%/ h@‘fl@g&la@ﬁ“ step

b) the ana I Of- exch roma
MALDI - TOF ahah pl{queot of 3 @mmmchmnmg@rmlngeptlde asnysedf Otriatpmmmnqn of\der ei n

sai d sanpl g,dsBq € PofpepBd@Puifibion hefe & idldi“sﬁﬁﬁpfehr”lq{éaﬁ& éﬂmﬁé gtep or
s pét

is a cell culture medi um conpri si gan ant | @}aé a varl an of free
from cel | sPEherably angniibodypmpee prgt %@moa% i2AY Qdd yymgst l?rﬁ “ﬁ ecedi ng
clai ns, Whgrehér2sdntibod). Te sd @Ml;xﬂetregabay @@amble o@QiTrinl ﬁs@a d dellpcudturd]i Ng a

| | t | | i d
encodi ng. <Pt CLARHDIY s Bt dsBRs BF 1§ TR bR e PR A O R i T or
4- 28 days, fari ipprifibstiimiofg aa mhymbedé r d?mfeﬂablyrrﬁUe uanal@itaherombyexphamgedi ng t he
[ t
Choricy -7l HaRrbply S oy rABLAR, anidodS ARhAOEXATIGEHE Sndiicd TOC O
of iv) det@mnexrhapge promatogsaplfy tshe catieiumechgnge ﬁlérom@tqas - Poeterable to the

sum of theygp r&fsanangquoﬁr&emgy cHRInRASYrEpA Gt @t Acs @fhtotééaﬂeme&f fden an WO

2011/ 00962 PCT/ P2010/ 0045
e catFon exchange %romatography step. Most preferred, in the subsequent

punﬁcatlon 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

ii) 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 in 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.

30



56 aliquot of the sanple obtained fromthe nediumin step ii) in claim®6,
by anal ytical ion exchange chronmat ography, v) optionally repeating
steps iiiwoand/ioyg23unti|l the ratio determned in step i PYCI/EP3010/024596 above a
threshold ratio selected fromthe range of 65 %5to 75% and/or
extrapolating the ratio of the anount of the antibody nolecule to the sum
of the anobunts of the antibody nolecule and a variant thereof in the nedium
for a specific cultivation day Dagé/ calculating that ratio according to
the following formula: 10Rx = Ro ¥ '5!(‘(3\55{“5‘- Do), wherein Do is a
cultivation day, at which the sanple in step c) is obtained, Dx is a

cul tivatioh dametiald dwi pepdieingRan iantibbdy rcamipositibn t dvenpmisingntan odntibody ant i body

nol ecul e to the sum of ,t he .anbpun f . ant, | ecul.e and a vari ant
t hereof at D(,nlfieﬁgieiaéldtahvea”ragmﬂgltegﬁ Cf’h‘g’%gﬁié&l!}, %ﬁ)‘%%ﬁ%,i body nol ecule to

the sum of the amounts of the antibody nolecule and a variant thereof at
Do, deternined dhpsivéding\d sample comprisigg jtke antjlegdye moteculee andiigrariantq day and
5 % day, and correspg@%ﬁto the daily percentage alteration of the ratio of
t he amount of the antibody nol ecule to 20t he sum of the anobunts of the

anti body nol ecu) e,and .a variant vi) recover| the antipo nmol ecul e from
The modt um whenPRICTRIRg the aitir 14 be GBo; GBE aniibet RPEERE 8 BETT

sel ected fromthe raofjheainoahtstof tRSaMtibadd nelemlad)d 4 vartanatherébfdrosgdi ses
25vii) performng a i,on. . exch hr oar by | oadi n .sanpl e of
step vi) containing %%Ileplgmx %c??}? olf) i%%%?ﬁ%%da%lj ﬁ%?ﬂﬂ%&tﬁg&p‘)@l and/ or

conductivity, onto asampleon exchange chromat ography col um and optionally
washi ng the colum, WD 2011/ 009623PCT/ EP2010/ 004509 57 viii) eluting the

ant iqlpody fromt%gaﬁhp&%&nge chromat ography colum with a step w se
i ncrease of conductivity and/or pH w thout a gradual increase of

conductivity and{or pH.of .the elution buffer applied to the col um,
5t her eby product d’pélﬁn%}%f ﬁ{%‘ﬂ?g@ﬂ Bg?q?é’ﬁlr@ogﬂgﬁagﬂﬁ@ofﬁﬁp g%ti body mol ecul e
and a variant thereof
a2) optionally performing an affinity chromatography by applying said
further filtrated and/or centrifuged sample of step al) or said sample
of step a), on an affinity chromatography column, optionally
15 washing the column and eluting the antibody from the 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 and optionally washing the 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

elution 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
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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 the sum of the amounts of the antibody molecule and a
variant thereof determined in step al) is above a threshold ratio
selected from the range of 65 to 75%,

thereby producing an antibody composition comprising the antibody

molecule and a variant thereof.

Method according to claim 1, wherein the variant of the antibody molecule is

an acidic or basic variant.

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

Method according to any of claims 1-3, wherein in step b) the analytical
method is ion-exchange chromatography, ELISA, or MALDI-TOF analysis.

Method according to any of claims 1-4, wherein said sample in step a) is an
eluate of an affinity chromatography step or is a cell culture medium
comprising an antibody and a variant thereof free from cells and cellular
debris.

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

providing a sample comprises

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

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.
Method according to claim 6, wherein step b) of claim 1 consists of

iv) 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 an



Met hod according to any of the preceding clainms, wherein the threshold
ratio is 67.5 % Method according to any of clains 1-8, wherein the ratio
of the amwonoifd2be anti body nol ecule to the sum of thecampeo®o43h9 t he
anti body nol ecule and a variant theresf in the antibody conposition
produced is from50 to 100 % preferably in the range 60 to 100 % and nost
preferred in the range 65 to 100% Method according to any of clains 1-9,
wherein the yield, thlat iis.the ratio, of th arIDunt of the an ibold}/ nol ecul e
and a variant t her eof'94ptOf thessammle ghta AN S medugH IR By 11 H8Mat i on
exchange chr omat ogr aphlyy aeil ytizahieg daghangsichppmdtsgrapncr ease of conductivity
and/ or pH wi thout a gradual increase of conductivity and/or pH of the
buffer applied g I . . g . nt i e and a
vari ant thereof Lfﬁf"ﬁ]‘,ﬁ‘e"ﬁg|‘g§%é‘“ggt%§8?§ﬁ Nc)ol%{tgittﬁ?ﬁﬁ%t ée?ggrﬁ?%lolﬁ&g | ecul e
and a variant thereofvV)l 5dd28e dhnvs a theesheldirato esledieth @ndhems@éﬁ)é&hy, is
nore ¢ han 65% pref efaploy sgrge than 70% and nost preferred nore than 75%
Met hod according to any one of clains 1-10, characterized in that, if an
affinity chromatography step.is jncluded, the affinity chronmatography is a
Protein A or a® Qﬂogqt%‘gé‘e %“Orﬁgjttg‘:f a‘&f"f“?trﬂftt{}]e @HWB%F&’&'?B‘PSN ?\/E‘?rﬂé’g
accordi ng to antheoddm@ints oBtht-ahiiboi atodéculd el anthidwdyeres ia the rediwunal
anti body. Method according,to.claimd?2, i.n the nacl onal ibody is
a her2 anti body.gorl\%%egglca%ééﬁa&'ioﬁg ?\yoﬁ’t’Ibalr%?{l@%tnl\ﬁhtg?tegﬁota%ma%\gi %&h}e/ IS
Trastuzumab. Wolkeving 6@eeP8PCT/ EP2010/ 004509 58 15. Use of anal ytical ion
exchange chromat ography for analyzing a sanple conprising an anti body
nol egul e and a ygacignt cthgs eob ¥ Wheflgd er m nation of a subsequent
pol ypeptide purification scheng of said sanple. 16. Use according to
claim 15, wherein.in the subsequent. rification schene an 5antibody is
eluted froma cb@?%c‘ﬂsl%ﬂé)ﬁégyd‘}l"aﬂﬁﬁf © SRIMP lgsﬁerpzféﬂjsdﬁrﬁiﬂﬁﬁ‘il’ease of
conductivity and/or pH of the elution buffer applied to the cation exchange
columm, and ii) DgécoodtivitionadaytfefowingeDj, ncr ease of conductivity and/or pH
of the elution buffer applied to the cation exchange colum, if the ratio
of the l1l0anpunt yof: nt | Y. I . of the
ant i body nol ecuIRé l%ltrtl gﬁ\gadrf?tggta@g?égftﬁ? é&f)ﬁeoltagwrﬁglg%lﬂ%etéﬁg gmrqa%t}}%,e or with
a step wi se i ncrmgyet offtheyribedy malesplasny dragmt theraobat Da gr adual i ncrease
of conductivity and/or pH of the elution buffer applied to the cation
exchgnge col umRg,iid theatibalfl te Gindune o IRY Biktitdidy thdlBeulans ithoeym ot heul e to
the sumol the arouns 3t e anibody Hotette ard Vatlaf 8o at Bl ERimidd 50" !
step iv) and

C is a value in the range 1 %/day and 5 %/day, and corresponds to the daily
percentage alteration of the ratio of the amount of the antibody molecule to

20 the sum of the amounts of the antibody molecule and a variant

vi) recovering the antibody molecule from the medium when R, in the
medium is 0-2 % above the threshold ratio selected from the range
of 65 to 75%,

and step a3) in claim 1 comprises

25 vii) performing a cation exchange chromatography by loading the sample of
step vi) containing the antibody, optionally after adjusting the pH
and/or conductivity, onto a cation exchange chromatography column

and optionally washing the column,



17. Use according to any of clainms 16 and 17, wherein the antibody is a
her2 anti body. :
WO 2011/009623 PCT/EP2010/004509
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viii) eluting the antibody from the cation exchange chromatography column
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,

5 thereby producing an antibody composition comprising the antibody

molecule and a variant thereof.

8.  Method according to any of the preceding claims, wherein the threshold ratio
15 67.5 %.

9.  Method according to any of claims 1-8, wherein the ratio of the amount of
10 the antibody molecule to the sum of the amounts of the antibody molecule
and a variant thereof in the antibody composition produced is from 50 to 100
%, preferably in the range 60 to 100 % and most preferred in the range 65 to
100 %.

10. Method according to any of claims 1-9, wherein the yield, that is the ratio of

15 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 molecule and a variant thereof in the eluate of step a4)

20 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%.

11. Method according to any one of claims 1-10, characterized in that, if an
affinity chromatography step is included, the affinity chromatography is a
25 Protein A, or a Protein G, or metal affinity chromatography.

12. Method according to any of claims 1-11, wherein the antibody is a

monoclonal antibody.

13. Method according to claim 12, wherein the monoclonal antibody is a her2

antibody.

30 14. Method according to claim 13, wherein the antibody is Trastuzumab.
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15. Use of analytical ion exchange chromatography for analyzing a sample
comprising an antibody molecule and a variant thereof for determination of a

subsequent polypeptide purification scheme of said sample.

16. Use according to claim 15, wherein in the subsequent purification scheme an

5 antibody is eluted from a cation exchange column

1) with a gradual increase of conductivity and/or pH of the elution 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 column, if the ratio of the
10 amount of the antibody molecule to the sum of the amounts of the

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

molecule and a variant thereof is above a threshold ratio.

17. Use according to any of claims 16 and 17, wherein the antibody is a her2
antibody.



