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25 Antibodies and antibody fragments are of increasing importance in a range of
therapeutic areas. One of the most important methods of producing antibodies antibody
fragments is by recombinant technology. Such techniques use a host cell to express the
desired antibody, or antibody fragment, which is then separated from the production
medium and purified.

30 Antibodies require glycosylation and are therefore generally expressed in eukaryotic
expression systems employing eukaryotic cells, in particular mammalian cells such as
CHO, PER.C86, NSO, BHK or Sp2/0 cells. In eukaryotic expression systems the protein of
interest expressed such as an antibody is generally secreted into the cell culture medium.
The medium can subsequently be separated easily from the protein secreting cells, e.g. by

35  centrifugation or filtration.

Almost all current industrial antibody purification platforms use protein A (described
e.g. in WO 98/23645). Protein A is a cell surface protein found in the cell wall of the
bacteria staphylococcus aureus that binds to the Fc portion of mammalian



2 i mmunogl obulin. Protein A has a high affinity to human 1gG and 1g& and
a noderate affinity to human IgM 1gA and | gE anti bodi es. Consequently,
protei n Avpuniddis@ki on is not well suited for antibody Pcagwentseishat | ack
the Fc portion. A protein that does not require glycosylation is preferably
expressed in prokaryotic 5 expression systens enploying prokaryotic cells
such as gramnegative bacteria. Particularly, an antibody that does not
require glycosylation, for exanple an antibody fragment such as a Fab, an
Fab' or a scFv is preferably expressed in such systens. Prokaryotic
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coupled to a chromatography matrix. The interaction between the protein of
interest and |igand coupl ed
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25W0 99/ 57134, WD 2004/ 024866 and WD 2007/ 117490 rel ate to processes for
protein or antibody purification conprising ion exchange chronmat ography.
The proceweasiznassexenpl i fied usi ng anti bodi es producedPCh/Eraomr@bisan cel | s.
WO 2009/ 058812 relates to a process for antibody purification conprising
cation exchange chromat ography. The process is exenplified using antibodies
produced in mamralian cells. WO 2007/108955 30 relates to a two-step
non-affinity ion exchange chromat ograph process for protein purification
conprising cation exchange chronatography followed by ion exchange
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WO 99/57134 WO 2004/024866 and WO 2007/117490 relate to processes for

protein or antibody purification comprising ion exchange chromatography. The processes
are exemplified using antibodies produced in mammalian cells. WO 2009/058812 relates
to a process for antibody purification comprising cation exchange chromatography. The
process is exemplified using antibodies produced in mammalian cells. WO 2007/108955

30 relates to a two-step non-affinity ion exchange chromatograph process for protein
purification comprising cation exchange chromatography followed by ion exchange
chromatography. The Example in WO 2007/108955 describes the purification of fully
human antibody produced in mammalian cells. Multiple washing steps were performed
during cation exchange chromatography and the eluate diluted prior to anion exchange

35 chromatography. Humphreys et al. describes the purification of Fab’ at a laboratory scale
using cation exchange chromatography and ion exchange chromatography (Humphreys et
al., 2004). WO 2004/035792 relates to the generation of E. coli strains expressing mutant
PhoS protein in order to reduce PhoS protein impurities in antibody fragment preparations
purified from bacterial cell culture.

40 CDP870 is a genetically engineered antibody fragment (Fab') chemically linked to a
PEG moiety as described in WO 01/94585 (which is incorporated herein by reference in its
entirety). CDP870 has potent human TNFa neutralizing properties.



5 cell extracts of gramnegative bacteria due to e.g. the anount of
bacterial host cell proteins present. Further difficulties have to be

over come wbhenizpnadsei ns needs be purified from gram negaPCYEPR@ces3al
cultures that express heterol ogous proteins to a very high concentration.
The inventors have surprisingly found a new process for purification of an
anti body 10 fragnent from a periplasm cbcell extract wherein the process
is highly efficient and suitable for periplasmc cell extract conprising
anti body fragnent at a high concentration. In aspect the invention
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produce a ftibody diagatestsc EamaperipRsmih el rxdrage yharvestpdefiom Blivkanyotice @athdn

chr omat Hgr pahigulat @pmwiegatiienbdcheziaf duck tas . wali expresserb pystdnegd tHab agnsuitable xechange
chr omat ogr apdnitetvdthCaR lekf £:td MALEINtIRS v@@%@ftﬂd@%nﬁbd‘?@ﬁ&gh@h@tm@ efbah ni ng
the antibogyiddagarRent 2Rd HESOMRR MBr 83bdsaBhioPaYarftbRd)Rabmehts RBGkEer
aspect the | Avaltd Q0 RFQ%hd Srifftallip? of the Qe @Eﬁmﬁ’e [ GBb A gfr% 9,4 | body
20 fragnenp rom er|PIa c . ce extra naisting esoenit arl a
first ohroRERBHDAPNEE P NGARE BYWTD RSP IR A5 AHRIRESTH Wee (OF

m xt ur &0 coRealthsriegatmfilant 0986 AEagh®nt is subjected to cation exchange
chromat ography to subsequently eluted to produce a first eluate containing
the anti body fragnent; a first ultrafiltration is applied to the first

el uate; a second chronmat ography step wherein the purified first eluate is
subj ected to anion 25 exchange chronmatography to capture inpurities to
produce a flow through containing the antibody fragnent; and a second
ultrafiltration applied to the flow through, and recovering said anti body
fragment. WO 2012/013682PCT/ EP2011/ 062837 7 BRI EF DESCRI PTI ON OF THE

FI GURES Figure 1 shows a chromatogram of protein (including Fab')
nonitored by absorbance of UV light [neasured in mlli-absorbance units
(nmAU)] (solid line) along the conductivity (dotted line) fromthe first
capture step on a cation exchange chronat ography columm 5 (Capto STm. The
chromat ogram shows that a |arge vol une can be | oaded onto colum during

whi ch some proteins do not bind, followed by the recovery of bound proteins
including the Fab' in a small volune with an increase in conductivity.
Figure 2 shows a chromatogram fromthe step on an ani on exchange
chromat ogr aphy colum (Capto Wr). The chromat ogram shows the non-bi ndi ng of
a Fab' 10and its appearance in the post-load wash with the bound inpurities
recovered in the regeneration peak. Fi gure 3 shows an SDS- PAGE

anal ysis of capture | oad, capture eluate and ani on exchange fl ow-through.



Figure 4 shows Western-Blot to detect host cell proteins present in the
sanpl e 15before (Lane 2) and after (Lane 3) the anion exchange

chr omat ogwephi2/01848g. 5 shows the ami no aci d sequences oPCTBPSVQ06BRI EF
DESCRI PTI ON OF THE SEQUENCES 20SEQ ID NO 1 shows the am no acid sequence
of CDRH1 of CDP870. SEQ ID NO 2 shows the am no acid sequence of CDRH2 of
CDP870. SEQ ID NO 3 shows the am no aci@ sequence of CDRH3 of CDP870. SEQ
ID NO 4 shows the am no acid sequence of CDRL1 of CDP870. SEQ ID NO 5
shows the am no acid sequence of CDRL2 of CDP870. 25SEQ ID NO 6 shows the
am no aci d_sequence of CDRL3 of CDP870. SEQ ID NO 7 shows the

nucl eot i deS¥ 6R(¥d@EtTé'(|]EMIﬁHT§2Nd sequence of the light chain variable

regi on CDP870. pificati hPerW%ts%nﬁQﬂ r{g@?dmé?gfr‘@s%rg sl opbEAL GG aeaM no
acidseuenc.?te e.gv chain_vari e.reqion %J}ﬁ Bé Irﬁ) ) . 9
ahows the BiEd frgm_ﬁb&ce'gh%ﬁ#_@a@%% M aPINg 414 VS ey pUpLize éﬂﬂ@ Vot

chai n. C“'@Ebaaﬂ'ol‘d@.rd f(?UE'ﬁé\ﬁ/ée flaﬁ_ ‘é(ﬁ?%%roé?é'?sd"esegd?léﬁ@lé”fé_ﬁd fEP”@P%ﬁFt'%?tﬁf“C

anti - TNFa Fﬁlwmpbgméawaﬁmbaﬁteﬂa\memm/ theFpsRPOI RPRG3l hog beed Protgins

DETAI LED DESGERMPFLMNrOFfidiHEed NVENDSIbENbvercome Whempfateiss nesqxeiod ptrifeedifronent i on

rel ates tog@anpPrefare Ftedd@upurdsf thatbkmrasohetstogbld pedtefnsagreendryfHigin a
peripl asm gofe8hiratxt ract conprising a first chromatography step to capture
the anti body fragnent wherein a m xture, such as a periplasmc cell
extract, contalhd ingeraws have surprisingly found a new process for purification of an antibody

10  fragment from a periplasmic cell extract wherein the process is highly efficient and suitable
for periplasmic cell extract comprising antibody fragment at a high concentration.

In aspect the invention provides a process for the purification of an antibody
fragment from a periplasmic cell extract comprising a first chromatography step to capture
the antibody fragment wherein a mixture containing an antibody fragment is subjected to

15 cation exchange chromatography and subsequently eluted to produce a first eluate
containing the antibody fragment; and a second chromatography step wherein the first
eluate is subjected to anion exchange chromatography to capture impurities and produce
a flow through containing the antibody fragment, and recovering said antibody fragment.

In another aspect the invention provides a process for the purification of an antibody
20 fragment from a periplasmic cell extract consisting essentially of a first chromatography
step to capture the antibody fragment wherein a mixture containing an antibody fragment
is subjected to cation exchange chromatography to subsequently eluted to produce a first
eluate containing the antibody fragment; a first ultrafiltration is applied to the first eluate; a
second chromatography step wherein the purified first eluate is subjected to anion
25 exchange chromatography to capture impurities to produce a flow through containing the
antibody fragment; and a second ultrafiltration applied to the flow through, and recovering

said antibody fragment.



5 antibody fragnent is subjected to cation exchange chronmat ography and
subsequently eluted to produce a first eluate containing the anti body

f ragnment ;wendi2z13@eond chr omat ogr aphy step wherei n t he PCrgP2@iiwedsa7 i s

subj ected to ani on exchange chronmatography to capture inpurities and
produce a flow through containing the antibody fragnent, and recovering
said anti body fragnent. 10ln a second aspect the invention relates to a
process for the purification of an anti body fragnment froma periplasmc
cell extract consisti ng essenti aIIy of a first chromatography step to
capture the _anti bod erein m xture, such as a periplasmc cell

extract coﬁRélT_-ﬁlDrEgS%WPTﬂ&\bgﬁyTHEE&EFFIESI S subjected to cation exchange
chr omat OgraphyFléQrfeSI%%lé%HrXatgéﬁdﬁeiﬁtp ?Rr(.HElH&iﬁ%ﬁaB% F .to‘?édeiV?% %@é ni ng

Lo ater ! 2oy et RN in Bylabeiaac s PlSTRE] B PG o

subj ect ed {45t 8%"6‘?? %%HB‘?\?&“&%P’HF%F SrdbAyeation EXPtaTPe MRNAPYPRY €UUBPoduce
a flow & hr GeRpte 80Nt Aherchigmeatpgramshewel that ealgigentolung eam be deaggd onto column

ul trafiltrdtningnwhipiplsoe® potdidsedd Irmiv b, deiplved aryd theemoweny off keand pasteinbody
fragment . including the Fab’ Ina éméli Volimewhoah Merdas®in ddnaudtivist aspect of the

i nvention the Erocess according to the 20 first aspect of the invention
conpri ses onl yFigui§ QCkﬁr@Wﬁt@gr%WWatQQ@ﬁs from the |fiem PR r30 ARBBJIEHENIANIBS t he
second aspeupmefogtamby colvent(Captotdie). fhe chwsategram shenys the rohebingingefd Baipect

of the1o nvem iterappberantd inathel postldadnwadht aith ttie boatd onpeiesas@eered in the
chromat ogr aRBMedfich pdag. ul trafiltration after the anion exchange

chromat ography are perforned by tangential flow filtration (TFF). 25ln a
second enbodi niggtreck shayes an PHE-RAGE @naliais #F parturegpad. raptuig elvieicoand anieme
process acexhdnggflavathrdughf i r st enbodi nent of the first or second aspect of

Rl o e N
i nvent idn P?fo'tet{éa'ﬁﬁ@caé@saﬂéb@éf‘%lﬁh@etaa'oﬂWécﬁﬁnﬁl@f’h@ma@&ﬂﬁ‘d enbodi nent of the
first or seconﬂ8a§pr%q,\;s L e dcﬁvﬁﬁbéﬁb’és o?’eDbg?o cation exchange

chromat ography of the first chronatography step is perfornmed in elution
node. In a fourth enbodi nent of the first or second aspect of the
invention in the process according to the second or third enbodi nent of the
first or second aspect of the invention the cation exchange chromat ography
of the first chromatography step conprises the 35follow ng steps in

sequenti al BRWE‘@DE%‘)RIF‘?@@W@FE‘FHE xedgENereh as a periplasmc cell extract,
contai ning an anti body fragnent onto the cation exchange colum, WO

2012/ 028682PCTHER2D NO): 060887 e dinguasitlisagueniae ot@PRUIM of CORENQ e COI um with a
concentrati on SrarmAalOytRATE R codfafg e OgHg of torBrb and <2l
SEQ ID NO: 3 shows the amino acid sequence of CDRH3 of CDP870.
SEQ ID NO: 4 shows the amino acid sequence of CDRL1 of CDP870.
SEQ ID NO: 5 shows the amino acid sequence of CDRL2 of CDP870.
25 SEQ ID NO: 6 shows the amino acid sequence of CDRL3 of CDP870.

SEQ ID NO: 7 shows the nucleotide and predicted amino acid sequence of the light
chain variable region CDP870.

SEQ ID NO: 8 shows the nucleotide and predicted amino acid sequence of the
heavy chain variable region CDP870.

30 SEQ ID NO: 9 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870
light chain.

SEQ ID NO: 10 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870
heavy chain.



c) eluting the antibody fragment with an elution buffer. 5In a fifth

enbodi nent of the first or second aspect of the invention in the process
accor di ngvoaotma3dseurt h enbodi ment of the first or secomdTaPp@eieIst7 t he
invention the pH of the washing buffer is identical to the pH of the

m xture, such as a periplasmc cell extract, containing an antibody
fragnment, prior to the first chromatography step. In a sixth enbodi nent of
the first or second aspect of the invention in the process 10 according to
the first, second, third, fourth or fifth enbodi rent of the first or second
aspect of the invention the m xture, such _as a periplasmc cell extract,

cont ai ni ngDﬂ%ﬁDWR}%ﬂ%pf -BT”T':(WVEHTM%' first chromatography step has

a pH of Dbet Ween 4 rgé eét‘tﬂei ﬁlflc%r ds B Hogéssqgltt il iﬁj'ca:ﬁortn félh ntib%B\fe

pr ef er abl ﬁga%ﬁ?%%ﬁmmtbesgv\{eian 419/% If‘%?rz%coancf:rmstf. %rcg]rofg?%[)ér‘ya ﬁfs g?%cl %ﬁ“?
sevent h enbBUI'HEAC 6T PYHEEFTY ST BY 2SN Qgﬁeg FOPHRIPRVEHTY On“dPH"T he
process acHkSaMtiReMiERAMeat Wherstn 2 QR ESUCh S AdReripagriacellexirad. cantaiping AN
enmbodi nent artibogydrapmest isppubiecteshitP gatipacexchangenehromatagrarhy andesyrisgauandly

cont ai ni ngelatedcattt ipbaxtlige f a afinse rtuaden dob@imgg shbpetiiaty fragroant; @andesd cbaoge

chr omat ogr apttyn & geagiy BRIpYwhaRdiHItAe FirePeRRNé as RableVtad tHr0lh Bxahadge
g?nfggts[ agbﬂemgfog?épht@@éé tafegl’mEM{i’es%a? %Foc’ur@élgtﬂoﬁ/ ég@%gqgérgléihingﬁﬁ%%ntlfbgg{é ![- 28r
giL. o ar TP oy terq ey 47 btk Ralmped

B ConCentrati on of between 3 and 40 g/ L, or
at a comcent r aini @ se @fndogipseethedinasstic?Orefdtbs tob @bcessciondrenpuriichon of an
between 5 apkbokl fedment from 4 BeAPlaB8hBOLEI eRDOEH BBRSisg Esntibiiypbr @F firgcond
aspect  of EM%n{aEB@‘Q H;P&eE@%EQ&uPJ%%%%ﬁibé%ﬂé?.’n@ﬂt \R/R?rfehﬁa Hiz(tﬁ?e, s%%ﬁoé%da
third, fourtrh|dl Ii t Iexﬁ}a ¥ onqrin%e\é%ntntl gciiyf? msnnjtls s?ur%)'etc eedt : raﬁt O)r<chf':1n5
second aspBEP BT e PAFEh AR & A PO S i T Hoe AT ST B aC PP 4G nent
and bei ng SUBMagERhy & edhsegret GHpGL ridUrRR HEH & canipgithgpRtitodht ur e
step cont afragmentt p Hed wltrafilgemepaliedtodba desh eluats; onsefondtchreaaiegraply step or  at
| east 4 g/ Wwherein ta¢ plfgsitfird efylals is subjattedl eaatiorvexshghds choomatbgtaphgto EPtugé L or
at | east 2fhghities @ pAidude COMBRMro@H edhtdhirketheeenbSdyanggméntgand atdecdhd @
concentrat }Jlﬁaﬁl%tiéﬁe}p}ﬁﬁé‘ﬂo%@mﬁv@%L@H—anoq‘éc@x?eritﬁ%%l&ﬁﬁﬁﬁoh??rb&ﬂeﬂf bet ween 5

and 3010 g/ L. n a ninth enbddi nent of e first or Second aspect of
t he i nventi on linra firbleenirasioesry ohthedirsliaspeat of theénvientiast the peaseagiacaordingito theur t h,
fifth, 2ei xfilst aspewtasitie ioventibg borhpréseb ediyi®o thromatdyeaghy ss&dpsor second aspect of
the invention the cation exchange chronatography of the prinmary capture
step is perfor'ﬁ@df'ré‘te’%qul”ﬁ%troél*% s§Fongt agpagf t 'OV%HPH}hep‘Fre?%ﬁse?ﬁF‘}fdtB‘étt‘a\/een
300 and 3¥esershesredimidhpriefantss the witafideati gbeftanthe setor rxhhargen
mor e pr ef eclabinptogestpheeamd3 8@ altrdfilf@3D eftgrhtheaaniomeschangef eratmiatogomthyese 400

and 700 cnpéformed by tdngentidl 86w hitratdrodFrent of the first or second aspect of
the invention in the process accordinﬁ to the first, second, third, fourth,

P . , r, S d,
fifth, 2%ixth, BRI e@pairgnef the frehorerepond awset the vertiopdr therPreeednd
aspect of aterimgdatthefirstrramiediment ekthiedirgtor secomalt aspegphiythefinvérdiotOphi mary
capt ure st epromatogephy stapsl ast perfoanediore & ichrotmatogiraphgicolomine t han 6 nS/ cm

preferably W) 2012/ 013682PCT/ EP2011/ 062837 _ .
In a third embodiment of the first or second aspect of the invention in the process

according to the first or second embodiment of the first or second aspect of the invention
30 the cation exchange chromatography of the first chromatography step is performed in
elution mode.

In a fourth embodiment of the first or second aspect of the invention in the process
according to the second or third embodiment of the first or second aspect of the invention
the cation exchange chromatography of the first chromatography step comprises the

35 following steps in sequential order:

a) loading a mixture, such as a periplasmic cell extract, containing an antibody
fragment onto the cation exchange column,



10 between 6 and 2 nS/cm nore preferably between 5 and 3 nS/cm and even
nore preferably between 4.5 and 3.5 nS/cm In an el eventh enbodi nent
of the fiwetomoisdeond aspect of the invention in the pPOTEP01AM6I38TI Ng toO
the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth or
5 tenth enbodi nent of the first or second aspect of the invention the

cati on exchange chromat ography of the prPmary capture step is perforned on
a resin conprising sul phonyl, sul phopropyl or carboxynethyl coupled to a
resin of suitable material knomn in the art, including but not limted to

C OSS| nked beagfdméﬁ am)%gnqe C&llmﬁﬁmn%ltﬁgﬁl e WheI%ll’H) I’?’l?elﬁé
IIDrdIerId IIEt|Iacry E I’()X f ] t.#EH: Qﬂi
t I|e

ceram ¢ 10and st yrg\&% hﬁ]gvt%e. ?'Bdétgtﬁ\@%ep'_' and Séit F%ngﬁwpfotfﬂ" W%%‘dl?

first or second asp“é‘é1 @%e invention in the process according to the

el event h enbodi neteafngliRCaties) rimaf $AAGARABA LR the i nvention the

resin of the cation exchange chronat ography of the primary capture has a

dynani ¢5 bi ndi nlp « &ffaembgdifnent ohibe dinsti dssagorfad agpeehof e imtentiegmit the (pregess of

resin, or atcokd@gio th®fdith edfoodikfent estha firsdbr fdcoh@asgect 5 tgé lnveitionasé pH odr  at

|/ei15t 150 BelwdsBirgbuffer is RRNERRo @ ek the thidlre, S®H d¥ a Qérup%ﬁﬁt@gétllh&@raatnd 100
resin, [ irteen

gnbodl ment %italplﬁé%ﬁﬁﬁgq%%omgrg%@ngrlldarst{)g%tff?sofchmwatodn%)orﬁt| £ in the process

accordi ng to tlhea skibveemiddiroenttdfi¢het fivel drt Secembashevkot thefinvehor inrtbé porcesecond

aspect 1@f béwrdify©nhé Bt sbeordemird, Phirth b.eﬂfmaetrhm.rﬁemhamge.rﬁlat@éa@hegé@éﬂny of

the pri marys anthfion 4 HAGu@, SBANaPRbEHSYLAL Rhsyralt, BnthiBAB! armlhy

pref erably,h gj e,t;t.o??qbqagqtbs%%@mm@g?a S L% efttvt?etmgs%ngre%&gwpm

d
enbodi ment 26¥ Phacieeg4-310 de LR 8 eta of PRANRENGhS (% AhanBebs s

enbodi ment 2
accordi ng PEfaraly fidr st |, second third, fourt h f| fth sixth, seventh,

ei ght h nl nth, I taegetvgntheél Y)@ﬁ%ént otttWQIfl srt Br cohc!f' iﬁe%?@fttne %@ﬂ%hﬁ#ﬁt%rf%cetsbe

first or secon C,

ant i body 1 FAGRUA %tﬁ?in? ssecg%g*ar& %&ﬂﬁoﬂf&"a?rs hSQ‘ER%\'H"ggt P Bl boetle |

t he primar 9SR?§b?fd'P%'”¥?fB'ﬁné'?ﬁft‘a‘ & Coiginipg g IanikR flagmentansk Raing suhiesisdd unt
of bet weencatisouaxchangeefiramatagramnycz0e panaty, ca@bwatstespooorﬁgmﬁtot@bprsmabg/ m ,
about 1000cqgentratioo o4@0Raptgl. fr/Lopr atdeast 3200 0or @zt lemist 4 /L4608t Ipggtrdl g/L,lar
fifteeps h rabods gRNbr ffledsheo HiLroitat REsIDOCHINbrasRast40af/L et & ByresRhirgtibnidh t he

process 39et§v@8r?f3@h5‘9,0tgﬂ_ bhgt 4 édrebntratiBk %FQethéH i dnd fz@Bth Br atfd ddnBentstixh N
sevent h, eb nth el eventh, twelfth, thirteenth or fourteenth

enbodi nment %en |rs ér second aspect of the invention the in the cation
exchange chr onatamggighin gmbbditrieat @frtherfiisyorcsepdnd &spetiedf theihvweadion n tegrdddes g

anti body fpa@r@ng toptﬁé fitst, ls@Eorlde &irl,; foleh, WRR st oRBEL R dmBsdirh&AQY tHerfRamRNt
per liter Eé‘é&gp a%g e&f‘tﬁeﬁ %&.o@ﬂ mxtgré”‘&%nt?l H%Jnr Qﬁ%‘é&} frd ﬁtehf ol béuﬁé' n

are | oaded

the invent f"bbﬁed%d tf’r?é' %ﬁ%@ge %‘E%’P%‘ gpt‘y a%?\B”’PF‘W CF‘pt“E ORI IAF ?@“ °F't6urt h,
fifth, si xtrﬁgm%@\?éﬁtcﬁnceét”@H?Wfarh"?ﬁsh3 {le At At leastd&hids 2t {apst $ of; ok #li'sastent h,
f our t eent h7 8ro/lf.ioF atleastH Ocanp otiatrieast 200/l heatfd Weroratlee@bbﬁiwe@pé@ﬂd 8f gtlhe

i nventi on bthat acereengaidracigeteberoAsnd dilaghyorn at at domcsetcativt of ebmetrog magphy
step isopenhgined on a resin conprising quaternary ammonium (Q,

40di et hyl am noet hyl (DEAE) or trinethylam noethyl (TMAE) coupled to a resin
of suitable In a ninth embodiment of the first ér second aspect of the invention In the process

according to the first, second, third, fourth, fifth, sixth, seventh or eighth embodiment of the
first or second aspect of the invention the cation exchange chromatography of the primary
capture step is performed at a flow rate of at least 300 cm/h, preferably between 300 and

35 2000 cm/h, more preferably, between 350 and 1500 cm/h, even more preferably between
350 and 1000 cm/h, and most preferably between 400 and 700 cm/h.

In a tenth embodiment of the first or second aspect of the invention in the process
according to the first, second, third, fourth, fifth, sixth, seventh, eighth or ninth embodiment
of the first or second aspect of the invention the cation exchange chromatography of the

40 primary capture step is performed at a conductivity of not more than 6 mS/cm, preferably



WO 2012/ 013682PCT/ EP2011/ 062837 11 material known in the art, including but
not limted to crosslinked, beaded-forns of agarose (e.g. SepharoseThil or
Super oseTwp,20redddszed net hacryl ate pol yners (e.g. tentaeCe/Erhydioasyt at ed) ;
silica; ceram c and styrene divinyl benzene. The second chromat ography step
may al so be perforned on a nenbrane conprising a quaternary amoniumor 5
poly(allylam ne) coupled to a nenbrane of0 suitable material known to the
art, including but not limted to cellul ose and pol yet hyl ene. In a
sevent eent h enbodi nent of the first or second aspect of the invention in

th f h,
ovent b opyE AR AL PO S Y, Bl B
fifteenth 8 PR %tWFﬁhé i n% Dt the first or 10 second aspect of t he

i nvention the @nameIc¥mhadigto GmerNsl 1ae faghyr s%@bhlcﬂ'fasbébttohﬁmeslﬂv@ﬂﬂibn in the
chromat ogr gpRys ssééaogrd?ﬁétoathgﬁﬁ‘& Padohb Cilrar stk SinRf sﬁfh Leasin, LR ninth or
pref er ap| vte%ﬁqt xﬁsgd.r%@e%% Bﬂgﬁ se%%ﬂggegsgpafggs yop%ewea%& /e AA£00

pm and even [? % F é@ r‘,
enmbodi ment SYPMRIRE"GPNY St e PIIEERGTRP %{gﬁ@&'t's B‘Frf‘lrﬁ‘éd °H\?efﬁf'f‘8ﬂmi° s'“ﬂ%é“ phagyl,
process ac&dprRPePH Br ¢aseoxyesy] cauriBrdn atresip @f syitable matariaf kpowrsinthp art,
sevent h, einglating it moh |imiteshtchcroeslieehtheadedvinis of aghiose de.gt Eﬁepfliaymet“%@nt h,
fifteent h, Saperbe£) Mmoalfies ensgiidopgat polymaediene néntadle, thyerokylatet); Gllics ermalc

aspect 1®f bREstiR¥ERNINBehReani on exchange chromat ography in the second
chromat ography step is performed at a pH of between 6 to 10, preferably a

pH of bet ween 1 a twelth erphasipentfos thelfirgt dsseornsiasgeetef the invRNtien énthawresess
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accor di ng Prefarakly betveen 76 egd A Hmhandevenduare Rreferpbly hetwsier 8A and d0@ Hinh,

eighth, ninth, tepth. 30 ,ﬁ}m@hmfehwr.iztté}ﬁ?wmgsgégt*afu{eﬁmrﬁ wn,t?ﬁ y

fift th, t th,
Lhe 11 rst” BPcAsam dnga e et esdng B Towi. HELeRocveriont 2B, 4N

per f or manc@levemiydwelitaer thirgnih grekagimey of mpflﬁtpr §Gepd aspect of the inyention the
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30 mammalian species such as human, non-human primate (e.g. human such as from
chimpanzee, baboon, rhesus or cynomolgus monkey), rodent (e.g. from mouse, rat, rabbit
or guinea pig), goat, bovine or horse species. The antibody herein is directed against an
"antigen" of interest. Preferably, the antigen is a biologically important polypeptide and
administration of the antibody to a mammal suffering from a disease or disorder can result

35 in a therapeutic benefit in that mammal. However, antibodies directed against non-
polypeptide antigens are also contemplated. Where the antigen is a polypeptide, it may be
a transmembrane molecule (e.g. receptor) or ligand such as a growth factor or cytokine.
Preferred molecular targets for antibodies encompassed by the present invention include
CD polypeptides such as CD3, CD4, CD8, CD19, CD20, CD22, CD34, CD38, CD40 and

40 CDA40-L; FcRN; OX40; members of the HER receptor family such as the EGF receptor,
HERZ2, HER3 or HER4 receptor; cell adhesion molecules such as LFA-1, Mac1, p150,95,
VLA-4, ICAM-1, VCAM and av/b3 integrin including either a or B subunits thereof (e.g.



The conductivity of a solution may be altered by changing the concentration
of ions therein. For exanple, the concentration of a buffering agent and/or
concent r avpani2fi3@2salt (e.g. NaCl or KCl) in the sol utipom/Eragi1loe2sat t er ed
in order to achieve the desired conductivity. 5The term "eluate" as used
herein, refers to a liquid conposition conprising the substance, (e.g. the
anti body fragnent or contam nant substamse) which was obtai ned subsequent
to the binding of said substance to a chromatography material and addition
of an elution buffer to dissociate the substance fromthe chronatography

gﬁﬁ :3][ : 213t | %P%Pgi% S”Q% <§81é%fr %rn'h%bﬁ% é’MtuB %)552 %ﬁq‘é&fokuﬂeé Qﬁ? %élc g%é;o rgﬁat o

Phe. el uat e LPB 181 28 01 CRRDRRE R ISBHIE Tsb &3 ep%
refers to 1$relledtudbe 3 (Thnot frd Jé‘{fﬁn@r%‘ﬁﬁhd‘ﬁﬁttobb? p, |9kt Blood grougrhe
t erm " f | onantigessdh2/fhS rapeptdrmbesitn (OB)eteerior mpérerqeqtﬂroCEle‘hﬁomlmemde &
conpri s$ ngetche substance, (e.g. the antibody fragment or contam nant

subst ance Whl h vvas obt.al d b SSj, xtur n
subst ance over! rarle o (oS FATEs 8% Fee BB e gges

over the nﬁ@'é@qsdlat% Q%‘BB@V ?f %I@Qi!gcosy'ated PrAton @fran antibedyraenerally thesedigher ei n,
refers to bindiag or sasablepeagidnatheneof. ifkpamgles ot ady dragoentsrindudey aay antdady one
ant i body fthagreRrs thaf oi Rdehe T puniicsh Bxamples glitantitodyefrgauiants @diutie @Bookder
subst angesryhi HaBYFRlHE 8FVPHESREs; MaBddiE<L Strisiddies! QbtrboaikB! Ehinib&iies:
suspensi Onéntub%El*é?%Hﬁs?@b%fs é’rﬂégy & 9%&@8 &R &%Fee%%ﬁ%uﬁ?@obl% o é}%%ﬁgam c

sol vent m Xt LBeS or ?1% f rrg in ures
or sol utiofd %d'??anys'%? 1°B@'Pé"£ FsecPuﬁpeeg" sUiEReHLC 8‘:‘?‘, TEhS T O
ant i bodi esMUHiSPREAEYariantg af ppy SEHE akayg| Thadear (ANESOMs [iBgmaRt’ 94 %'bogugars
| ipids, et ffagmamia" @s/wddmfelh@ﬁw@éerm eamelid\anitibedigs {§:pi feah cainglsiar damps

bi ol ogil!i:al sunhi g8 Namabpdieel)) rmnd slesivatags ¢raueof shhtivbdien frgmeaispeasvairknoivh imay
al so cont aihe £t gasliigereMdanisdnUsErh)| Vakdlslte@iniRBa=2E beBn HeePIBpSY Y RS

sol vent prgehRéoRr Qﬁ‘t?bod?ﬁsﬁéﬁﬁfah@% krfROA it B drd (@over and HIRBhFE B004).

per i bl astie Reh ! oSSRt bom 8 UP R NSNS limd SESL3L0 LI, COIBRSIL

bt df tié |
Chedi ot upPYBATERC | DSt s e At degaLLVE, POk Vot Teers 10T o ng
peripl ggm c SpicLient 'BOfidrPhaBEE heRld, r&ls RCA shisstdric@dmMadt, by ilts sresshcaNd may
al so cont a;aut%r UL 1Bl acﬂlao?alkghﬁ]a'iﬁ]%g{'beogcro‘e h@églgg it khangiy

Further Smﬁ«‘k)bﬁgeme Eoandeish, ﬁﬁn@ﬁ%mﬂﬁg Sl o T s Boge | °nlv%§?enove
i reagﬁntslg g?rgﬁr:ﬁla CaBP le of

| nsol ubl e RYPRMNEALS. Bufferedpplutipns for usg,with pio
"puri fi ed" meitainigg eoastgnioromsentidiion of Nydregsn iansrbuahuthat the rHzdf thengpletiopriat ei n
of i nt 2§ eswijthis agihysislogicalaratgd) dulgditiomabimdfieb ooy pdnemtpnivcitide, bnatvaret red lisited teances

such as HCBRganiPNAd Horgerld aterRidsemavasesor reduced. A "purification 35
step may be part of an overall purification process resulting in a
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15 The term "chromatography column" or “column” in connection with chromatography

as used herein, refers to a container, frequently in the form of a cylinder or a hollow pillar
which is filled with the chromatography matrix or resin. The chromatography matrix or resin

35 is the material which provides the physical and/or chemical properties that are employed
for purification.

The term "conductivity" as used herein, refers to the ability of an aqueous solution to
conduct an electric current between two electrodes. In solution, the current flows by ion
transport. Therefore, with an increasing amount of ions present in the aqueous solution,

40 the solution will have a higher conductivity. The unit of measurement for conductivity is
milliSiemens per centimeter (mS/cm), and can be measured using a conductivity meter.



The term"ultrafiltration” as used herein refers to a pressure-driven
process wherein a m xture such as a solution, e.g. containing a protein of
i nt erest ,wo0paased t hr ough a nmenbrane for concentrati oRCOEPRPUNIBISGAL I ON
purposes. Utrafiltration nmenbranes typically have a nean pore size between
1 and 50 nm which is between the nean pore size of 5 reverse osnosis and
mcrofiltration nmenbranes. The pore sizelds usually quantified by its
ability to retain proteins of certain nolecular weights and is normally
quoted in terms of a nominal nolecular weight cut off (NMACO in kDa.
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Expressi on of the reconbinant protein in the E. coil host cells may al so be
under the control of an inducible system whereby the expression of the
reconbi nawo 2artiibesdy in E. coli is under the control of pamEPAAUO6ISBE
pronoter. Many inducible pronoters suitable for use in E. coli are well
known in the art and depending on the pronoter; expression of the 10
reconbi nant protein can be induced by vatdying factors such as tenperature
or the concentration of a particular substance in the growh nmedi um
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sequences to direct proteins to the periplasm of E. coli include the E. coli PhoA, OmpA,
40 OmpT, LamB and OmpF signal sequences. Proteins may be targeted to the supematant
by relying on the natural secretory pathways or by the induction of limited leakage of the
outer membrane to cause protein secretion examples of which are the use of the pelB



For E. coli fermentation processes wherein the protein of interest such as

an anti body fragnent is found in the periplasmc space of the host cell it
i S requi rwo 20/nedsease 10 the protein fromthe host celPCI/EPh@1/0eisaase may
be achi eved by any suitable nethod such as cell |ysis by mechanical or

pressure treatnent, freeze-thaw treatnment, osnotic shock, extraction agents
or heat treatnent. Such extraction nethofs for protein release are well
known in the art. In a preferred enbodi nrent an extraction buffer is added
to the sanple and the 15 sanple is then subjected to a heat treatnent

Zt ‘6325 ggg f%%%r%@?fr&%ﬂh Kegcﬁ’er‘ %hQrc%f% ?&E%naéf 35 %Fld)é?r‘?drelggséj ré‘t'eln e U

SS ?e of
Sl Ubl e, mﬂ?@&m' R I R g
the renovafulyre Hleiqéﬁm 3Rt it Go-ereeatiany ohdfiseki gene ﬁ{é“ﬁ@%ﬁa”? rpéﬂf“ﬁaé’r'ﬂza%‘irbp i's
per f or med Wpstsprbjeeatty, fiythetaetedpdfehe ivantiies theegcemipantadioteinOs exprpesedtiar e.
Most pref ethelpeyiplatreaf therheat Fremoti. step is performed within the range of 30C

to 70C. The tepperature can be sel ected desir end .on, t he

Soabi 1ty of t PPEAE A P BRT a0 e 1 ok NG AaTS BAYAHP RENot e

t enper at ur 8Nt @f amjinducty Flé&‘@@ ey thesexpressiopr &t tae egoynhipanhiantinad if ange

40C t o 60CE. emdrie uptesfiler editrpl ofi anhinducitiee prosnotse. MBIy iNduGDE praavaters rsoitable for

pref er abl yusd inh. reoti Bee walhgeownOR theoaf @haadpenaiiiy gtk erahbtyr; @kpre@sborbbGhé 0

60C, 58C t pcBRbinght pRtein HAHShe tiftficEd Hy |F1 FRgbat bﬁ&saﬁrtgmgé}gturé%@ e 40C

and the ma H&mrétf%ﬂpcg gtpléﬁﬁﬁlapggost%g At owth me |unle etsr BaﬁcﬂéleSt ep
i

Is prefera e rio

heat treatﬂf@ oigts Insfde iS50l 56 e d'*%ﬁﬁ&f%%%ﬂ%aredﬂ”?%' ?M%f g or

bet ween 4 H¥d"aB W%ﬂ\‘z@ eel?é SeAN&logr PRIRID HethiReaactePyrersids HBLES aﬁﬂd
nmost pr ef eﬂ‘&tﬂhpAbﬁle@ﬁraE@@ REMetris Mpichce Ndgeedhleyr plasihate, WyRdophaniandrls, f or
exanpl €5 12atabimose rédpastjivelyh Expriessionumalyi beeinfiogedhiatfont e>eaiphertbe iagdifion 2f en 3
hours and thaecéresrideiange iR mpstatiife #hehOinbSction is tempdratirdaspdn@gh@Where

embodi ment rndh&%n@%c&rﬁlﬁ@éﬁ%%telh%x PefsE.‘ah hegeridveady the 28460l Qiranlﬂdlt.lébrjt@

hours, and, e@g R gfqgfﬁ@ er% ef g d]b%déﬁ) %a.tmgf@em%)aedejo@ng\n ohtihe
sampl e i ' GHISHFH S8 it 6 SRS, Dyrs O BE A ObRItHTS o

producéd. by a gradug| @M%@fﬂ%cw@@uaﬂa adeed dcovill B appreciHied: thatdhersmiadi B Aag t he
pr ot ei n of dé¢lay betegen thecldddinn ahthe rsidgerfanddine attuatindulbionsafipraein edpressien Brep of
cent ri f ugagxamplamiheds tHe ihtili@iriiORacise Aheremiynee ataemydiefod)itididtiog of p@tgdd. WO

2012/ 0136 8iprddffR2ittdis A8 Ay pR-Stin§Earbolr8urce halizdaivatte meeeEfical ly to
VEGF- A, glycoprotein IIb/llla receptor, C5 HER2/neu, TNFa, |1L16, CD4O L,
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Culturing of the E. coli host cells can take place in any suitable container such as a
shake flask or a fermenter depending on the scale of production required. Various large
scale fermenters are available with a capacity of more than 1,000 liters up to about

30 100,000 liters. Preferably, fermenters of 1,000 to 50,000 liters are used, more preferably
1,000 to 10,000 or 12,000 liters. Smaller scale fermenters may also be used with a
capacity of between 0.5 and 1,000 liters.

Fermentation of E. coli may be performed in any suitable system, for example

continuous, batch or fed-batch mode depending on the protein and the yields required.

35 Batch mode may be used with shot additions of nutrients or inducers where required.

Alternatively, a fed-batch culture may be used and the cultures grown in batch mode pre-

induction at the maximum specific growth rate that can be sustained using the nutrients

initially present in the fermenter and one or more nutrient feed regimes used to control the

growth rate until fermentation is complete. Fed-batch mode may also be used pre-

40 induction to control the metabolism of the E. coli host cells and to allow higher cell
densities to be reached.



5 cell extract conprising an anti body fragment which is an anti body
fragnment having specificity for human TNFa, nore preferably CDP870, as
descri bedwDrzolaD18682094585 (t he contents of which are i neorre@tasier ei n by
ref erence). In a one enbodi nent the antibody fragnment having
specificity for human TNFa, conprises a heavy chain wherein the variable
domai n conprises a CDR having the 10 seqifence shown in SEQ ID NO 1 for
CDRH1, the sequence shown in SEQ ID NO 2 for CDRH2 or the sequence shown in
SEQ I D NO 3 for CDRHS. In one enbodi ment the anti body fragnment
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and the i ain co ing or consisting of the sequence given as SEQ
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enbodi pgnt fencp‘eréum@ f1bstSireforabREREN treaRBE tePlis pdtRriby &hih @k dafigder soocned
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VO 2012/ Olg’t?t%%g%r% a@cjaglé O§g§§&her embodiment, the temperature is within the range 40°C

to 65°C, or preferably within the range 40°C to 60°C, more preferably within the range
45°C to 60°C, even more preferably within the range 50°C to 60°Cand most preferably at

25 55°C to 60°C, 58°C to 60°C or 59°C. Thus, the minimum temperatures are 30°C, 35°C or
40°C and the maximum temperatures 60°C, 65°C or 70°C.

The heat treatment step is preferably carried out for a prolonged period of time. The

length of heat treatment is preferably between 1 and 24 hours, more preferably between 4

and 18 hours, even more preferably between 6 and 16 hours and most preferably between

30 10 and 14 hours or between 10 and 12 hours, for example 12 hours. Thus, the minimum
time for heat treatment is 1, 2 or 3 hours and the maximum is 20, 22 or 24 hours.

In a particular embodiment, the heat treatment is performed at 50°C to 60°C for 10 to
16 hours, and more preferably at 59°C for 10 to 12 hours. One skilled in the art will
understand that temperatures and time can be selected as suits the sample in question

35 and the characteristics of the antibody being produced.

Following the step of extraction the mixture containing the protein of interest such an
antibody fragment may be subjected to a step of centrifugation and/or filtration prior to the
step of adjusting the pH.

In further embodiments the process according to any of the embodiments of the first
40 or second aspect of the invention is performed with an antibody fragment, for example a



19 In further enbodi nents of the invention the cation exchange
chromat ography colum for the primary capture step is equilibrated with an
ani oni ¢ bwbf2er2/amB6sgui t abl e conposition to buffer at thePcegreoiatessy and
conductivity (for exanple 50 nmM sodi um acetate at pH 5 or 50 mM sodi um

| actate at pH 4.0. The equilibration can be achieved using at |east 2
colum 5 volunes of the equilibration bi&fer, but may al so include a two
step equilibration process with two colum vol unes of a buffer containing 1
M NaCl (to ensure the colum is adequately charged with the rel evant
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Preferably, the antibody fragment comprises the light chain variable domain CDP870
(SEQ ID NO:7) and the heavy chain variable domain CDP870 (SEQ ID NO:8).

It is preferred that the antibody fragment is a modified Fab fragment wherein the
modification is the addition to the C-terminal end of its heavy chain one or more amino
30 acids to allow the attachment of an effector or reporter molecule. Preferably, the additional
amino acids form a modified hinge region containing one or two cysteine residue to which
the effector or reporter molecule may be attached. Such a modified Fab fragment
preferably has a heavy chain comprising or consisting of the sequence given as SEQ ID
NO:10 and the light chain comprising or consisting of the sequence given as SEQ ID

35 NO:9.

In further embodiments the process according to any of the embodiments of the first
or second aspect of the invention is performed with abciximab, ranibizumab, pexelizumab,
CDP484, or CDP7657.

Equilibration
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EXAMPLES Eéf?rHRLa%gljaphy column for the primary step, it is washed with at least 2 column volumes
of the equilibration buffer. Additional impurity may be removed by using a wash buffer with

20 a higher conductivity, e.g. 0.5 mScm or higher conductivity.

In further embodiments of the invention after loading the anion exchange
chromatography column for the second chromatography step, the column is washed with
up to 2 column volumes of the equilibration buffer. Other buffers with similar pH and
conductivity may also be used. Buffers with a higher conductivity are not recommended if

25 the maximum removal of the process-related impurities is desired.

Elution

In further embodiments of the invention the antibody fragment is eluted from the
cation exchange chromatography column in the primary capture step using a buffer either
at a higher pH, a higher conductivity or a combination of the two. The increased

30 conductivity can be achieved with the addition of NaCl (or other salt) to the equilibration
buffer at a concentration of greater than 50 mM, preferably greater than 100 mM and even
more preferably greater than 200 mM.

In further embodiments of the invention the elution of the antibody fragment from the
anion exchange chromatography column in the second chromatography step occurs
35 during the loading and wash steps. The bound process-related impurities can be eluted by
using a buffer either at a lower pH, higher conductivity or a combination of both. Ideally,
the higher conductivity should be at least 70 mS/cm.
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WO 2012/ 013682PCT/ EP2011/ 062837 22 The col um was then washed with 5
col umm vol unes of equilibration buffer to recover the CDP870 Fab'.

Col | ect i omoah12thses€DP870 Fab' fraction started when thePUOVERR&IOOZSATE at
280 nm exceeded 0.5 AU cm shortly after the start of the |oading. The end
of the fraction collection 5occurred during the wash when the UV absorbance
dropped below 0.5 AU cm The yield for tde anti body fragnent on this step
was 90.5% Exanple 2 CDP870 Fab' was expressed as a heterol ogous protein
in E. coli host cells at a 10 concentration of 1.9 g/L. The heterol ogous
protein was rel eased fromthe periplasmc space of the host cells by the
addi ti on oEXAMPLEDTA and heat treatenent at 50C. Cellular material was
renoved through centrifugation and the cell extract containing the
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0.5 AU cm Yoigmes ?ft5°dFMpﬁ9€tH'”b%ﬂeéﬂ}\? pufter gdjugier to pH 4.5 with acetic acid.
After loading the column was washed with 5 column volumes of the 50 mM sodium
20 acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with a 20 column volumes gradient up
to a concentration of 50 mM sodium acetate and 250 mM NaCl adjusted to pH 4.5 with
acetic acid. The eluted CDP870 Fab’ was collected when the UV absorbance at 280 nm
exceeded 0.26 AU/cm until it dropped below 0.54 AU/cm.

25 The CDP870 Fab’ pool was subjected to ultrafiltration in a centrifugal concentrator
using a polyether sulphone-based ultrafiltration membrane with a nominal molecular
weight cut-off of 10 kDa resulting in a concentration of the CDP870 Fab’ pool to 6 mg/mL.
Subsequently diafiltration was performed until the CDP870 Fab’ pool in 20 mM Tris had
reached pH 8.0 and a conductivity of 1.1 mS/cm. 6 volumes of buffer were required for the

30 dialfiltration.

The CDP870 Fab’ pool was loaded onto a Capto Q™ anion exchange
chromatography column from GE Healthcare [highly cross-linked rigid agarose bead
(mean particle size 90 um) with a quaternary amine anion exchange ligand attached via a
dextran linker (ionic capacity 0.16 — 0.22 mmol Cl/ml)] at a flow rate of 500 cm/h and

35 applying about 5g of CDP870 Fab’ per liter of resin. The Capto Q™ anion exchange
column had a column bed height of 10 cm with a diameter of 7.7 mm. The column had
been equilibrated prior to the anion exchange chromatography step with 3 column volumes
of 20 mM Tris / 1M NaCl buffer adjusted to pH 8.0 with hydrochloric acid and 5 column
volumes 20 mM Tris buffer adjusted to pH 8.0 with hydrochloric acid.



The CDP870 Fab' pool was subjected to ultrafiltration in a centrifugal
concentrator (Am con) using a polyether sul phone-based ultrafiltration
menbr ane wiot2h12z0186821 nal 35 nol ecul ar wei ght cut-of f of PCO/EPRIMME288T i ng in
a concentration of the CDP870 Fab' pool to 18 ng/nmL. Subsequently
diafiltration was perfornmed until the CDP870 Fab' pool in 20 mM Tris had
reached pH 8.3 and a conductivity of 1.®2n65/cm 6 volunes of buffer were
required for the dialfiltration. W) 2012/013682PCT/ EP2011/062837 23
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After loading the column was washed with 6 column volumes of the 50 mM sodium

acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with up to 8 column volumes of buffer

30  with 50 mM sodium acetate and 200 mM NaCl adjusted to pH 4.5 with acetic acid. The
eluted CDP870 Fab’ was collected when the UV absorbance at 280 nm exceeded
0.5 AU/cm until it dropped below 0.5 AU/cm.

The CDP870 Fab’ pool was subjected to ultrafiltration in a centrifugal concentrator

(Amicon) using a polyether sulphone-based ultrafiltration membrane with a nominal

35 molecular weight cut-off of 10 kD resulting in a concentration of the CDP870 Fab’ pool to

18 mg/mL. Subsequently diafiltration was performed until the CDP870 Fab’ pool in 20 mM

Tris had reached pH 8.3 and a conductivity of 1.0 mS/cm. 6 volumes of buffer were
required for the dialfiltration.



35After | oading the colum was washed with 6 colum vol unes of the 50 nmM
sodi um acetate buffer adjusted to pH 4.5 with acetic acid, until the all

t he unbouwd 20et@8d8al i s washed off. The CDP870 Fab' fraeCrareasemBut ed
with up to 5 columm volunes of buffer with 50 mM sodi um acetate and 250 nmM
NaCl adjusted to pH 4.5 with acetic acid. The WO
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was then washed wth 5 colum volunmes of equilibration buffer to 20recover
the CDP870 Fab'.. Col l ection of the CDP870 Fab' fraction started when
the UV absorbance at 280 nm exceeded 0.5 AU cm shortly after the start of

t he | oadi ngyanthe 3end of the fraction coI | ection occurred during the wash
abegk

when the Q%q%gb’dvﬁlgsp Q)‘(apdresbseéldogg a2 ‘hetero |‘f{)gous pErételr;rmpljn E. 4col/ host cells at a

concentration of 2.5 g/L. The heterologous protein was released from the periplasmic
space of the host cells by the addition of Tris-EDTA and heat treatement at 50°C. Cellular

20 material was removed through centrifugation and the cell extract containing the
heterologous protein was adjusted through addition of acetic acid to a pH 4.5. The pH
adjusted cell extract was then clarified using a combination of centrifugation and depth
filtration with 0.2 pm filtration.

The clarified extract (feed stream) was diluted with a dilution factor of 4 with water to
25 achieve a conductivity of 4.0 mS/cm.

The feed stream containing the CDP870 Fab’ was then loaded to about 60 g/L resin
at a flow rate of 400 cm/h onto a Capto S cation exchange column from GE Healthcare
[highly cross-linked rigid agarose bead (mean particle size 90 um) with a sulphonate cation
exchange ligand attached via a dextran linker (ionic capacity 0.11 - 0.14

30  mmol Na'/ml)].The Capto S cation exchange column had a column bed height of 24 cm
with a diameter of 20 cm. The column had been equilibrated prior to feed stream loading
with 3 column volumes of 50 mM sodium acetate / 1 M NaCl buffer adjusted to pH 4.5 with
acetic acid and subsequently 4 column volumes of 50 mM sodium acetate buffer adjusted
to pH 4.5 with acetic acid.

35 After loading the column was washed with 6 column volumes of the 50 mM sodium
acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with up to 5 column volumes of buffer
with 50 mM sodium acetate and 250 mM NaCl adjusted to pH 4.5 with acetic acid. The
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Bi ot echnol
was pH 8. 5 and the conductivity was 0.8 mS/cm. The Fab’ was recovered from the
ultrafiltration equipment and pooled with 600 mL of 20 mM Tris pH 8.5 buffer used to wash
any remaining Fab’ from the system.

10 The CDP870 Fab’ pool was loaded onto a Capto Q anion exchange chromatography
column from GE Healthcare [highly cross-linked rigid agarose bead (mean particle size
90 um) with a quaternary amine anion exchange ligand attached via a dextran linker (ionic
capacity 0.16 — 0.22 mmol CI/ml)] at a flow rate of 200 cm/h and applying about 37 g of
CDP870 Fab’ per liter of resin. The Capto Q™ anion exchange column had a column bed

15  height of 24 cm with a diameter of 20 cm. The column had been equilibrated prior to the
anion exchange chromatography step with 3 column volumes of 20 mM Tris / 1M NaCl
buffer adjusted to pH 8.5 with hydrochloric acid and 5 column volumes 20 mM Tris buffer
adjusted to pH 8.5 with hydrochloric acid.

The column was then washed with 5 column volumes of equilibration buffer to
20 recover the CDP870 Fab’..

Collection of the CDP870 Fab’ fraction started when the UV absorbance at 280 nm
exceeded 0.5 AU/cm shortly after the start of the loading. The end of the fraction collection
occurred during the wash when the UV absorbance dropped below 2.0 AU/cm.

Example 4
25
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WO 2012/ 013682PCT/ EP2011/ 062837 27 CLAIMS 1. A process for the purification
of an anti body fragnment from periplasmc cell extract conprising: 5a) a
first chrwoabegnagshy step to capture the antibody fragmeot/BRh@n®651832a

m xture containing an anti body fragnent at a concentration of at least 1.5
g/L is subjected to cation exchange chromat ography and subsequently el uted
to produce a first eluate containing the&Gnti body fragnent; and b) a
second chr omat ography step wherein the first eluate is subjected to anion
10exchange chromat ography to capture inpurities and produce a flow through
cont ai ni ngTéde ke HoobP Ay ehicdoodkicrid. kPR sBIbR SPtemMafor AEMEIdNEhoLS prdtéh M 1,

wher ei n t hpropt@RASFors AIICUBESndSIbCHERi€al fURABmEHRISGH EORmEATH 8 stgps. 3. A
process f oMidréigolBistedhinob2, @am1-@p2.an anti body fragment from periplasmc cel
extract 15consisting essentially of: a) a first chromatography step to
capt ure t héugmitN. 1@@%3) fRuieation ohproteiisusinardispiaseseobeitrematoagpin Meitddsody
fragment aMobBigbf®dentB8tion of at |east 1. 5 g/Lis subjected to cation
exchange chronato and subse uentl eluted to produce a first eluate
contai i g} A?@Q?p Horgremtcals daproar TPafs PBPA O EET WA ed ¢ o

the first



c) a second chromat ography step wherein the purified first eluate is

subj ected to ani on exchange chromat ography to capture inpurities and
produce awblow/aibesough cont ai ning the anti body fragnent pcarm2a)/oe2ssecond
ultrafiltration applied to the flow through. 254. The process according to
any one of claiml1 to 3, wherein all chromatography steps are perfornmed on
a chromat ography colum. 5. The process Zccording to any one of clains 1 to
4, wherein the cation exchange chromatography is performed in elution node.
6. The process according to any one of clainms 1 to 5, wherein the first
cation 30chromat ography step conprises the follow ng steps in sequenti al
order: a) teagugg a m xture, such as a periplasmc cell extract, containing

an anti body fragnment onto the cation exchange col um, b) washing the
t | t ' ' th
conduct vi y. REr e oo ' eluf A b g B YRR PR MIBRRE 1D |

unchanged, and é‘)‘ r@l”@tl ng the antibody fragnent with an elution buffer. WD
2012/ 013682PCT4ERR L {HIERS3drad Ry Ztep 106apir® GRS IBER O dhnitaht WhRereInd Mixfure
wherein the pH of. otnhaﬁw H@ér@éu‘ﬂ%o@;‘r‘ frh edt%téggﬁgehﬁé‘ti?ntd?& IQSstH"éh L ¢ he m xture

cont ai ni ng an ant |L{gec 4t e d%arn Qr Lo first c sr’rE %g te% 8. The
process according el ar o or< g\%:QF éna“ g(ﬁ%yrﬁerH Sntai n gdoan
anti body 5f ragmarﬂro Lﬁ?telaoferttqy"att?léo'Tt?'P'Eg therReDERMEIRN 28ep has a pH of
between 4.0 t0p)5. Dsecond chromatography step wherein the first eluate is subjected to anion
10 exchange chromatography to capture impurities and produce a flow through
containing the antibody fragment.

2. The process according to claim 1, wherein the process comprises not more than two
chromatography steps.

3. A process for the purification of an antibody fragment from periplasmic cell extract
15 consisting essentially of:

a) a first chromatography step to capture the antibody fragment wherein a mixture
containing an antibody fragment at a concentration of at least 1.5 g/L is
subjected to cation exchange chromatography and subsequently eluted to
produce a first eluate containing the antibody fragment;

20 b) a first ultrafiltration applied to the first eluate;

c) a second chromatography step wherein the purified first eluate is subjected to
anion exchange chromatography to capture impurities and produce a flow
through containing the antibody fragment; and

d) a second ultrafiltration applied to the flow through.

25 4 The process according to any one of claim 1 to 3, wherein all chromatography steps
are performed on a chromatography column.

5. The process according to any one of claims 1 to 4, wherein the cation exchange
chromatography is performed in elution mode.

6. The process according to any one of claims 1 to 5, wherein the first cation
30 chromatography step comprises the following steps in sequential order:

a) loading a mixture, such as a periplasmic cell extract, containing an antibody
fragment onto the cation exchange column,

b) washing the cation exchange column with a wash buffer wherein during the
washing the conductivity, pH and salt concentration of the buffer remains
35 essentially unchanged, and

c) eluting the antibody fragment with an elution buffer.



9. The process according to any one of clains 1 to 8 wherein in the first
chromat ography step the m xture containing an anti body fragnent contains
bact eri alwbast2/msadsk protein in an anmount of from about P200/EPgéutio61837 10, 000
pg/mM, before it is subjected to cation exchange chronmat ography. 1010. The
process according to any one of clains 1 to 9, wherein the cation exchange
chromat ography in the first chromatograf® step is perforned at a flowrate
of at least 300 cmh. 11. The process according to any of the preceding
cl ainms, wherein the cation exchange chromat ography in the first

ﬂﬁ%cn1

chromat ogr aphysd 68 ds3 RE5HRE "E‘?Q\auﬁ# 8, H?a?élﬁ'th%éda—)’&fttb{e f&gsrﬁﬁ’é bR R iferflic
12. The process accaqrding.to any. o the,. regeding ¢l aj s ereirn_the
cation exchangl® P S BEIRIHANS AL 1Y TEHTEHATBE I e Aograey
performed in aSt&hr omat ogr aphy col um conpri sing sul phonyl, sul phopropyl or
g?;ggg?”gtg{;iﬁﬂ#ﬂ%&%s%&mﬁd%@%&&ammé@rztﬂ%mﬁﬁ9%@&§w§§&ﬁ%9@ﬂ@aﬁQnﬂﬂﬁﬁgfi;he
Phe rirst chr ofgdusiPaigl Rabe frsfamRRogeglngss pogs st B RRER Y0 S0, e
anti body f9agmem protedseicearding $amnche/d cirhs 1 €58, wheleln infihe figt ocess accor di ng
to claim12 orchtdmatéhRbRY Btep R MRt Borfifing BE @nfiYdg FBLAER RRAMIMEYakERalr €si n

inthe first CMs‘PHEF&Q(eﬁHmSH%B%Bn%%ﬁ] %ﬂp%dgﬁ%i/ﬂggﬂgg%og%ié@gmﬁéef%gggisL |52

pm 2515. The process accor di to,any ,of t | frs,

the cation excﬁﬁ’hegcgeditﬂFﬁ%%‘fjﬁ%}ﬂ’?}f;h{)ﬁqt%a%w mary capture step between 5
and 1060 g &t i DRsiyrobdsaGRBAMING €S aty rRf of REFh1 & @ WHeasle the chion daRgeCeSS
according to Wo@gtob#é%hpfnqg@ﬁlﬂsp&rG#ngfoH%phy‘@t@ & ferfohRe ARt LibvERENEIRE

chr omat ographyleg 3bg%m%econ chromat ography step Is perfornmed on a resin
30conpri sing quaternary ‘anmoni um (Q, diethyl am noet hyl (DEAE) or
t ri met hyl am no®tidyrbcdsEMBEYrding To arlyhef e preesdiingalginistivhgreinaGh@catioafextHidge
preceding cl ai dffﬁomwagfa@hﬁintth@fi@f\éHr&ﬂQﬁégf,?ﬁﬁ)g%ms petfofmERE a ERBuCtty SCTRY -
18. Theg process RRElNg to claim17, erein the Fab or Fab' binds
specifically to

12. The process according to any of the preceding claims, wherein the cation exchange

chromatography in the first chromatography step is performed in a chromatography

column comprising sulphonyl, sulphopropyl or carboxymethyl coupled to a resin.

13. The process according to any of the preceding claims, wherein the cation exchange
20 chromatography column in the first chromatography step is has a dynamic binding
capacity for the antibody fragment of between 50 and 75 g/L resin.

14. The process according to claim 12 or 13, wherein the cation exchange
chromatography column resin in the first chromatography step has a mean particular
size of at least 50 um.

25 15. The process according to any of the preceding claims, wherein in the cation
exchange chromatography of the primary capture step between 5 and 100 g
antibody fragment per liter resin are loaded.

16. The process according to any of the preceding claims, wherein the anion exchange
chromatography in the second chromatography step is performed on a resin
30 comprising quaternary ammonium (Q), diethylaminoethyl (DEAE) or
trimethylaminoethyl (TMAE).

17. The process according to any of the preceding claims, wherein the antibody
fragment is a Fab, Fab’ or scFv.

18. The process according to claim 17, wherein the Fab or Fab’ binds specifically to
35 VEGF-A, FcRn, OX40, glycoprotein lIb/llla receptor, C5, HER2/neu, TNFa, IL1B or
CD40-L.

19. The process according to claim 18, wherein the Fab or Fab’ is abciximab,
ranibizumab, pexelizumab, CDP870, CDP484 or CDP7657



35VEGF- A, FcRn, 0X40, glycoprotein IlIb/llla receptor, C5 HER2/ neu, TNFa,
IL16 or CD40O L. 19. The process according to claim 18, wherein the Fab or
Fab' is awoizrizmabges2r ani bi zumab, pexelizumab, CDP870, CDP434Po011G0RI8IB57 29
20. The process according to any of the preceding clains, wherein the

anti body fragnment recovered fromthe process contains host cell protein in
an anount of not nore than 150 parts per29m || i on.

20. The process according to any of the preceding claims, wherein the antibody

fragment recovered from the process contains host cell protein in an amount of not
more than 150 parts per million.



