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I mmunogl obul i n aggregates The current invention is in
the field of protein concentration, to be nore precise

WO oopeb&82s to the use of tangential flow filtPEE/ER2908/010060

(TFF) for inmunogl obulin concentration and

i mmunogl obul i n aggregate renoval . Background of the

I nvention Proteins and especially i munogl obul i ns pl ay
an inmportant role in today's nedical portfolio.
Expressi on systens for the production of reconbinant
pol ypeptides are well-known in the state of the art
and are described by, e.g., Marino, MH , Biopharm 2

(1989) 18-33; Goeddeﬂmmlgny Obgﬁn%eég@shods Enzynol .

185 (1990) 3-7; Wirm F. gnd Bertrard, A., Curr. Opin.
technol. 10 (1999) 1 159. Pol ypeptides f use in

pﬁ P AR Rt ‘PB%{}tloé’p‘B R b‘%ft‘%gﬁl] §?H'i°éelﬂﬁpﬁ?"39‘trﬁpﬁ’éhf€gﬁ mgre precise it

rTBéTzﬁ&«i ltan tigee | dss Sﬂlen@SiltlﬁlH(ﬂoﬁ‘/Hﬂlﬁatld)‘isqmlﬂ for BARWoglobulin

| | PER. Co6
C St @hugiop fbi OBl SirBet B | o wvory

phar maceuti cal substance has to neet distinct

c Badlerownd ditthe hisventionhe saf ety of bi ophar maceuti cal

agents to humans, for exanple, nucleic acids, viruses,

a pgotpl9§ tan& %%decﬁflf’hﬁhﬁ%o 19BLE hﬁ(lw&rg iyt ednt $6¢Gh ?och@rs%edlcal

have enoved To et t regul at or
ssettfqlu% Erpr@fﬁlqm 8ysEmsior ¢h ‘bafqdﬂcegﬁ b ﬁe@e@@ammwld% are
f Qlell oA INTEINIkREd BF IthY apf QA& SHve d‘éﬁ@ﬂﬁdob)heé , DdAridg), M.H.,

BEONRR AP o R 180, RS Bkl 18pgaoo0) 37

t WVurei F.,c hedni BainaahdAphﬁhlrr:aIOpm oﬁmtbdmvl d0ck1®e) 156-159.

BRSO RACTAEEAIE rd BENY gucd io
i mamrogiasbealls such s ¢EIQ Cel@mlﬂﬁocf&ﬂ%cﬁpzﬁbﬁeué»(@%l qlls, HEK cells,

Cgpgead s ArrdCs® Lk AbthaliRe.r equi red not only for
f or nul at ed dr ugs but also for internediates in

tream processin eve W VO
e BBnBHEn RBRIERTHG CUitt PAFRcC At LR bS BB to Meet ditinct riteria,
F[l‘btdmemnmhe safegsif biopteemiacatticarngpno e dmenna/ for feaaraplegdnucleic

ac1 ?1 PuSesd FR&) tl'ltg)stpce(ﬁ ;?r%%%?sf %%hs 8{1]|t ﬁ‘O Qx?g {Lgh m%Ve to be

coh angen
( Tdiﬁ()qur Bo m@@ghe r@gplemralspgﬁlfafatlem ohg natrnqm rPIUfliﬁé%HbeﬁePS have

S 1
f I&ﬁ gfll'oa\fﬁ{é rﬁ%ﬂ?f?ctﬁi‘iﬁ%_?é&?gsr gkg@tggf%tﬁzﬁ e, aRtdud8phifi@nd yield
play an 1mportant ro e in determining an appropriate purification process.

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



10

15

20

25

30

bet ween shear stress and aggregation in tangenti al
fl ow concentration processes for nonocl onal anti body

W@ poa)68282 er nedi at e sol uti ons was i nvesti gat edPGI/EP2008/010060

Ahrer, K, et al., J. Menbr. Sci. 274 (2006) 108-115.

The influence on scal abl e progessperfornmance by

sel ecting defined flow and pressure paraneters was
nonitored (see e.g. Dosmar, M, et al., Bioprocess

| perfordndrize b seld@ingQlefihed floR andgtresalire, paﬁmﬂemmsmd)mored (see

4 (2 444
vy Skt Wi B o S (BsBloan! B e oproces
thret A RS |4érf16échah1ﬂaI}§'sCs epdl., éggrr ég%haéglapwtaBlopE@rrmceut 59

| QQOS) al@Wﬁ?pXeﬁ&féauhﬁt iRction B Byalvlisl behgitbeates in a liquid
a tatign StreSS net hads.

5
Gmitbida foramatiom dprrasd q’do?if?%?‘gpéglﬁt‘ioan strgss methods. In

VQXSCUZﬁCbSSAa n®hbatrdted rﬂmchltﬁiamgm@bwﬁ qaepdrafi®@d is reported. A

ant| b(ﬁjg r%‘par ation is re tlbn us 2006/ 0182740, {-\d
ofﬁ PALEnE 1) crncRy AR u‘l“Hé’fiP’l PreRpfabign § reported in

d Usf2006/04827d0, Azmmtaneszm@elss uhtlndihlgl anr taitnaﬁhra$1eque r¢iltration,

| 300 PO | AERORY QORIALT | AR 507083 051347 1n
F el ¢ Fer®

E ocess T0or co an antl
pE 9R0Z 37 6@ nﬁgpﬁgd a pewssSfor Iceweumarlag A tanbwdymr\mrhtuan using

f b ¢Rfs 8w JiGHfilddation in@ltaeﬁ)@H ré@RuMtioRi rite oPYHIBIIMAL t he
Il nventi on One aspect of the current invention is a

thod fo ot}t ai njng a concentrated inmunogl obulin
28-\*@%%—@9‘—(—34‘%% al flowfiltration, characterized
in that said nethod conprises the follow ng steps: i)
pOmei dpag o el atriamt inmltt'minnisnzg nagthodnfom obfaghog iancdreentrated

D& AR gl%{ll"ﬁ% ‘538'1uWBS ﬁé}itﬂ% 'ﬂWﬁf?&'tBQ“Ll&al?a#téni%ﬁeiﬁeﬂﬂh said

in sal ion |n and neric
V\mleqsi)ﬂqrmlsrew@tfpléﬁwmg SteR& pol yneric sol ubl e
i mmunogl obulin form present in said provided sol ution

has a fj rStf)iJ(ﬁ'lldiﬁ g Oh @BlﬁlﬁothBm%uﬁngo wheimdaigIobaRA to be
by size excl usion c to r c{l [ entratlng d
sai d sol uti S?PCﬁPH%‘ie ‘é’?ﬂ%ﬁ‘gﬁﬂ ig sy Presefit in  sai
tangenti al $dlotiod id trroabrrrmp andlp))lymmmvfbrrg, whém}by the fraction of
pol ymeric i . f t d.

ot he. t anghm e Pty P APPSR, Bl Rt in said
obt ai ni ng apmniﬁénwlatl@m hasranfegt olelyei of Soengt thlml 2.5% when

determined by size exclusion chromatography,

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

tangential flow filtration,

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

immunoglobulin solution,

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

Another aspect of the current invention is a method for obtaining a concentrated
immunoglobulin solution by tangential flow filtration, characterized in that said

method comprises the following steps:
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whereby the fraction of said polyneric soluble form of
sai d i mmunoglobulin is after step ii) larger than said

WO 24084068282 ue and smal |l er than a second val ue WPGEERP2088/010060

1.25 tines the first value. Another aspect of the

current invention is a nethod3tor obtaining a

concentrated i munogl obulin solution by tangentia

flow filtration, characterized in that said nmethod

conpri Bes t pwvidihg owi nglusibepsontairpngvani gmaneglobtilionto be
cont ai ni ng CeiNAe8 gkg?#id Nald ifth ﬁ)%miﬁasse%resent in said
wher ei n sai d I mmunogl obulitn 1's present in said _

sol uti on i nsaletemisy menamgripeng pelyimericderm, wherelipthetfrastion of
fraction of tHeh?oB%éf[Eersbﬁlb'ﬁéﬂiHﬁh@ndg’I@Hﬂl‘iﬂQﬂf@Hh" pResér T said
present in saic( prOV|ded,squt|§£ I's_nor than 2.5 %6

when det er nPio¥#ledysalutien ds aers; Ban chye d?]ﬁ”(e}tffﬂr HRUMied by size
a first nunbelustsn dbinatdgesphpivith afisk Aember ofyaeticlbawmitt a size
mmin said splution determ ned. by |ight .obsgcur.ation .
1) concent PRPPHPEnT KT8 b irgayneR e g otggpration,
enpl oying a tangential flow filtration with a constant

Dp of 8)0 beenceheatahg saidt sdlnfioy proviled ewtdeat 8dby employing a
| munog| Obu{a'ngelﬁpil YidvP 14 didh Qviﬁiego sﬁﬂm 0?83.0 bar thereby
particles wth a size of nore_than 1 nm.in saj

sol ution defkiiiipgd epcentited spsvmoglobslin sphwsioapyith & gecond
second NuMbRimBEr BRpdrticles Svithl 4 Kiz@of e BanM™ifh inh@id dolution
mmis Iessmhhan 208 tT s ;said first nunber of

particles wAfRRINSH DX IBRCoRSFUatiRin 1 mm A furt her

aspect of the current invention is a nethod for

pwhelieby sajd aedoat] arumhteg of pastivhas mogl obizd ofmocnthan dipny i less than
f .00 : , i- 4L Ng: ' [ian

21 T RiFRRRor R B B e T o

het er ol ogous i mmunogl obulin, b) cultivating said cel
updBrtherasaegtiod the aurenaprventign 1§ »methgs fog preshicrs & rterologous
hgh@uabgebulsn _tcrmyﬂﬁ% eHeublldwing tepgcovering the

het er ol ogous i mmunogl obulin fromthe reconbi nant

nannalifn cell .por the cu#lur@ nedi%nk dh concentrating

t he obt/ai neB SR AL CCBUYPAP B2EEUR " SR IPYIg Qe o more

nucleic acids encoding a heterologous immunoglobulin,

b) cultivating said cell under conditions suitable for the expression of

the heterologous immunoglobulin,

c) recovering the heterologous immunoglobulin from the recombinant

mammalian cell or the culture medium,

d) concentrating the obtained aqueous, buffered solution comprising
the heterologous immunoglobulin using a tangential flow filtration
method with a constant Ap of 3.0 bar, whereby the number of
particles in said concentrated solution with a size of more than 1 pm
is smaller than 200 times the number of particles with a size of more
than 1 pm in the solution prior to the concentrating when

determining the number of particles by light obscuration.
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t he heterol ogous i munogl obulin using a tangenti al
flow filtration nmethod with a constant Dp of 3.0 bar,

WQRwWpeE8282 he nunber of particles in said conceP€F/EP2A8/010060

solution with a size of nore than 1 nmis smaller than
200 tinmes the nunber of partigles with a size of nore
than 1 mMmin the solution prior to the concentrating
when determ ning the nunber of particles by |ight

oBsle ur duiither Sspéct of fthe tdverenasipeeiticof is e oethpdnfor removing
[ n I

mfrr%ghg Bbﬁl ﬁ#@%ﬂg mf{é{r%{) g{‘ qgﬁ?(lrﬁ%édoqmml %tﬁ;ﬁu dhBracterized in

t% mtlzcetlcqmlpmmthe§all<mmtst¢aa conpri ses the

foI | owi ng steps: i) providing a solution containing

sai d IWNHOFJ&Mh & Na L Q1RG0 F OBSRARIA! Q8id Whei@idglobalid to be
i mmunogl obulin is pres nt .in sai.d solu gﬁéon in

nononeri ¢ affPpRr SFRR njAIh ATPRBRAER HIYing I, Qreenbin said
cont ai ni ng wuuubmumgh@dnuh't Bnd polbmetio firemior at ed,
wherein in said,.sol utl%}lt he fornati on. of %al %gltoh)ulm to be

i mmunogl obuP} ﬁ’lqlﬂg p%l y PR FQPRININE | Ayt

appl i cat i oncawfceneated, whergonoerseidatsolutiosathe sf@ttmrcttmh of said

provi ded un e (a)

filtration g\ﬁ’l‘ﬁlhé lgglﬁls an?ylgglgg?f(%@gg a?ﬁ&h &’ tﬁgvap plication of

const ant t rB¢smenbr ane pressure of 0.6 bar, iii)

renmovi ng i mmunogl obul i n aggregates fromthe

:cmlmnoﬁj Obukdﬂtﬁﬁt@ﬁmﬁg @ﬁldOEﬁlatldShGCbl‘oﬂlde? efnddr) i) by employmg a
iltration with a ore sj,ze fi y.

nunber of p%f@f%s@%r@g%&mbaﬂ At PR s%ﬁ’ Lﬂefrgﬁ l?ﬁ‘r’ ind 2

step ii) W tdnstanskrmesroémbrane préssure bf hdibas, snmal | er t han

200 tinmes the nunber of particles with a size of nore

than 1. [ h:Qr capt

when de rmH:rI11|rl ér}gn%sﬁléi%]d 1&;‘1'11 péfp %%Eé%g&% ﬂ{él [n%‘ﬁ-ﬂu%globulm

obscur at i onSOlwl‘?l? ﬁhFalla@p@cfter“)tl}Yeﬁ]é@ﬂPEri‘t’lt}F ﬁv‘g?ﬂtﬁ%ﬂ’ore size

I's a methodfifieh, the reduction of the formation of

I mmunogl obulin in pol yrreri c soluble formduring a

conceptration st enti al |0Wfl tr

V\HEF%BY] l%eh[éurpléea gtpa\éﬁjctlc?s dn g%lﬁ cg{}%e&trgyedt SH%utlon I3 %ep 15 with a size

of more than 1 um is smaller than 200 times the number of particles with a size of

more than 1 um in the solution prior to the concentrating when determining the

number of particles by light obscuration.

A final aspect of the current invention is a method for the reduction of the
formation of immunoglobulin in polymeric soluble form during a concentration
step with tangential flow filtration, wherein the reduction is achieved by the
addition, supplementation, or generation of immunoglobulin in polymeric soluble

form prior to the start of the concentration step.

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

curve of the peaks eluted prior to the peak of the monomeric immunoglobulin in a
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addi ti on, supplenentation, or generation of
i mmunogl obulin in polyneric soluble formprior to the

WQ@PN68282 t he concentration step. |In one enbodPGERP200$/010060

the nethod according to the invention the nunber of
particles in said concentratesl-solution of wth a size

of nore than 5 mMmmis smaller than 100 tines the nunber

of particles with a size of nore than 5 mmin the
Seikeubchsig ﬂ&bniatbgtrha sfcatieniutidn. g anberer datbexdimentngmprises

f{glreme%ﬁbcz% dﬁhﬁg E(% {l}% AL ?r\ég r%g ‘i% ?rb it é&% cﬁ Mhe %o'ﬂo%mg step:

sol ubl e i nmunogl obulin formis nore Ihan 5_%Wnen

det er nt)ned puerifying the equapnsiduffered selntipa contaimag pesleterologous
el uted priofmbhanbdlbRepk of the nmonomeric

i mmunogl obul in I n"asize excl usion chromatogram of said

sol uti on. anot he odi ment c¢ ri ses, the nethod

abicoP s n@“’h’@dt‘ﬂ%’t ﬁi?éntrﬁ%%ﬁﬁolﬁswr AR sttep? dyomplete
timlemﬁﬁbglommg of eqti impPhisdlohiling frdgeneaguedusn bulfrlﬁlabgldbulln
sol ution.co ni n erolo

SO S it S imePERE By SRRt TS A RO BHK el
conp PERf§36®mcilnhg:hmhh¢n embatimant therdsteoglimbg by hight obscuratlon is
fz;tazggP&Em &nc Qrﬁritmp{)]p% 9%%:11' rlnccq{g éfgl%(ﬁrqekp tigk fr%t“ﬁe{)f said

e hamral i an

1S a
cetlymere sdubEFfowa(q fysaidemmuneglehidingie rlarsﬁb@aprf@ﬁtﬁrﬁhéalue and

degh Qe sde¥nd 'vﬂhE w@@é‘xﬁﬂd na tﬁﬁes‘ the Qitrstalaﬂfeolrﬁdnﬁle embodiment
concentrati ?n of In o enbodi.nent th

Pt FBFF o SHied IBEIPREr 1% SOTEBIE MBF riGRPAE f concentrated
iimunﬁgglobmlin nsalstidrar fyer dfhamobdle immshoglabuln aspgregates by

S{r‘%g?rﬁ ﬁ rhlf‘rats ecg ncij s V&l &?cen apela 1&%&0@?0&#]1%%%1&&% is free of

i mv@lnbleommsn%lmlhmggf@atesblmaanﬂthg eanltmhmem said arpthod is for
| RN 0*3“' t&hc@ﬁ‘ﬂr&‘tteﬂonlnirﬁﬁﬁo%?(f)bdlﬂlsokémh@n free of insoluble

i mmunogdl obul I n aggr egat es angent | al
f impEaoglebulih apgsesates cad eltblataunagiohyg agiFaRfes of more than

S® |k ibYNtahgerftial @o@f ﬁltﬂﬁl@hum whidHTHd GbAGdmitiafed 1mmunoglobuhn

t. I odi t d t hod
SRS e SR SRR SR S e B s
ofmmnsoglabhlén aggngwgl adbuodrierthay § ey ané said mémewinglshia polymeric
' MHR%BWH s b f gi@h%tﬁ)g et %Il[ilhﬁ()] ééra%}éoé{ze of less, In one

tggg ratlon i n whi concentrate
edigienbaf 0.3 1o pore siss. Insa furiher embpeisasing Bheconcentration of the

I fﬁ%ﬁﬁ&%l@@ﬁlhd R Mhe J&RentRitthgl (et §@hUBd Big/ml, in another
rg%%? H&%g gpéfgprggg @?r%tg/e (IJIE stnﬁ) ra%o%hll?nem O%nmggtdmso%e (%han 100
mg/ml. In one embodiment the concentration of the immunoglobulin after the
concentrating is less than 275 mg/ml, or less than 180 mg/ml, or less than 130
mg/ml. In another embodiment said filtrating the concentrated immunoglobulin
solution is with a filter with a pore size of 1 um or less in order to remove the
immunoglobulin in soluble aggregated form of more than 5 pm and to remove the
immunoglobulin in insoluble aggregated form. In one embodiment said polymeric
immunoglobulin form is soluble aggregated and insoluble aggregated
immunoglobulin. In one embodiment said immunoglobulin in polymeric form is a
soluble aggregated immunoglobulin form. In one embodiment the fraction of the
polymeric soluble immunoglobulin form is less than 25 %, in another embodiment

less than 15 %, and in still another embodiment less than 10 %.
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i mmunogl obulin is by filtration with a filter with 1.0
mm pore size of less, in one enbodi nent of 0.2 nmm pore

W@ R/068282 a further enbodi ment the concentr at i BCT/BP200$1&10060

i mmunogl obulin after the concentrating is nore than 80
ng/ M, in another enbodi ment -gore than 90 ng/m, in

still another enbodi nent nore than 100 ng/m . In one
enbodi ment the concentration of the imunogl obulin
afDetdiled esciipti@ndf the lagenitionl ess t han 275 ng/m, or

| ess than 180 ng/m, or less than 130 ng/m . In
a’i‘%‘eh%ﬁ?%‘iﬁl‘%ﬁk{@[ﬁ% Sﬁiogl é'&rﬁﬁkﬂb%f tt’&? SGQﬁﬁﬂé ré‘t ‘é&’ncentrated

munog ut’ on
sumeﬂtmpglpbnim selutivgsfreg 06 mmurloelomh@\pegltegées bY tangentlal flow

PRRRE DRirsihd the 2QldWhgs@agr egat ed form of nore than
5 mm and to rermve t he i nmmunogl obulin in insoluble

aggregated form one enbodi ment sai d
inog) BN s Rien O UraE a@gpgwpgﬁgaﬁa £ b concentrated

i nsol ubl ev@ggﬁxe@d ex@lmumigmbghﬂwnesent irnsai)dheoleﬁb@di fRbmeric
sai d i mmuno ul i n 0

aggr egat ed” E) RNyl o EorFP Wl%(g&fﬁ &| n %%1eone° S rrenb?et HOlymem
fraction édrm hsenprﬂ thae 2i x%swherbieeinmmah oy thebarkd nndarthe curve
I S | ess tB?ntl'Fes Qakkneﬁ@&f h IOIenp)C)dfhrgE e‘?il,(]e%ﬁ 'illf@nnfb%omerlc

% and in sti not her enbodi nent |es an
% Det ai | eémpadegiobtlipAngf size €xq W%tchtﬂmtﬁéraeu pf épid provided

i nvent i ons¢lu@Yh, d%SoﬁtheﬁéleIé High m@hkallaflweﬁhﬁ(HMW) forms,
concentrated i nmmunogl obulin solution free of

{111 1ot oRORSHEATGE HEC LB PISReAq Kby Hiploving a angenti

provi di ngflawditratiors wheoehyaluningghatangentish Ggivdiurhtion the number
be Conce”'br HnthndaRIEchin &%legule@IgH&%eﬁbﬂl' bR xﬁnﬁ%‘égl%ﬁhlm in

in said solution I’n nonomner
wher eby t Relymesiet faym ofhcrsases spesqrfmgbf ry@rlimﬁﬁql@blﬁ oP#fticlgs are
mor e thanfgnRd% when determ ned as the area under the
curve of the peaks eI ut ed prior to the peak of the
nmononer.i,.c i nmuno B\Pﬁn a Siz

“EP

e.excl usion .
Chr omatitgrevBRe Sart B i Buf i i Fotperiq,form by a
sol ubl e hfiyiation| sequafeer the eghbf (hditigeharninfiow iﬁlt}ation and thereby

concent sy, S AR e, e

t he t angemmimainoglobulin pggregatéson t he nunber of
i mmunogl obul i n nol ecul es contained in the

| ALER@OILOPRI Lhtbddy (see WO 2005/023872) was available in sufficient quantities
in our laboratories at the time of the invention and, therefore, the current invention
is exemplified with this immunoglobulin. The invention is likewise in general
practicable with other immunoglobulins. This exemplified description is done only
by way of example and not by way of limitation of the invention. These examples
are provided to aid the understanding of the present invention, the true scope of

which is set forth in the appended claims.

The terms “tangential flow filtration” or “TFF”, which are used interchangeably
within the current invention, denote a filtration process wherein a solution
containing a polypeptide to be concentrated flows along, i.e. tangential, to the
surface of a filtration membrane. The filtration membrane has a pore size with a
certain cut off value. In one embodiment the cut off value is in the range of from
20 kDa to 50 kDa, in another embodiment of 30 kDa. This filtration process is a
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pol yneric formincreases, preferably until insoluble
particles are formed, iii) renoving said insol uble,

WO pooMesIBobul in in polyneric formby a filtratPGHEB208$/010060

after the end of the tangential flow filtration and

t hereby obtai ning a concentratred i munogl obul i n

sol ution free of immunogl obulin aggregates. An

anti-IL-1R anti body (see WD 2005/ 023872) was avail abl e

i hindufffairx:hkemﬁltwimt ptocess. The ¢erm [‘@bexfiowT desotas thenow of the

t] .

i %d\ggtrl] [ on | sO hgirggrhttp (P% g.g{hal {({;&t% ﬁ?%&nﬂéﬁt FM‘%EF " The
invention is likewise in general practi cabl e Wt

of he fermymifiagmembransspresshies @x ekMPif vaigh geg eﬁqdpﬂt%ﬁhweably

dQﬁBlrpmdc@YeMﬁMV@ftloﬁxﬂﬁﬁét@ tRB GrefliredyhitBYis Qipplied to drive the
Ogﬂtatl nof the inv These

e
"6 8B CoTRPETA TSR SHFg bF ARG fiellition membrane
|mre|mgh othe Ppbeest bﬂet}&C(ﬁIIEatﬂfn whembrdre. skt drer tembodihée the

aPFendel Oﬁ}né"& ssq-r,g,:m H\l/&] m (;c% naQ:%(r)llI dl?% t<§ tRXV current Brrvizntlon is

are use er cha
w-6 hian "Elteexrwmeerhrammp@sﬂuur@m angaypeige peessurk of ahq mhet outlet and

pg&?r?e%&a‘N&%ﬁ'b@cﬁcélQ{thakon containing a pol ypeptide to
be concentrated flows along, i.e. tangential, to the

surface of a flltratl on nmenbrane. The flltratl on

menbr ane haz,{‘/ﬁ?ep pe+9i 7z With a certain cut off val ue.
In one enbo t_t‘lgﬂfp@éﬁnfweval ue is in the range of
from20 kDa to 50 k i n anot her enbodi mrent of 30
kDa. This filtration process is akind of an
uItrafiItration process. The term "cross-fl ow' denotes

t'ﬁ?ﬁe tk&‘i" ?I%'l utth! R tP %&Elgté‘o?ltﬂgﬁlné BII6RE 1R more

rane®(retentate
"P@lwm?@ﬁ{fa éﬁbStﬁthé%]é’Lﬁft@ et anun%wfaﬂmag@e&s'éble recognized

I Hﬁﬁhﬁb@ﬁgﬁﬂbké’nééﬂlhﬂh&e H’Ebediffféféfn@anétﬁ‘f{te ioPNgendeROWRIL as the
the pressure Eﬁ“@ lied to drlvet ¢ qlvent and
Brpas dmn P ‘Eaﬁ’é et 15giop gengt finyaynRgigfulinggnay exist in a
fvdrtdt)abf dorniesyinelndingh faugtanigle porkab, aid Heb), as well as single
ams néﬁ]‘g J{% & eI nI—Purchh X né%hqf'nf’r& ﬁag Acac{ Sclt USA 85

ane pressu ods accor
c(ﬂﬁB&h587i9ﬂ5ﬁe§ﬁt Bmd, RE.,@t 6l.beniencTR42 { 19883 ﬁféiﬂ‘lé?—@»ne general HOOd

gsw hE Ihﬁnelﬁblagfﬁ%g%eﬁfa%ﬁﬁw 4 %dtetlﬁldnwp%tl) o Hehkapiller,

perrreat e and be cal cul ated Piinr,
+ pen og)L Nﬁture 323 (1986) 15-16).

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

of the classical complement system such as component (C1q). The variable domain
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2 pernmeate The term "i mmunogl obulin"” refers to a
protein consisting of one or nore pol ypeptide(s)

W@ aw9nea282 al | y encoded by i mmunogl obul i n genesPCTER2008/010060

recogni zed i nmunogl obul i n genes include the different
constant region genes as wel lgas the nyriad

i mmunogl obul i n vari abl e regi on genes. | munogl obul i ns

may exist in a variety of formats, including, for
exfapiremuReglobalin’s fight ¢i(ladayy 2has inveirh esnpmisegdidfendnaisegsnents,

- al e
NZF T Aoy B AR g U o Bie i 4O
et al., Science 242 (1988) 423-426; in general Hood,
| The ter@@ “Enmunpglebplin é@gmeqﬁ’ed@@,tﬁsm YRepfide ersmg at least

edht demalnlQEticd o thil Rkadbld d6ain] the @;Qﬂdd)‘lﬁ@ﬁﬁ tHe hinge-region,

ure. 3 6 5-16 The t | e
OB ORR rine fari (RS oF G Coth SEORRrohhesy chain, or the

C Omﬁblé@&nﬁi\nﬁar&be Calibm@hd ofgHighit ﬂhiﬁlﬂO@h(D&tdld)Sﬂd ateadanivatives and
p?ﬁ%%’gg Ig%{?ﬁ Hhpfeha ar}isa%l g E}II\QP H%uﬁ? LaES 1 96 %mnﬁ) acids

1R pol Y pept gavy’ ehafns
obr mhnm(mmi/;egmm arq dytieted, nnwizrqtr@mt in chain

pol ypepti des of a conplete i munogl obulin contains a

Vehi 3¢ “Qﬁ%ha%]l(ayéliﬁ @@ﬁ]ﬁgit@’gﬂé}mtes(zgﬁﬂ%@ﬁtkdé dMEpr AT B least

term nal portio ol ypepti d aj n) conprj si ng

bPRE ﬂﬁ@“aifégf %émmmogga%@ﬁaﬁaew o llﬁtt b CqptE e via @ peptide
abbhded a foabbr pélypé}ﬂldﬁe’ﬁhél ﬁﬁ'ﬂﬁér|pog}‘pkplldiml$l’wgd>1®iﬁhkﬂdhoglobulm
chaln oéége a_com

BRI S PERO"cl ST GelrataT y o MLy 4SBie pepide, or
teommhaknpoﬁtkmn)u ﬁhehkenénaumermnpadnnam tshid mgmmpogobuhn

C@@ﬁ)ﬂﬁ{f? dbah6R atrﬂ?mghﬂg%glgulﬂf Etogi%ll%rktolvgggty llpllﬁécptoct%\;d dr four

bear C gamma_receptor such as phagocytic
cepnsmmnqglgbum eptidesar i ng t he neonatal Fc
receptor (FcRn) also known as Branbell receptor. It

ab%ﬁelmsalil@hfﬁog iDindheds drfdl ﬁl@ﬂ‘ﬁlsff Aed RiGwih mbl{b@tsfibﬁ skilled in

D aied PRI RO Rt Y o ermanc, B {ed ), Part A

| ﬁtrudmgd:rﬁhiuland ’E}echntglhts, cBlsehea\SylemttaPmbhshuigL(rDasmpany, New York,

f e
gl O%Sﬁé(%r']z% R \Fa%g&ﬂﬁﬂé%%ﬂogﬁgﬁ;c arllllgl ]‘:LIE:& ion Methods
Th‘eBtoe@ﬁmces rﬁhﬁﬁ@gﬁ@bmeuﬂw ,fAragﬁ@iﬁm, The %@glaads, (1998); Poole, C

pel ¥REPbbRES. qm@nfcﬁﬁ;ﬁg @ph ?@é&éﬂerg@w@l%nee Pﬁbl%‘ir?g‘tompany,
onal n

fromth
hiNfYe- Pé@ @ Efr*‘lgapdgrmé TRtein Haur t‘%nﬁ’f‘ﬂ“l’lﬁ? ange Practice,
C%rlﬂgﬁweﬁlagmw Yeﬂwmwsamb%olt ety (e’ﬂlb)l M(dé)dmdrr(:lomng A

dg?l?({;ﬁorylggar}mlg seconci g(lil Elo prllnsgoH%pb rofa%orzﬂory Press, Cold
Spring Harbor, N.Y., (1989); or Current Protocols in Molecular Biology, Ausubel,
F. M, et al,, (eds), John Wiley & Sons, Inc., New York.

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

through mode is used.
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vari ants thereof. For exanple, a variable domain, in
whi ch one or nore am no acids or am no acid regions

W@ ewoies282 ed, may be present. The term "i munoRCTHBER200$/010060

conj ugat e" denotes a pol ypeptide conprising at | east

one domai n of an inmunogl obul-ion heavy or |ight chain
conjugated via a peptide bond to a further

pol ypepti de. The further polypeptide is a

d}iffem noghadsudre rwgblegstabliehedsarah wfadfslarehnb usahér motein recovery

0] 0) t : :
corrp Ighr{gﬁctgﬁpgc%uocp 550%%%%9%%{0 ra%ﬁﬁ ‘k’errbolgifor%ar%t POt (e
i pRoisBY Aotrubiateia dnjalignitechromasogiaphyd, iomnenshepasoiirpmatography
m?b gcébltl%ncéwlﬁi Qt(ka)fbbkﬁllffﬁﬂylt@mﬁé’)oax‘}lbn eQéHange (amino ethyl resins)

non- i nu uI i n r
ﬁpémsg Pzﬁﬁﬁ. XHANERD a%waﬁ@ﬂctaﬁwpﬂ% Ze grvath hefgrmergapfoethanol
Pandomtlxsi lSII—Edhg‘mdtshehﬁﬂltOPhSBﬁ flﬁ)tferzﬁﬁaﬂpbe aromatic adsorptlon

5 edi
FORMEREAPEY g Brooiih qBhe P asrlRtine, e Sploniie” fredths, or
Puilairs ho pleen@bopariy , acigwmébal kghelat® affjnityDelydomaogré gty Ye.g. with

A Electr t

PAERE T A B 5L A0S G, n

Nelesapphorgcal mobeds (smsh)as, geteleFtroplsmamPcf@Pélanselemrophoresm)
T [ [ Ljigshi ng

%ﬁ%ﬁ%@&é&% B 139‘%‘?% A

Vg'ﬁe rCrrallt ew}il;}((l)ugc Iirg-g%log %gﬂjg{“a | C? an E{:mg oglolevélbn jNthh is

l\/lmloemaltuanllﬂpmodutgd By habanahdiay &ﬂlnlﬂ?;ﬁe immuanglobulin produced

eqkédrgﬂlﬁé%edmgﬁ%g% tll(\_%g%tl&nag %%%&rlfé’g%tb gc% bi%)rltqneans Such
N@peébmsaqrre B{ldﬁlb gyow;z\ug Whestatepof the art @pda:pmpr(se @ggtelru@:fpmessmn
Wi 9e¥1k§t§9fi§ celllé'] Grith L\EB%(}]YQBK reJ:oQ/Eryt hed Mdtfdnc @f 'tlgsn heferologous
reconbi n produc er ol ogous [ nmunog éﬁhu i ns

of PEHINGE frBPnam waﬁf Pyr 1?3é‘r°é‘rff) R ceicalbatseRtabig purity.
stFepshd produpiary €.d. expeasival dfyardinphahegloblirad hudeic)acid encoding

TR 8RR L 07 B R g o

cakpxeskiolpcdssesﬂelhygst&t@pd nfathodsh™Nuclemmcals emtoding ¢gmmunoglobulin

ﬁ:ﬁf# 'aL{i qgeaa)p thﬁgteagl Cfagtpfyaggla ng&] rs@ﬁ?&‘np ?c(l) usml% coxbﬁxtlonal

(ﬂ?ﬁ%qe e’é,elsl Hybeflems ells ¢pn s\sirweu'«sSeg sosrcee%@}t@xnh@elc Rsids. The

t Rk Sred@r §J§ké’t‘&s %{@poeoa‘nk&&daﬁt@ah QRp &Wﬁ&@mf%&)e WHh is (are)
ne S are

a flo Sgt hrm@e ed. Di f ferent lobul
I Leplesfslime e dn 228t AheEVIroProstust dppunoglobulins.
r Egpresdiyn is performed in approprlate prokaryotic or eukaryotic cells and the

immunoglobulin is recovered from the cells after lysis or from the culture

supernatant.

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

chromatography eluate, or a polished immunoglobulin solution.

"Heterologous DNA" or ,,heterologous polypeptide“ refers to a DNA molecule or a
polypeptide, or a population of DNA molecules or a population of polypeptides,

that do not exist naturally within a given host cell. DNA molecules heterologous to
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and purification, such as affinity chromatography wth
m crobial proteins (e.g. protein A or protein G

WaedpHea2§2 chr onat ogr aphy), ion exchange chr onaRGHEEBI9NS/010060

(e.g. cation exchange (carboxynethyl resins), anion
exchange (am no ethyl resins)loand m xed- node

exchange), thiophilic adsorption (e.g. wth

bet a- mer capt oet hanol and ot her SH | i gands),

hy draoppdrddi bost ndellrmey icontaor Da¥A detived fidsotin host cell species (i.e.

Cglrl c%}l&gsr %R{M quo asV\fhtaph(psltl WA 1§c%91tfﬁ§?cg§mth non-host (?NA (i.e.

aza- eno Ircre m am nophen oroni c acl
rremen@we PR cor waﬂgp oht i opelapHy coatagning; pon- 'fost DNA

Nidgbant adfa( lal JoBipbbtidd YopeRib®/ ilalkkd & %€ l'ﬁ)%i@'D'Nhoﬁegment

chrromat ogr aphy, and electro hor eti cal ods h
GEPMBNSEEr PGS is CAPHAFAL y % Pece rlaﬁsffer%g#g)ﬁm molecule.
( Gonayrsdlpksieteroldgods DN pholeddlOednedBm pRisetacdndogénous structural

199 h |
( %"ger%%?otot%%ed ‘?ﬂ@h%‘t 8’§Og§ﬂo?streéfg)ﬁlg)§$ggﬂlsl n which is not

naturally produced by a manmmalian cell. The
i Anpapoidk ob pblype[ptrdmhmedtectal@)wndmmgsttlet‘\heomlhmla dfeterplogous”

Vi ;;,@duced by reconbi nant nmeans. Such

n’glﬁtmcf )SPV\Pd?y known in the state of the art and
conpri se pr e|n e preSS|on | aryotic c

subgeigtrant un AT AR R St AR gt Wbefagplogous
i Eﬂ’(ﬁﬂtﬂ@lgleUhh’n deﬁﬂ@s Wdudltions puhich i tatused foe the cultivation of a

phar rracl]claut eﬁf‘ @esgf?%s%sabl e gglpin % Hﬁtﬁ%@? a1s, known, to or can

namshlgzlbte detérchinet bgianpersdre slhllghtn theaamt. Hins alo hunowmi © a person
agﬁlﬁef g Ot‘i’t'engrttéﬂgt *iﬁ@s\éy%o‘}ﬂl%c{hsah‘%& %?’f r&eggn@il\lg ?ﬁ rﬁ'lg type of

an expression cassett y st andar

aotagemalinrosilnepliivaieshaed gl ofrimmepnslabyd étl rggneral the

atﬁ%antﬁal%d Yell fs%ﬁt\%@edaﬁtda SQAPERGEE oF SloRd 20 e@v[sntolmahd for a
proceﬁg s.. Hybridonma cel I@qcan serve as a source.of

sBenod L ef efiea Spficient g0 o2 ‘és§ﬁ€?ﬁ“’8a§§%tte’t“esprr‘?ﬂ§}db‘§‘ of the
i faatdneglobalin, &) of kphes & 28dyykasm d(s), which is (are)
then transfected into a cell, which does not otherw se

pp[?lguggrre Re. tl%plu rB§1desEsz r &1091” fiolS afn%rx g Lhcentrated
FEHRATRR, ghBRidsr L) FREHAN oF BRGLEATEE, LA

appropri a
i AMIOgE bulm mqhsthre@gbsémtdﬂlyr%m tOIﬁemtreun@g efrulisy aggrgg@es by

Okarfgb QI HBG tthibh EoRpAGhY #lABllowihB8tepgr m "sol ution
cont aining an inmunoglobulin to be concentrated" as

d th t l t d
gaﬁeo&) IBEIHVF Sgg%é@%gﬁcgﬁgeﬁﬁg aﬁl’l ?{gﬂbl%ggltoguhn to be concentrated

wherein said immunoglobulin is present in said solution in monomeric
and polymeric form, whereby the fraction of said soluble polymeric
form is more than 2.5 % when determined as the area under the curve
of the peaks eluted prior to the peak of the monomeric

immunoglobulin in a size exclusion chromatogram of said solution,

ii) concentrating said solution provided under i) by employing a tangential
flow filtration, whereby said soluble polymeric form of said
immunoglobulin does not increase by more than 25% when
determined as the area under the curve of the peaks eluted prior to the
peak of the monomeric immunoglobulin in a size exclusion

chromatogram of said concentrated solution,



10

15

20

25

30

conpl et e i munogl obul i n, an i mMmunogl obul i n fragment,
or an i nmmunogl obulin conjugate. This solution nmay be,

We2@9/0688zul t ure supernatant, or a colum PCT/EP2008/010060

chr omat ogr aphy el uate, or a polished i nmunogl obulin

sol ution. "Heterol ogous DNA"- @r- ,, het er ol ogous

pol ypeptide" refers to a DNA nol ecule or a

pol ypepti de, or a popul ation of DNA nol ecul es or a

popul aiii)orerodvipg Ipplyeypdricdimsolubleaimmionoghobudini by filtration after the

natural [y wjt ' Ho I S

het er ol ogo%\% %gthga n‘é@ %lt%)ost%cr% %@c@%&b? OBﬁAnmg 2

deri ved fc@menﬁeteﬁostmmmpglgbehm essofution, - ewitdisbys free of

DNA) so | %Qm%%gl‘bhﬁﬁn haste A i s conbined with

non- host DNA (i e. exogenous DNA). For exanple, a DNA

ng‘}l EI e cont a| n| ng a non- hgst DNA segment encodi n )
YPBEt MPEdD plbie aBgenti HVERUPR CQNMRIBES BNANS ft © tammg a

Cedﬂfhﬂehﬁrhtéd 1ﬁ1rﬂdirﬁi§lﬁlﬂﬂ1nl s‘blt(tﬂﬁﬁb}demgéhtidb floey fltration, characterized

het sely, a heterol ogous
o EE el riiigs HhedouamBESEREnous st r uct ur a

gene operably |inked with an exogenous pronoter. A

pepti de or pmvycbegt Rdeokmioodedniyniag nen- hogtundgiabulin  to  be

ol ecul e 'Sc&l Hﬁgf‘eaomg%?"saﬂﬁghirﬁi@n oY Re é&iﬁt in said

The term' under condi tions suitable (%g t he expressi|on
of the het ef@Hbg®iUsMORRTICHI8E BOH Wertfefﬁffpe&’ eghi the frasgion of

whi ch are ugfd goymérite sollblé \ﬁa{m@ﬁbg»éb@mrr&mﬁl plletelih said

expressing an i [.obu] in e kngwn

oan caci 1y BovARranHe baa o Shlecel et ?fﬁmt R ®' when
art. It is detsominediny sizeemclmmdnoﬁiatdgrqﬂm n the art

that these conditions may vary dependi ng on the type

of manyml i ap, eehirafitd t deidh xtacf%f%dotld

i mmunog Obchl) nC%exrfaJre ssgl:?ag@ it % thenrr%m%aw employing a
cell is cul tqnsamteadﬂawfdt%%er ature of from 20 OC to

40 0C, and for a period of time sufficient to allow

ef f ectiive peah&Ving i@ puBbimeit lﬁi‘mﬁrh%ldlmmwwgilabﬂdm Bfter the end
i nvention

of fro curr
o7 vi des o HERSENEBaIva TG E 20 dhreht P pBUTE @ concentrated
i mmunogl obuimmusoglobubmsdubist,anti al Iy free of
i mmunogl obul i n aggregates by tangential flow

fWhE{e ?’ R0 flcag 0% ISng %a?mfeHL lsgl\%fégfo‘?ﬁiegﬁ s 13)1 unotglobulm is

pr0VI tlon C alnlng an | nmunog I N
éft?foﬂ%fé ni iaaseédhm sidifirsisyalee prdhvemalipr dbam |ar§e¢cgldpvaévseewblch is

| .28 ingksSR¢ Fist Pué.N nononeric

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

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

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

increase by more than 0.75 %, that is to 8.25 % at maximum.
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and polyneric form whereby the fraction of said
sol ubl e polyneric formis nore than 2.5 % when

wa@ledoenei2eed as the area under the curve of theP@BEERZ08/010060

eluted prior to the peak of the nononeric

I mmunogl obulin in a size exclusion chromat ogram of

said solution, ii) concentrating said solution

provi ded under i) by enploying a tangential flow

f iThe tat gimmwheglebylirs n dhawmadicefopal’ ypresed withimtla$ application

o ﬁ%ﬁ%@%ﬁh@%@h’g g&’o‘?ﬁ&ﬂe@%hlk}? SR 3‘te?]s§8c1ﬂgﬁ %lthga{lhvgl'%ndy or

e area unaer
pearsowdlentluwishioae or anergethesaknmpnaghebulipnoaisciles. This does not

| PR Rofabud 1?mhﬁn@gl§l5@lﬁ‘1 R6fdcHR 19953635@%1%9{ 8Wafthtly or non-
sal d_concentrated solution,ii | rerm%

N
i RAGIeMIYe WithuR8g &5u|mﬁrebynqtrlmmaw ?btﬁmt emorq‘;é{eénc?mh as

OtarbbRydrargehtdmhtid brew filtration and thereby
obt ai ning a concentrated |nnunoglobulln sol ution

lly f bul
ot RE: Bl aumpwSeiRbinn, of: ROZRERE foRmhofhE Sahimymodiobplin in
f eggregatad rfong” aasc ewedk nwithine ¢his nappicgtiob ucllemtso irntriumoeglobulin
(%@Cﬂ%@%ljg@lll ald gggotla{etdr Q{}#ei)rl:oveﬁm 6 %rc)hzc%q§l'eﬁltl); Wth one or

sal conmpri ses [ owm n
pAsyE dmiguregiehiulin me Q,C@}kfﬁ aTheqqgasawatﬁqimmswgmrml@h%mt golecules

bﬁqacyos@eﬂrt fhat ﬁ%é/\'hxﬂfrﬁir{é ﬁ)@hﬂﬂ' AoLeed 8P Wifféents ihR$BRlobulin

& u}d:ogg)(l{:)tgﬁ( et %t and lfr}oqg}/@lh%pf@%ame is associated
[ aﬂﬂmogdmﬂhﬂtﬁyn of ofian-pseatedilly wnths ahe @ oﬂonéedosnhutdnoglobuhn
has lecufels,r sd hva %arbgﬁ)r/cim fe oglbr% a%m et% g et Erg e%% soluble

by S1 ze exCl usi on chroma oncen

séireh’s odrut ‘thagh pmolecdled  waigbt (I)IMW) efqﬂno’ w@uzh can e used
I t ) %

(R, S ML ) B B0l o gy

ofmiygoglahylimt Whrepy ¥ Fagetegatei ortilira ki 199 aqueous bufered

obdlatioh. %@emn%W@kQﬁsdlﬁm ﬁ@l@h’obéﬂdt& pellmtiign.e. aggregated
B G Al o5 e b PRl Bh CauB5Y Bltered

solution.

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

additional immunoglobulin molecules from the solution resulting in a reduced
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that a preparation of an immunogl obulin contains at

| east 50 % (W w) of the i mmungy obulin in nononeric

form in one enbodi nent at |east 75 % of the

i mmunogl obulin in nononeric form in another

e fdyoditive tf natv ieastoghébulinah polenérimaohdgé drut. iThuisthis results in

r A e
oEAGIEEEELRR Th e il bl For 1T e MEPFGpdeirom the
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t RitPatRPRLdcat i on denotes that the fraction of the
I mmunogl obulin in polyneric soluble form does not
increase b re than 10 %. For ex i f the
£ AREHIEE ASREEL P Ee SHRCFR GTSBEIPR 1 7 H*%b% rqReaiBEIg fhf gncentrated
f anmunsglébblifosplution by tdrgentidnfentiltadtidn evmbptibihg ahe dollowing
detteer,rri ned by size exclusion chromatography this term
d&fiBtes that the fraction does not increase by nore
than 0.75 % that is to 8.25 % at maxi num The term
., I muhogbubiding aiselution eartaining o miimagoglgbdimia e gpncentrated
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whi ch are not associ ated either covalently or

non- coval é‘h‘iwl}’weflﬁ ff#e or nmore other | mrunogl obul i n

nol ecul es. This does not exclude that the

i :n og) lob;uhi:dmtmhg @aikleolhlsioa@mﬁdat ®tee i fBi@mploying a

coval ent or _nencoval ent | y. i t r nore

not - i mmun aé’IgSIE)tllﬂ? irﬁﬂwrm*r%té?ﬂ }é'lstwasAch%%gosgacrar bohydr at es,
chromatin etc. The terns ,,immunoglobulin in polyneric

f whateby e nuhbenod pgttodasiwith 4 sizeefgnergdhen 1 Loy im'sagksoligenh does

WhbNinrdabl &uxi"i‘ipéimec&tnicgﬁrﬂ?{é}%g by SO AHRCP Bt} of 200 when the

nol ecul es whi .are associ ated either covalently or,
naﬂmgsws garticles i drtesminedrbdbight ebsrtiaggn obupps embodiment the
rmhﬂgai @?parfrs&léésie daﬁﬁﬁﬁieatb@::ﬁg'gmlsma@@tilab at ? Prétein@eut@sration of
the sa | 0ogl O | N. NDlL.ecul e,or .

oD memhIn; Ol SIBEPUBIHYT A BRBLET 86 PAFHE(eS Wied sigsof more than
e phnudieestnioaincrduase byymonetilaahufhitor ofoll08ctten the nasbecobytagticles is
ej . I -COo iy - n )
a4<BfihinE a4 itk obsBlraflOf: GOXAEE pbUiblbaDRE i £iBIGh of said
c helomgric down ©f sqidemmynegiollipnmore thas) Ul when datermined as the

" Be§ud®} QR4 IcaFvenst et péadMlutb® PHor tWhihepaRMNoPteUsBHomeric

inter chalngeabl, w.thin this ag{e}l i cati on, ! en?t e

pBTgHEPEIe ulin éX aasgzgzreé(g]é]@é)& chromatogram of ‘said solution. In a further
embodiment is the concentration of the immunoglobulin after the concentrating
more than 80 mg/ml, in one embodiment 90 mg/ml or more. In another
embodiment the transmembrane pressure during the tangential flow filtration is

constant at 0.6 bar.

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

immunoglobulin comprising the following steps:

a) providing a recombinant mammalian cell comprising one or more

nucleic acids encoding a heterologous immunoglobulin,

b) cultivating said cell under conditions suitable for the expression of

the heterologous immunoglobulin,
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i mmunogl obul i n, whereby said aggregate is still
sol ubl e in an aqueous buffered solution. The term

WO pwbpes2sl c i nsol ubl e fornt' denotes pol yneri c, PCT/BP2008/010060

aggr egat ed, i munogl obul i n whereby said aggregate is

not soluble in an aqueous buff4ered solution. In step

i) of the nethod according to the invention is the

i mrunogl obul in present in nononeric formand in

pol ymek) ¢ fmcnyexw&nhetbrftdrbﬂegmiiwmnlﬁmgkﬂndinefr@nlthbtaombinant
the sol utl OfhanddlaigeRiidr hnolukenimaIRd TS the

provi ded |nnunogf I'n so ution containing the

i mmunogl obul in in nongoneric and polyneric form

concenfl} at eforsPHating thenkpenvered agyesws:thuffered sqlption comprising

rrelt hod. It heeShé't@f\M&g@wﬁﬂnmualwgbé)b?ﬁﬁmsﬁ@w&ntg&&tal |ﬁg)waﬁltrat10n
sol ution contains an i nmmunogl obu ric but

ol Ubl o 1 or HegHItb iR ABSREb AR 8F foh bek GHGiFDh the Rumber of
tangenti al phoisiesiih tsailt s@mldmwnﬂiua‘rbleé obfmore than 1 um does not
I nTanOgl Obukrllcnearsrg Pn%lrg an a fgcto ?% encﬁle num ro artlcles 18
particle, containe i AN obu n poF ne?
forn1increaéesnunkdbymgbt@hmumm@hobul|n |n pol yneric
formis no |longer soluble in the sol ution.

Concome tBddim@hiTAE AEMBEW STOpUR]cR:s! m@&%%l 28 4 Nprotein
polynmeri¢ formis forﬂed durlgg t he tg gentlal Ig

f FoRGeRtrpton  ohy 80 mefmhadnp denfurthshgempgdinent the heterologous
| mlmmmgglobuhm iis ﬁﬂmplwriﬁnﬁ@mgwmlimg ot ARUAAEINORIbUNN iffdgment,
po trat

i Or..,tO t .
P FRRGEREIORRLE RoBHP: gt sRofhel SRBRTT G mShRalian cel
i m’uﬁHQ] ald BHK cellpal a/PER [C6®<ell.ubl e f orm furt her
aggl oner at es addi ti onal i nmunogl obulin nol ecul es from

thife %é}hytﬂeg(?}nf)ﬁ'ﬁm frla) C}Hnélﬁnacefleﬁéfg&% ? c@ﬁ“idt@ 'MHEh A ElWClelc acid,

i NMMuno nin neri c sol orm
r é@u‘f’t@ ing 3 hﬁﬁﬂﬁb@pebmlmnt#ep%ﬂn;hwulﬁlqtﬁ@@F%J tsalv%ﬁ?ﬁﬁﬁd The
Whr 5, ceBNirRR1des BAIN &chiEH O (isB@ f6:Ome eRprei@flof nucleic acids. In one

§HOR R dhs Frafmglias s g CHRUTHAP FaChie R o HAIEM), or 3
c BHieodl, bny 8i8Dicelh ora SP2Metdiodr & BFEKo2S3aiellj ovgp HEK 293 EBNA cell,
C?FQ %;Ehlr?ér@ llI mm Qéﬂ%” Ilnnana)a{e { h%%dm{eﬁtqgw m'iﬁrﬁljallan cell isa

i on conprisin

pESQ gelthpra BHIKMUQ ar @d?ﬁPaCﬁ‘P iegll- ks umhfognoﬁlmeixnrqsaon “cell”
bﬁacﬁﬁféﬁf QRE rAbREr WRIETRldNits §irdg émgl aRUkdrhh '“?ecBhﬁﬁ@JHt cell”
i

pnc ucies tflg lpl'grhaorr)]' {rgnsr}octe()ﬁeli ngncul&res mcliudc ing tLe progeny cells

derived there from without regard to the number of transfers. It is also understood
that all progeny may not be precisely identical in DNA content, due to deliberate or
inadvertent mutations. Variant progeny that have the same function or biological

activity as the originally transformed cell are included.

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

or TRIS (hydroxymethyl aminomethane) or salts thereof. In one embodiment the
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ii) concentrating said solution provided under i) by
enpl oying a tangential flowfiltration wwth a Dp of

W@ 209068282 wher eby the nunber of particles w t hPGI/EP2088/010060

of nore than 1 mMmin said solution does not increase
during the concentrating stepsby nore than a factor of

200 when the nunber of particles is determ ned by

| i ght obscuration. In one enbodi ment the nunber of
phnffércdudastahee dethesphiaredadyd of sajtsttherest aceici asid at salts thereof, or

?111ce Sﬁ% %P lefsnlrhre%tof Qﬁ hqgtld?r%]gpéa'l‘@s thero?fo gf a%ﬂhﬁ F'Eamﬁr%hereof.

a Sl ze
d@e@ondiy Fh@cbé&@éd WIWeﬁtaMa?ﬁ)f@riSac?trbpd@#lomeS%éHCh as e.g.

t BRiTeRIbriaE, BRd/ bk Cgoﬁﬁlrh Ssu‘l’;%a% nﬁd’&ﬁé*r tdsélgm chloride, and/or
obscurati on. I'n anot her..enbod |nen%§i e fracti.on of

SBP@sHHNy ffate ABY/RF ofodiand Citian BbUrTHHER ity 1§ one
Ye b6 aintkeit &Ff thé BVeatort fe @Iﬂ%luértff&he blofferrdragaedfs soh&ion is of

pgaks to t pe .
PRt Hhar e | €0 Syttt CRr BREF B ki pH 70, in o
sﬁlrthe;s ehibioidomentlaf feonh pH 8 1to @ib®@6j anelnin still alnbEher embodiment of
r§§iﬁﬁ{9f the i munogl obulin after the
conce rati nore than 80 ng/ M, in one enbodi nent 90
/m or more. In another enbodinent the transmenbrane
parether erobedigenheomprigs e BlethqdRryiqr to kabekseof after step d)
cgﬁqu&hnggt : 6 bar. Anot her aspect of the invention
is a nethod or produci ng a het erol ogous

or ovi aPhg aPPROGHRRARLThariarer oo Rl g g R esprglosous

or nore nucimmunaglotisliencodi ng a het er ol ogous
innunoglobulin b) cultivating said cell under

Hg :ph 1ﬁ9ast10§1uf < F%ﬁ{)b Bﬁ d@%‘&élﬁ%ﬁéﬁ%d?gn& lE‘&hmques, such as a

O ous recoverin
helur@mﬂt@gjenly F‘i‘??m%gl SEhinstian efdiifraentett ﬁmlharf#lromatography

RepR| bApre@pitatin, t bte seldng Uber, n&dlulltﬂéﬁlﬁ)ttlémnﬁﬁ ndiffiltdatign, or
ed .sol utio rising

t covered agueous, buife

F/@ph G 65 Bt Btk G sHPIRALAR: BEreabesNbuis al
f|OMIfI|tratI0n nmet hod with a constant Dp of 3.0 bar,
wher ai:qthdnh e:mrhﬂdﬁmentofthp ahtterdlegous n isaiwhoglobulin ors v tdq)mplete

a; Si as

HRoPLATES f 9 e R OORRA GAPERE S B Mguionu
conjugate. In one embodiment the mammalian cell is a CHO cell, a BHK cell a NSO
cell, a Sp2/0 cell, a COS cell, a HEK cell, or a PER.C6® cell.

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

concentrated immunoglobulin solution, comprising the following steps:

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

polymeric form,

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

producing thereby a concentrated immunoglobulin solution,

iii) filtrating the concentrated immunoglobulin solution obtained under ii)

in order to remove the immunoglobulin in polymeric form.
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determ ned by |ight obscuration. In one enbodi nent the
nunber of particles is determned at a protein

w@omees2sati on of 90 ng/m . In a further enbodPGERP200$1€¢10060

het er ol ogous i mmunogl obulin is a conplete

i mmunogl obul in, or an i munogigbul in fragnment, or an

i mmunogl obul in conjugate. In still another enbodi nent

the mammalian cell is a CHO cell, a BHK cell, or a

PERuE(ir ) haselHeen Theurider thiat' r dwxdmgi thenttamgentiall i flow cBlttation  of

refers to,a.cell .in | . | el g e g -

eh‘&‘%’dﬁ“ﬁéloguﬂ%‘gt%‘élr‘%‘f“dgggﬁ@%“%ﬁ%%"éﬁﬁﬁ‘é’g‘?&gﬁn fin 8 Sopomeric form

i And dulyrodangria fams te fathatipheott additionat eplubld romugieglobulin in

Cgbfgﬁhe\“@' PmMALCrddRed fWllerddd &theXdNeRdP IBRtaftedNHiimBhBglobulin in

acids. I'n one enbodi nment. the manmmalian cel]l is a

ceplymegicg formyowkich dsiosplale) ingithe slptiery| 15 tpnsigrigdoto  an

(égrhl\lgmungglloﬁuﬁ?% Pob@hdric RFmawhieK i &Rokdld in Gie sdldddfh. 293s, the
ce

.or a PER C6(r) cell, or a cells, | .
CRBMRET G hagonans. et AN0sRed ovlt i cofher in the
0 E}mﬁluBHﬁobﬁ]ilh ,inOpolpmPER. fofifir inceasds . dukingu ged chredentiration of the
the expressi.on "cel | " i | ect.. | .
 PEnEBRERGN SoinESh byt REREP b AR EERRRE imithoglbuto
i rcpolmeric fiernpis malopger shdfleén di sobitionalbiug ynpthesgspect of the
| Bkt H‘erﬁ{i:(gn RE QORRYhERIibiS tderddiRHoh NAT fhel fRMaWbh NOboluble

[
regard to_the nunber of transfers. It is also . .
uifaESegehulimar Pelymesic fuRY dHE]E Aotonsentiptinsy degp yith tangential
! ﬁ@gtﬂlﬁ@ﬂioﬂ,ﬁv}i@% cloiedttionlisachievadetyi dhe raﬁﬂﬁioﬂ[ supplementation,
i nadvert ent i.ons. Variant. progen at _haye . th
s Brerimem o polPlejriuapdin fiip RaPRSHeo Rerd 1§ Medfary of the
t taangsidal v ditkdticar: & hienichradeogloiida ire podythizuicf formdthapde, e.g.,
u 15 Rl .S..application denotes a solution in
m%%gﬁﬁ%%gkggéug?“bH due to the addition or rel ease of
aci dic or basic substances is leveled by a buffer .
sdbstfelleving axgmples pad Hguirstain PEovded 1o 11 ghe mnderstangding of the
e{gfe%a%t igf’éhtfgﬁf, fﬁfeetelue %da)p@ € whidpas kéf&'ﬁiéh PR @i BgRUtE dlinys. It is
acc abl.e bu t. substances are used, such as e.Jq. :
DHEGTNGPH hale Mpaiaban S R ratse Mgt wf @b cyithout
t Hepatihg froht thespiaitiofltharinsaltion. t her eof , nor phol i ne or
salts thereof, 2-(N-norpholino) ethanesul fonic acid or
S . r .stidine or salts thereof, glycine or
S cxédintiln of ?F ; nine or salts thereof, or TRI'S
(hydroxynet hyl am nonmet hane) or salts thereof. In one |
ekigwe hent t hdbrmddy dupag afcenEatibsypodifterenti gopgentration

sal ts thereof ma¥e§t iX-aris! deopterftPdtion tiR€mR@nl, OY-a&ist I tuebidity
acid or salts .thereo hi stidine or salts thereof,

f,
or argini ne ope@HPF§d?ﬁg&%B?¥

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

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

the HMWs present in the sample before concentration; X-axis: 1:
with low HMW content (approximately 0.6 %) prior to the TFF
with Ap 1.2 bar; 2: with high HMW content (approximately
7.2 %) prior to the TFF with Ap 1.2 bar; 3: with low HMW
content prior to the TFF with Ap 3.0 bar; 4: with high HMW
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Optionally the buffered solution may conprise an
additional salt, such as e.g. sodiumchloride, and/or

W@ awoMea28Ul phat e, and/ or potassi um chl ori de, aPCI/BP2008/010060

pot assi um sul fate, and/or sodiumcitrate, and/or
potassiumcitrate. In one enbgdi nent of the invention

the pH val ue of the buffered aqueous solution is of
frompH 3.0 to pH 10.0, in another enbodi nent of from

pH 3.0 to pH dorlent priar ftarthhrFRemithd ApehO taf; Wraums pidrease in
4.0 to pH 6.0 I\@Wg L9, still another enbodinment of from

pH 4.5 to pH ’5_[ " anot her enbodi ment conprises the
nEigwoel5 pri or Nomber of pawsiclss er ml imfthesolwtiens hgfore gencentration

fol l owi ng steppg e)ﬁePU£dJc¥hﬂ?&16ma~1aﬂtaecz+ps,ofby&f B4€dr 3.0 bar,
sol ution containing the heterol ogous inmnogl obu

i
The puri fi cat FeSReqtvelyt &pady: dafelore sonerntrgpa n‘("‘tL low HMW
met hods and t esdtents)2 lﬂ?efoﬁzlt@hcéiﬁraﬁoﬁ h\‘lﬂmﬁgﬁgmwyorﬁbﬂpfs after

or a conbination of di nt or
chr omat ogr aph$® réclegtﬁ%tlorbPFiﬂ?‘été‘i"betgtl?%ﬁdw cgnfiept Wigh Ap of 1.2
out, or ultrabad #r afterocyncentratiaf of solatioromwithohigh HMW content

| yophi i zati ogﬂthoz&%%lf‘f ff bas; I'Baqggr C(S) ceﬁ&gm)l?%% ls8fi¥ion with low

thereof, or t ['n "anot her
het er ol ogous HiMWhegnisbulwith iAp afcﬂrrblaét@ after concentration of

i munogl obul i gylu@n W‘thilﬂgh'mb@@&ﬁﬂeﬂt Mtﬁgllb‘i&‘ftz’ 0 ®har; A&t Y-axis:
i mrunogl obul i n Conécl‘i gate. In one enbod |qe

marmal i an cel 107 Rarticles st mal nghtyY-pxix Raghi eSP&’r %)rc%%q> 25 pm.
aFigusé & cel |, Fer Gaeriabwith ahighEkitehigh Iﬁbleallﬁﬁ%lglﬁ(fb)m

cell. Still anot her as ft current

et hod 1 or GOt RETE 1t ekt t P ey B ddcPeased
sol uti on, conpremsitpdor the rricaidnmwi(hgfosetc@psentra)tloprm dneggnal);

a sol ution CORtQM‘PEHQmPe% emﬂpgll ?)Qﬁ thl\;eqn{%%mty in %, sq}]lares

concentrat ed wherefn sal | nis
sai d sol uti onWﬂF%ﬁh‘@@éPll%w W%@ﬂﬁ?ﬁirsp@tlparaﬁﬁpﬂf)l 2 ar;

concent rat i ngdmgidhds @dnteh@itelRy 2 GIEH IQMW&Oﬂtehﬁﬁﬂ@Mﬁ @d Ap of

flow filtrati and odu0|n t he ncentra

| rmnogl obul | LR dRBHS PRFStats eheior iV gontent 1iton at
concentrated Apwf mgiao;knudcldn c@tlentrate of o highi POV wodent solution
ii) in order to t he i mmunogl obulin in polyneric
form Thus, i ta%%%oﬂgéﬁa'f ound that during the

tangential flow filtration of

Example 1
Methods

a) Turbidity measurement.

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

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

The chromatography was conducted with a Tosoh Haas TSK 3000 SWXL column
on a Summit HPLC system (Dionex, Idstein, Germany). The elution peaks were

monitored at 280 nm by a UV diode array detector (Dionex). After dissolution of
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I mmunogl obul i n sol utions containing said
i mmunogl obulin in nononeric formand in polynmeric form

W@ phwopes2mt i on of additional sol uble i munogl oRCIT/EP200$1010060

polynmeric formis reduced whereas the already

cont ai ned i mmunogl obulin in p@yneric formwhich is
soluble in the solution is transferred to an

i mmunogl obulin in polyneric formwhich is insoluble in

t e sohaghtroted Fmydes thd mgfindrthefcalummnead eastddnwith a buffer

o) Sfdtin g A %M’J“b@ Mﬁltnhd1ﬁ9§1b)rggﬁ 'ﬂ)‘f)()sﬂ}ﬁtg Qﬁd 250 mM ]I?]otassium

I Mmunog nin yneri c. m I ncreases urlng
c shleside rrdl i7dh uatil tah@ablmhm@gueowm achievsuilhemnalyging runs were

t ﬁ&g@ﬁﬁécﬁlunﬁkp%&kdtkr @éﬁcﬁﬂoﬁmtdsingt Qeﬂémwwfo@glnﬁmnim over
yneric formis no ﬁ% S e ln e sol ution.

Tﬁ%?m%\ﬁﬁﬁhé?o@sﬁ?gﬁ’ﬁmé‘f“et RO HET R gatgd manually

rmﬁtihO(dhxfo@IieléJme(Dledm;tldaemot;ehhen)f)ov\ggfegarbrpfn %oWhhl&@ermined

 BREBRBERE s et DR A S LA ELPHBieB o Rty ayqgy forms with

wher AUQ df hlee medomer peaki s achi eved by the addition,
suppl enentation, or generation of soluble

ggg(l,pspgllalngnl n polyneric formprior to the start of
angenti al flowflltratlon The i mmunogl obulin in

ymer i cvs;lorm , generated by heat strﬁ
TFF@ Reif ﬁ@ala@ﬁwrégn iha rangs T ds 20 kmpgy S P tcle ppalyzer
t has UE&EGMMHSlmgtﬂQﬂmEs?e u{iﬂ Qﬁfiﬁi%tkﬁdyﬁt‘éﬁiét Ro&shdlilale _Ge[rﬂﬂ&xlly). The
ar in e a clains..
> R Pl 2ehtiner ol roni e REa S Bhsii PRy Vo 24,
pK38%&d wids nmtmbmsuzh: pulyshoene shdypenst Tinge imasurementpifrai tolume
ot)f t()hjerﬁln\% Eﬂf ﬂ&%ﬂ% \f&hh&nopb 5t ng »l(:%:g Lﬁe%rlﬁ'e@uﬁgsuits were

Turbidity tration via

conc
céﬂ@émed 28 msen ﬂ%@@gn dyelentsdbio comnyeameo I (hmfrgf/hyei number of

Ypaticks chuHtbd dhl WitHR! BE BeM36Hs &dnc3RRativA lifitgur e 2
unmber of particles > 1 mmper m solution during

c entration vi i f ent concentration nodes;
S BT a e s BrPe DFSE o C(Ch) | voax ;106
particles/m > 1 mm Figure 3 Stained insol uble
abgSagates-mwasiof techmgee forameasuamgi particlé Rizentypisalliyin the sub-

SHiUbhOfe (rLr?get ‘TnDihe3ce8RT inveh @Y ‘thPZetas?zePAdno s apparatus
(Malvern Instruments, Worcestershire, UK) with a temperature controlled quartz
cuvette (25°C) was used for monitoring a size range between 1 nm and 6 pm. The
intensity of the back scattered laser light was detected at an angle of 173°. The
intensity fluctuates at a rate that is dependent upon the particle diffusion speed,
which in turn is governed by particle size. Particle size data can therefore be
generated from an analysis of the fluctuation in scattered light intensity (Dahneke,
B.E. (ed), Measurement of Suspended Particles by Quasielectric Light Scattering,
Wiley Inc. (1983); Pecora, R., Dynamic Light Scattering: Application of Photon
Correlation Spectroscopy, Plenum Press (1985)). The size distribution by intensity
was calculated using the multiple narrow mode of the DTS software (Malvern).

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

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

filter membrane (Sartorius, Gottingen, Germany) and the retained particles were
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Figure 4 Increase in high nol ecul ar weight forns
(HMWA8) with respect to the HW$ present in the sanple

wWh§0e0es28bncentrati on; X-axis: 1: with | ow HWYPCEHEP2968/010060

(approximately 0.6 % prior to the TFF with Dp 1.2

bar; 2: with high HWV content19-approxi mately 7.2 %

prior to the TFF with Dp 1.2 bar; 3: with | ow HW

content prior to the TFF with Dp 3.0 bar; 4: with high
Hiiddedt enth Revesibteo Proteinr HPetedtidn Bt Solutlvar ;frofm afigma-Aldrich
[ [ [ 0 :
 BSEERER Cptt) | Moo AE B IR 1ofn NANEERt butic
c @né@rﬂt sterepmirrofceRe MZDbZ Gfﬂ% Wetydar, Germany) ggvipped with a digital

r esR&Gt Deelob (P % 1@&5'1ﬁldel 80D6Me! enGAMERGK qgéeogl WLI IB.] eval,, J.
re concentration wth high H

HMWV cont ent

c%/g\i/‘ré‘i‘ﬁcemikcal é?lt%q(ezgg??cléﬁ"fprl&fl?bn of sol uti on VVI t h I ow
HMV content with Dp of 1.2 bar; 4: after concentration
oExamnpletd on with high HWVcontent with Dp of 1.2 bar;
5: f I 1 £0N ratlon of solution with | ow HW
cgﬁ lalﬁ chefg} ]f°n3 O bar; 6: after concentration of
sol utlon vvlth hi gh HMA cont ent i t h Dp of 3.0 bar;

! ?&fcton)f}tﬁ?ﬁ'eﬁ an&:ﬁ?ﬁ %ﬂrﬁlétﬁﬂﬁ}ec‘ bﬁﬁéreﬁdaqu&)'ug %luggﬁll)f__%ﬁﬁ 8) of an anti-

particl es or size > I gure

bl &a.amumm HwWa Fenpsnirate %Nenﬁn é‘h‘dnﬁl’ deul @ mgenlghy use of an
f@ﬁtlashfa@m ERE s st&ae&mﬁc@tssmwt(@@ﬁalmales ARsEh¥ai8science

b S tenS| for t bef ore
oSh, Jpiahr Steaan, By analolinar . sty B Sheef Ka1sgke, (sarorius,
I omingel; @Gxinsanyl) eitht d H@drdsme nteynbrme%f egetrrasd cellulose, with

09%%93551%81895131 OanW& HM/&% g??ﬁﬁ]&a, 3 Ihé %rePBf 8 2]n’122and a

rate cont ent
s ttelhembrane tyadasg af apoptd00 g/m angl e: concentrate of a
| ow HMN content solution at Dp of 3.0 bar; circle:

co centrate of a high HMNconte t f?l ution at Dp of
€ fagget cgggﬁfﬁ{aéxog astSelol@s 90 mg/ml. rent Ap parameters were tested

and were the following:

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

Method 2:  transmembrane pressure = 0.6 bar
Ap = 3.0 bar.

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

aggregated, insoluble form was depending on the applied shear stress.



a) Turbidity measurenment. The photonetric absorbance
was determ ned at 350 nm and 550 nm where no

WO pa0pt06828Z chr onophores i n.the anti body sol ut i BEGI/ER20$/010060
(UV-VI S spectrophot oneter Evol ution 500, Therno Fi sher
Scientific, Waltham USX). The sanpl es were neasured
undiluted. As a reference nmedi umthe appropriate
buff er solution was used. Every nmeasurenent was
comgducted three tines. b) Size-exclusion-HPLC. The
chrfomat ogr aphy was conducted with a Tosoh Haas TSK
30@_1) SWKL colum on a Summt HPLC system (D onex,
ldgtein, Germany). The el ution peaks were nonitored at
28® nm by a UV diode array detector (Dionex). After
di s‘;sol ution ofthe concentrated sanples to 1 ng/m the
col®im wad washEd wi t|h a |buffler copnsi sti ng of 200 nM

pol§&55| urﬁdi hyd| ogen |phogphatie and 250 pot@ssi um
chlori deuyjH . 0| urti I|=a gt gblle tbasel icne | vigs | a&hil eved.
Th& anal|ydi ng rlins were perfarnmed under |i so¢ratifc
cokdi tiond using a fllowratelof 05 mM/mn [ovel 30
'@Jtes g roonj tenperatdre. |The chronafograns \ere

i nfegrat|e manupl Ly Wi Bh |CBronel.eon gD onEx, Bdstein,
Gegmany)SAgfgregaﬂ or gn %was ‘Oeter @ n d’~°b) Kofmpari ng
th@s areanynder the curve (XU(,) of |i gh Te¢ular
vvei«aght florrs—wHHh—the—AUC—-oefthe—nproret—peak—=C¢)

Li ﬁwt obg;lurati bn.  Tq mgorlLor the partic¢clg burden in a
ragge of|3- 280 mea $VES{Clpartclle @hal yRBerl Was used
(PAMAS RYI|ti®el mess- |uisd (Amallysdsyst &, Bul eShei m

Germany)|. |The system was |cal i|brated accordi mg to the
reQui r enENts of [US Pharmacopei a Vo~ 24 788>, [with
oyl < e} ~f

neér-{jon i zg ppl ystyrgne gphergs.| Thr e¢ §easyar ¢ment s
of e tyoligie of D. 8 m| W tha |prd- f| ughi ng-vol Bme of
Oﬁrﬁ eﬁSerfor—rrec.ﬂResgﬂlts were fal cukal ed as nean
valbues ezand |[referfed tq & dafiplle vol june_of T.0 ™| The
nu e af |partigles gqounted was wifthin the <>ens$r's
corceat riat|i dg I m'§ d) Dwham cgli gh'l;uo_,» s¢atterd ng (DLS)
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(Mal vern Instrunments, Worcestershire, UK) with a
tenperature controlled quartz cuvette (25C was used

WO 0091668282 or i Ng a si ze range between 1 nm and BCTYEP20081&10060

intensity of the back scattered | aser |ight was
detected at an angle of 173..Jhe intensity fluctuates
at a rate that is dependent upon the parti cle

0 T VR kan e & tecratle G of s Db e PRV Er SR 3plyigFert form

f iwcomrenea@d yeiusions by leinf lauitratidn-swining settoidetepends ghapplied
: ) S

Sféeeagﬁggsg é@q QS q COE g&a‘?ﬁe ett ?I sgﬁggﬁﬁl? g tts obtamed by LO

V\;anéyuqbn:bty r(l_e@gg@mem@ g.3). Fhe 1ngsenqgmf¢mmtg1gglobuhn m polymerlc

5 S¢&rh &61 e d%ﬁ@édt?ﬁéd QB1u@onf r&g@ﬁ‘dscgﬁrﬁl afthtd8 of the polymeric
Spect roscop | enum Pres
3 PERHT S ‘PQfWeWnF?ﬂt@ﬁ’@Pt vawﬁgn%&swu? %%63de1§}€1 Ry eddyecontains the
Midnrivploglobatin W’pﬂl‘?ﬂﬁn@ffoﬁrﬂi’l le m&é@frfdﬁﬁ E)@lnﬁlﬂ’a 7 \6e% a3 determined
E?ge%l nts were copducte . ghl S zt L‘lﬂ
S g A8 Or e%%%‘t“? ofl ?YFWE‘& BHP% 5%? gageayal flow
Tlﬁhraimmeastrrcmﬁetd:ctabtelbkyﬁﬁ? (sed Tdtilo?).was filtered
through a 0.22 mmcellul ose acetate filter menbrane
10 (Sartorius, Gtingen, Germany) and the retained
particles werestained with Reversible Protein
Detection Kit solution fromSi gma-Al drich (Steinheim
Ger many) The nmenbrane a?%ﬁfb‘&aafter washing with
buffer undeyr a stereom croscope MZ 12 (leica, Wetzlar
Cer ran eq;ieﬁ ed thivavAdi |0 t al cgnera DC [100¢teilca)
under HYOYE | o E,dlﬁa&; n s q. dnerqape |pvalugef o .
sample). PR feu??ltsrafn | for@6 (|200%Y€ 1940- ¥843)|. BRI |e peak }MW
TanpedfT8l F r Béakan [POBRI|iEHE te$rld it erlert-1r | ™S
hi st i Fﬂ‘e-buf ‘éarl(gd quedns |sol’tTf on ( I4’5 q) aga AL
aht H—R-antibe reent ratcd HweRtry .[f.’]d Hp
Eglf]ocfmrat 1000-7y/ ] bYOUse ut St ed TFE syst em 99.46 | 0.00
K%TAcr flpw hcar Amer sham |Bi i en
solution 085 6.9 ( care, Anersha osci erjces.29 | 0.00
containing Uppsal aj Sweden) by engl oying 4 scal ablle fl at
1ownumb§he=t cassefte (Sarforius, |Gtinger, Germanfy) with ja
of aggregately d[ os@&r4 (t ) rianéd- ¥ rlegeneratled cel | l ose, wift A%-14 [ 0.04
forms a npmi nal npl ecul ar| wei ght |cut-of f Jof 30 klja, a
TFF with AFEITPI 21y ar pa @ho 0. 02 gdph and g dsot gl BRsPr gney) adiingg o3 | 0,06
=1.2baroff pbout 40P g/ nR. [The target concgntratior] was set| to
low numb&@0 frg/ #Pe O f f&P%ent| DP-Par gnet ers ver &7-fest|ed 98.93 | 0.00
:glglffi%*ge 0.00 0.96 0.96 43.28 98.99 | 0.05
before 5.07 2.20 7.27 7.23 9259 | 0.15
concentration,
solution 4.69 2.50 7.19 92.64 | 0.18
containing a
high number
of aggregated
forms
TFF with Ap 5.05 2.61 7.66 7.29 5.95 0.83 92.17 | 0.16
= 1.2 bar of
high number 4.63 2.63 7.26 0.41 92.56 | 0.18
Z‘cg)lg:fi%age 4.49 2.46 6.95 -3.87 92.86 | 0.20
before 5.27 2.41 7.68 7.4 92.02 | 0.30
concentration,
solution 4.69 2.50 7.19 92.64 | 0.18
containing a
high number
of aggregated
forms




and were the follow ng: Method 1: transnenbrane

pressure = 0.6 bar cross-flow =90 mM/mn Dp = 1.2 bar
wOoRW0BOB222 transmenbrane pressure = 0.6 bar DpPET/BPD08/010060

bar. Turbidity nmeasurenents (Figure 1), LOresults

(Figure 2, Table 1) in the caapse of concentration

process showed that enhanced formation of

i m\_rlnnnl obulinin r*l, insoluble form was—

depg ﬁ é&@)’ pleav/isHear strdss. Tabl § 1M} ght

Obsk W : PSIﬁolﬁﬂér& of "‘r‘iﬂh‘oe r "6F e Wart i valug 19 main | [\

sampledep=?fd}'rﬂl§"° T8I vadrms gngd ¥ He. urr‘orgrates "bcrease gt ®eak |
forps 1 p | nnji nBeakfl t|e ’ﬂ%‘ Lasl|yIL-1R rms
det actpaagﬁ en awtbl ubI e 1 nmmjn buI ﬁg[iy
el I || LILRLA| I'T CUI UI l.

TF;O“I';;};O Itraﬂ) n- $ﬂ ng mf %e(ﬁ n%a%pl b'7lsﬁiear 9184 1 0.34
hlghnumbI r esss.end hezswsed cam:lentratl on rret rod, supportl ng91.81 | 0.19
aggregate | €SPl ts_obtpined byl LO and [turbidity measurlements
solution (Fip. 338 aseB-4 ilmunogl qbul§-# i | pol yner|i 8154 | 0.22
before 1 OT M 1 DL tn raf /0 oI grJz0ng dependy on The [ oo 7 [ 09
concentratihgf UsS 0 ri ¢ prgcursors |before ' '
solution con"encnsatl n.0.xhen metAri gl is usgd, whichl already 9829 | 0.00
containing@aonf ai ns the i nmunogl obul i in polyneric fqrm (as ijn
low numberhe| curr ent 7.5 % gs deterrined by |SEC), an
of aggregateqicf ease in| the anount of gol ymeri ¢ fornms during
forms tanfential flowfillfrationjwas not |detectaljle by SHC
Tl;FOvsl/)ith ep Tatd e P).1.G60 Tableoc2: [SEC dat 4l n4€zint rlass7.4%o t(hd&s3 | 0.11
=3.0barof he| a t pf h ol ecul dr wei ght] f / gol ymeri g
low numbeg g ubln(gbq] ased whgn near| ntg)%{g)gsneri c mat er|i 21?'83 0.19
aggregate (0. b5 9% @f i bulggs i} pol ymerli c3f.ey m|as 99.03 | 0.02
| solution o br i ned entrated (Fig—4)-

Regardi ng the status of |arger and i nsol ubI e

99L& Ig[ s‘??o glliits ‘gge[ Sr?l?gﬁggfm A horﬂo%c&%n&z&gfm h%a{ g#oﬁrjngmc soluble
D&Wma*edrwhm aearhs orosopBtisrpaeUac @k Haof onmsineglebulin in

"EB]?nleﬂE%fm%@dﬂe’té?ﬁ%é&Pb? SREYREY %ﬁéen%[@%ia(ﬁ 4)0 RTe ding the
ially near nmeric solutions i ft

f FtéFHSs‘?ffalPTgé’i anlg dp{ﬁrg"l' € BEETyEALES géeﬁrcé’éﬁ?lgfﬂ%@n 3 cgntr;rll &ﬁelatlon
Pahy BBderedl 8610 ohwihiLChighet extéhdf @polymeric form precursors before
concentration showed more larger and insoluble aggregates compared to the
initially nearly monomeric solutions (Fig. 5). A shift from smaller, soluble
polymeric precursors, i.e. from polymeric forms in which only a few
10 immunoglobulin molecules are aggregated, to larger insoluble aggregates during the
TFF process depending on the status of the polymeric precursors of the used

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

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

15 aggregates to larger insoluble species and precipitates during concentration by TFF.
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10 i munogl obul i n nol ecul es are aggregated, to | arger
i nsol ubl e aggregates during the TFF process dependi ng

W@poopes282 at us of the polyneric precursors of PEHEEPRIER010060

i nternedi ate was found. DLS data supports this
perspective (Fig. 6). Not omnd2a-unfavorabl e high
pressure profiles in TFF but al so contam nants |ike
sol ubl e aggregates can cause an ongoi ng aggregati on
process with a shift of IPategdileigast es to | arger

i nsol ubl e speci es and precipitates duri ng

c g? ce Mgtl%d 120y o‘BYauTl%E g@éﬂtragcﬁin%uﬁo%l%ﬁlnp%lu@(;n %{/ tangential

ai ning_a concent I mmuynogl| n sol ution
t angeﬂ@Waﬁ trfiggy thr@qt@nmeénm Hak saidt Bethpdcqmprisesithe dplpwing
met hogteppnpri ses the following steps: i) providing a

sol uti on containi ng an innunoglobulin to be

trat ed |
Car a0 aproiiEs SRR EPrIHHE RE PP Bob BRI i Binspraed

the fract wbereaf sadichénpoinpgiebilkin sqbra@heln mtdjmigth@bm moenomeric
form pr esgm é}l E&n?é’:} cdf(gfl&\)/\&\ﬁeg ﬂjléjhja&ﬂnh %E tﬂe 'olél?rﬁeric soluble

val ue of n ‘det erm ned
excl usi onlmmﬁalpbghrapfﬁyn Prieyeng dncseist Pmlqlﬁgi gQaluuon has a first

sol ution pyQyi Qﬁ%é’x‘éd%ad )2.5% SRRLPYANG nAint A NGENidedlexclusion
flow filtration, iii) removing said polyneric

i mmunogl oﬁlmomtwam tration after the end of the
tangential flow filtration and thereby obtaining a
concentiy at@ttehﬁmmnﬁg)gﬁcbhﬂd:ﬂldn pivided eindemid) &y @ pldylieg a tangential
fraction %gmpolynerlc sol ubl e formof said

i mmrunogl o dV.n 1S At er step ii) larger than said

first value and smaller than a second value which is

1. 25 t iiteremenang faid polymenis immunaglotadintbyr filgptian aftergthg end of
concent r atid dnFE HEP WliritisPldnlli #Rrdby SRBEERYE hatoncentrated
f|OMIfI|tratI0n ggvéa terized in that said nmethod
conprlses"Pﬁ@nng ﬂgug?%ps i) providing a solution
contai ni ng an i mmunogl obulin to be concentrated

wher ewheby thd fraatiomgdfobid palymsripsdsidaforinn of sdid immunoglobulin

sol ut ;soeﬂ"teir rltelgoiﬁ})oﬁ?é’eir Ghan said first value and smaller than a second value

which is 1.25 times the first value.

2. Method for obtaining a concentrated immunoglobulin solution by tangential
flow filtration, characterized in that said method comprises the following

steps:

i) providing a solution containing an immunoglobulin to be concentrated
wherein said immunoglobulin is present in said solution in monomeric
and polymeric form, whereby the fraction of the polymeric soluble
immunoglobulin form present in said provided solution is more than
2.5 % when determined by size exclusion chromatography with a first
number of particles with a size of more than 1 pum in said solution

determined by light obscuration,

ii) concentrating said solution provided under i) by employing a tangential
flow filtration with a constant Ap of 3.0 bar thereby obtaining a

concentrated immunoglobulin solution with a second number of
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and polyneric form whereby the fraction of the
pol yneric sol ubl e i munogl obulin form present in said

Wee@wot0eR382 sol ution is nore than 2.5 % when det BEHEP29A8/010060

by size exclusion chronmatography with a first nunber

of particles wwth a size of g€ than 1 mmin said

sol ution determ ned by |ight obscuration, ii)
concentrating said solution provided under i) by

enpl oyi ngpartickes gatht 4 size bf mard tHanrlapingn saidt dolutiagodesermmined by

Dp of 3. Oggﬁrobtsagfig&y obt ai ning a concentrat ed

i mmunogl o n soluti’'on with a second nunber
of particles with a size of nore than 1 m’nfjn sa

i d
sol ut WhgrefE st ifeoad mynber of parisles withta w4¢ © \mgrieéb?n $ HDyis less

SeCoNehanuo&im&fsaidafirtd ol rierWf plrtRtles Wagh DfizdBoretBah Lum.
mMmmis |less than 200 tines said first nunber of

parti ith a size of re than.1 mm t hod f.or

o3 audeiod) hE udedhdBe s TlrrtioBaRosarTmog sl s Figpifhe the
f ol | ovelloyisg @ppss: @) providing a reconbi nant manmal i an

cell conprising one or nore nucleic acids encoding a

het er o, pgous. . J AHRQY i R Litdvady i

under Egndi fdon.s gui teg%#{é § gtr taﬁgHexagr egs{bgnn@?f% ﬁgé br more
het er ol ogouBuslgimasidsFriadinga hetsrolageyy bpmygoglpbulin,

het er ol ogous i mmunogl obulin fromthe reconbi nant

mamel ban cehltivating fed eell hnda WRditoRs sditatslomsetter &btddgon of
t he obt ai neg_l "’}%O@S b.uffergg sql uti on conprising the
het er ol ogou S HETROEP BHIFTPAR ?l?fama tangential flow
filtration nethod with a constant Dp of 3.0 bar,
wher eby) t herarondrerg the heterelpgéuss mnmuseglebuliorfec@ntthatesdmbinant
solution w hﬁn?mﬁﬁleceﬁfor?i'?er&l 2 ediid r is smaller than

e nu

200 tines t er of particles wth a size of nore
than 1 "min the solution priqr to the concentrating

when dé1 er nFenasptretiee thamplipnse Jeets badfersg jolypan comprising
obscur at i onthedhetdfldgeds irmunegbuly usigLnagketsl iflow filtration

aggregates frgm n.irmunolaﬁlin lutio

character i zg’c?%mﬁia%%‘[ ascé’f‘g‘a %ﬁoaf 335.1%?’1” s‘gl},erf??'e the number of

fol | owi ng speples in said concentrated solution with a size of more than 1 pm
is smaller than 200 times the number of particles with a size of more
than 1 pm in the solution prior to the concentrating when

determining the number of particles by light obscuration.

4.  Method for removing immunoglobulin aggregates from an immunoglobulin

solution, characterized in that said method comprises the following steps:

i) providing a solution containing said immunoglobulin to be
concentrated, wherein said immunoglobulin is present in said solution
in monomeric and polymeric form, or
providing a solution containing an immunoglobulin to be
concentrated, wherein in said solution the formation of said
immunoglobulin in polymeric form is induced by the application of

heat,

ii) concentrating said solution provided under i) by employing a tangential
flow filtration with a constant Ap of 3.0 bar, and a constant

transmembrane pressure of 0.6 bar,
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1) providing a solution containing said imunogl obulin
to be concentrated, wherein said i mmunoglobulinis

W@er@se628l n said solution in nononeric and pol BGEEP208/010060

form or providing a solution containing an

i mmunogl obulin to be concentrxat-ed, wherein in said
solution the formati on of said i nmunogl obulin in

polymeric formis induced by the application of heat,

ii) coiiperdnatingginsaidogobulid caggpagates ddmurttier irhinulppglobulin

CITP! 01,0, By AN gaicRin el bl kiAo R b1 1 BOAS A,

t’/ transnenbrane 'pressure
of 0.6 bar,iii) rennving.innunqglobulin aggregates |
f r om wherebyshaarnbernfinartidesuniseif copesatiatad Sotianef step)ii) with

by i} tfatf eordithih & Bn 35 SRS tRar® REE tifriek B¢ nuidber 8Pparticles
the nunber of particles in ﬁﬁ'd concentranﬁd sol uti an

of st ¥phigsjzefimprs than by inghs eolptiomPHOnI the cangepfrafing when
t han 2&errinimsthe henberbepartitlepby lightlobscusatidn.a si ze of
nore than 1 mmin the solution prior to the

concepiratj r AL : [.C .
08" PRl B8 PEFLERS ELFUD. 0L, DL ERSGnRloRaN Lo Smer
the f evlulleiformoduiingnanoericshirhtion isteppwithniangentisbifigy diltration,
form guEiend tRe GOMERIMN Rt hdfevil 8B \Whd RalRRaE @hp@km%h@won, or
filtration, wherein the reduction |s hi eved by the

addi t BBRTAtORR| BRI qbRkn 18 rPOB’éIFFéFéPm {9 prior to the start of
I munggl eRttition segl yneric soluble formprior to the
start of the concentration step. 6. Method according

to an ne, of claim?2 to 4 har.acteri zed,. i n.that; th

oot arichiecte whl sy FiEFe T Aol fy Tt he
Wi t h ausibzeobpariideeint faghccantrated solatibeof withra sigof more than
t WESSWI}]@MFEE tﬁin P&d hhﬁjs ®Re %meﬁoﬁgﬁd& Wity ?sitzﬂ 3f more

5 mmi e solution prior to the concentrating, whe

det er Hiami hym wethsuebaionoprierator the|ceacangrafingythen determining the

obscuhabepef partidlBd ByaeshaebQuditig. t o any one of the
precedi ng clainms, characterized in that the fraction

of salj o] yneri.c sol ubl e i nogl obulin.formis nmore.

Chan MesB G TOrIDE FreRE 8 55 RO BRSPS e Rt e in tha

of t hehepradt®nedlusaid pplyinwarict sluble immunoglobulin form is more than
5 % when determined as the area under the curve of the peaks eluted prior to
the peak of the monomeric immunoglobulin in a size exclusion

chromatogram of said solution.

8. Method according to claim 3, characterized in that it comprises prior to or

after step d) the following step:

e) purifying the aqueous, buffered solution containing the heterologous
immunoglobulin.
9.  Method according to any one of the preceding claims, characterized in that

the heterologous immunoglobulin is a complete immunoglobulin, or an

immunoglobulin fragment, or an immunoglobulin conjugate.

10. Method according to any one of claims 3 to 8, characterized in that the
mammalian cell is a CHO cell, a BHK cell, or a PER.C6® cell.



t he peak of the nmononeric inmmunoglobulin in a size

excl usi on chromat ogram of said solution. 8. Method
WQ2wonei2ey to claim3, characterized in that iRCTI/EP2008/010060

conprises prior to or after step d) the foll ow ng

step: e) purifying the aqueaus,- buffered sol ution

contai ni ng the heterol ogous i munogl obulin. 9. Method

according to any one of the preceding clains,

char adMethod eckording htat artyhendhof elaoho@auslq, mhunogriedliin that the

s a

f agninerngy e S THIRRARTs oPL pRiteb SPHORRSRBilt By oy
according to any one of claims 3 to 8, characterized

in that the manmalian cell is a CHO cell, a BHK cell,

or a PER C6(r) cell.11. Method according to any one of
clains 2 to 10, characterized in that the determ ning
by light obscuration is at a protein concentration of
90 ny/m.



