WO 2011/089212PCT/EP2011/050817 1/17 CHROMATOGRAPHIC METHOD FOR PURIFYING

FC-CONTAINING 5%38%:9&% The invention relates to chromatographic methods fgpgﬁﬁﬁﬁﬂfd/ﬂf’g?éfns
and agents for such methods. 5 Biomolecules such as Pidteins, polynucleotides, polysaccharides and

the like are increasingly gaining commercial importance as medicaments, as diagnostic agents, as
additives to foodstuffs, detergents and the like, as research reagents and for many other applications.
The need for such biomolecules - e.g. in the case of proteins - can no longer 10generally be satisfied
by isolating the molecules from natural sources but requires the use of biotechnological production

methods. The biotechaglgairalfrapaiRiiRiE 9 HRIBIRIHR MRIRANYIREIS MERFANRYEAIATRIGDNA
that codes for the desired protein, and the cloning thereof into a sultable expression 15 Vector. After

transfection of the expression vector into suitable prokaryotic or eukaryotic expression cells and
subsequent selBetionveftioansieciedoosite thdatienarenctitivated porfgintepictsranshthegdesired protein
is expressed. Ju%ﬂ mg ﬁgyg or the culture supernatant is or are harvested and the protein contained
therein is Workea up and purified. 20In the case of eukaryotic expression systems, i.e. when using
mammaliah cell cultures such as CHO or NSO cells, for example, in the past 15 years there has been

an increase by@daeiRe0bERAdA HRpraBreNPaliaiRidhtdeshipshpratainds dng srllikdltaes or cell
culture supernatants tha} can be achieved.in the essmn Séé%ﬂl? rthe ame period the binding

capacity of chroma\f%sgﬁ?gﬁ/h%l MateFalL tR: f%l’@ %% (hetﬁ% BB ?ﬁp Afean %a&e{ﬂt‘g ﬁ%telns
has increased byditif@stty ticgsfdistidetersayn andrdddike aryestambddogamiprane throptimiseer

puriication proggspesépkDiemOlReUIRS. RRMEAMERIAE Ne dNAGBRAE %@g;s@met QA ABRger

industrial scale. In the case of blopharmaceutlcals such as for example proteins used as
medicaméhts, 9876 ¥HRS SAUEHRIMIBRIEY IRSIGIEH S H?é*veﬁ"af 5%6&?& RHLreapipSDR bTe
impurities is alsb Wb Ercoialagipanteodectidrdmséthcttsn may be drawn between process- and
product-dependent impurities. The process-dependent impurities contain components of the host cells

such as proteins (host cell proteins, HCP) and nucleic acids and originate from the cell culture (such
as media constifticRRIPEPTRIAT AR RUBPRIAGUO{SRIGHERS fypisalybagiaggth the isolation of the DNA

that codes for the desired protein, and the cloning thereof into a suitable expression
15 vector. After transfection of the expression vector into suitable prokaryotic or eukaryotic
expression cells and subsequent selection of transfected cells the latter are cultivated in
fermenters and the desired protein is expressed. Then the cells or the culture supernatant

is or are harvested and the protein contained therein is worked up and purified.

20 Inthe case of eukaryotic expression systems, i.e. when using mammalian cell cultures
such as CHO or NSO cells, for example, in the past 15 years there has been an increase
by a factor of 100 in the concentration of the desired protein in the cell cultures or cell
culture supernatants that can be achieved in the expression step. Over the same period
the binding capacity of chromatographic materials that are used in the subsequent

25  purification of the proteins has increased by a factor of 3. For this reason there is an
urgent need for improved, optimised purification processes for biomolecules, particularly

proteins, that can be carried out on a large industrial scale.

In the case of biopharmaceuticals, such as for example proteins used as medicaments,
30 e.g. therapeutic antibodies, in addition to the yield of product the separation of impurities
is also of crucial importance. A distinction may be drawn between process- and product-
dependent impurities. The process-dependent impurities contain components of the host
cells such as proteins (host cell proteins, HCP) and nucleic acids and originate from the

cell culture (such as media constituents) or from the working up (such as for example salts
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2/17 or dissolvg%cﬂpm%%géaphy ligands). Product-dependent impurities are molw%ﬁj’q@g?g{_}he
[ ydrolyti

product with different properties. These include abbreviated forms such as precursors an C
breakdown products, but also modified forms, produce#{ for example by deamination, faulty
glycosylations or wrongly linked disulphide bridges. The product-dependent variants also include
polymers and aggregates. Other impurities are contaminants. By these are meant all other materials of
a chemical, biochemical or microbiological nature which do not belong directly to the manufacturing
process. Contaminants are for example viruses which may occur undesirably in cell cultures.

10Impurities legd ns3afety C@H%@%@é?ﬁwa@%MQFOW%UL%%%%&JFI%@@E% indensiisriligs is
very often the case in bi%pharmaceutl_ca the therapeutic proteins are administered by injection or

infusion directlyaHRS the IEoBIPEEH [HeiRoi e RS porsits AT R ARR(E YRS il TR RS
immunopathol pgecal gffectand rhadidititn, hrepkdities mrayg@dso Ipadaswndesieblemaenumogendityoof the

protein adminisie(fld £ AUARAI TSGE 8 IEHEALIE MIBLAS PRGNS Innitie BAUSEL '3 be

therapeutic agent, possibly to the point of lite-threatening anaphylactic shock. Therefore, there is a
need for sfitaEPHHRHESRBIAEAS CEEERLHI ARSI RAFASAR BRERIFBRASSH SRS RMAIISS dEPleted
to an insignificaphigvelaaROBihehothe s Rantkaeoa0BibASPREES AansobbenignrEad biotieeass of
biopharmaceuticals, Thus, the production and purification methads used must not jeopardise the
economic viabmt')(}rg ‘t%bg%?ggh%gr{waec& iggl S%o&&ét%?&%ngrodﬁé%. tj% Z%%itm%?tfh%éfymggcgfg Within
which a new pGieftaiisreproaesEaxaPEsYIBRShaistaraR Rt cndasirelby Bexttiesliteréisluence on
the costs, the process development must be in 25tune with the preclinical and clinical development of
the drug. Thus, for example, some of the preclinical and a|l the clinical trjals can only begin when
sufciont Huan Y UF BB bR LEBOTAR oF d BT IR B EGEHUEAE. THPREIB g standard
process consistitenefi¢dur, lbasicverypdtenyecase astdoptaatngc80icils, toe desrelppitig proteificatéon

process for anaﬁﬂ#iﬁ%@&rwlﬁh@%&%ﬁ SRIMES Vb PECR HRIASCBIBo MBS StRlEPHES tatget protein is

isolated, concentrated and stabilised ("capturing™). In the second step, viruses are eliminated, in the
third step puriffQBANEEaMBY '68¢ 17 AISEHAFRPRSHE BriHearpinlpsical eifesisndr@rdlions, other

proteins and 3Mpurities may also lead to undesirable immunogenicity of the protein administered, i.e.
15 they may trigger an undesirable immune response by the patient to the therapeutic agent,
possibly to the point of life-threatening anaphylactic shock. Therefore, there is a need for
suitable purification processes by means of which all undesirable substances can be

depleted to an insignificant level.

20 On the other hand, economic aspects cannot be ignored in the case of
biopharmaceuticals. Thus, the production and purification methods used must not
jeopardise the economic viability of the biopharmaceutical product thus produced. In
addition, the timescale within which a new purification process can be established plays
an important role: Besides its influence on the costs, the process development must be in

25 tune with the preclinical and clinical development of the drug. Thus, for example, some of
the preclinical and all the clinical trials can only begin when sufficient quantities of the

biopharmaceutical of sufficient purity are available.

The following standard process consisting of four basic steps may serve as a starting
30  point for developing a purification process for an antibody which can be carried out on a

large scale: In the first step the target protein is isolated, concentrated and stabilised

("capturing”). In the second step, viruses are eliminated, in the third step purification is

carried out in which the majority of the impurities such as nucleic acids, other proteins and



endotoxins are d pleted. In the final step any remaining traces of contaminants are eliminated
("polishing™). In'4 am&ﬁo?g%nﬁ'aﬂon and precipitation steps, (column) chromatograd%?gljﬁ@ﬁqe)ag@%
5central importance. Thus, the capturing frequently inckides a step of purification by affinity
chromatography. Accordingly, there are numerous known column chromatographic methods and
chromatography materials which can be used with them. Affinity chromatography matrices, hereinafter
also referred to as affinity matrices, are used 10as the stationary phase in the industrial purification of
various substances. By means of immobilised ligands, it is possible to specifically enrich and purify

substances thafysacaraiafialy iRriRsiRAteanigandinreddas b dyﬁmawyg [pation of

antibodies (|mmunoglobullns particularly the purification of monoclonal antibodies, the use of
immobilised prBtE#NALEE tRE iSiHng Purification step has proved effective. Protein A is a 15protein with
about 41 kDA of Staphylococcus aureus, that binds with high aff|n|ty (10-8 M - 1 0-12 M of human IgG)

to the CH2/CHi3, dagral of i s0ion oL mamunaalobyling. i pioisi A dugmatogianty,

immunoglobulins or fusion proteins tha protel Fe region fom the mo pr%ase bind
specifically to tﬁ@‘ﬁﬁﬁ'ﬂé}ﬁ%@l@%dTMdﬁ‘?sCéQ%Ié@lﬂﬁ%@%m& t@oéléai?riéﬁtf@ §f sepfeatier)oyProtein A

zrom Staphylo;amﬁw@wmo@éwﬂgi t)?l@@d%@t@i{ﬂ &Deaélargﬁﬂuﬁtmm RdifieditesrmMbinant prote]jnhA
rec. protein A) jnteracts non-covalent interact lons with the ant re Fc of the
antibodies. Thlshspec?f)g ctloﬁﬂ COZ aBg Geifeed ?8?885@%% tﬂ ﬁ‘%ﬁé%i@#‘?& %z?mbody.
By modifying the pH the mteractlon between antibody and protein A ligand can be deliberately stopped
and the antibogyreap &%ﬁl@@g%ipag ﬁ%gm@g&rqnermﬁa?é%@g@mé@freeaé%s%ﬁﬁﬁ%tv%@ssg@fuegm'ty

chromatography can be increased it the stationary phase is washed after charging. Washlng In this
case meafs th&*dppirialirros %{‘ﬁ?@dr‘e{%%&%ﬂ BHﬂ@%a HAPGfitBEONS PHIRAEER OB PR Tout not
the target produehdbiltbeddasemad, aomaﬁihﬂ&ya:bpemmmgr@phymmﬁbm(gheetisyam‘maﬂ pragein A

e W

(W02008031020 W0200 09163, W02007 ipore ech
TB1026EN00) BURYRALCESNSInRAGIF WrtivcEe Berisaliemel Roacsiie Ariadis HURRISE @mbination

of two of theserapopitsanisoripall antha idrigroemchordsisiyiasbroved effective. Protein Ais a

15 protein with about 41 kDA of Staphylococcus aureus, that binds with high affinity (10° M —
10™? M of human IgG) to the CH,/CH; domain of the Fc region of immunoglobulins. In
protein A chromatography immunoglobulins or fusion proteins that have a protein-A-
binding Fc region from the mobile phase bind specifically to the protein A ligand, which is
covalently bound to a carrier (e.g. sepharose). Protein A from Staphylococcus aureus

20  (wild-type protein A) and genetically modified recombinant protein A (rec. protein A)
interacts, via non-covalent interactions, with the constant region (Fc fragment) of the
antibodies. This specific interaction can be utilised to separate impurities efficiently from
the antibody. By modifying the pH the interaction between antibody and protein A ligand
can be deliberately stopped and the antibody can be released or eluted from the

25  stationary phase.

The effectiveness of affinity chromatography can be increased if the stationary phase is
washed after charging. Washing in this case means the application of a mobile phase
that elutes impurities from the stationary phase, but not the target product. In the case of

30 the affinity chromatography of antibodies by means of protein A matrices, washing buffers
have been used which contain arginine, isopropanol, NaCl or a detergent
(W0O2008031020, W0O2007109163, WO2007081906, WO2003066662, Millipore Tech
Brief TB1026ENOO), but not a combination of these components in a single washing

buffer. A combination of two of these components, a salt and a detergent, i.e. a polymer

-3-



WO 2011/089212PCT/ 1/050817 4/17 such as e.g. polyethylene glycol, poly Igg)
and copolymeﬁéégr%ig g%%grl}ereof, was described in US Patent 6,870,034 B2. Surﬁargrg[r)éy 0 ‘iﬁé‘éﬁglw

invention 5 Surprisingly it has been found that a certaift' ébmbination of components in a single
washing buffer in protein A chromatography leads to a higher degree of purity in a target protein that is
to be purified than the separate use of the same components one after the other. The washing buffer
according to the invention is, moreover, suitable for use in 10antibody purification on a standard basis
and doing away with the optimising steps enables the process development to be shortened. The

inventi'on relatggdn %@%h%}&%&'@t@%wwﬁl%ﬂm@g%m W%BW%@@%@ praigdn that
comprises the Fc domain oé andg@uno éc;ggg:ﬁét et protein), by 15protein A chromatography,
comprising the B GRHTG SaL.Vs a?fﬁﬂf? Bifé¥phase which contains the target protein to a
stationary phase which contains protein A, under conditions in which the target protein binds to the

stationary pha%mp]égggymg Auvashing buffer with a pH of between 4 and 8 as mobile phase,

zocontaining as additives T. arginine in a concentration of 0.1 - 1 mo1/1, ii, sodium chloride in a

concentrafion of 0.2 to 2 mo1/1, iii. an alcohol selected from among isopropanol, n-propanol and

ethanol, in a cwepnéragignt oS b&éh %o nd\vihainsl c2bisinpaiynt mdiytirelidenpcurattenadsigygent in a

. 5 _

concentration Cv)vfagtgég bzuf{%r(w\é}btein A chromatography leads to a higher degree of purity in a target
protein that is to be purified than the separate use of the same components one after the
other. The washing buffer according to the invention is, moreover, suitable for use in

10 antibody purification on a standard basis and doing away with the optimising steps

enables the process development to be shortened.

The invention relates to a method of depleting impurities from a composition which
contains a protein that comprises the Fc domain of an immunoglobulin (target protein), by
15 protein A chromatography, comprising the following steps:
a. applying a mobile phase which contains the target protein to a stationary phase
which contains protein A, under conditions in which the target protein binds to the
stationary phase;
b. applying a washing buffer with a pH of between 4 and 8 as mobile phase,
20 containing as additives
i. arginine in a concentration of 0.1 — 1 mol/l,
ii. sodium chloride in a concentration of 0.2 to 2 mol/i,
iil. an alcohol selected from among isopropanol, n-propanol and
ethanol, in a concentration of 5 — 30 % (w/v) and
25 iv. polyvinylpyrrolidone and/or a detergent in a concentration of 0.05 -
2 % (wiv);
c. using an elution buffer as mobile phase under conditions in which the target protein is

eluted from the stationary phase.

30 In another aspect the washing buffer has a pH of from 4.5 to 8. In another aspect the
washing buffer has a pH of from 5 to 8. In another aspect the washing buffer has a pH of

from 6 to 8.



c. using an elwtiorpbuffessasanobile phase under conditions in which the target proteim/sreltedsosn
the stationary phase. 30In another aspect the washing buffer has a pH of from 4.5 to 8. In another
aspect the washing buffer has a pH of from 5 to 8. In another aspect the washing buffer has a pH of
from 6 to 8. 5/17 Preferably, the arginine concentration in the washing buffer is 0.4 - 0.6 mo1/1,
particularly 0.5 mol1/1. The sodium chloride concentration in the washing buffer is preferably 0.9 - 1.1
mo1l/1, particularly 1 mol1/1. The alcohol used in the washing buffer is preferably isopropanol in a
concentration of 10 - 20 % (v/v), particularly in a concentration of 15 % (v/v). 5 Polyvinylpyrrolidone
(PVP) is prefePagigrablydtire #ihroemeatentretionin hewashingakitailisrR-H-26 4ol partiadanion or
alternatively, polyexyetiyiesssrarbiinbaangacsataiboanenhHMng slrarRatrBRrapay i used in a
concentration of 0.05 -2 0/%&\?/\11). 1 /II gmg#h r ispe t,thﬁgpres?ﬁti v§£tion rel teaj)!to_a washing buffer
fo the affinity CAHURRELEHALH T I GIRO) (3G CIRRTAGE gmE Fiap boRESrAPAR of
0.1 - 1 mo1/1,ima sodiantretionide it a 2dhcerwaterioflor fo 2 enodéhiratdin ahlaléekivhselected from
among isQpropanol, n-propanol, and ethanol, in a concentration of 5 - 30 % (v/v), and iv.
polyvinylpyrrolidone or a detergent in a concentration of 0.05 - 2 % (w/v); Brief desgription of the
Figures 20 Fid, A¥HBWRYRRIGRIBSRIMT) 18 MBiged b usEhin AGRGEEIHANR 1Y) and Bnv8(At of HCP (1d)
in the eluate framith@maffhizg eh(amatogaapiiyabteareashing yvito ywaskingldndfecstitadiferent
combinations ifferent ¢ itio ' i MADb.06a.4 £X3 .
numbers on th%%ﬁgﬁé@ﬂ%ga&gé%gmﬁ%& B%&é’é?ﬂ& % %WedMs%H | '% 08 St Al WB@ TZh%

(W/v).

10
In another aspect the present invention relates to a washing buffer for the affinity
chromatography with a pH of pH 4 to pH 8, containing
i. arginine in a concentration of 0.1 — 1 mol/l,
ii. sodium chloride in a concentration of 0.2 to 2 mol/l,
15 ii. an alcohol selected from among isopropanol, n-propanol, and ethanol, in a
concentration of 5 — 30 % (v/v), and

iv. polyvinylpyrrolidone or a detergent in a concentration of 0.05 - 2 % (w/v),

Brief description of the Figures

20
Fig. 1 shows the yields (1a), turbidities (1b), monomer contents (1c) and amount of
HCP (1d) in the eluate from the affinity chromatography after washing with
washing buffers in different combinations and of different compositions, taking
the antibody BI-MAb 06a as an example. The numbers on the x axis relate to
25 the additives to the washing buffer specified in the Example.

Fig. 2 shows the yields (2a), turbidities (2b), monomer contents (2¢) and amount of
HCP (2d) in the eluate from the affinity chromatography after washing with
washing buffers in different combinations and of different compositions, taking
30 the antibody BI-MAb 1003a as an example. The numbers on the x axis relate to

the additives to the washing buffer specified in the Example.

Fig. 3 compares the amount of HCP in the eluate from the affinity chromatography

after washing with washing buffers in different combinations and of different
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25the additives t? washing buffer specified in the Example. Fig. 2shows the yields}(%?ﬁ) turbidities
(2b), monomer \c}:\g% e8r1|€s/8g€:i)qgnd amount of HCP (2d) in the eluate from the affinity%(ﬁ 8 &Pdéé%ﬁ?ﬁW

after washing with washing buffers in different combinafdis and of different compositions, taking
30the antibody BI-MAb 1003a as an example. The numbers on the x axis relate to the additives to the
washing buffer specified in the Example. Fig. 3compares the amount of HCP in the eluate from the
affinity chromatography after washing with washing buffers in different combinations and of different
WO 2011/089212PCT/EP2011/050817 6/17 compositions, taking the antibody BI-MAb 07c as an

example. The numbers og,thecsiaesis relrisy i dsnasslifussiathe washing ifiar sereifighiR s,
Example Fig. 4compares the amount of HOP in the eluate from the affinity chromatography 5after

washing with washing buff&rs B ECIBmBAIIGSI AR Yraghissditasmprilifshs, R nee.

antibody BI-MADb 1001b as an example. The numbers on the x axis relate to the additives to the

washing buffer gpecified 1 the, Exanle Jasasaific=iesainsion of e JeRan The pressnt vention
relates to methoﬁ s for deﬁﬁtﬁg impurities, particularl shqst gefp?ote}ns-%H%?B)caﬁ%%\Pgrfaansf protein
compositiofs as obtaine@ff3masineuiiitezashivgies EIrfarend eoresisadices antbialiffigront |
endogenously. In particubanipesinyestiaringlaiesdibtayrmthads foewaéyaa%e%&@r&ﬂéaﬂmg&d@fotgm
(target protein) which can be reversibly immaobilised.on a stationary phas means of a ligand an
are thus amenable to affi?ﬁtg1 8h"r8?‘ﬁ%{§f§r§6ﬂ3?%%8%@?’88#%?&Fe%a%‘éﬁg)é’?i?%%Rﬁ‘é%p%‘? %%e _
immunoglobulin or a profeX@MMech contains the 20Fc domain of an immunoglobulin and can bind to

protein A. In a preferred embodiment

10 Specific description of the invention

The present invention relates to methods for depleting impurities, particularly host cell
proteins (HCP) and DNA from protein compositions as obtained from cell cultures in which
proteins are expressed recombinantly or endogenously. In particular the invention relates
15 to methods for purifying or concentrating a protein (target protein) which can be reversibly
immobilised on a stationary phase by means of a ligand and are thus amenable to affinity

chromatography.

The target protein may be in particular an immunoglobulin or a protein which contains the
20 Fc domain of an immunoglobulin and can bind to protein A. In a preferred embodiment
these are immunoglobulins that consist of two heavy and two light immunoglobulin chains.
Antibodies consist of two identical heavy chains (H) and two identical light chains (L)
which are joined together by covalent disulphide bridges to form a Y-shaped structure.
The light chains each consist of one variable and one constant domain, which are referred
25 toas VL and CL. The heavy chains, on the other hand, each have one variable and three
to four constant domains depending on the immunoglobulin. These are referred to
analogously as VH and CH1, CH2, CH3. The variable domains of a light and a heavy
chain form the antigen binding site. The domain CH2 contains a carbohydrate chain
which forms a binding site for the complement system. The CH3 domain contains the Fc

30  receptor binding site.
Protein A binds to the Fc domain of immunoglobulins by interactions with the heavy chain.

The binding affinity is highest on human IgG1, IgG2 and IgG2a and on murine IgG2b. It
binds with moderate affinity to human IgM, IgA, IgE and to murine I1gG3 and IgG1.
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these are irnmuynoglobulins that consist of two heavy and two light immunoglobulin cpmgg, ntihodies
consist of two i%je%%ggﬂlf%%zv}f chains (H) and two identical light chains (L) which arg Joine(% @b}é 8§ﬁby

covalent disulphide bridges to form a Y-shaped structufé.”The light chains each consist of one variable
and one constant domain, which are referred 25to as VL and CL. The heavy chains, on the other
hand, each have one variable and three to four constant domains depending on the immunoglobulin.
These are referred to analogously as VH and CH1, CH2, CH3. The variable domains of a light and a
heavy chain form the antigen binding site. The domain OH2 contains a carbohydrate chain which forms

a binding site for (e, £PMRIEEAGH SYSLLEHHERG AL ARMAISORIBINS MR fie AMSARRtATPIRging site.

Protein A binds to the Fc domain of |mmun09IobuI|ns by interactions with the heavy chain. The binding
affinity is higheSPBHMHREHINGG'EMgtE82 aRd 'Rfes2a and on murine 1gG2b, It binds with moderate affinity
to human IgM, IgA, IgE and to munne IgG3 and IgG1. 7/17 However, it does not react either with

h lgG3, | ' folloyvi Ing | ins: | . ins t
which the methl SuTBrAG o (s CRLAR iy Fe AATTea e et e B o e

domain, sudch dB83RERIRISHID BRAITE VERRUTOSRERRITNSUSTRS DI Pieaiki e mBHOERAES BrliNsomRS

which are exprgssealytioRybodemERIE RirRsaRRIRAH S sgllesSatch anthesies caay Have been
produced originally by immunising animals, particularly mammals, including, transgenic animals, e.g.
mice that exprégg m%”ﬁﬁ?rtﬁorﬁi%eg‘ﬁloggmsé %ﬁéﬁlse@érbe ‘ﬁ%t%?!ﬁsb 58?8,0 %ﬁ%@%ﬁ%t@%de fusion
laproteins in wiithuwisindesivet isrowiicalad teaPuddbsniaiei ustiehtiansasnig bultishak béentfiased.

Protein A matrigesdQs teRWPAses&jitheinyerlinartaAHRiY SErMAOFaRBYNAHRRR WRiItR

contain immobilised protein as ligands. These include affinitg matrices which 15contain wild-type

. | ‘ P
protein A, 'for eRHTIIE RIS ABMASEBEE REAUGILARLLRERJOR AR SL AR BINSPARLEHIA Raxe B)é%und

inter alia in Loftlell.S. et al., 1983 (Lindmark, R., Thoren-Tolling, K., Sjoquist J (1983); Binding of
immunoglobulins to protein A and immunoglobulin levels in mammalian sera: J Immunol Methods
1983 Aug 12;62(1):1-13.) and Lindmark et. al., 1983 (Lindmark, R., Thoren-Tolling, K., Sjoquist J

(1983); BindingraiteRimmunreotuiling fumseoftaathigmonegaiiingeMaimiidgaimmatiatisssa: J
immunol Methode 1983 Aug 12.68(1)1:13) I aditon. he invention alsg felaies lo matices with
recombinantly produced protein ’A'as |gpan REEOMIbINAN protein A€ GeStrine by way
15 contain wild-type protein A, for example from Staphylococcus aureus as ligand. A
description of protein A can be found inter alia in Lofdahl, S. et al., 1983 (Lindmark, R.,
Thoren-Tolling, K., Sjoquist J (1983); Binding of immunoglobulins to protein A and
immunoglobulin levels in mammalian sera: J Immunol Methods 1983 Aug 12;62(1):1-13.)
and Lindmark et. al., 1983 (Lindmark, R., Thoren-Tolling, K., Sjoquist J (1983); Binding of
20  immunoglobulins to protein A and immunoglobulin levels in mammalian sera: J Immunol
Methods 1983 Aug 12;62(1):1-13.). In addition, the invention also relates to matrices with
recombinantly produced protein A as ligand. Recombinant protein A is described by way
of example by Duggleby C.J. and Jones, S.A., 1983 (Duggleby, C.J. and Jones, S.A.
(1983), Cloning and expression of Staphylococcus aureus protein A gene in Escherichia
25 coli. Nucl.Acid.Res. 1983 May 25; 11(10):3065-76.) or Li, R. et al., 1998 (Li, R. Dowd, V.,
Stewart, D.J., Burton, S.J. Lowe, C.R., Design, Synthesis and application of a protein A

mimetic. Nat.Biotechnol. 1998 Feb; 16(2):190-5.) and is known in the art.

The protein A may be coupled to various carrier materials such as for example agaroses,

30  polysaccharides, dextranes, silica gels and glass beads. A non-definitive list of suitable
carrier materials can be found in Harlow, E. and Lane, D. 1999. One carrier material that
is frequently used is formed by agarose-based materials such as for example the

"sepharoses” made by Amersham Pharmacia Biotech, Uppsala, Sweden, which are



of example by Duggleby C.J. and Jones, S.A., 1983 (Duggleby, C.J. and Jones, S.A, 198%33, Clonin
and expressionv\f)?gg@é ﬁ?ﬂ%gccus aureus protein A gene in Escherichia 25coli. NuBFAGE ég.oi@?ég
May 25; 11(10):3065-76.) or Li, R. et al., 1998 (Li, R. D¥Wd, V., Stewart, D.J., Burton, S.J. Lowe, CR.,
Design, Synthesis and application of a protein A mimetic. Nat.Biotechnol. 1998 Feb; 16(2):190-5.) and
is known in the art. The protein A may be coupled to various carrier materials such as for example
agaroses, 30polysaccharides, dextranes, silica gels and glass beads. A non-definitive list of suitable
carrier materials can be found in Harlow, E. and Lane, D. 1999. One carrier material that is frequently

disf d - ' the " " :
used is formed, v, 303LARE 93@@@@%3;%@&%%%{%@?@%%&& séSRQ?o@ﬁ%e Sa?(%aed%‘?#d ig the

Amersham Pharmacia Biote known to the skilled man. Particular

examples of prifieia REssPESRs B FRBRION@ T IRS Wisstal BRIk hERMAISTaRyANR I tiem

subject of "Affirity CIremnatagiapBihgabRAdIOM 2REhalodrRRMesei RO BFOKALRIA & gﬁ]@@nmg@mhy )
matrices are known to the skille ch,as for example MabSelect (Amersham Pharmacia Biotech,
Uppsala, Sweoseuncf B ﬁ?&&ﬁ%@&vﬁ%@m ,rezafﬁnegs aé%aﬁﬁ:ér'r%igé% f())[fsé%ﬁ,’ 5\'585%1? ;» Sweden),
Poros A (MillipSERBAMANE Engrately. AHAmeHenaoortatiatBitiecndpperianBlueden, fPestmant of

the correspondipgiBaicssHhe, sh@hAAITER RN RIQURMH Y ey b RIGMRIR.ABE MR Glgiming

to be exhaustive. icThe coupling of the ligand is enerally carried out by means of free amino, carboxyl
or sulphur groﬁéqﬁlc&%ﬁ’wggﬂ%?mtﬂ'@ RSO NS IS5 05 IShPE YHIBT LYK G B RERE ARt
matrix. Cf. on tishsubainfog éxamgkeatisdivmanual "Affinity Chromatography”, Amersham Pharmacia
Biotech, Uppsala, Sweden, 2001. 15In a particularly preferred embodiment polyvinylpyrrolidone (PVP,
also known as Polyvidone or Povidone, CAS: 9003-39-8) is used in the washing buffers according to
the inventibn. PESGPRADE Sidimiord HaereiallyferpefPHbPLoRasaR) BeramilpFAtRIShe
monomer unitsutpweyesuiisrbay: plaodee digsoiveddnvatioer Nelgratilivls oP MR isaupyeasenpic

amorphous powder is whi ale yellow in colour. The standard 20c ercial polymers have a
molar mass in %é%fr?ﬁéﬁ%rr@fb%%?}%ﬁ)ﬁg (!% Cé\’f %%’o‘?%%@%eanﬁﬁ. A %ae’ Wé@ﬂ?r%%ﬂ? ezraéggfr %ﬁ’rgyprese nt
invention detery@¢rs taay e isaeiarBiieion psHanStuedest AP, Detergents are surfactant and
amphiphilic molecules which can form

15 In a particularly preferred embodiment polyvinylpyrrolidone (PVP, also known as
Polyvidone or Povidone, CAS: 9003-39-8) is used in the washing buffers according to the
invention. Polyvinylpyrrolidone is a water-soluble polymer consisting of N-vinylpyrrolidone
monomer units. However, it may also be dissolved in other polar solvents. PVP is a
hygroscopic amorphous powder that is white to pale yellow in colour. The standard

20  commercial polymers have a molar mass in the range from about 2500 to 2,500,000

Dalton.

In the washing buffers of the present invention detergents may be used in addition to or
instead of PVP. Detergents are surfactant and amphiphilic molecules which can form
25  micelles, i.e. aggregates of detergent molecules, wherein the hydrophilic head faces

outwards towards the aqueous solvent.

Detergents for the purposes of the invention are both non-ionic and ionic substances.
However, non-ionic detergents are preferred, such as e.g. polyglycolether (type NP-40,
30 Tergitol NP40, CAS: 127087-87-0), a PEG-alkylether polyoxyethylene(23)laurylether
(CAS: 9002-92-0), PEG-sorbitan fatty acid ester such as polyoxyethylene(20)sorbitan-
monolaurate (Polysorbat 20, CAS: 9005-64-5) or polyoxyethylene (20)sorbitan-
monooleate (Polysorbat 80, CAS: 9005-65-6), alkylphenyl-PEG-ethers such as t-
octylphenoxypolyethoxyethanol (Triton-X-100, CAS: 9002-93-1), or PEO-PPO block
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25micelles, i.e. a e ates of detergent molecules, wherein the hydrophilic head faces outwards
towards the aq\Ué9 Detergents for the purposes of the invention are bot%%e‘c% f&hic /zg idhic
substances. However, non-ionic detergents are prefer®, such as e.g. polyglycolether (type NP-40,
30Tergitol NP40, CAS: 127087-87-0), a PEG-alkylether polyoxyethylene(23)laurylether (CAS:
9002-92-0), PEG-sorbitan fatty acid ester such as polyoxyethylene(20)sorbitanmonolaurate
(Polysorbat 20, CAS: 9005-64-5) or polyoxyethylene (20)sorbitanmonooleate (Polysorbat 80, CAS:
9005-65-6), alkylphenyl-PEG- ethers such as toctylpherioxypolyethoxyethanol (Triton-X-100, CAS:

9002-93-1), orfgg?g %Oxye rikraen \Qe%g% 1’/ ??DQ(}&(QQQ@&E Zﬁ)‘?@ﬁ%ﬂ@rb paloxamer

derivatives), suc oxypropylene block co ogmer Pluroni¢ F 68, Lutrol F 68,
Poloxamer 18@09%18“90@‘-’1‘10@5@80 FhE EB0R Ol XABRIC B8 SAT RAIRE 1 Frodo amnes-4476).

The pH valuesmofitbeinvashing ane elutingdndfessoe dependent on the system as a whole and are
therefore generally individually determined and optimised for each system. In one aspect the washing
buffer has a pH of 4 to 8. The skilled man is familiar with the fact that the pH at which a protein is

eluted frorh a cdiernhl ipliesaridesves EnaENB &l WINgO0 A reTdrRRNATHhe THER GES R PSR, the
buffer systemsygipgAdring Pieding wasing anfRILEiRN: e RIRSeaRe shimRdttBs e goastry of

the matrix particles, the nature of the coupling of the affinity ligand to the chromatography matrix. In
particular the specific properties of the protein have a decisive influence. 15In some cases there may

be combinatioifrs avithasechtpariasiongobalfehutmmneodithef priotéinlfresk e affanity fryaitidriméy becur even
above a pH of d {3y aFPﬁéﬁNﬁBH I orlpss o Ql{%%'ﬂ&n@k@%%?@@@péh@e‘ﬂ?&hE‘QLpHg&r&‘USt

have a hlgherrFH The skilled man is aware that in such cases he must adjust the pH of the washing

buffer acc®rdingffoTR MBsEeAREE! MsiWaGe M ifPhdisd vEshRsiEme W%Wé{ﬂa W%té’lﬂsﬂ%mlty
ligand will 200ahdbgutiodote beleenpéot ilpanidbethagpectdhe siasbing thuiberteds atpdreftdddo 8. In

Shof om o 4 B SR B e i

1
pH of from 6 to n atypical em e carried out as r example:
properties of the protein have a decisive influence.

15 In some cases there may be combinations with which partial or total elution of the protein
from the affinity ligand may occur even above a pH of 4. In such a case, and if a loss of
protein is not acceptable, the washing buffer must have a higher pH. The skilled man is
aware that in such cases he must adjust the pH of the washing buffer accordingly. In
most cases, however, the binding between the protein and the protein A affinity ligand will

20 only be undone below pH 4.

in another aspect the washing buffer has a pH of 4.5 to 8. In another aspect the washing
buffer has a pH of from 5 to 8. In another aspect the washing buffer has a pH of from 6 to
8.

25
In a typical embodiment the invention may be carried out as follows, for example:

Protein A chromatography is generally the first purification step. The cell-free cell culture
supernatant can be added directly to the column, or first of all a concentration may be

30  produced through an ultrafiltration membrane, a so-called UF/DF system.
The protein A column is first equilibrated with phosphate buffer (PBS), which roughly

corresponds in its physicochemical properties to the charging pool. The charging pool

consists of the supernatant from the cell culture which contains the product to be purified
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Protein A chromatography is generally the first purification step. The cell-free cell culture supernatant
can be added (y?/rg&%) 1t@éf\é%@?)lumn, or first of all a concentration may be 3Oprodu@e%TfﬁP&9éH%q817
ultrafiltration membrane, a so-called UF/DF system. Th&'grotein A column is first equilibrated with
phosphate buffer (PBS), which roughly corresponds in its physicochemical properties to the charging
pool. The charging pool consists of the supernatant from the cell culture which contains the product to
be purified WO 2011/089212PCT/EP2011/050817 10/17 and also additional media constituents that
are necessary for growing the mammalian cells in question, such as for example CHO or NSO cells.

This cell-ree supgaianlddhe ARuREE Rl RARGPAIAIEARIRG S SRAIRARDIRIRG RIRIEN A

column. The target protein then binds to the protein A bin site on th e column is

flushed 5with etRifitrHES IHEHethaP doe Wﬁ&ﬁﬂ@n@d'i‘ésgdi%‘ﬁtu@m% EHdresIsHRsaR @M Al Been

eluted. The wasslingiluHerr desarieadtantaecat deshaitedtbaetid pradonidiener disectygatter
charging. The guantity, of washing huffer.is dependent on the scale and is therefore given ip relatjon to
the size of the %H%m;{{]ggyé%% E:%iﬁ%r._oﬁ%g&a{ﬂy'ﬂ?esg%la?ngeo C\)N%rgﬁinlg eﬁ‘ffﬁr%ﬁ%“?%‘d‘gﬁy‘fi%%
times the volurméopehdibiattiadtd gy tsnemiound medigsiomnstisientg)andiesltiveoddeisidm \af the

washing bufferdbsncalie) gae Radrrierimgainseitbede-padliiationmiiire enanoihes Pufies s that
no constituents, of ﬁ\a/}/t%shgl?q bufferrare eluted with the prodﬁjct. The buffer used here must have a

of the . [
pH which is |ov95?‘fﬂ¥\ LT RHa AT B PO PRI PSR SRS BRI BRI $8BGRHRd
resembles the Berderdgifeniim belifeorstittba dizewigbsitommeaiogfarhyitelanpid of less than 4 is used for
the elution and may contain as its main ingredient the acetate or citrate salt, for example. Eluting
buffers may contain an acetate in concentrations of between 10 mM and 200 mM, preferably between

20 mM arlfl 108 SHRAAY st PratebASAMURER 1P HINY Srimadesadhn Ysikane ff Bshcentrations of
between 10 anchzfifiatolytapbpeienabi2 betved nchtharnsd B0D Aftst. tBetubitiarst shoulgsbanintiesr

above-mentionid BALIARYS PLICRERA s IR ARUCRGHIERILD AL Ao PAIURIRE RIS ARV ReIWeen

3.4 and 3.6. Moreover, additives su arginine or may a e presen ermore, a glycine

buffer may be SR IHEBHEEHPatBHINS Biefties etaddvitdthmmOBkste rEiybHERN BERAIBENBNITIO mM.
with a pH of befaveen pHankich % RveiN@aRuarsrtihtdsenidg uitabirfargirausingttae finding hegveen
o SR e e e e e B MR NS
of less than 4 is used for the elution and may contain as its main ingredient the acetate or
citrate salt, for example. Eluting buffers may contain an acetate in concentrations of
between 10 mM and 200 mM, preferably between 20 mM and 100 mM, most preferably
50 mM and 100 mM, or may contain citrate in concentrations of between 10 and 200 mM,
20  preferably between 20 and 100 mM. Both buffers should be in the above-mentioned pH
range of less than 4, preferably between 3 and 4, particularly preferably between 3.4 and
3.6. Moreover, additives such as arginine or PVP may also be present. Furthermore, a
glycine buffer may be used in concentrations of between 10 and 200 mM, preferably
between 25 and 100 mM, with a pH of between 2 and 3.5, or other buffers that are
25  suitable for reducing the binding between the Fc domain of the antibody and the protein A.
The eluate can then be worked up further in the following process, for example incubation

at a lower pH or neutralisation.

Examples

30
Experiments were carried out with various proteins obtained from different cell lines (CHO
and NSO), which were fermented in different media, and the Fc parts of which belonged to
different IgG subtypes (IgG1, 1gG2, IgG4).
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30 Experimentsavgseiamgiad out with various proteins obtained from different cell haasg€idO asak17
NSO), which were fermented in different media, and thg,Fc parts of which belonged to different IgG
subtypes (IgG1, 1gG2, IgG4). WO 2011/089212PCT/EP2011/050817 11/17 Test series were carried
out in which, starting from the standard, only the washing buffer or buffers were changed. Either the
equilibration buffer was introduced without any additive, a washing buffer was used with only one
additive, a number of different buffers were added sequentially, each with one additive, or a washing
buffer with a combination of a number of additives was used. The protein solution applied was always
the same for tAesespirstiveproasiiedmatintebidnesisdirg fhe drecianddinpoiittes wasiing léerBy
comparisons betwgaratie LagunRriimerihdhe sashinshsHeuatiensishdheel atthbaddhe smallest

possible amounts, of the respective impurities was identified. In some experim%gtas} %ields, turbidities

and monomer345Hi¥FtE WaRS R B ERYaRP e MR R AP RITEPHa RHRRRRRSGHE rW%%%?‘%ents
were carried ouveenaadalsemateibAK TAck RitE dvedaddde, systeva (IGiig Hetidtthedhed. deoobidiferent

products were Wsed fRp RS EXREEINEiss Qdhe products, either the cell-free culture supernatant or

concentrated culture supernatant was used as starting material, the preparation being concentrated
tenfold with a 50 kD 200mega membrane (Pall) and then diafiltered three times with PBS. The

columns usedhagdprotehisrguabda spbied walsandsenisnatherferahthe giucivaiagtaphy gels MabSelect
or MabSelect Xtra (GE Healthcare). 25Buffer In all the experiments a phosphate buffer (PBS) with 10
mM phosphate, 5 mM potassium chloride and 140 mM sodium chloride at pH 7.4 was used as the
equilibration bEffeh. tgelaneRsuRssthin gDaterehifereBiesda B 8IPHS HRifferPArPASReIMATRYe
10 experiments, the washing buffer after which the eluate had the smallest possible amounts
of the respective impurities was identified. In some experiments, yields, turbidities and

monomer contents were also measured.

Chromatography

15
The chromatography experiments were carried out on an automated AKTA-FPLC Model
900 system (GE Healthcare). Four different products were used for the experiments. Of
the products, either the cell-free culture supernatant or concentrated culture supernatant
was used as starting material, the preparation being concentrated tenfold with a 50 kD

20  Omega membrane (Pall) and then diafiltered three times with PBS.

The columns used had a volume of 1 ml to 8 ml and contained one of the chromatography
gels MabSelect or MabSelect Xtra (GE Healthcare).

25 Buffer

In all the experiments a phosphate buffer (PBS) with 10 mM phosphate, 5 mM potassium
chloride and 140 mM sodium chloride at pH 7.4 was used as the equilibration buffer.

30 All the washing buffers were based on a PBS buffer (pH 7.4) containing
8 mmol/L sodium monohydrogen phosphate,
1.5 mmol/L potassium hydrogen phosphate,
2.7 mM potassium chloride and
140 mM sodium chloride.
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8 mmol/L sodiwo promobyzirpgen phosphate, 1.5 mmol/L potassium hydrogen phoBphze2217/060817
potassium chloride and 140 mM sodium chloride. WQx2(311/089212PCT/EP2011/050817 12/17 As
additives, the following were used, individually or in various combinations (as specified in the Figures):
(1) 860 mmol/L sodium chloride (total content 1 mol/L sodium chloride) (2) 0.25 % (w/V)
polyvinylpyrrolidone (PVP) (3) 15 % (VN) isopropanol (4) 0.5 mol/L L-arginine For the elution,
depending on the product, a different buffer was used, with different acetate concentrations and pH.
The following concentrations were used: BlI-Mab 06a: 100 mM acetate pH 3.4 Bl-Mab 1003a: 50 mM
acetate pH 3.4 BI-Mab 1001b: 50 mM acetate pH 3.4 15BI-Mab 07c: 50 mM acetate pH 3.6 Analyses

The eluates of A3egUROEEN BEFONSKEngARRAIRG O G RARtBNIOldMY tinasnstithe 2Ly igldsikare
determined. To ?geteg[mine he amount of cell constituents a generic sandwich ELISA was used, and

the host cell pVa) S WEFRE tetermined as empirical parameters. For the assay polyclonal detection
antibodies were uged. 2860 mmol/L sodium chloride (total content 1 mol/L sodium chloride)

5 (2) 0.25 % (w/V) polyvinylpyrrolidone (PVP)
(3) 15 % (V/V) isopropanol
(4) 0.5 mol/L L-arginine

For the elution, depending on the product, a different buffer was used, with different

10 acetate concentrations and pH. The following concentrations were used:

Bl-Mab 06a: 100 mM acetate pH 3.4

Bl-Mab 1003a: 50 mM acetate pH 3.4

Bl-Mab 1001b: 50 mM acetate pH 3.4
15 BI-Mab 07¢: 50 mM acetate pH 3.6

Analyses

The eluates of the experiments were compared for their content of impurities and the

20  Yyields were determined.

To determine the amount of cell constituents a generic sandwich ELISA was used, and
the host cell proteins were determined as empirical parameters. For the assay polyclonal
detection antibodies were used.

25
The monomer content was determined using the Agilent Series HPLC 1200 (waters)
system and depending on the protein a TSK 3000SW or a TSK 3000SWXL column
(TosoH). The isocratic method operates with a flow rate of 1 mi/min with a Tris buffer at
pH 7.0.

30
The DNA is determined by the threshold method (Kung, V.T. et al., Picogram Quantitation
of Total DNA Using DNA-Binding Proteins in a Silicon Sensor-Based System, Anal.
Biochem. 1990, 187, 220-227).
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The monomerwontent/veagdetermined using the Agilent Series HPLC 1200 (wates syEstem aomhs17
depending on the protein a TSK 3000SW or a TSK 30@@S$SWXL column (TosoH). The isocratic method
operates with a flow rate of 1 ml/min with a Tris buffer at pH 7.0. 30 The DNA is determined by the
threshold method (Kung, V.T. et al., Picogram Quant tation of Total DNA Using DNA-Binding Proteins
in a Silicon Sensor-Based System, Anal. Biochem. 1990, 187, 220-227). 13/17 A Phast system (GE
Healthcare) is used to carry out a SOS-PAGE. The samples are separated using a Phast SDS gel
(4%-15%, GE). Staining is done using Heukeshoven silver staining (Heukeshoven, Dernick 1988,

Electrophoresi’ B{Bpt sagies& B eslihenige s SRaAdPrariey i arrbBmboEntidsusempIfs @arge and in
the eluate, a Ps‘ép%ﬂaf&lusﬂg ROt 00N tARBlEAFRIDSIRME | Pdsha Al e ResrsEA00
HPLC system (\{vaters was g The bm% %%] Qctgég % V\ﬁere carrled??@l over a é ﬁnt frompH 7.4
t0 o4 2.5 in 18165 S BN SRR BT al Ao IRl A SR EARSREH e of he
antibody in question. 10 The turbidity measurement was carried out in the 2100AN Turbidimeter

(Hach) after C?JM:@%%"MEMP@H@W&%%W& Leeyaity mtandardry Reriitsle drmerimeats wiibh -

BI-MADb 06a, an antibody of sub-class |loG1 The results show a su%a nificant effect of the washing on the

yield, monom&i9 Rl RIS Fel 1R LRR SO RIRRYFISEIR) 298 A7 MIGRLRES &Rtk SIS YHERbmer
content and HRtdep lwtenusie: Theabindmaves thelliest wataeaftied wasbveg avifta dien bindier mhiaz dontains

al four additves, OTgqy 1. BB saTnalon o' e aiiivesloars (9 Aeubaiagtil isuctgn. !

turbidity, both wi e combination ree ingre chloride, 0.25 ?W/V)
PVP and 25153%i¢ Ry i96Eyopsistiand with the combination of all four additives 0.86 mol/L sodium

10
The turbidity measurement was carried out in the 2100AN Turbidimeter (Hach) after

calibration with the manufacturer's turbidity standards.

Results
15

Experiments with BI-MADb 06a, an antibody of sub-class IgG1

The results show a significant effect of the washing on the yield, monomer, turbidity and
host cell proteins (HCP).
20
In the quality criteria of yield, monomer content and HCP depletion, the eluate shows the
best value after washing with the buffer that contains all four additives. Moreover, the
combination of the additives leads to a substantial reduction in turbidity, both with the
combination of the three ingredients 0.86 mol/L sodium chloride, 0.25% (w/V) PVP and
25 15% (V/V) isopropanol, and with the combination of all four additives 0.86 mol/L sodium
chloride, 0.25% (w/V) PVP, 15% (V/V) isopropanol and 0.5 mol/L arginine.

Experiments with BI-MAb 1003a, an antibody of subclass 1gG1

30  The best HCP depletion is achieved with the washing buffer that contains all four
additional components. Similarly good values are obtained with the washing buffer with
the combination of sodium chloride, PVP and isopropanol. More HCP is obtained in the

eluate by washing with buffers that contain the four components individually.
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chloride, 0.25% ¢vel) R¢E2125% (VN) isopropanol and 0.5 mol/L arginine. ExperimeatsBrito Blebbal7
1003a, an antibody of subclass IgG1 30The best HOP,depletion is achieved with the washing buffer
that contains all four additional components. Similarly good values are obtained with the washing
buffer with the combination of sodium chloride, PVP and isopropanol. More HOP is obtained in the
eluate by washing with buffers that contain the four components individually. 14/17 With the turbidities
too, the combination of the washing substances in a buffer gives a better result. Experiments with
BI-MADb 07c, an antibody of subclass IgG4 The eluates from the tests on the individual washing buffers
have higher [eVé18 tieHaPiditan e Blaaesiivrianeférvashndabisiatcs@shmpulereiseEfperiments
with BI-MADb 19844, @g antibody of subclass 1gG2 10 The eluates from the tests on the individual
washing buffers have higher levels of HCP than the eluates from the tests with combined washing
buffers. The four experlments show that the comblnatlon of the four additives sodium chloride, 15
PVP, isopropdaxaaineatyi 3 I Asdde . \ea ) Epbixciass Hfyhintage over the use of washing
buffers with individual additives in relatlon to the content of host cell proteins (HOP) in the eluate. The
use of the washing buffer described also shows that turbidities in the eluate are 205| nificantl

reduced. The AhfotiMaESHOAbLINR eI tRdNGdd v al ¥eRABRREErB NRYR MBS, BYelt RiddEfemain
the same (Bl-Mhah theQ3aateEhfeowiasieingsisufier cesoifeedasdhieteboftesuitable for significantly
improving the production process for proteins. The introduction of the combination of washing buffers

25depletes the impurities that would otherwise have to be removed by an additional
Experiments with BI-MAb 1001b, an antibody of subclass 19G2

10
The eluates from the tests on the individual washing buffers have higher levels of HCP

than the eluates from the tests with combined washing buffers.

The four experiments show that the combination of the four additives sodium chloride,

15 PVP, isopropanol and arginine in a single washing buffer has an advantage over the use
of washing buffers with individual additives in relation to the content of host cell proteins
(HCP) in the eluate.

The use of the washing buffer described also shows that turbidities in the eluate are
20  significantly reduced. The amount of monomer and the yield are also improved (BI-MAb
06a), or at least remain the same (BI-MADb 1003a).

The washing buffer described is therefore suitable for significantly improving the
production process for proteins. The introduction of the combination of washing buffers

25  depletes the impurities that would otherwise have to be removed by an additional
purification step.
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purification step. 15/17 Patent Claims 1, Method of depleting impurities from a compaosition that
contains a prot Q \%ﬁfiyﬁsggrlﬁprises the Fc domain of an immunoglobulin (target prggéTﬁ§,P891ﬂf8?8m-7A

chromatography, comprising the steps of: a.applying & Phidbile phase which contains the target protein
to a stationary phase which contains protein A, under conditions in which the target protein binds to
the stationary phase; bapplying a washing buffer with a pH of between 4 and 8 as mobile 10phase,
containing i. arginine in a concentration of 0.1 -1 mo1/1, ii. sodium chloride in a concentration of 0.2 to
2 mo1/1, an alcohol selected from among isopropanol, n-propanol and ethanol, in a concentration of 5
-30 % (w/v) and 15iv. polyvinylpyrrolidone or a detergent in a concentration of 0.05 -2 % (w/v); c.using
an elution buffer as mobile phase under conditionBafeRhidRifA® target protein is eluted from the
stationary phase. 202. Method according to claim 1, characterised in that the arginine concentration in
the washing buffer.is ét'hg' _Om&;u} 3. Metho [eaqcordéng)to ane of mae re edirgjg; claj

characterised in th1a'tt & sodian o c;lr? e CBnCentration i the Was ning Bu SHiSg e énign\%"giﬂ
comprises the Fc domain of an immunoglobulin (target protein), by protein-A
5 chromatography, comprising the steps of:
a. applying a mobile phase which contains the target protein to a
stationary phase which contains protein A, under conditions in which the
target protein binds to the stationary phase;
b. applying a washing buffer with a pH of between 4 and 8 as mobile
10 phase, containing
i. arginine in a concentration of 0.1 — 1 mol/l,
ii. sodium chloride in a concentration of 0.2 to 2 mol/l,
ili. an alcohol selected from among isopropanol, n-propanol and
ethanol, in a concentration of 5 — 30 % (w/v) and
15 iv. polyvinylpyrrolidone or a detergent in a concentration of 0.05 -2 %
(wiv);
c. using an elution buffer as mobile phase under conditions in which

the target protein is eluted from the stationary phase.

20 2. Method according to claim 1, characterised in that the arginine concentration in the

washing buffer is 0.4 — 0.6 mol/l.

3. Method according to one of the preceding claims, characterised in that the sodium
chloride concentration in the washing buffer is 0.9 — 1.1 mol/l.
25
4. Method according to one of the preceding claims, characterised in that the alcohol

in the washing buffer is isopropanol in a concentration of 10 — 20 % (w/v).

5. Method according to one of the preceding claims, characterised in that

30 polyvinylpyrrolidone (PVP) is in a concentration of 0.1 — 2 % (w/v).
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25 4. Method according to one of the preceding claims, characterised in that the alcohol in the washing
buffer is isoproWé%%% Wifcentration of 10 - 20 % (Wiv). 5. Method accordFiDr?ngEPgr%%% g7
preceding claims, characterised in that 30polyvinylpyrtélidone (PVP) is in a concentration of 0.1 -2 %
(w/v). 16/17 6. Method according to one of the preceding claims, characterised in that the detergent is
a polyoxyethylene-sorbitan-monolaurate in a concentration of 0.05 -2 % (w/v). 57. Method according to
one of the preceding claims, characterised in that the washing buffer has a pH of from 5 to 8. 8.
Method according to one of the preceding claims, characterised in that the impurities are host cell

proteins (HCP). 1%.9-10%%3%5849(1%@%{ c}h@ ﬁ%t}ﬂr%'éé%ﬁﬁ&tgg[r%@f‘é’h‘éﬂg"&%r@éa‘%fwdtﬁ&t%n&omai”i”g 3

arginine in a concentration of 0.1 - 1 mo1/1, ii. sodium chloride in a concentration of 0.2 to 2 mo1/1,
iii. an alcohol selected§HBIACANID APRIBPFIBANENSISHEP AP ArRIEHERIM KB CTACE HFHILh RERIGR ofs-
30% (w/v), and iv. polyyiylpyrrolidone or a detergent in a concentration of 0.05 - 2 % (w/v); 10.
Washing buffer according to claim 9 with a pH of 5 to 8.

5 7. Method according to one of the preceding claims, characterised in that the

washing buffer has a pH of from 5 to 8.

8. Method according to one of the preceding claims, characterised in that the
impurities are host cell proteins (HCP).
10
9. Washing buffer for the affinity chromatography with a pH of 4 to 8, containing
i. arginine in a concentration of 0.1 — 1 mol/l,
ii. sodium chloride in a concentration of 0.2 to 2 mol/i,
iii. an alcohol selected from among isopropanol, n-propanol and
15 ethanol, in a concentration of 5 — 30 % (w/v), and
iv. polyvinylpyrrolidone or a detergent in a concentration of 0.05 -~ 2 %

(wiv);

10. Washing buffer according to claim 9 with a pH of 5 to 8.
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