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1 PROCESS FOR THE PURI FI CATI ON OF FC- CONTAI NI NG PROTEI NS
FI ELD OF THE | NVENTI ON The present invention is in the
field of protein purification. Mre specifically, it 5
relates to the purification of an Fc-containing protein
via cation exchange chromatography, in particular for
{:gggﬁ: 'amd&Egg‘?ORWf’UﬂfFléAﬁ@rféF FRLEONFAININGPROTEINS
mm—mmm
| NVENTI ON  10Pr otei ns have becone commer cially | nport ant
as dgs beatyaingedeiekal |y called "biol ogical s". One of
the greatest chnallenges is the devel opnent of cost __ _
ef f edihpweesend inveponi isrt te trle 9§ erotein pupligatipn.cderieorpegifically, it
r@lﬁfé%e'ttﬁ‘sth%n ;ﬁlrlﬁé’é{ﬁﬁr%'fabnsf"@hcgntammg epr%fr‘ly VBt bads @kéhange
now avail abl'e for |arge-scale production of proteins,
chrQiepEogARHL E Bartigylafopedeelian ¢fuihe ameurtgidiesdtcanpigties in an Fe-
&gﬁt,ﬂ\d]prggn Reparatidte desired product but also inpurities,
which are difficult to separate fromthe desired
pr oduct Al t hough cell culture supernatants of cells
expr epIKERGERBMHE PARINPEQTENY Products nay contain |ess
inmpurities If the cells are grown in serumfree nedium
t he W6RIEINgBpYe b‘?%’ﬂ@l GRanmgiciplY ingortant qee(jfugﬁqthgbarg@enerally called
“ﬁ‘bloﬁlc%t &Shedu thE GrédiSstRibidrgestd MR RhverBRent Hst EAEALE Yand
he heal th authorities request high standards of purity
efff&'e’}ﬁr%‘?@sf‘a@ 39t RUAfeRtionop! BGHING 2081 SPHIMSIGidt $egte. While many

rﬁéiﬁ&fsrar@fnoﬁlhd\ﬂﬁﬁléﬁfr%& Scay ?F(ﬁﬂ@tl(ﬁlr & JFOeME, (t,rbé’é p@bicts, such
w dely used for protein purification. | on exchange

astel rﬁé’!twgr%ﬁy‘a% presine Bot ey thegdesiap Rragurbbutaiso impurities,

vﬂﬁéht & SAREL RS | ééba?eﬁetﬁ&n bar Seffeqd 'pfcfo%(:ﬁnﬂl@r%ubﬂ &éllaE:GI%:re
25Ani on exchangers can be classified as either weak or

SEPPIHAGNISTRE C@F%reéereﬁﬁ'ﬁgj peeAMBAINARIa RO dHOGYEh dPRYe COPIGINng less
iBakicB¥3Re cRi 8 gRﬁﬁﬂﬁ%éru@?—ﬁ@é RlcaRA, @b l%%ﬂcelﬁﬂi@t%ﬁ]fsQﬂéPs) st|||

| oses its charge at high pH. DEAE—se harose i s an exanp

ronan edr QWT"Bﬂteéxe'l‘leQg@?e PFgagion Hgo‘éﬁfﬁsno”‘d&ft'@l]?)"ycéhe eralth
Raritiey abfuddhanigrd sRahsres Pt [guﬂtyarfgr Prewdimal intedd@@efori himan
char%e at hi gher pH val ues. et hyl am noet hyl (DEAE) or
WMEIHEALOL2- 30 hydroxy- propyl ) ami noet hyl (QAE) have

chl ol degmBér 6PYRoRTatdgbhid QYstéMStROI@owA BhT BRIWRRIOOsed for
exchanger, on the other hand, contains a strong base,
RiIEBIPUFTEGRLPRS positively char ged t hroughout the pH range

nor N )éxéﬁiﬁ f&ﬁomﬁegﬁﬁﬁmwsmgMr@n@eagfoawwar(am of proteins
1- 142&9?8 arose Q stands for quaternary anmoniun) is
PAfag he b?%i? Oﬁd'g?’PB‘f@ iR /PFEeexchanger . Cati on

exchapgerskchdiyed & &?clﬁéml dd &hePRe st M‘ﬁi‘on@/eﬂke &targe group
strong. A strong cation exchanger contains a strong acid

Oosac\ﬁeaé% agiog | Ax¢ byfF agwsa'b)baﬁﬁawh&ca rRficRgIes @%WSF’@@@" and,
thérefrd ibsksits tRargahe hRApHR Dmiséiﬁ\bfdéé iLAE B)@d?ﬂ;ﬂé of?Q Rledk BBion

a weak acid (such as a carboxynet h%ﬁ gr oup

YFRANGST I‘yh?fﬁsteg grpigo é’rﬁ%%éa'ésbet Res! 'Ydé'afr‘fe%é&'%epﬁw A gpd
dpaduafy RRYY nebmrbe @l%hé\ﬁd-l whw@étﬁmﬂmn()&m | (Imw@)swdlew -(2-

as counter ion, A different c romato rap
1%rong

WEOXK pr@ya%{g@aetaw %ﬁ)ﬁ‘gg? GBloEds pacauYeLicad %é"sé?’l% A

dhmmaér@ew&trf ih% dtiddrl A d hyahtany aRabhd Basdnmdhidhaeaialsi gaitively
chr omat ogr utﬁge s a nethod of puri fgrlélggq proteins that

qrefoef Jlyet RN HPHPRINyHSSE &¢f *@F}g%ﬁfd{%ﬁh‘lgéaphy (pH
(Ca5(PM) 30H) 2, which forns both the matrix and | i gand.
Functi onal groups consist of pairs of positively charged
calciumions (C-sites) and clusters of negatively charged
phosphate groups (P-sites). The interactions between

hydr oxyapatite and proteins are 15 conplex and

mul ti-nmode. In one nmethod of interaction, positively
charged am no groups on proteins associate with the
negatlvel y char ged P-sites and protein car boxyl gr oups
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15Ant i bodi es, or i mmunogl obulins (l1gs) consist of |ight
chai ns and heavy chains |inked together by disul phide
bonds. The first domain |ocated at the ami no terninus of
each chain is variable in amno acid sequence, providing
the vast spectrum of antibody binding specificities.
11185 8-LPRRiES (@rﬁaﬁﬂ%W q@a?ter“ﬁ%fly aRhenhravy aﬁ\éf&lmﬁfédfor a strong
varlable [ight (VL) regions he ot her "donmi ns of each
anogi exchgngerel ati vel y invariant in amno 20acid sequence

and  @ok RQWNGErsCUNS 5idH heh@adetict G eitef vic@RSdradifong! ANtrong
CL) regions. The maj or classes of anti bodies are

(
caligq ex@@n%rg@ntmg%aaﬂ@ngngd fveh 1383 suliqracyd gravey ths remains

cinfg‘éB elrond%)w I1de1d; W%Féa§ léh&éa@sc%ﬁén ékéﬁhy&%}]talr{:soé wsmama @uch
the | ass four subcl asses, nanely

aﬁmrb%@etfyhsrou%wh@h prasiuaticlesels: shaese %ﬁwtf‘P Baﬁcaaag%%@ow
b5 dekipyRndth@ncii) fdRar fIRBrdpd (I8 have JdaRMY a§ RBikter ion, for
constant r'egi ons, containing between 1 and 4 const ant
€f8MAiens (CHI- CH4), depending on the inmmunogl obulin

cl asg differeht &%hs@gmp ﬁes‘ineig'b%ﬁed 8n bAGRABIPRIMES Rtdd &@lcium

CH1 and CH2 donai ns. ge region is particularly

PhepRats W@tr?(&aﬂﬁ‘b'i‘%‘l”%ap@'t%l ngpat%@r{oﬁl?@g&ﬂhyﬁ g method of

pymgfh@s &wamr tﬁé’tr Qﬁ.niésagdmn.h§o|ﬁ*@@elhsidregylétedt R8ICRFE ChriRphate
part of the heavy chai n constant

(Péijf’gf?f@dht‘é{h'ﬁh f@"ﬁr@th 81 e and lepnd domglionsl peougs sensist of

pafts |0t Gokibigely ERargB@ichicRin 1dhe (C%QPQI'\(PEMBﬂer oﬁﬁég#éﬁ@éiy &BParged
are thus Fc-confaining, g?rrot ei ns. Anot her

PEESRIGIR QiONPH &P iRy e[ isinigractioRe b%'aﬁveeammrﬁxmaf {§s3nghproteins are
BRPIeRi a8 -multtmode. In oREVRStRdd GitbRREBE posihaly HRgdtsRAindYroups

t herapeutic proteins are _known. Exanples for reconbi nant
OBrTPIEH ASEOFAE D thereERtivEReCaEIed stiemard PTRiRIA gaTRaYy! groups
uRéia@KbW@fbrduE’a’ifbh'doMpFé&Btnorﬂ@@ sitddBRepdrd bt Mi, aumab

I nfliximb, Trastuzunmmb m uzunmab, Adal i

ot U B e M TORARRNTE 13t /o AT iEPaEe sed in
matégtﬂﬁﬁl Cerdric N?U@Ryziﬁaﬂfem(ﬂfrlﬁé}r %hﬁiﬁid@rb[ﬂwypr@t @' rTﬁrther

consi sting of the effector regl on of a protein, such
depelopasty @gmsaifomapamamrpwaw Yt ﬁ:@’%‘i"ﬁth@o’%B?t% *l?ls Bigh

JURHARY, QJoodf pro®fh biddingecabscifye gh@ rbaﬁfbeaﬂsédTHﬂJﬁlglérOﬂbW rftes and
that 1s frequently an |nnunogﬂo bulin G (1g3. Fcfusion

ressHEsSHRAaerEsinRhyAreyagatis: ( '@reéﬁbuﬁgé)s as they offer

advamyagssaslinf pad BeerbVsddm the dh%]hélﬁgraﬁhi@ Reparatid® of iEmaems
rotein A or protein

ossi bility of ur|f| ation usi
BRRRAS. eh o GHeRogapise v e b o aPgrRby bt oplimigs
rfoﬂnélf}eedlﬁlﬁﬁraté@t drﬂﬁthe"kﬁfﬁ;ﬂelﬂﬁled lilg @ loan Borlcgatratiinner phosphate
s}fron y to e|n A and aII human IérgGs i ncl udi ng %
by ﬁ’da rBRgt o PP’(?feé"Sn agg thety, ejuied saeGO’PPgl"fra'i"?"r grgdipnt of
phbspteitd Buffeal @ioyarsiis leean, 2900ce the Fc regi on bi nds to the

15sal va e rece whi ch protects from
foer A RS B b TR es o hfse o, U B Bral 8 rotein of
||Ft§refstlﬁ)l andther PEcein thdt ieinfreoteifee ad erchfdumbgrem@ 8. BRamples for

b h eff t
S IR T aea RS, prec P el oI P L p B st 4t Bragein ©
hakiihg fspédificip So Wiet e ﬁﬁt.dﬁ@f&;@t@fnﬁmﬁﬁmw@sbums dAlthough both Protein A

BRmP e Ao Dongeniy g ECHibobEyahpL bot ravBdarfieso

(ﬂhefrflrﬁmeﬁégld)tﬁMﬁlcfasﬁs zﬁfdflﬁﬁyws dsuwet i ons. Human 1 gG  and
| gG3 have strong ADCC and CDC effects while human | g&
exerts weak ADCC and CDC effects. Human |1 g&4 displ ays
weak ADCC and no CDC effects. Serum hal f-life
and effector functions can be nodul ated by engi neering
the Fc 25region to increase or reduce its binding to
FcRn, FcyRs and Clq respectively, depending on the
therapeutl Cc use |ntended for the Fc-fusion protein.
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Modi fyi ng effector functions can be achi eved by

engi neering the Fc region to either inprove or reduce

bi ndi ng of FcyRs or the conplement factors. The binding
of lgGto the activating (FcyRI, FcyRIla, FcyRI Il a and
FcyR111b) and 10 inhibitory (FcyRIIb) FcyRs or the first

conpengpih A i€ aaimn tDa(tSH— Odro@ﬁp QRS0 BrJd%éédj USS thed Cb%(:ﬁeﬁa
in the hinge region and CH2 domai n. Two regions of

tarRhyACUS RS ATCAENTIRS i@ar bipging SEgR BAdcieapiepielat. Erjein
Cg"léq?idagceoaﬂ'gm ¥&p @Sﬂk‘ﬁto%@&i‘%ﬂ& ‘F%s't\no |gHen P Biths! BBthe S Fc

I nstance, substitution residues at positions
region. 238N iPratein DAY b?@GN'd@We%@FQFtGPF@GG derthaiDeffinintp \@mious types
of %Pﬂﬁ%gl@ﬁulﬁ"\% Ané{ﬁgrgd@ﬂéi’oﬂ@m@lp}i&eﬂw C'%Q&i'&ally englneered

Numer ous nut at i ons have been made in domal n of
rejeinahel qorinesdhe SindingreanpetissidPrerm (I\a%‘dt@sl?r@@"? h iy Atfyrgher
taotakis! fsteft oﬁématmé% Pb%§9&it80o%€usalbmdlr%qg1m?f{‘u?to§I99LQms and

Steurer et al In particular, a mnmutation

feRoEeNtsehereoContRinies; 'W'@bb‘?ﬁ% (Bkerstiern @ad Bitskt 198AbcC and

CDC @r&b‘ﬁn%'ﬁ’roﬁe‘n @' and 399(% @@fr@@%}omﬁgérﬁﬁﬁﬁ%'\mgely hi€ed for
serum hal f-| a therapeutic antib IS anot her way

'Q%atloﬁﬂné@é”f'qaé'o%f’f@’E'Q@f}'es al | owi ng hi gher circul ating

| evelgincel tRS BinbiinG Qe tor 2HRLIRI S hF RPN 2@ sig8 Gy FRIF JRERS of an
This can be_achieved by enhancing the binding of the Fc

imEwnesioRWinnRHR A and Rt Rripr Preisn A/GhaiEnty drempipeesy also

MBwé PerifdlidRECs a8 #ernﬁs%d GrotehfR! b?otelh'Lrlﬂﬁdst {889 lige chBind and
pH dependent manner_ and protects it from egrada on.

OS@\VHS&?G yssehierdbe BrdicRineidightaihaineontaiieg paiedisét ween t he

CH2 apgbseiss Q)‘mehﬂﬁ F@mangg) é&%ﬂ ot Qghtr&faﬁﬁsé?]dt R&vy chains
hal f-life of Ig nt on et 4 and Vaccaro e

ligked togeisy by dlsulph'd¢rben¢-°o|Th6vﬁrﬂgiomm '@(’ite@ @hifgrapiag taygypys of

eléBI‘P‘éﬁalmg riaBRSn aitd&id 86uehicd, @Bbviding fhakast §ﬂe@fﬁhm of antibody
nvivogen's website). Engineere d Fc 1gG Isoty Mut at i ons

btisepREcHS tiegt Hinse Honmuite et KNOARPS lé%ﬁqb@n Qeé?Wg@t'é BNduisdRPle
nF&C%\/LTZé&&dVHr%% LothdICd s opbmmbife' rellétlﬁlély iNRraMeR amino

ocalization to target; increased ef reduced dose
asid SeUeRRSRAY a5¢ KRRYA 75 <Qnsiant BerwACH) ﬁ%‘i ?Qm*antt fltt &pleegigns.

use hheGhgdr BB of antibodies are IgA, IgD, IgE, IgG and IgM; and these
classes may be further divided into subclasses (isotypes). For example, the IgG class
has four subclasses, namely, 1gG;, 19G,, 1gG;, and 1gG,.

The differences between antibody classes are derived from differences in the
heavy chain constant regions, containing between 1 and 4 constant domains (CH1-
CH4), depending on the immunoglobulin class. A so-called hinge region is located
between the CH1 and CH2 domains. The hinge region is particularly sensitive to
proteolytic cleavage; such proteolysis yields two or three fragments depending on the
precise site of cleavage. The part of the heavy chain constant region containing the
CH2 and CH3 domains is also called the "F¢" part of the immunoglobulin. Antibodies
are thus Fc-containing proteins. Another type of Fc-containing proteins are the so-

called Fc-fusion proteins.
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M252Y/ S254T/ T256 | ncreased | nproved | ocalization to
Vaccination; 6 1gGL E + H433KIN434F plasma half- life
target; increased efficacy; peduced dose or frequency of
adm ni stration therapeutic us hlgGle3 human |gGl

E233P/ L234V/ L235 Ate, Q36 + A327G A330S/ P331 S Reduced

ADCC 0o BXinBaRY Gkst REVSES 8s %Ye%BéutE 'E)%té‘uﬁ@ 'éFé f%nd\&ﬁ\e Examples
wi t hout cell depletion hlgGle4 human

for recombinant antibodies on the market are for mstance Abcmmab Rituximab,
Basiliximab, Daclizumab, Palivizumab, Infliximab, Trastuzumab, Alemtuzumab,
Adalimumab, Cetuximab, Efalizumab, Ibritumomab, Bevacizumab, or Omalizumab.

Fc-fusion proteins are chimeric proteins consisting of the effector region of a
protein, such as the Fab region of an antibody or the binding region of a receptor, fused
to the Fc region of an immunoglobulin that is frequently an immunoglobulin G (IgG). Fc-
fusion proteins are widely used as therapeutics as they offer advantages conferred by
the Fc region, such as:

- The possibility of purification using protein A or protein G affinity
chromatography with affinities varying according to the IgG isotype. Human
IgG1, IgG, and 1gG,4 bind strongly to Protein A and all human IgGs including IgG3
bind strongly to Protein G;

- Anincreased half-life in the circulatory system, since the Fc region binds to the
salvage receptor FcRn which protects from lysosomal degradation;

- Depending on the medical use of the Fc-fusion protein, the Fc¢ effector functions
may be desirable. Such effector functions include antibody-dependent cellular
cytotoxicity (ADCC) through interactions with Fc receptors (FcyRs) and
complement-dependent cytotoxicity (CDC) by binding to the complement
component 1q (C1q). IgG isoforms exert different levels of effector functions.
Human 1IgG; and IgG; have strong ADCC and CDC effects while human IgG,
exerts weak ADCC and CDC effects. Human IgG, displays weak ADCC and no
CDC effects.

Serum half-life and effector functions can be modulated by engineering the Fc
region to increase or reduce its binding to FcRn, FcyRs and C1q respectively,
depending on the therapeutic use intended for the Fc-fusion protein.

In ADCC, the Fc region of an antibody binds to Fc receptors (FcyRs) on the
surface of immune effector cells such as natural killers and macrophages, leading to
the phagocytosis or lysis of the targeted cells.

In CDC, the antibodies kill the targeted cells by triggering the complement
cascade at the cell surface. IgG isoforms exert different levels of effector functions

increasing in the order of IgG4 < IgG, < IgG4 < IgG;. Human IgG; displays high ADCC
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I ncreased ADCC and CDC I ncreased efficacy Therapeutic use
with cell depletion hlg&el human | g& K322A Reduced CDC

Reduced adverse events Vaccingation; therapeutic use

A class of Fc-fusion proteins having therapeutic utility,

Fc-regi ons have been fused to extracellul ar domai ns of

BT ABE NafCRaRE Aot B&LBROOP %érébéuh@ uBé‘ Eﬁémﬁ%&'ﬂﬂﬂeﬁs faﬁ& cQhcer
receptor (TNF-R) superfam |y (Locksley et al

Bbdmer et al., 2002, Bossen 5 et al., 2006). A hallnark

of thgqBRBRSIS cREundigncENFS fe@Bbi¥ Wisert B&IRIBSENRE t8bet cell is
cysteine-rich pseudo-repeats in the extracellular domain

Ué.‘ge%'@é’@r |%’é‘293é'"% OFWmNéﬁh;‘ﬂﬁ ?ﬁe(‘é‘ﬂdfl’s&ﬁ*%ﬁ may dipg required. O"thbe
coWlary Nin "trﬁﬁ epde 'b$ anﬁl's;&i ésTWe?{Hbd ¢l dﬁZéOJ)N'l:JEe ( -B'?:Fe'gg%g atfector
exanpl es of such menbers of the TNFR superfamly.

fgnclinas E‘émmﬁ’rgV%WeFéhqfﬂBqUBﬁ aﬁthHY &raites Sh?'alzﬁp‘ﬁ)g 10 the

sol ubpgiipiag lef@btof ARCHO® JaNhe Eﬁhlgveméﬂ&%%g tH@Fc region to
94106476 Under the trade nane Enbrel O, it is narketed
eftger i 'F\péoo‘(ﬁr?é Fduse bindinerab feyRserdhe F@B@?W@P%faéo(ﬁ rus

| nf eqihk Yhdirld f 15Ot & el él:'ﬂvatiﬁ@ QFd:\ﬁil' Ifcy?('ilb hedyRig arPcﬁI@cEy'Rfﬁﬁj)%nd
Rheumatoid arthritis, ¥03|n sponm¥|t|s

inibiiona & GYAYIPLiF eYRsGPathe Wé‘f §Ql'§p ofico@plegenp Tﬁ:)n%ﬁp?“ds on

rédiiRSio8ate & ﬁ’hﬂashiﬂ%;é e85i6n ah8NBS TRt dbrfain Tw&lr@gl’!oﬁg ot &iehCH2
cont ai ni ng_extracel |l ul ar corrponents of hunman 55 TNF

dograihtase diveelt i FevRsoapd ofPreRleRemtaf 1AglNdiaad and NaMeevaigye

sﬁa@ﬁeﬁc@? quﬁGanérhcﬂgdﬂ et MBihc®f subeNafich Sﬁpﬁzsreﬁ]desmﬂ bodoRs
scl erosi s. 0X40 is al so a_nenbe th

2341SP itk hymarphafo-arertty f&ﬁ@@xﬁ'@ccrﬁmﬁw PrsPYretd ot!@PRhend
dnigs eegnogogigpared for treatnent of inflammat ory and
aut oi mune di seases such as Crohn's_ Di sease.

Fc- f D4IMsHoys BYiafionsdrave fheemmege i the Q2 domaia gf fasnd their effect

dﬁeﬁmaoainﬁct[ﬁﬁ%raEQesté@ iPvise (ks QEQIO)QOO&CI@DEQJ“ ie Bf 8M2801 and
series of inhibitors of BAFF (B-cell activatin factor of

2060 SRRer & yIPOS) 1 BiEHPT B P BPBO B NEL A ESRatRS Ebortea to

ihdr&ade M ADCCaéHdQEDmTHB@sdé'ieS&%‘i? eso@EUsHy 9oy heunmat oi d
arthritis and s%lst em c | upus er¥t hemat osus ( SLE).

BCMA'”%eaé'WguFrt%é?’UF\e aiiiGr obél ByEaneytic @nfibrdyTigRRpother way to

iSPRRE fitd klcdey, ANBNG hidhe? o difdting 16VeR! RisB fleage@Rfinistration and
dgscrl bed tOyI nhi brt glé?ut oi rmung di sease It(}:al\/tel chers, 2006).

reduced dospothe ca dectaised oy Hbantipg fe bipeing 4tithg Ficsregion to

nEbRdtal EERR (EERM)S FERBI @nien &€ bkpradet @ntheCAMack ﬂifférnaﬁﬂw@lial cells,
(von Bl ow and Bram 1997; US 5, 969,102, G oss et al

bitsisoe Iahi 1R REIeRANdSHE MRNBeT and PrefesailhTed esradialign t Seyeral

netaticsNBcdte € it RS Uderfdcepsaiven TIA,CbI-kQI BiEts dl-}@ddsma“ﬂ@ rPﬁy@fbeen
the tunor necraosis_ factar (TNF) %and fam %.[(LOne [ i gand

shewn &0 ReieAsh eI aifs, < 198 toﬂéh?' RPhangva etpal., 2 ,
or THARKoIOMARY Balhd 1%\1mma198§);0mé_ REOVRH hﬁ‘llatiohgéﬂfﬂmehgé He&@Bion
designated as APRIL, TNRF death |igand-1 or ZTNF2 (Hahne
(@!‘e’é%om InvivaegR's wedsite)gg: 1185 (1998) . Fusi on

Bh&ihEeéras flai ni ng sol uble Torms of the TAC ptor
fudglq:e t‘lsgg LloG Metatiess on | B 3 Pagerw@lBerggf@s \C,lépgllcatlons

oesi ghat e e ‘
TAC - Fc || nh| its the bind t@ggﬂ ip{{q?é%gbd tg \&oaﬁétioﬁf,
(My@ieat Blma" 200BPQ/M4RsL S lcopeddicen dbde therapeutic
t r eat nent aut oi mune dj sedées, | ncordenuegesgfst €mi ¢ use

| upus eyt hp tosus (SIE)] rheunntioi dagpiniglatiphs (IRAY and

heig@ted) afuman MR Y/SRRAHERISE Ingleasag | [Imprever dncalizptionitefr\accipation;

multiple sclerosis (M5). In addition to this, TACI-Fc is
bei ng developed in multiple nyeloma (M) (Novak et al.,
2004; Moreau et
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15 al., 2004) and non-Hodgkin's |ynphoma (NHL), chronic

| ynphocytic | eukem a (CLL) and Wal denstrom s

macr ogl obul ema (WV) . @ ven the therapeutic utility
of Fc-containing proteins, particularly antibodies and
Fc-fusion proteins, there is a need for significant

armount's Olei” T M43§KVN47321|9 pl%n?a‘t%'lfﬂ L ot inoréaaed U Eh%raEQJtic us
human adm ni strati on. 20 PUMNKRY fiC. .IeBM%B\F&bQ\

One of the prlobl ens that ray be encouasrtﬂeqlmdqdmfrl ng
pr oductilon of| Fccont ai ni ng pr ot ei nis i gdrhihietrgtipesence of

"free F¢- rml etEIZé'S’YL234V/e235 DORYRERL i [de _fragments de rméeageut,c

f e dsheh DtARIOE andhli ¢ REHHERS2dBTE c dntqal ihéu
Ig(mt gnt '8131 p6?%79 @ggﬁm ved frjom an ®4ft's body V:al’dle@ghdth

Nt £ n_or A~

é@ﬁh' yhpnasent ppsdahe Fe-Apdel 4R [Pr Fr@éé%d efficgcy |16 with coll

I CUI UII kll I I III aIIILIL IICr QlJ Lrlpcreaseal GL CI LI} Ul Uullﬂl 1 Tl}i]erapeutic
sent |i18Gent i on addr essps’ thes prro SRR

tne devei OpeNT Of & puri|Tcarion [process Tor _a Tiiofnaton:
ClogEnei 1 f‘lﬂ'éa”or pr &gzzaat i o E @‘?f’ Fc- BBEe] ‘i‘ﬂ"ﬁrﬁepr otheiaPeutic
by whi ch PR2 lampunt of fre ileti es SYHA be use

present as an inpurity can be 30reduced Therefore

(e Y LEECALA! kTl DAl LR v o

fesedFo- e)dmcaliularr@rmlm of wertain eecaptdre betrmgipoi toi thg tumor necrosrs

f%%’# rSSédt{E}g(Tﬁrﬁ'rg hgrlfeﬂnél (L§&Is |ey bt S?(%[igﬁocﬁﬁ‘ér I%O@pl?%SSen

e Invention re es t
ez, @00CRtA dallmathaitie wembre o@trwhWFRofantllhels rteeluceseone of

e B B RE F R, 80P BT PUERRER LMy o
and-Spoartgail B9 g prorei n conprl sing less than 5 % or |ess

5t a8 S PEAGE o (NRERT pEATUER ONERR] ol Simpes of

SDEISCRNEFON t0F TAR @mw&mtae EtamFeept islas hovisicn protein eei@eidg
tﬁér %?’hﬁr;rﬁz)%ﬂ'dﬁﬁe E'%S'rﬁﬁ@%e%f V\%M/gé%t gﬁ?%&idﬁﬁ?@) ﬂgﬂr}ﬁqBQrade

cation exchange “chromatogra escri’be
rﬁnwﬁrhbee@ it isamarkéted Nty teeatrh et oﬂéngornemaslkéiep,atlﬂm@ @irds infection,

B ibiektS. Rl ori s PRoriasfi eneb RS R Ainatel yionine
s])pnd;ditnss Qardeculatige 1 GrafarversL®: hgsurdideasel Puleen&w; filkbsis,gCréhns
B O ER 5B LT B0 ROl SlogtiRf B BRaty df Piten
0433 TNHEr@EDJdEhmEtheI BT Ipbi@on of hunﬁE(Lg(BDarlkl[)s ihtengeda faytilse epteetial
h d
g B e SR8 S R SRS et am 1y 82O 1D NO 2
i s tKxX40ulsl alsermginrensteeguanibe BNFR heiphdanmity. TAKGHO-tgétle podrOX40-

hié%rﬁ%tl gfsrg‘o [ 'gp(ﬁgné r]wa}@é@ ggén Z)?’e%]a}edf ?(FQtrean o:? |hﬁ‘a(r§rﬂat.ory and

uman Séqu nventt o
adlemnmubedrseaséﬂ@uclﬁzas)mm3)Drsea'ﬂéEQ IDNO 4 is a preferred

Fc- f . i)
oo | LRl DB S e e o
sioluverdeicg leceptop iomi oseriee ogrnhtbéererorf Ba&Fi(B- cwacm/ramesmy of the

TFUBIT B SRt b SRaLoeran o sdFalacaiLes

sbioh aairfpomage aiittitidis RABEQ 9yBieN@: luBys GIWSEQamBuN@LB) is a

ol id ' r [ .

o DETAED BeLeirpreeR e RrBR MR sudrniyp Ncfiadg
fw@sermem hasehrenalestribedds adhibitrautdimmune disagset (Mitichess, 2606).
exchange chromat ography can reduce the anount or extent

of free Fc-noieties that may be present in a fluid or
conposition of an Fc-containing protein. 5The invention
therefore relates to a nmethod for reducing the
concentration of free Fc-noieties in a fluid conprising

an Fc-containing protein, the met hod corrprrsr ng

R PR TR D | 1 .. . a4 L D D P T JE



10

15

20

25

30

10 derived froma cell culture, such as e.g. a cell
culture supernatant. It may also be a fluid derived from
anot her purification step, sych as e.g. the eluate or
flowthrough froma capture step or any other suitable
purification step such as the ones explained in nore

det aighofRl Q‘é/ce;;[@re of &h8 TIRE-RC QUp&kIMiRY |s°ﬁ%t¢' 'ﬂre t@fsHERBrane
herein, refers to anéﬁﬂr otein havin | east one

qcmﬁﬁf@dwrwt%réﬁ@f Ridraand 5'@”12%986 ¥$ 5@59*482 Crpss et al,
20000 SuhickHids aq—@etra%léi{%ﬁiaﬂw cd?ﬁar%fi% t\ﬁ(QB%téiﬁé hé’rn péeﬁﬁbﬁé’[geats

and preferably a hinge,

Cc2
T'Alﬁh?ﬁ@@ '&® membetso?fé'r%\hrnqa OREPRIS WW‘EN H)elfgaﬂﬁ 69'\‘"5’0 Fﬁnﬁrﬂ?a’lﬂ‘ 1S
degﬁ'natlae /BLyé QEAF# QMhtrQr&néla“"PAlfLa‘i ' zq"NFGJ or’ ﬁ@AMQ gb&% r2af J1999)

Préferably, it I'gG such %1_ I %
Tihgaethenvigandphas @cemldpsen@teri saSI QER 2 |d@a olrgaaidﬁr Agy ZTNF2

(namee%ra JrE@q\ﬁ&rq@aOﬁg\sr ‘iébsghe present invention, may

an ant1 bo n Fc-fusion protein, or
vari £Ns@ntm@e'e§fcont§wm %oé,ubﬂe e of $he WBEETagspior fused to an 1gG

chUFk‘iﬁanH@ KRGHA ‘é’%‘t \M:!l?%nef wéRL Q& %CFﬁcf(%ﬁcP]%mmm WO

prot'el ns. contalnln proteln

quﬂ%ﬁﬁz)oﬁ' A@é{‘lj_cbéh'b'tsr‘rﬁ\?’oh'ﬁ@mg ohif rPéWSo?nQ‘rﬂPRl”-nﬁ? B-ceijg (Xia et al,
JoBof qmsa'b@fnagdé%%sb rfor”% ﬂ'la§t9ne*ﬁ? R ausiBHEAe ddré'g%%es including

(SOﬁEtIﬁES cal nononer ) contalnlqg dineric

sete s @{WS(@Y@em&tOQPWSLEf 'ﬂ“ﬁbmﬁio!ﬂjlafthrd@- Brildged hematological
rg‘éerQang'slz agﬁelp%%rrtl%ﬁrﬁént Afmithie Qc%ms}é RS s aﬁ&iﬁ@ﬁj td fhis,

urther nnlety such as an |nnunoa [1n variab

Tdéitdicris bainpidgugigrast indnybplamyesnma i) (NDVrahlﬁ!F Bl tZQ% Moreau et
afl r %’(ﬁ%hd HBn-@roﬂ@Gr‘i’Qiy?rfphoﬁ’r% (ﬁﬁkk%h%ﬁfc IRHORARY L leensX 28R &ind
for such pseudo-di'mer i s an fusion protein having
Wﬁlfiewreﬂbﬁwmscrpglebwem@ ¥¥M)-of the two |1gG hi nge- CH2- CH3
considiinlihe M&be%@@ﬁtrlﬁy gf FA-EORRg BRASH, k|?)§Fircl1Fﬁrly\Qrtrbodres and
2005/ 001025. Fc-containing protein nay a be
Fe-THEoR PR it there énd aeeg fﬁ)@slg\w(ﬁcqptfanp‘ug of highly purified protern that

i QfsduarroPRU PRV AdRinReEEdONs or i mmunogl obulin variable
domai ns, or a honodiner, 10 containing two copies of a

si ngl e non-j obulé n portion or immnogl obulin

var i QHI'\—’@"—A%@ME VENTION ef er abl y, the Fc-containing

pr ot €ine bf tlee dirodems Ithati sagl be qmoetuetereeld dutiveg prdoriction of Fc-

rpLe t e v S - dj
BRI feirlsdlee doreRitThbBlet 018 PRI Raapsres
deﬁvedw&orlﬁcmed?u eurltanmgg p»ranerer whighydogb SOt benuamda fsulestamtial portion
t 0 .

Ja F]rérgr 5&’ %}‘Hr § v%f’rgtﬁg g@oﬁ %?gr{olrnoﬁrzother S ecrfrc no%tte gudomaln

riondmiymc-ntrndheF(;-lﬁwhmtpreterral , 1991), can be |ntroduced

onpaSy PR bt 0 ek E b i) Yeckpaiemment o

AABRITCGHIAB I0B/eRS B 8 FEBB 8AMpESERIAQr preparationfad iah frercoRtining protein,

S b UL E :

o 3 B ooyt MO ABY HEh 1y Bl e ity can e
redugednat i ons thereof An amino acid 15 substitution at
EU i I 7
b | AR AR BRI bR 0 AT R A

e"sremoletlewera flga combiisinghat iRcecoatapigeproiein, tbe tr@trwrd comprising

thernore, the

SN?‘ %@ﬁ%f@? %ﬁgﬁ%&ﬁhﬁ%gﬁ\%@%&q é:dh 220 may al so be
replaced with a serine residue, elimnating the cysteine
residue that normally fornms disulfide bonds with the
i mmunogl obul in I'ight chain 20constant region. I n
accordance with the present invention, it is preferred
that the Fc-noiety conprises or consists of SEQID NO 3
or is encoded by a pol ynucl eotide conprising or
consisting of SEQID NG 6. In a preferred enbodi nent,

2 . - ™ . R T . B T e . L I | I-. |
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5 invention are Abci xi mab, Rituxinab, Basili xi nab,

Dacl i zumab, Palivizumab, Infliximb, Trastuzunab,

Al ent uzunmab, Adal i mumab, Cet léXi mab, Efali zunmab,

| britunmomab, Bevaci zumab, or QOmalizumab. Further exanpl es
of anti bodi es that can be subjected to cation exchange

chr onaataogeecnlay a%flbc@%‘éf HesapnMdidled he HRE e@s%nbf 'cal(&ﬂfek&lhnge
are anti bodi es rected against: 10CD2, CA4,

cromaiogrepivifier themdvct@m‘efrembzo ar\dﬁz@nt@m PFOGSEZ Bfepéﬁysn
CD40,1n g t, BB AverfdbR Sreltddl & a EE}#% Fé-korainin proteln

receptor, IL-4 receptor, |L-6 receptor, IL-12 rece

Prergng @éﬁ'ﬁ%ﬁdﬂ% Pe §“a(‘I2L%1QIFte%ﬁ ARl % Lor i%RB'EQ’h?g 0"‘Ml(iless
(BEM oBOFHEsRinaR G % BERES PE-moMEEE Teceptor, integrin a47,
the integrin VLAA, B2 integrins, TRAIL receptors 1, 2, 3,
and 4, RANK, RANK ligand, epithelial cell 15 adheS| on

nol ecul e (EpCAM, intercellul ar adhesi on nol ecul e-3

(1 CAM 3), CTLA4, Fcgamma-1, Il or |1l receptor, HLA-DR 10
beta, HLA-DR antigen, or L-selectin. Ant i bodi es

di r egireer BERORIPTIONTOF BHESSRAWINGSer feron-7 are further
exarrpl es of thera euti call y | nt erest i n‘gﬁantl bodi es
|

Figy % $aven? ﬁP%‘l’%llﬁgd aier staitpdRREMGE A erﬁf‘bf’é‘l’tl%s Skeaming
are piogf ﬂfeaéﬁtilénsél@h&@eeéhro%gtdgﬁhﬂwp €eRBHigERAdinOE xdnfiste 2. Lane 1:

i nventi on, he term "Fc-fusion rote n' as us

her eMpleqular weight "‘@H‘eé?aéaﬂ%és@"lﬂ?%ﬂ AChse H%ﬁ‘e&al‘lapc'tﬂ%ﬂ wash

t her a2pesitd §: Uik @ Nsne 6:0M3¥N SiLRde aneluate 3, Lane 8: wash 1, Lane 9:
i mmunogl obul i n-derived noiety, which will be called

her eehiatnk Lepg 1Ropwlfiod freg R a noi ety derived from a
$cz> Rhowd ARk MBRHEIAALGRhiC NorBfiletdti e oMb NexdhargePenremblogehphy

erein the "therapeutic noiety”, 25irrespective of

whet HEFCrGRd HoExamiatnent of di sease is intended.
Therapeutic Fc-fusion proteins, i.e. Fc-fusion proteins
|ntended for treat rrent or revent| on of di sease of an

ani ma RIEE D, AP B ERWER ,

SEN DI MO at i, c%t@mesmﬁﬁr@lrlt yseauerto@bl steMebRcrD pEéddoe fbpent)
accordance with the invention. Fc-fusion protein may

be pGPMFeade Fl?”ﬁ’@&%?fd%z'@':%st‘ﬂe’f Vpr esent i nvention, 30
SHED ns Q iGthedlll IERGR B QUicMde Of SreMusiaRi TAL! frétep®R (9§ Adekbibed in
Prefer the method of the invention is for purifying
an F¥V$ ?13(93 Hr otein conprising a |igand binding

JEREVRIAL 3 i§ 4 Rxasprl df aafuniay tc §dquancest thaGfkehtibrife. ¢l @@Bdribed

of a f.the tunor necrosis factor receptor (TNFR)
supel’lng’:ﬁ)l%/p 4@?’ The therapeutic noiety of an

JE0 Imsiannt igraopréfdiredRe-fasion pRteiffof bR idedrtive dednimigIngR@quences

TPO, Gro r mone, terferon nt er f er on- bet a,
ety Fagh et bl SPaSh QRERCP o o hitoeh (6 ¢y s (e.c.
| L- 2 deddrivdd .,lw(ﬁoz/omggg)u 10, IL-12, 1L-18, |L-18

i i rotel n, NF- ha. or F-beta, 5The
Sheo 08 ih Rofudraee Sodthe o AsPlRC oSt SEHRNG 2o b
Sy IVRO: Br@@payﬁmtj@boduﬁg fr a polypestigeds ISETeI D ROEPL or ,

er.ab be or erl ed fro t he extracel | ylar domain
I MBE e 8 PoluniParS pdiEd toh PP RSTIE TG oh IRy
fragnent of the extracellular part or domain of a given
receptor. Exanples for therapeutically interesting
receptors are CD2, CD3, CD4, CD8, CDlla, CD1lb, CD14,
CD18, CD20, CD22, 10 CD23, CD25, CD33, CD40, CD44, CD52,
CD80, CD86, CD147, CD164, I1L-2 receptor, IL-4 receptor,
IL-6 receptor, IL-12 receptor, IL-18 receptor subunits
(IL-18R-al pha, 1L18R-beta), EGF receptor, VEG- receptor
integrin alpha 4 10 beta 7, the integrin VLA4, B2
integrins, TRAIL receptors 1, 2, 3, and 4, RANK, RANK
ligand, epithelial cell adhesion nolecule (EpCAM,
|ntercellular adhe5|on nolecule 3 (ICAle) CTLAA 15
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EDAR FDA- Al XEDAR FDA- A2 CD40 CD4AOL Fas FasL x40 Ox40L
AITR AITRL G TR G TRL CD30 CD30OL CD40 CD4COL HveA LI GHT,
LT-al pha 4-1BB 4-1BBL TNFR2 TNF-al pha, LT-al pha,

LT-al pha-beta LT-betaR LI GHT, LT-al pha, LT-al pha-beta DR3
TL1A CD27 CD27L TNFR1 TNF-al pha, LT-al pha, LT-al pha-beta

LTBROerAb et pRANKIPTION OF THE INVENTION

The present invention is based on the finding that cation exchange

chromatography can reduce the amount or extent of free Fc-moieties that may be
present in a fluid or composition of an Fc-containing protein.

The invention therefore relates to a method for reducing the concentration of
free Fc-moieties in a fluid comprising an Fc-containing protein, the method
comprising subjecting said fluid to cation exchange chromatography.

The fluid comprising the Fc-containing protein may be any composition or
preparation, such as e.g. a body fluid derived from a human or animal, or a fluid
derived from a cell culture, such as e.g. a cell culture supernatant. It may also be a
fluid derived from another purification step, such as e.g. the eluate or flow-through
from a capture step or any other suitable purification step such as the ones
explained in more detail below.

The term "Fc-containing protein”, as used herein, refers to any protein having at
least one immunoglobulin constant domain selected from the CH1, hinge, CH2, CH3,
CH4 domain, or any combination thereof, and preferably a hinge, CH2 and CH3
domain. The immunoglobulin constant domain may be derived from any of IgG, IgA,
IgE, IgM, or combination or isotype thereof. Preferably, it is IgG, such as e.g. 1gGy,
I9G,, 1gG; or IgG,. More preferably, it is 1gG;.

An Fc-containing protein, in accordance with the present invention, may thus be
e.g. an antibody or an Fc-fusion protein, or variants thereof, such as fragments,
muteins or functional derivatives of antibodies or Fc-fusion proteins.

The Fc-containing protein of the invention may be a monomer, dimer or
multimer. The Fc-containing protein may also be a "pseudo-dimer" (sometimes called
"monomer"), containing a dimeric Fc-moiety (e.g. a dimer of two disulfide-bridged
hinge-CH2-CH3 constructs), of which only one is fused to a further moiety such as an
immunoglobulin variable domain, a ligand binding and optionally inhibiting fragment of a
receptor, or any other protein. An example for such a pseudo-dimer is an Fc-fusion
protein having Interferon-f fused to one of the two IgG hinge-CH2-CH3 constructs such
as e.g. the one described in WO 2005/001025.

The Fc-containing protein may also be a heterodimer, containing two different

non-immunoglobulin portions or immunoglobulin variable domains, or a homodimer,
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RANKL 14 Menmber of TNFR superfam |y Ligand TAC | BlyS,
APRI L BCVA BlyS, APRIL BAFF-R BAFF (= BlyS) TRAILRL TRAIL

TRAILR2 TRAIL TRAILR3 TRAIL | LR4 TRAIL Fnl4 TWEAK OPG
RANKL, TRAIL DR4 TRAIL DRS5 TRAIL DcR1 TRAIL DcR2 TRAI L
DcR3 FasL, LIGHT, TL1A In a preferred enbodi nent,

d’oh@urﬁfg ft\H§'&B|eEr ot & Qm@l@”’%rﬂ ﬁﬁﬁurﬂ)gﬁd%frﬁ%wdncomhﬁ]w Iobulln
sel ected froman extracel lul ar domai n of TNFRIL, i

VArgEdeMARi ng fragment thereof .
Preferably, the Fc-containing protein is a dimer. It is also preferred that the Fc-

containing protein of the invention is a homo-dimer.

In accordance with the present invention, the Fc-moiety of the Fc-containing
protein may also be modified in order to modulate effector functions.

For instance, the following Fc mutations, according to EU index positions (Kabat
et al., 1991), can be introduced if the Fc-moiety is derived from 1gG;:

T250Q/M428L

M252Y/S254T/T256E + H433K/N434F

E233P/L234V/L235A/AG236 + A327G/A330S/P331S

E333A; K322A.

Further Fc mutations may e.g. be the substitutions at EU index positions
selected from 330, 331 234, or 235, or combinations thereof. An amino acid
substitution at EU index position 297 located in the CH2 domain may also be
introduced into the Fc-moiety in the context of the present invention, eliminating a
potential site of N-linked carbohydrate attachment. Furthermore, the cysteine residue at
EU index position 220 may also be replaced with a serine residue, eliminating the
cysteine residue that normally forms disulfide bonds with the immunoglobulin light chain
constant region.

In accordance with the present invention, it is preferred that the Fc-moiety
comprises or consists of SEQ ID NO: 3 or is encoded by a polynucleotide comprising or
consisting of SEQ ID NO: 6.

In a preferred embodiment, the Fc-containing protein comprises an
immunoglobulin variable region, e.g. one or more heavy chain variable domains and/or
one or more light chain variable domains. Preferably, the antibody contains one or two
heavy chain variable domains. More preferably, the antibody additionally contains one
or two light chain constant and/or variable domains.

It is preferred that the Fc-containing protein is an antibody.

The term "antibody" refers to an immunoglobulin or fragment thereof, and
encompasses any polypeptide comprising an antigen-binding site. The term includes,
but is not limited to, polyclonal, monoclonal, monospecific, polyspecific, non-specific,

humanized, human, chimeric, single-chain, synthetic, recombinant, hybrid, mutated,
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5In a further preferred enbodi nent, the Fc-fusion protein
conprises a therapeutic noiety selected from an
extracel lular domain of BAFF; R BCWMA, or TACI, or a
fragnent thereof binding at [east one of Blys or APRIL.

An assay for testing the capability of binding to Blys or
PRl of B HRSGEPREd Bnbodldd. THABMIHoAy RlayMe: seled¥dbrort @hfof the

yet a further preferred enbodi nent, thé therapeutic

ke e eptikady dsptymest {05 exempleolodi k& é@ﬁ)rlgﬁelgl\ﬂt A&e @pihasiyreay be a
rhorfothdP SEME0 oF ﬁlﬂﬁ?ﬁer Qfich R HRMNGr ptntamer. If is further
preferred that the therapeutic nmoiety i's derived from

TACI Exgmolesi & #tibpdieashal qannkh PYAi@d insgegordangewith, thghpresent

|ﬁ%fl&§@@‘ﬂ§c&ﬁla5hﬁltm&9 BlidinS80 BaRERnRb, bHIﬁWzrﬂJmab Infliximab,
fu | ength TACI receptor (also SwissProt entry 014836).

TW@Z%QM eflgRItyzunabe Addinumabapeatuxienabpi BfelizwWertor ibsiggnamab,
ERQL& B Ra OF Un%z%aﬂ_%ﬁhepéfahﬁf&tﬂﬂénﬁl%dlééetﬂatf ERBe diBjected to
extracel lul ar donmain of TACI. Preferab

CRIE -xEPARESd ChIeETRSEIRTYC "}‘rtﬁcé@rﬁa'&@rrm"ihs é@ fﬂr eﬁeéhéﬂVE’@HP'h oare

a%ﬁb&ﬁesfiﬁrefcféd%éa%t SEQ I D NGO 2 and/or am no acids 70 to
2. preferred enbodi nent, the T

extr% I&’%rc%nﬁpﬁ |%1|1ad&§311h CP4¢ I@@h&[?a?&elﬁﬁ)?@ 0023

AR IObRC ©H4d D440 DS, CHEENEDED, COART,i SEFeLNL20RESbr, <PL-4
amno acids 1 to 166 of SEQ 1D NGO 2 or am no acids

30 t
re@Rtes ILSECaepionaL-12, reeertanillirdd degedior sobunjts1(ily18-alphey \LE58R'
bd), PACIOBCRA, BAFRGR 5GP Rdeptol MG redERot [?ntwln ﬁ457°‘|tllle Regrin

those therapéutic noieties are preferred f
\AépBR ante@insof Riterereptergsli, 8n3 panst biRANID R)‘&NK ngm# epithedalsell

a‘dh@su&?%%u%f(épﬁ% ”M?é?&él fér%ﬂﬁ s?%ogm%%t}ie Acanid) E:"l‘EA4 Fc-

-noi eti es descrl e ai e an in artl cul ar
W aH OFULrﬁﬁﬂé@ryHbﬁrﬁﬁ 1@bﬁfg UkA@ﬁ]%ntQ@PrfgLoffd@EQ | D NO.
3. A 7C f |
accor Qs B EGaaT T T R RERn o Sl chafiflck br
teerapeuicallyghtesising antkodied. or encoded by the pol ynucl eoti de
of Slﬁ@fu&)orl\lﬁotg ins &r%'ﬁ&??c-cbﬁtal'nﬁ\ r9113|n¥t dét%frgPFe? aBID%Lgtth%d
Fc-fusion otein corrprlsesap yept e se
tateroethod dfsthsdnweotlm of SEQID NGO 2; b amino acids 71 to

104 d [ : :
N 3718 S e AP 6 PROTEheR, e ek B Yo gy
plaricNer tr(e,raqeutlcsggtqw[s Ri@npuEsing an immunogl@upmﬂwy@gmqg@y which will
n ; | ynuel.eot i Ldj zi _
oY SR B, PR FRAEOEG" A B hpEIT B e of QBRI
inowioeaPhulioneroteind wiicha willt éBnC@erdarWrQ!ﬁ ihe) , th?@})eut(ce)moldv
Lol xRl 671 B0kt 82 fg2 07 95 % sequence
e pol ypepti de o or (f);
wher é‘hﬁraphetholar fusieoptrrefeingi Irﬂj§thUSIQm praseins Irttﬂmedfforsrq&tm@mt or
dotE\BH'ron bIGiSeR8 ggﬁ‘%ﬁm\’gl bPpre atﬂ% ﬁ)?‘?lmngh@égf?ﬁérﬂ'ar adfiRistration,
Fc-containing protein 1s subjected 25 to cation exchange
at penagtedy pusie tobedugtigd In@cm;rdm withelbe éweetioror el i mi nat e
free & | r
10 %0 "ﬂé"ﬁéé'?@??t%?%?eé’eﬁﬁ%ﬁgnce”n%r&éﬁaﬁﬁe Rl gt ienén,
spelefaeread| 3n IndgréeromBreon@ingng fusion proteire HreflerabM rtleee neghod of the
[ [ . Fc" ..
uq%rngéﬁn?ss}‘dr pui'l Eﬁ: F'Eofhﬁl)r){ got@ ih &n@gMg 4“?%51 ﬁlndlnesfraléﬁ]%qt,
skch epnatl ai pamh gf qm @ttaacallulw dsvmqamrqf ginegmibar of 8® tacwwoneange factor
| vention, which is derived fromthe
r?\é\érﬁ[?ulibrqg Iﬁ%@t@%%@h& ant domain or domains without
conprising conplete further domains. Thus, if the
Fc-contai ning protein conprises inmmunogl obuI in variable
domai ns, free Fc does not contain significant portions of
the variable donmains. If the Fc-containing protein is an
16 Fc-fusion protein, free Fc does not contain
significant portions of the therapeutl c rrol ety of the

™ . Y . B T ™. . ™ . I D T L D B . r 2 .
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20resin that is particularly suitable in the context of

t he present nethod. Preferably, the fluid or
composi tion conprising the Fgscontaining protein is

| oaded to a cation exchange resin at a pH of at |east one
unit below the isoelectric point (pi) of said Fc-fusion

pr ot &inB-therapeutic moiety of laR B ﬁ%l@ﬁ %Fét@lﬂ rﬁé‘Sbeg H@'BF be BBved from
cation exchange resin is washed having a

EShdIBE: ftoy/tfbe%mpae 15‘“?@%’?#"@%1 éﬂte@?rﬁ'ﬁbéﬁa gntgrfpr@nagagpma
PBGF B%EVEG@M_ @a@ h|§-‘4§et§ F‘LOZIGILLW IL\ll5t|}§ 82'iL ?@ 1. 1@ ?;»165 II3-418
bvnd@g protein, 7 Gg-befa, Q’NFsa'pfaa PfTb'F?et% 3. 8.4 8.5, 8 6 8 7

8.8, T%egther%pe&clmo%bzof %na?c-f%sﬁn p?ot@m Qlag alsd Be o%naed @bom a

9.9 / cm preferably
r@‘%ﬁﬁ’é‘ﬁctq ¥ig )ﬁrﬁnﬁ'ﬁg@@@ﬁofﬁc@@rt gre@ergbly, be, OTSle dle”(?)e% from the

é&tﬁé@éma.%%mg.nw 'ré&{)ﬁﬁ eshd ® Mrﬁélﬁdra@l.yan@%.ﬁd.ﬁ%fﬁghemt oféthe

from5.5 to 7.5, preferably from®6

erHechH%bparf AEJNTAIR &f a glgn E2cgPtop S ampiEsdor thergpewfically igtegesting
réceptor®-He DA, cB32CDR; TDLH-Ad11a, CD11b, CD14, CD18, CD20, CD22,
CD23, CD25, CD33, CD40, CD44, CD52, CD80, CD86, CD147, CD164, IL-2 receptor,
IL-4 receptor, IL-6 receptor, IL-12 receptor, IL-18 receptor subunits (IL-18R-alpha, IL-
18R-beta), EGF receptor, VEGF receptor, integrin alpha 4 10 beta 7, the integrin VLA4,
B2 integrins, TRAIL receptors 1, 2, 3, and 4, RANK, RANK ligand, epithelial cell
adhesion molecule (EpCAM), intercellular adhesion molecule-3 (ICAM-3), CTLA4
(which is a cytotoxic T lymphocyte- associated antigen), Fc-gamma-l, Il or Il receptor,
HLA-DR 10 beta, HLA-DR antigen, L-selectin.

It is highly preferred that the therapeutic moiety is derived from a receptor
belonging to the TNFR superfamily. The therapeutic moiety may e.g. be or be derived
from the extracellular domain of TNFR1 (p55), TNFR2 (p75), OX40, Osteoprotegerin,
CD27, CD30, CD40, RANK, DR3, Fas ligand, TRAIL-R1, TRAIL-R2, TRAIL-R3, TAIL-
R4, NGFR, AITR, BAFFR, BCMA, TACI.

In accordance with the present invention, the therapeutic moiety derived from a
member of the TNFR superfamily preferably comprises or consists of all or part of the
extracellular domain of the member of the TNFR, and more preferably comprises a
ligand binding fragment of such a member of the TNFR.

The following Table 5 lists members of the TNFR superfamily from which a
therapeutic moiety in accordance with the present invention may be derived, and their
respective ligands. A "ligand binding fragment" of a member of the TNFR family can
easily be determined by the person skilled in the art, e.g. in a simple in vitro assay
measuring binding between protein fragment of a given receptor and the respective
ligand. Such an assay can e.g. be a simple in vitro RIA- or ELISA-type sandwich assay
wherein one of the proteins, e.g. the receptor fragment, is immobilized to a carrier (e.g.

an ELISA plate) and is incubated, following appropriate blocking of the protein binding
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6.5 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, or 7.5.
17 In a further preferred enbodi nent, the washing
step is carried out in a buffer conprising 60 to 140,
preferably 70 to 130, nore preferably 75 to 125 mM sodi um
phosphate. The buffer may e.g. conprise 65, 70, 75, 80,
s‘%és ORQhe %gmeﬂ-%th ﬂ=19,-53ec$|1(§) gré’térﬁ eﬁzﬂre HeRd. Aﬁ@r m(l,@bsatror‘?rlrgand

nM sod |ump osp hat e. In a further re erred

b@?ﬁﬂ&d'isﬁ’@?ﬂdedr $©e- '@Xa’t"’?b /f esdiaestielabelingrat th%"%ﬂ’@t%\ﬂ’ dgtergrination
dT %ﬂégbélﬂwdf r%@i'&b(?trvqy té?fteg a§pro§ﬁ &Wa%hrhéj iA- angrrﬁfllaﬂor?’cd?fnte? §|ﬁdrng

of ﬂresl'lgﬂndwaa'%ﬁo %o gst'etmm?d gntbra *?b@ed eﬂt'@da' erra §r9®s§é@ﬂd gpegific
a‘ﬁ[rb&jyla'?ndoé s@co%dofab&eaﬁn%o& d%e@fedaag%ﬁspfhe%oﬂstﬁﬁt Sarftef RE first

El u may preferab be carried out at a
%‘BPRH}’C tognd pi ’\dﬁ\ggqar'?g*hﬁ 8eneesilyt Qﬁt@fﬂ"’l@nﬂ%‘?ﬁd'%?f hadibeheeed,

et 1§, §epdaktdt y may be selected from 15, 16, 17, 18, 19,

01 22 nS/cm A Prefer
phos pirefeeblyy i method of

red buffer for elution is a

he| pregR drYpaNeR iiarhPuridng aa demiusion

dr&&iﬂnbbrﬂpnsrr‘@td QRer8y&RNERIHNRABEPFFAPIY maRbs 8f ehabTyFR

be used limnation or

reduction of free Fc in the

suBerERIibrseleoted fom thepglisted B TS a reduction of the

concaiblead: iR TNFR s@Rriafmily fadcbRiifgto ¢ @BkAdy e, PH®T SddBossen
conprising fluid, preparation or conposition to | ess than

©0l.92096) | ess t han 15 %or less than 10 %or less than 5 %

tha

or | b BTNERS
less than 0.5% or ess

han Q.

I9%or ress 0.8 % or
3 %or |less an 0. 2% or

NG than 0.1 A of the total

M@t ei n concentration can be
P

peved—20tn—a preferred et
exchange chromat ogr aphy may &

?Ill I.IIU bd.l.l UT1
e used in a purification

A ARd havi ng one or rrore adg

caol ot

iEtDPeAaI steps preferably

bl cu I I UIII al I I III ly bIII UII
dEromat ogr aphy and hydr oxyapd

AL ani-—an—ayvalhan o~

lctzﬂ Al Ull C)\bllallgc
1 e

chr orrat ogr aphy.

Has a highly preferred enbodin

rtﬂatsl, t he nmet hod of the_

QEcpnped
A 4L JOo T U]

AQ N
% CIILI

ot An ~f ri £ At 1 AN
C'J UT u |JUI IIIL;ULI \WAN]

é?’%@ conprising the

UII IO UOCU UAS
of an Fc-containing pr
AfIDRI OVVI
Cpe r-nn'I- g| n| nn nrnf a| a) 'I-r\ Drnf

QITRIE | ui d conprising said

aln A oF Drnfa|=n f‘nr

ng steps: a. Subjectir
q’ﬂﬁrgter n L affr n| ty chromat ogr

T O Ut

$E§ b. Subjecting the

cpate of step (a) to Cation

epJduange chromat ogr aphy;

30c.— Subjecting the eluate of

mat ogr aphy; d. Subj ecti ng

st
q[?‘@'-fl owt hrough of step

Hveh t o0 Hydroxyapatite chronat

el yate to obhtain mrrlflpd Ec-

QUEAPNYT-@pka COl T ecting the

containi ng pr otein 18

4BBccordance with the preser

#-16Rlention, a fluid

TNERY | Si Nng an Fc-contai ni ng [
Protein A or Protein G aor Prd

NFEAIPhd, T TIdIFHE LT h‘éode?é] Lo

tein aor Protein

LdrataRt y chr omat ogr aphy. The

@S Lrﬁ@zlplpﬁ &fTedipiit- I%ﬁtée cel |

[ure ITB.[erIaI, €. J. SOIUDI
culture supernatant. Th

I-m_qg(] I(IJEI I S, nore pr ET er aor Yy
term"cell culture

@Qﬁier natant", as used 5 herse

iGP27Lefers to a nediumin

Fll-\"']ll LBI I S dI't LUI lUI BU dIIU
secreted provided they cont ai

NGB € H- rbﬁé‘ *I"émh‘é'b%ta

LQ'B@?naI s, so-called si gnal pef

n_appropria
tliTeeda It is preferred t hat

I_L, bUIIl al III Iy Pl Ul CT 1T TAH

H 1 [ S Al
I Iy LTTr17o5 arc turturcu

under serumfree culture cong

itions. Thus, preferably,

the cell culture supernatant
derived conponents. Mst pref
mediumis a 10chem cally defi
Protein A G A/Gor L used f

chr omat ogr aphy may e.g. be reconbi nant.

nodi fied in order to inprove
in the resin called MabSel ect

L N R N 1T 1 1 & Lo - - . =\

is devoid of animal-serum
erably, the cell culture
ned nmedi um The

or the affinity

It may al so be
its properties (such as e.qg.
SuRe, commercially

1 . L I < | D P - T
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15

30ln a preferred enbodi nent of the invention,

in step (a) is carried out at
4.5, preferably from3.0 to
3.55, 3.6, 3.65, 3.7, 3.75,

4.05, 4.1, or 4,15. The el uti

%

the el ution
a pHranging from2.8 to

2, nore preferably at 3.5,
8, 3.85, 3.9, 3.95, 4.0,

on in step (a) may al so be

2 gt TR Sberia iy e

r,preferably;g,gradient
In a furtherﬁoreferred

from pH 4.
Tévdodi nent, the elution in st
setected—fromsodium—3

&y &PRlls carried out in a

= “Cl
ul tabl e buffer concentrati on
BAWFoR 100 mM or 150 nmM or 20d

‘SﬂA%R’ﬂ'_ sodiumcitrate:
sﬁyare e.g. selected from50

BﬂﬂFdFEibBi) mM | n accordance
[N

esent—nventton—ith
?ﬂAIL%1 '

IIC |JI CDCIIL
Protein Gor Protein A

+ o Dy At -~
ATII_UCUC IIUIIILIC L} ULCIII I-‘\
CJS—R Protein L

TerdloRaat ography i's subjected t

chre

d’RMIt | on exchange

hove

TS ably. ¢ b

u.uuv <.

nf\!‘l
ng{]‘lr on exchange

TRMORAL ogr aphy, i.e.

(MRAILTs diluted or dialysed

Lntao an annr f\hrl
L] A S L=

an—app+ e
Ft’ﬁé ani on exchange col um. TH

LII‘F‘FQF

hnf ore | narll ng | t on

|6n exchange colum is

owco preferably equilibrated

qi@ pl . Suitable pH val ues rg

WANKL freallOT oadi ng buffer.

Lﬁé@‘”ﬂom 6.0 to 8.5,

3.0to 4.6 nS/cm 15An appraf

gREferably Trom 7.0 to 8.0, €TRAL. U, 7.05, 7.1, 7.15
7.2 725 7.3 735 7 A4 7145 75 755 7 6 7 65
DcRA, 7.75, 7.8, 7.85, 7.9, 7.[JRAler 8.0. A preferred

uctivity for the toading e TS inm the range o

riate equilibration/l oading

DASf er may e.g. be sodium phd

sﬁ?ﬁ'atléeﬂfr H'Poncentration

. prefersa
buf fer concentration may e.g
nivl

by fTom20to 30 v The
be at 10, 15, 20, 25, 30

Ima prﬁéewembqﬂimemiethsf@sféﬁ@n pigtesm £9raprises lagherapeutic moiety

sfe|e9i@'dtft'Un9 lég hextral SiRiaf ‘fi‘lt)}n%ﬁ\ o BRRE, hfw)or%f TP SiffPRagment

exchange chronat ography,
thergefei n of interest,

the netRothePhrefdtred diMi

to 5 fold and host

conprisi'ng the Fc-containi'ng
is being collected. 20Step (c) of
tﬁﬂ%&ﬂ the ﬁ:(:'?@sﬁor{ Sr‘éfé‘?r?cf%rﬁ&%@%ﬁ&épé’utic

rot el ns

r@metw selenied fiam an eﬁ@cguté@mmalmqféiﬁﬁ%& BEMA. o1 TAF Y bir v figgment

tﬁére&ﬁﬁn

used for

e

urther purl

chapgsy &by RBRfLOgr aphy of step (c) is then
%’I cation by hydroxyapatite

chr ov?@tafgmamwestmyhmanabw%sﬁéwm tOedemorwﬁE}Rlbes gegctibed e.g.
i€ B FY¥wRMEt 2120058 €p (d) of the method accordi ng to the

invention. In a

preferred enbodi nent,

step (d) is carried

out omyet @&irkier Preforeh R RpAMent the derapesitie Mmaiety 2f @pgc-usion
dPéteﬁmX;Bﬁlphéeshthg C‘?f@éﬁ‘ﬁ@khtp@e&(ﬁﬁﬂeﬁeatmSE@IWIQQSYﬁpat ite resin

aveWFartl cl'es of any

In a”h'fsé

Sl ze such

Rer ;QfEEf‘Pré‘?dr gt Beberapewic, MeiRY ig &edivadcfrom TACI. TACI is

as 20, 40 or 80 pm

JrAEFBIMRRRIN £ACIT SEQNDAGHTY wiich ddREEpETII8 S0 ﬁ@Vdn'ﬂSo ana Isgguede

40 pm" A hydroxyapatite resin that

of OP'F‘QB fd-leggth J; ﬁ@[b recgptop falsozPwisraropeniey,
ris&s %V:%Ilhtﬁ‘@ |p8rt|BH dgrrAd epl’é@éf&bl?d@ﬂ@f f8Cthe

tﬁé}bb’é'ﬂ'l‘lc%&ﬂﬁréa
r oX apat Ite
erdomaineot AR H g

articul arl
148961 e |p§,ef%{ably the

'S

Yr &if s%?J ote@yeq sihgfiapeigtiq ymoiety

do%ﬂ@éis &Medsh Smmbddmtdﬂﬁ SVE@SID“NO‘ 2 %nd}M brlﬂ%tacﬂfsef()' t8Ud4

[ution or di ysis into an

06§f5f3\e'|9 NQoAdP ﬁ'gor?fé’"Bﬁ’ éf"@P@iB]e?t é'?PrT
such as 6.6, 6.7, 6.8,

to 7.5,
7.4, and preferably 7.0.
enbodi nent, the elution in st
presence of sodi um phosphate
preferably ranging from2.75
3 325 3.5, 375 4, 4.25,

P T PR I <

L .-J- ot e

ap Xrlate oadi n
%'oeWaﬁe'Maf aomﬂndﬂcledeﬁ in

6.9, 7.1, 7.2, 7.3, or

In a further preferred
ep (d) is carried out in the
ranging from2 to 10 mM
5to0 5.25 mM such as e.g. at
4,5, 4.75, 5 In yet

2 . 1 . .4 L - Y [ I\
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21 If the protein purified according to the
process of the invention is intended for adm nistration
to humans, it is advantageous;to include one or nore
steps of virus renoval in the process. Preferably, a
virus renoval filtration step is carried out after step

tﬁ@iherd\z%hf?c Bb%f)ﬁééi‘:ghﬁ’ng folke Mk/éMﬁ)nrc%mbY%s &‘ dohé@i brUMiRd §Ads 1
is a nanofiltration step where has a

tadRP REPERJIPENGi 2 er 6*!""2@‘%8 rie 1@6t0|ﬁ§§00'10 'NﬁeZp?fe%@ﬂ@ acids 30

tb nMeNdfi g 1BNGOI B BakhintUAGds 56 9% 10 X SEEID N 21 Al of those
onbi nation with nanofiltration effici entlﬁ elimnates

twrae@t'pda@etl%s arecyRfsrisd oL g prepgratien) o theo he-fusianeprotsin i, be
puRfieP WYt th&Smiethoddef the inventidh @hdesret ébrﬁaﬁéd Iv&.w &leSternﬁﬂa.es
or transport, for instance, the materi al may be frozen

d&ﬁ@r'heﬁam@ataﬁ@#)ev% agfdn prrtigeleewita AY Fﬁum'ﬂyco&mpaﬁmstoeéﬁowstmg

df BEQ VRO BOR highlorbRrras FRrGRAE Srowdid 1 5&1&umée$@aécordance with
i nvention, the reconbi nant Fc-containin rot ei n may

the GrreEH invigntRRk ﬁ?WBFﬂfieé ExRNESE 6h Sﬁ%ﬂ% =11 hefli’é’d?‘éé’gt the

ﬂo%gggotm@rofgg@'r@j Nenz. ceI l's, resul ting in gI ycosyl at ed
Fc- cont ai ni nﬁl protein accordance with the

pres &1PNCe. Al s rtighn P’eifﬁt"quthﬁb@? Fﬁrfé$'@'ﬂ PEYEip &0@‘?}3?5@3% pplyeeptide
seeatfainni ng protein in mammalian cells such as ani nal
cell lines, or in human cell lines. 15 Chi nese hanster

ovary cePl sa”Q irpefide P4 {HE0 ARFRE h‘Pelzoma cell line NSO are

exanpl es hofangib heibis Ne® 1dMR4f @ IPROE peul arly suitable for
expression of the Fc-containi iltgrotel n to be purified.

The Fc- c6nt3NAP AGIDAHE%] G ¥k HOpfef erably be produced

i N humandcedrhind k&GS 30 /¢10 FSER B NOhg; human fi brosar coma
HT1080 cell_1line the human reti nobl astoma cell |ine

PERCS, of- t32 HAN&h Senbryoni ¢ kidney cel | line 293, or a
per manent. eqm Aicyue cell |ine as described e.g. |n EP 1
230 354 . I'f the Fc- containing protein to b

puri fieddi £ AQHERELE) BFofiema .aanp%mw@og%%rfétbﬂﬂ'@mst to the

the starti ngniphingdritadf SEQL IT® WO i5f bE @ 0PIV RINESEHRHNAT striRgent
invention is cell culture supernatant, also called

harvest or ©PAHeH3Pdest. If the cells are cultured in a

medi um cantamndieftCofainl BR{c) S@Y, Y&, of MEn=Rigl at fddlst 80 % or 85 % or 90
super nat ant_ al so_contai ns._serum 25pr ot ei ns

Pref er abl y, %10he® BeSRBRDSE HERYY 5158 QPWP%%H%@Z‘?) r{&n?é??cpr U

secr Q\IHeF@l tel do@p@ﬁﬁjemiﬂmdsub%dle@atdﬁfe (ﬁ@lyztrﬁrfNPEE@L c_ondl tions.
The Fc co a|n|n roteln may al so ge produced in

chem ’&ﬁ?‘f ?rBEﬁSGHH inyentipp,; tae Fgcantainng ptgin 'ﬁr‘?(jblected
GL Gy @Jch@riget &lﬁorﬁaltbgifapﬁﬁtri SdePloaes®, Bécrb&ie, bn¥RfihberrdeSFc-

serumfr culture er pat t hat | nly contains
ety pieferasgaestion o 48 YBra0at ' kor6e o piidin eanteaiton.
o@h@r@ﬂt&@‘aﬁl@ldsbm@dd %cul ture nedium such as insulin,

for e praotein il eelmna d during the
bor i THE e Eecabeesdiqe Fosmosy or binaloiag; F ods Used
heremtie nseny il encmetaagl patt- dmm abra;bn@mfgopreterh td B@bur&ﬂeﬂ in
rel ased ltBntE?t he c Itur nat |ther

e ?’éﬁe 4 R:S%iﬁ’ﬁ d'é" '°’f hﬂ é""? rOHb 'é% V“'S'f’"?ﬁﬁ%b“""
cofstamndchdih agd@h@ihgmmlﬁ doﬁ@dsm@bomplefeemﬂbérydoanams Thus, if the

FRGT RS PR s RERS B rdatptyfy b dPmaher pe Farsioss ot

mhaumggmﬁcauit @brtiohs K Pieegsiable EyrsditiNIUBedc-Sumtdinifg peot@in is an
t he bovine or human G owt h Hornone signal peptide, or the
i mmunogl obul i n signal peptide. As nentioned above,
a preferred Fc-containing protein to be purified in
accordance with the present invention is a fusion protein
having a therapeutic noiety derived fromhuman TACI (SEQ
ID NG 2), and in particular a fragnent derived fromits
10 extracel lul ar domain (am no aci ds 1to 165 of SEQID

N 17~ ~\ N I < | N R T i P L D rayal T
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20 global alignnment), that is particularly suitable for
sequences of the sanme or very simlar |ength, or over
shorter, defined Iengths (sojcalled local alignnent),
that is nore suitable for sequences of unequal | ength.
Met hods for conparing the identity and honol ogy of two or

HEGUS o PRIEA Q?e% B §oed8lot cEAWRighRichit®orichs of theShdr@peutic moiety
i nstance, prograns available in the Wsconsin Sequence

@@%ﬁﬁlﬁiﬁ&q"sprp adgee Foanay 9@ oentaip gipers Qfhe lgst higpe, CH2 and
Gr9B4dmaher whikR M Gl h%lar&gmﬁa t§%§t 'cgntaﬁkq't &iPof Mer@ﬁeutlc

used to determine the A identit ween
rmwty r%W'@BT‘QQ@&’"'&HG"Q%d%‘?'&%rﬁqcf‘?Saﬁrﬂj “B‘ﬁEC Wﬁd%l'%@?“e’ated

b?eda%iﬂrblééw?@cﬂ Wﬁ’ftdaﬂﬁ &ﬂ&ﬂ?ﬁﬁéﬁé?h&c—% felsd thieS0, 18B€90, 95, 98

| 'ocal ? gorithmo and Wat erman (1981)
oAy ¥4 Abiet - ftﬂ%*t Vér'% gomaii Yntherargitis Mmefaty ?r%@ﬂ\/\}é‘eﬁ‘e Fe-
donRirkRaMeRFES. Other 30 programs for deternning
identity and/or simlarity between sequences are also
knowManemefe dgiied fosp th%fﬁm@ytrﬂ@v BISADE FQIFINgd &y the free Fc

TRICRET. A8 ubdirb68at Bk FRtmaA still E88@in LhiBBEYf amifo iE(t,ld Adsidues

1997, accessible through the hone page of the
fwmdbﬁ”aﬂ?qﬂcﬂ?%e@&?)thealgd’qﬂi&@¢ﬂ°(ﬂaé§r 8¢ W RI- <1@9t9)ffty oppne
t&mlerﬁylfd? Jnuttgitdh, I%P%f]@"t@mé/ am@D RidsEaHERE Br Mo ﬁﬁ@lé‘@nﬁﬁd H8ds,

sufficient lﬁ dupl i cative of  that of sTACI or TAC -
belppgingdo thg t %f@@e‘étl%%?'%%of &?’I‘%,b'es‘i"?ﬁ‘q'%erst'l' f@ﬁﬂé‘) e d’r'ﬂ@fety

act i viink Yafish éxchbSéHombtogiphy Ra)Be c%rrférd dht ofr@hy lsﬁ‘iﬁatbﬂ,ﬂ@&lon
one activity of TACI is its capabilit binding to Bly

SFFNIRORIESIT HRHTD IS t679- ek O St’?%@t'onﬁ"c%@?ﬂf’%és ExRidined é'P(?Ye in

the Baskghdipator e IaleriBRI L or Blys binding activity, it can
be considered to have substantially simlar activity to

TACI Prefriadly. ithe Cafionex&280¢ yoneRmalprepiun i gaiind quirason strong

calir |eﬁ§hdn§etr6§naMoréMbﬁ$f5kﬁblyamé ghtiPNexBhbRGd nitAsrial comprlses a
substantially the sane activity as a protein of SEQ

oFRss-lipkest m&’“@;‘iryll?é%ﬁg’dﬁ'led MEUt $9e SeupErA ﬁ%'H{“Qt (?OHH“e’F"P@f %‘ﬁ"@@e

@Béﬂﬂ@%aﬁﬁrFrﬁbtb@éleMD BCQC(%W&Q:E) Watnrbxbh@lepdf%s@ﬁ%n exchange
i nvention ar are known conservati ve'

regip &t tslﬂqrt&ﬁ'?”yéﬂ'lt%béq’ '\r/‘é““? G@t%Oﬁ@eﬁ?ﬁ?“Eﬁ‘BﬁloPt uti ons of
STAClPréTéra_BI@Clthé:GdeTBis/ cbﬁl@b@lﬁtﬁl %Mmﬁﬁédﬁ@llﬁe eFTZﬂ-d(bﬂtaﬁfﬁrhgjf|‘e)rote|n is

wthin a ou ich have sufficiently

lodedt %B&ﬁg‘?ﬂ @g’hafﬂﬁ%fﬁe'f‘ﬁt aPh oAt 'eeab@ﬁ Lt'lftqe&’f" E‘@t‘%@&‘?t”c point
(PBBb&ii¢Fefusidhgraerup will preserve the biol ogical

func |on of the nol ecul e éGrantha 1974 It 1s cl

r
t hat "7 ASEFEIEHEMBREMFSE D¢ AL LEXCHANFOES 'aé"’%?ﬁﬁ éﬁ"goa pfer
haRiAg al damtnhtauvasb@r\@todwfmsedm arkbat$gfHIeMB:8 % We! hout al tering

their_f t|on particularly if th erti r
o TG e 0y o BPVE Sconeletivh HES 4 acb 200 6% Aep.7. 6.2,
adi7 tzyr, undes, 1aens yz.607.7p7.6f roab) 8’1,UBQ§JB 3t e, 8¥)8.618. Mats,

e Reb o Voot FedPoh. SEpro LGS e cci duce.

Pr ot @idis pedicrabiyt BlensdnpuQNINE Ethgby fivkicNedeloed, iiens.4and/goms/cm.

ser on cone thin th rview of th r n
BB B AL PTIo] B! Egh SR OIS CORA Bep b areferadly
fgho@psoame those defined in Table 2. Mre preferably, t he

syno no o.acid e le
athergbeer e B QP R byt Siird Cabic Gro gt o
685666 loos ©.8lefd, max 7in 7 bablag74, orTABLE 2 25Pr eferred G oups
of Synonynous Ami no Aci ds Anmi no Aci dSynonynous G oup
SerSer, Thr, Ay, Asn ArgArg, dn, Lys, GQu, H's Leulle,
Phe, Tyr, Met, Val, Leu 30Prody, Ala, Thr, Pro ThrPro,
Ser, Ala, Ay, Hs, Gn, Thr Alady, Thr, Pro, Ala
Val Met, Tyr, Phe, Ile, Leu, Val G@yAla, Thr, Pro, Ser,
Gy 3511 ewet, Tyr, Phe, Val, Leu, Ile PheTrp, Met, Tyr,
Ile, Val, Leu, Phe TyrTrp, l\/bt Phe Ile, Val, Leu, Tyr

Y = YUY o YR — 7~ . ~ e 11" o~ . 1 g



10

15

20

25

30

SAspd u, Asn, Asp d uAsp, Lys, Asn, Gn, H's, Arg, Qu
Met Phe, He, Val, Leu, Met TipTrp 10TABLE 3 More
Preferred G oups of Synonyrm&rs Am no Aci ds Am no
Aci dSynonynous G oup Ser Ser gHi s, Lys, Arg 15Leuleu,
He, Phe, Met ProAla, Pro ThrThr Al aPro, Ala Val val, Mt,

e 206 tifghet rbf%h'@d eMHodeé?ﬁ thya\!rashiﬁﬁ%tgﬂ‘%'\@érned-rb!ut’ in |'éebuffer
Leu, Phe Tyr Ser H sHi's,

_Phe 93?( CysCys, Gn, Ag
caMRasing oG 14q g)r fRRYp70 ,t%ﬂ?)Q_y@gspspremr@bIMﬁAgpQS,\mM sodium

: | 751 3
R Snn ol 8 01 5 TS 0

TAei H8y AdayP8udBBeb Urp AGLeuleu, He, Met

Pr oPri©a FiHhERpreferred embodiment, the cation exchange column is eluted at a pH
ranging from 7.0 to 8.5, preferably 7.25 or 7.3 or 7.35 or 7.4 or 7.45 or 7.5 or 7.55 or
76o0r7650r7.70r7.750r7.8 0r7.850r7.90r7.95 or 8.0 or 8.050r 8.1 or 8.15 or
8.2 0or8.25 0r 8.3 or 8.35 or 8.4 or 8.45 or 8.5.
Elution may preferably be carried out at a conductivity ranging from 15 to 22
mS/cm. For instance, the conductivity may be selected from 15, 16, 17, 18, 19, 20, 21,
or 22 mS/cm.
A preferred buffer for elution is a phosphate buffer.
In accordance with the present invention, cation exchange chromatography can
preferably be used for elimination or reduction of free Fc in the range of 5 to 15 fold.
Thus, a reduction of the concentration of free Fc in the Fc-containing protein
comprising fluid, preparation or composition to less than 20 % or less than 15 % or less
than 10 % or less than 5 % or less than 2 % or less than 1 % or less than 0.8 % or less
than 0.5 % or less than 0.3 % or less than 0.2 % or less than 0.1 % of the total protein
concentration can be achieved.
In a preferred embodiment, the cation exchange chromatography may be used
in a purification method having one or more additional steps, preferably selected from
affinity chromatography, anion exchange chromatography and hydroxyapatite
chromatography.
In a highly preferred embodiment, the method of the invention is used as a
second step of a purification scheme of an Fc-containing protein comprising the
following steps:
a. Subjecting a fluid comprising said Fc-containing protein to Protein A or
Protein G or Protein L affinity chromatography;

b. Subjecting the eluate of step (a) to Cation exchange chromatography;
Subjecting the eluate of step (b) to Anion exchange chromatography;

d. Subjecting the flow-through of step (c) to Hydroxyapatite chromatography

and collecting the eluate to obtain purified Fc-containing protein.
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Al aAl a Val val 45Gydy llelle, Met, Leu PhePhe TyrTyr 26
CysCys, Ser HisH s GnGn AsnAsn 5LysLys AspAsp G ud u
Met Met, He, Leu TipMet 10 18 A functional derivative
may be prepared from an Fc-fusion protein purified in
accordance with the present invention. "Functional

der i YRlbMSR8ancBSwitS Bfd HIEE&H InvePUE, éjﬁmHV&Hle?ﬁ%oafn Hl@ontalnlng
Fc- cont ai ni ng pr otein to be purl I N accordance Wt

Aroteings diss SLbiPpied e iPoRieinvh Ot RTateip Ger Prapiarleer Progn f¥e affinity

chrgdtb Qaathy. @mem M\év ﬁ:’éfé?&dlyl be @éu SR méénﬁlh@'gn§o|961||zteh%eus
resi dues or C-term nal ar OUE [q nmeans known

mere trReferbly, cearrdl'tar@esqpﬁmatﬁ% dThentef'H ecs! %}rpeasatqlrﬁ ngsased

HeR&Y, fefiIRit) PRRUAREC fUWheR! defls 3F€ RDk@BH Bindi in® whidgYorék@ingdre
destroy the activity of the protein which is

S§9’I§§Qda‘?fPY'ﬂ¢q ey |°ﬁi“?¥§.‘ra&%°&”ﬁ¥§ dvlpy piggaly rsorqeded, pigalirepides. It

iSereardRinat e I-&drRhifing prélehi dxBrbsaing \Rils a.rédcniﬂreraomno%paénh-
toxi ¢ properties _on conpositions containing it

fregreiiiere GRaditionsy iThasi Drederahly.afereel eutusg r’ﬁuﬁﬁmﬁpﬁf & Hexqid of

irBal-sBRING QRIHWARcBRpbARO| MBBY Brefdtafly dife EQI ICORIEViIRedi® is a
properties of the protein, such as 'he stability,

CﬁS!“fC-al'Bf fefinegimedipat-| ability, tol erance by the hunan body,

or i mmdrmeRm Al by A/G Q)rELCbé,eQiV@r iy §ﬁ|ﬂi%abhroﬁ1|éﬁ)graphy may e.g. be
Fc cont al n| ng %Eote n g?afy be |inked e. g yet hyl ene

"graesnant PEGRY asedyA medited iRedfdeido dapiove SB[ﬁPeBS‘?SKWSGQ in
t@?éﬁd%alléﬁeﬁ@%@@& SURANRoMFS8RO avdilable AT L HealRare). In a

Functional derivatives may al so, for exanple, include
PARTEpprAtEMPodENRsY s StEP (@hdS d‘é‘f'!%‘x?Pt gf oligssin oNpsising  croggslinked

a@ard@@wéd.f&rdw.ﬂﬁé@wmbnaﬁtt Pn@iblrW'At A NI cmBlerciily avBildoTenyder
or secondary am nes, N-acyl derivatives of free am no

b Bepe Mapselket XifA (ramaek a*e.ag@qaa%)ég ap Gxareeiewl o adipffy resin thatis

amlcatangegu.(awegforabbwqyltheqsregaﬂmml ic aroyl groups) or
0- ac derivatives of free h dro%P/ groug for exanp
§§)h f

t hat y%‘? Fetein A 8F Gt ey 6h Y3675 I ise agéwapture

otap, e shus serves foh @nﬁdsat.bﬁ 66 BRC tFc-doR@irinYy @RétEAN i edricSar
toagroteln purifi by the process of purification

Py tost Ael M’i‘?f%‘ﬁ?l%’?\d ﬁCrPOt"Ff’é“"f‘Q)IFP’B h§99&gelgs. and for

dBh&drdiabion &f tAé $6-ceAtaingfd pretein dregtatii cont ai ni ng pr ot e| n
Such Tpurl fied Fc- cont ai ni n%SFr otein is preferably

pur i fiNEdETL -A98FRIAISRI 7§ USEP NBtad /s MERRHPYeTBLIa FPFPE’H‘ 399 eg tes,

a‘ﬁa e‘nusmp@ssag @iutinfers $sudRtagrdithée dte&al@ersbdf Higher praes ag@@gzﬁés)&)f
n a silver- f5t ai ned, non-reduced SDS é(?eught

t%ﬁ f gPOPt@Q&ﬂgn'JOEﬂ'" % B @rrfisdand, ey Fosullegntt ygh 2"9#%“@"3;5

dggreateBuri fied Fc-fusion protein may al so be defined as

Fe- cREaT T SR ORB9 PRt LpAIA [EHeLBIrIER T ioAin, ooregate

|M95yzfu4mu_process of the invention may cont al n | ess

than 20 % Lmpurities, ef er gpl. ess tha 59
S S0 Tin PRI o B ordlb T e eatogt Aot Badu el brotdin
leergey B tatduced By 10®iomofiolee from any det ect abl e

r ot naceous co m na cont am det
P o T Hesteer SOPAMMEAr SiRe naiey, Mayaicha Sl etfied out
a‘:llb(pl'-Eranglng from P81d &isepreferatsip romi 30 BRY4.RI @b frefeabldat 3.5, 3.55,

afgfﬁefﬁhd&% O{%H}}egﬁ#&]%&ﬁié)nﬁgﬁp?ﬁt Iﬁﬁ# 1?{'ggeoglution in step (a)

i Slenbécartieg optrvathed pH igRadaahi piéfatalyedgraientliorp aHi4€mtos2.81 t
is preferably adm ni stered system cally, and preferably
subcut aneously or intramuscularly, or topically, i.e.
locally. Rectal or intrathecal adm nistration may al so be
sui tabl e, depending on the specific nedical use of
purified Fc-containing protein.
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For this purpose, in a preferred enmbodinent of the
present invention, the purified Fc-containing protein may
be formul ated into pharmaceutd cal conposition, i.e.
15together with a pharnaceutically acceptable carrier,

ex0| pients or the |ike. The definition of

phan,qrtg,c&,%é,c e'féfre%c&ﬁ%(ﬁr%ﬁ tHeSelﬁﬁé’rmn 51%?9(8 ATPSAEd %UV in a
carrier, whi does not interfere with i veness of

buffer ﬁ?'%t% fr@gq sogium aretateopr $adiuna citiatee JuitgbleuEat cefivgnirations
dré e JOelbQd f?orh &0t 0P984 mivPorMYoGHMI dr 208 Nl B} PHO0Sher ed.  For

exanple, for parenteral admnistration, the active

pr ot &1 r@€§9fdﬁ'ﬁ§? wih toe migsenk énventiop. Jhe lupia A9 ther Rroteip A or

Hrtein| Gl Erdtein A/8 afqitbfélrﬁ@ cRrYRAtRFaptlié Q@oje&é‘d(td @#8n exchange
solution, serum al bumi n and R nger's sol ution. The

cheamajeoraplys aapieised 4okl 39¥emaceut i cal conposi ti on

acc0rntéfegabtyomet&uét@tsembIcgﬁorcés&hbﬁgr@élmmmberpﬁ? il0ofdlep (b), is
i ndi vidual 'in a variety of '86%? he routes o

didier fir sdiglygadointq ﬁ'&la@ﬂ@pf'ﬁ‘@r sreenffer befpediopding it en ¢he apion
et toRAFE The raMbhadcRAIe: coldmn IsBISAPMEFEHIRE quilibrated with the

i ntraperitoneal, intravenous, subcutaneous, oral,
936Ny 8AI al , epidural, topical, rectal, and intranasal

rout @Spref%ﬂﬁéd ‘bi—h@f thb@oﬁ@%ﬂﬂ’eﬁ@'dnlé tﬁftfbe@@Qh@ Be Sfuﬂblﬂil@ pPvaaIues
adm nistrati on can be absor

roRATT SO P P alpraBly TORBOOHE Biar o 1 05008 B By abhd-25. 7.3

tderrapy dherzimea 7N gplzec ul 75, ers: 9H5Ng 9 hresaek BYe Agdeftred
i s adninjstered to the patient gQ via a_vector), which

copducivitt iRethgdegding *&{f@ﬁts I gwedgng%gf i £84e¥(And secr et ed

i N ViAkOapprépra€tdé duiiatidnNeadiiPb&ien ($ay &§CHE ebm&ntﬂlot:ﬁete at a
i nventi on can be adn ni st ered tgtget her with oth

COBFRIVRERR JavdingiEANd R dal $3 Brefaratdly dgsmt ) daucH é%M The buffer

d@h@érﬂﬁﬁﬁ@rWrﬁafyaé by bacseqs, ¥, @os wef egtramt $n tl$é<$rlaﬁieebﬁ the present
carriers, diluents and vehi ci es.

BT ea OB grouph: (Rl S ruEbuY, e anion exchange

dhf&ﬁﬁ@tﬁw 8brhpiditiy Ak Felodhiafihg proriréitintéRsPiPbdhdédibctean
be fornmul ated as a sol ution, suspension, enulsion or

| yopliteR Fa@T fRsupteinof pf dass BupaltondHtgrRAuCes AgomRaaiast 3 taPifg)d

a&@%@ﬁ@h'p@ot@iﬁﬁ@ﬂ‘t&?@fold/ehl cle (e.g. water, saline,
dextrose sol uti on? and additives that mai nt ain

i sot dhi qGCPNaee gvith &Gy igRenb|ifvestion hHig dqy-theygh |ft {pe anion
ekehdhgep bm@ﬁfattfgfrapr@s oarute;b Utf g sthen Theedf @rmpdredet Opmrmt;at.on by

st erilize comonl y e]d t echni_ques.

A 'é’?‘)é%Pé’U‘ﬁ ErHF\;WtOqupQXt Qe hydrgryaPat freﬁ'ﬂemakétbf’v‘ésed %o carry out
SRIPO(dR b8 ethddl adasrdmgfty e in@dhtioh. IMaMNeférEd amoe@iment, step (d) is
in_cludin the type of Fc-containing protein, eg(sjfinitg
Bt B AR LN O E ooy SUE G PitgRs br tyteel Pispndpptie
ré‘@iﬁn THeSHydRtix Ssbtitd REINGhay Wl pafiR@i If bRy sivé shidttaslERa #BY um.

"therapeutically effective anobunt” 1s such that when
"&érﬁ Fhhsprefesigd Wd%ﬁf‘ﬁpﬁraﬁ@c PrdsewpRatie sgain compyises particles
Haofﬂb ki didO8F f urh 14 hifdrg%gaﬂe réé"r?thbh%ﬁ%ﬂﬁ:ﬂfa’rl? SORALRE hr Siep (MBof

Fcf usi on proteln as expl ai ned above and referrin

tea preisent imethgd {02 Talyme ®nHpRsvially Fyedablesader themarlestdF égramic
| e doses, to an individual will vary

@@'r&ég@éﬁ@? ﬁyé)éju%(?th@ variety of factors, including

phar heakéfaeed emprdipent, ites flos-throegiFeom sstam(cp fsodiesictly logHed on

trat t

tﬁf%?@rg{?}e Iﬁglt%‘l Hgéuﬁ ( L(gx\lv?rgbéjte Bﬂ%\ogjg dnﬁf?&ﬂbF H%%\satﬁﬁk an ggs)roprlate

extent of synptons, concurrent treatnents, frequency of

treatnment and the effect desi red. Adjustnent and

mani pul ati on of established dosage ranges are well within

the ability of those skilled in the art, as well as in

vitro 20 and in vivo nethods of determi ning the

i nhi b|t| on of the natural Ilgand of the t herapeutic

PR L L I . . | ™ . R T .
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The foregoi ng description of the specific enbodi nents
will so fully reveal the general nature of the invention
that others can, by applying,know edge within the skill
of the art 30 (| ncl udi ng the contents of the references
cited herein), readily nodify and/or adapt for various

IGRING GHek Abagitghs §R#é‘rb$l%l CaRiRE Q?@Pﬁ of W5 3O, éﬂleﬁ“é§6 6, 6.7,
experinentati on, w thout departing fromthe general

%@&aﬁﬂ 12, /1% Op7 ds @it PERfaUNY 7On. Therefore, such

adaptatyl fQﬂﬁer%’ereFFB&"eﬂﬂb%ﬁﬁé?iﬂsthéféﬁjtioﬂtuﬁ%%%d(gg% Q@mé\& 'bl]! A the
the nmeaning a range of equival ents of di scl osed

PEPRSOEF REPANUM FAS aganrapal@g freachithd0 ané ryefeerbhc@ngingdiont 2d°

tasrz@uﬁm édchla&:», d@ 08, wglemtswl 4t hat 4 bey phrsaseol ogy or
tern1no ah‘K{rtaereln IS for the pur pose Of escrlptlon and

not OF Yt £ pigferedamhodipent Hge edfian r'fbﬁ*@@y(d)o'ﬁ carried out at a

oM YaRSIRE FeaYe.0to 7. bee Br &eNts. SRt icl4, 63, 6@ 6'75 6lg0ehe
interpreted by the skilled artisan in |1 of the

t eacl‘1n e then PrefarredrftrPosineain £REOMdR eiten g@i i ERBH rattiipnthe

I !
R g R

OSERk . BREE 7T0HOBCERD. (SUSERNMTARS Preferabbsatdl Wsed in al |
Exanmph egcordBindee dith Othe e e iktNES ethdaBBAR! of 4RI Mydroxyapatite

DSP: Downst r eam Process EDTA: Et hyl ene Di am ne Tetraacetic
CREQPIQBERYSAS ERU§SiRd LEoIERInIng n%n&%Wb@H"ﬂfeﬂsgﬁg?O"ta'"'"g protein
SRl oxyapat ite Chromatography HCP: Host Cell Protein

HPLC: Hi gb Performance Liquid Chronatography id:internal
di amsyia Igglp@t%pgg%qa!ﬁnl RDCHTIE,Makgriglsyfor the chromatographic resins

2 aRhthAse inConfédioNaith Qs Prasdiaisvehash
JXE%%E a?tgngz?id(dzotédet e?%hﬁ(gg ng:g- SE- II(EIPLclg Pr O?GI n A ey

- 7 PSEXBIAIRTo N (SAP O r FUPRRARe H94aNd (B9RNGARY0gPApRIPPYIENe.

rﬁ’élﬂéd@ﬂétbf‘ceﬂlﬂéseﬁbbI%t?ﬂén@@vﬁ@}/l@ér&@nm ke SOETicRAQRAterials may
n‘g%ature SDS- PAGE; Sodi um Dodecég Sul phat e

f (P difRreRE cress-liBkedt IrBpSPERS @Etmpec'ﬁ? Y&€-Excl usi on
Hi gh TRenbRinBIaAe kédiithe ERGBNBHOPERABRY of Bk cbiunTie gy addd, @s

TMAC: Tet ra- Met hyl Ammoni um Chl ori de UV: U tra- Vi ol et

well as the dynamic capacity and flow-rate depend on several parameters such as the
volume of fluid to be treated, concentration of protein in the fluid to be subjected to the
process of the invention, etc. Determination of these parameters for each step is well
within the average skills of the person skilled in the art.

In a preferred embodiment of the present purification process, one or more
ultrafiltration steps are performed. Ultrafiltration is useful for removal of small organic
molecules and salts in the eluates resulting from previous chromatrographic steps, to
equilibrate the Fc-containing protein in the bulk buffer, or to concentrate the Fc-
containing protein to the desired concentration. Such ultrafiltration may e.g. be
performed on ultrafiliration membranes, with pore sizes allowing the removal of
components having molecular weights below 5, 10, 15, 20, 25, 30 or more kDa.

Preferably, ultrafiltration is carried out between steps (b) and (c), and/or after
step (d). More preferably, two ultrafiliration steps are carried out, one between steps (b)

and (c) and one after step (d).
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WFI : Wat er For | njection 5WROMter Reverse OGsnosis Exanpl e
1: Capture Step: Affinity purification on Protein A
Starting material was clarified harvest of a TAC -Fc
expressing CHO cell clone 10cul tured under serumfree
conditions and stored frozen until use. The Capture Step
0n_a MR SRbER!puNEA TG AhYT tdTBrobal SeTichioPRfAENd for
was carried out according to th | owi ng protocol, on a
adaninisiAtina Ve Aymanpeld i edytagsious t° mcimi@npnmpr ”l%‘érséﬁpisdﬁswus

réﬁb@al ﬁﬁftﬁé’[i%'ééssatmé@%)l QMRRKaLHOGal RKARRIstEP s éd?ﬁ‘ed Qé‘tdafter
sol ution kept at a tenperature bel ow 1

stepe(dAMaE grigferagty. ﬁw'rﬁﬁqrmqul dtrations gtep & A inenofiiration step where

tHd Aites Plal BhoRSal BRI dikes SR OMn. h’h@tmétﬁ&ﬁbf tﬁ@}{ré%tamqnaéwt.aﬁ eéridQn
acid + 20% ethanol in reverse flow at

PREECURE sispede)s (. (¢) quﬂmb'm%thgtaeaf Hiration eﬁ'wy@ammstls
w@ﬁtb%dcowrtbdaiw &@gSifedaa\én%anow t%rab'oUt {eiersse flow at

250cm h. Equilibration he col untm was
equi I wFdar & fafititateaptoraggser BaNEPeft. EEdﬂﬁt%‘iﬁ dhe M%rﬁﬁﬂdﬂ‘y he
fred® ARMHdd/El btdfe Ond/bmdrtdr aRy B%%bild/d §t¥p 8Nfle MyeRfgramet er s

are within specified ran% conductivity 18
2 nﬁl'%ﬁ?(’qrq?”&%\)ﬁ'lthfth%weé?" 4'5‘(?(9H?’h th%(%’@&'bmﬁ@t Fc-containipg @rotein

) me%cé@we&kwlgbhc cd@FdskiofdsenveStudre Rt pdas® insect, or

terrperature bel ow 15C to a capacity of up to 15ng total
matenalign cgls, d@%tms]'%eucw'aﬁda%?@t%@@aw%@ns m of packed
resi iin gécorddnc®Withah® pkedIREMith, it i8 08 plidedRo exprdds bhe Fe-

the colum with at | east 2BV of equilibration buf?er at.
C8BBEYRGPOIREhINneRMatian erllssualizgs anims Gell inssadh iBupianicst lines.

dHititise IhakhRer dVa§i GNRICHES) SraBK nfudin® aseldnitEdeliaie NEdCarE Rixamples

Elution 5The material was eluted with different el ution
ohGel dnes that ARRARIGUIRTY sHitable foriexprespigny of HieeF Geordaiping prgtein to
bEh;ﬁerbéll ate ﬁé—@@ﬁthnﬂﬂg%@teﬁ%drﬁ&é@grefférﬁﬂl}/i’deafﬁrbd&fedw heih@Radell

i ncrease to 00. 5BV of el ution te was i ncubated
lings. syclhgdif-atherygran: ersercoma i1 B0 Lep ling, dngyrman retigeraxieya
Y ImddPEREH, @f tﬁétﬁumnaéhﬂr@ﬁicukldﬁéy ceff liRecEBSaArYa danent
t hen t he H was adjusted to by addition of 32%

Wyt:?(ﬁedt"f‘%ﬁs degnRRge A& Btk ﬂ 230 354 The col um was

r egenethat E&cémtélhmgt prbt%ﬁﬁto B8\buafied vk iasddd+oyl Md}ﬁﬁéhahncells
reverse fl ow at stoglftheflowfor 15m n t hen

Seerelng tfquétartfnsmmateﬂabefcm rficatign progess e inuentiontip el
duNursi gipainatamt, RasKcdlied hapeki Biegruddhanesthifshs tEIR, ark RAItured in a

coI um was r\%gerat d in reverse flow node. 15WAsh step The
RAY R FORENIRG SR RPEUN- e | @& sGUlty i8S FeTRNtaRIdt cgptains serum
ﬁ&@ﬁgﬁaqu,ﬁﬁmegl sation The col unmm was santitised

wth _at, | V of sanitisation huffer at 250cp h, the
f1 ow &8 “&H’EC “SHERINBY QIREN FERIBSR LA DTEERP ﬁepgz‘éfﬁicHB‘l"ed

uwaéhsémﬁmee condition§h&h€ HclgBAtadisg PRBER Ay bRko e bﬂﬂ&&edlﬁaVa
then with at | ea

at 250cni h,
BRSOt o 1 casBomerteipmRIoRg I P caon Rsggss
o?ﬁi\é afve RRnRL srurdtire2 Sémnduture supernatant thatFrhalaly| dontdimehost cell
ol um was stored af <?r f1 ushi n st 3BV of 20%
pé?tﬁlgﬁ Gf ugpurﬂ@sz @E(?Wﬁ %@s EICY a{]&%&% the ceII cuI ure medium, such as
insulin, for example, these proteins will be eliminated during the purification process as

well.
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Table I: Results using different elution buffers 33 Run
# Elution buffer TACI-Fc yield (% Aggregates (% HCPs

(ppm r N CO "' 71- 50mM NaAc .7 47.7 30.3 5558 100mM
NaAc pH3.8 55.7 25.2 n/d 200mM NaAc pH3.8 58.0 28.2 n/d
100mM NaAc pH3.7 68 30.0 n/d 5 0.2M NaAc+150mM NaCl pH4

75. 113 ofePidcreate soluble, secreted Fc-containing protein, that are released into
the cell culture supernatant, either the natural signal peptide of the therapeutic moiety
of the Fc-containing protein is used, or preferably a heterologous signal peptide, i.e. a
signal peptide derived from another secreted protein being efficient in the particular
expression system used, such as e.g. the bovine or human Growth Hormone signal
peptide, or the immunoglobulin signal peptide.

As mentioned above, a preferred Fc-containing protein to be purified in
accordance with the present invention is a fusion protein having a therapeutic moiety
derived from human TACI (SEQ ID NO: 2), and in particular a fragment derived from its
extracellular domain (amino acids 1 to 165 of SEQ ID NO: 2). A preferred fragment
comprises amino acids 30 to 110 of SEQ ID NO: 2. In the following, therapeutic
moieties derived from the extracellular domain of TACI will be called "soluble TACI" or
"STACI". A preferred Fc-moiety comprises SEQ ID NO: 3, resulting in an Fc-fusion
protein according to SEQ ID NO: 4, in the following called "TACI-Fc". The term TACI-Fc,
as used herein, also encompasses muteins of TACI-Fc.

The term "muteins”, as used herein, refers to analogs of sTACI or TACI-Fc, in
which one or more of the amino acid residues of sTACI or TACI-Fc are replaced by
different amino acid residues, or are deleted, or one or more amino acid residues are
added to the original sequence of sTACI or TACI-Fc without changing considerably the
activity of the resulting products as compared with the original sTACI or TACI-Fc. These
muteins are prepared by known synthesis and/or by site-directed mutagenesis
techniques, or any other known technique suitable therefor.

Muteins in accordance with the present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to the complement of a DNA or
RNA, which encodes a sTACI or TACI-Fc according to any of SEQ ID NOs: 2 or 4
under stringent conditions. An example for a DNA sequence encoding a TACI-Fc is
SEQID NO: 7.

The term "stringent conditions" refers to hybridization and subsequent washing
conditions, which those of ordinary skill in the art conventionally refer to as "stringent".
See Ausubel et al., Current Protocols in Molecular Biology, supra, Interscience, N.Y.,
§8§6.3 and 6.4 (1987, 1992). Without limitation, examples of stringent conditions include
washing conditions 12-20°C below the calculated Tm of the hybrid under study in, e.g.,
2 x SSC and 0.5% SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x
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6 100mM NaAc pH3.7 84.6 22 3491 7 250nmM NaAc pH3.7 82.8

18.7 3318 8 100mM Na citrate pH3.7 79.2 8.8 4710 9 250nM
Na citrate pH3.7 71.9 23 2344,10 100mM Na citrate pH3.75
82.8 8.5 1576 11 100mM Na citrate pH3.75 66.6 9.0 664 12
100nmM NaAc pH3.85 83.3 15.0 n/d

SSC and 0.5% SDS at 37°C for 30-60 minutes and then, a 0.1 x SSC and 0.5% SDS at
68°C for 30-60 minutes. Those of ordinary skill in this art understand that stringency
conditions also depend on the length of the DNA sequences, oligonucleotide probes
(such as 10-40 bases) or mixed oligonucleotide probes. If mixed probes are used, it is
preferable to use tetramethyl ammonium chloride (TMAC) instead of SSC. See
Ausubel, supra.

In another embodiment, any such mutein has at least 50 %, at least 60 %, at
least 70 %, at least 75 %, at least 80%, at least 85 %, at least 90%, or at least 95 %
identity or homology thereto.

Identity reflects a relationship between two or more polypeptide sequences or
two or more polynucleotide sequences, determined by comparing the sequences. In
general, identity refers to an exact nucleotide to nucleotide or amino acid to amino acid
correspondence of the two polynucleotides or two polypeptide sequences, respectively,
over the length of the sequences being compared.

For sequences where there is not an exact correspondence, a "% identity" may
be determined. In general, the two sequences to be compared are aligned to give a
maximum correlation between the sequences. This may include inserting "gaps" in
either one or both sequences, to enhance the degree of alignment. A % identity may be
determined over the whole length of each of the sequences being compared (so-called
global alignment), that is particularly suitable for sequences of the same or very similar
length, or over shorter, defined lengths (so-called local alignment), that is more suitable
for sequences of unequal length.

Methods for comparing the identity and homology of two or more sequences are
well known in the art. Thus for instance, programs available in the Wisconsin Sequence
Analysis Package, version 9.1 (Devereux J et al., 1984), for example the programs
BESTFIT and GAP, may be used to determine the % identity between two
polynucleotides and the % identity and the % homology between two polypeptide
sequences. BESTFIT uses the "local homology" algorithm of Smith and Waterman
(1981) and finds the best single region of similarity between two sequences. Other
programs for determining identity and/or similarity between sequences are also known
in the art, for instance the BLAST family of programs (Altschul S F et al, 1990, Altschul
S F et al, 1997, accessible through the home page of the NCBI at
www.ncbi.nlm.nih.gov) and FASTA (Pearson W R, 1990).
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13 100mM Na citrate pH3.75 81.0 9.1 3490 14 100mM Na
citrate pH3.65 75.1 14.6 2580 14 100mM Na citrate pH3.75
44.7 18.4 3783 16 100mM Na c%{rate pH3.75 47.1 15.8 3217
17 100mM Na citrate pH3.75 50.7 9.4 2349 18 100mM Na
citrate pH3.75 58.0 10.4 2550 19 100mM Na citrate pH3.75

67.1 P@@ duck3 hitein preferably has a sequence of amino acids sufficiently
duplicative of that of sTACI or TACI-Fc, such as to have substantially similar ligand
binding activity as a protein of SEQ ID NO: 2 or 4. For instance, one activity of TACI is
its capability of binding to Blys or APRIL (Hymowitz et al., 2006). As long as the mutein
has substantial APRIL or Blys binding activity, it can be considered to have
substantially similar activity to TACI. Thus, it can be easily determined by the person
skilled in the art whether any given mutein has substantially the same activity as a
protein of SEQ ID NO: 2 or 4 by means of routine experimentation.

Preferred changes for muteins in accordance with the present invention are
what are known as "conservative" substitutions. Conservative amino acid substitutions
of sTACI or TACI-F¢, may include synonymous amino acids within a group which have
sufficiently similar physicochemical properties that substitution between members of the
group will preserve the biological function of the molecule (Grantham, 1974). It is clear
that insertions and deletions of amino acids may also be made in the above-defined
sequences without altering their function, particularly if the insertions or deletions only
involve a few amino acids, e.g., under thirty, under twenty, or preferably under ten, and
do not remove or displace amino acids which are critical to a functional conformation,
e.g., cysteine residues. Proteins and muteins produced by such deletions and/or
insertions come within the purview of the present invention.

Preferably, the conservative amino acid groups are those defined in Table 2.
More preferably, the synonymous amino acid groups are those defined in Table 3; and

most preferably the synonymous amino acid groups are those defined in Table 4.

TABLE 2
Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, GIn, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr

Cys Ser, Thr, Cys



20 100mMM Na citrate pH3.75 65.6 17.5 2353 21 100nM Na
citrate pH3.75 75.6 19.4 1807 22 100mM Na citrate pH3.75
57.1 20.7 2465 23 100nM Na ciirate pH3.75 51.9 18.4 2030
24 100mMM Na citrate pH3.75 58 11.5 1746 25 100nmM Na
citrate pH3.75 41.8 22.9 3029 26 100mM Na citrate pH3.9

39.4 6.0 224 Glu, Lys, GIn, Thr, Arg, His

GIn Glu, Lys, Asn, His, Thr, Arg, GIn
Asn GIn, Asp, Ser, Asn
Lys Glu, GIn, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, GIn, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
Trp Trp

TABLE 3

More Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala
Val Val, Met, lle
Gly Gly
lle lle, Met, Phe, Val, Leu
Phe Met, Tyr, lle, Leu, Phe
Tyr Phe, Tyr
Cys Cys, Ser
His His, GIn, Arg
GIn Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp

TABLE 4

Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg Arg
Leu Leu, lle, Met
Pro Pro
Thr Thr
Ala Ala
Val Val
Gly Gly
lle lle, Met, Leu
Phe Phe

Tyr Tyr
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27 100mMM Na citrate pH3.9 31.0 8.8 2936 28 100mM Na Ac
pH4.1 28.3 25.0 3311 29 100mM Na citrate pH3.9 46.4 9.1
n/d 30 100nM NaAc pH4.1 42.8,13.4 n/d 31 100nmM Na citrate
pH3. 75 57.5 26.5 n/d 32 100 NaAc pH4.2 38.1 10.1 n/d 33
100mM Na citrate pH3.9 43.3 8.3 2011

Cys Cys, Ser
His His

GIn GIn

Asn Asn

Lys Lys

Asp Asp

Glu Glu

Met Met, lle, Leu
Trp Met

A functional derivative may be prepared from an Fc-fusion protein purified in
accordance with the present invention. "Functional derivatives" as used herein cover
derivatives of the Fc-containing protein to be purified in accordance with the present
invention, which may be prepared from the functional groups which occur as side
chains on the residues or the N- or C-terminal groups, by means known in the art, and
are included in the invention as long as they remain pharmaceutically acceptable, i.e.
they do not destroy the activity of the protein which is substantially similar to the activity
of the unmodified Fc-containing protein as defined above, and do not confer toxic
properties on compositions containing it.

Functional derivatives of an Fc-containing protein can e.g. be conjugated to
polymers in order to improve the properties of the protein, such as the stability, half-life,
bioavailability, tolerance by the human body, or immunogenicity. To achieve this goal,
the Fc-containing protein may be linked e.g. to polyethylene glycol (PEG). PEGylation
may be carried out by known methods, described in WO 92/13095, for example.

Functional derivatives may also, for example, include aliphatic esters of the
carboxyl groups, amides of the carboxyl groups by reaction with ammonia or with
primary or secondary amines, N-acyl derivatives of free amino groups of the amino acid
residues formed with acyl moieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl
derivatives of free hydroxyl groups (for example that of seryl or threonyl residues)
formed with acyl moieties.

In a third aspect, the invention relates to a protein purified by the process of
purification according to the invention. In the following, such protein is also called
“purified Fc-containing protein”.

Such purified Fc-containing protein is preferably highly purified Fc-containing
protein. Highly purified Fc-fusion protein is determined e.g. by the presence of a single

band in a silver-stained, non-reduced SDS-PAGE-gel after loading of protein in the
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34 Run # Elution buffer TACI-Fc yield (% Aggregates (%
HCPs (ppm) 34 100mM Na citrate pH3.9 63.6 6.6 1749 35
100nM Na citrate pH3.9 65.7 7,3 1689 36 100nmM Na citrate
pH3.9 62.7 7.4 1609 37 100 Na citrate pH3.9 61.6 7.4
1479 38 100mM Na citrate pH3.9 60.6 7.4 1623 39

amount of 2 mcg per lane. Purified Fc-fusion protein may also be defined as eluting as
a single peak in HPLC.

The Fc-containing protein preparation obtained from the purification process of
the invention may contain less than 20 % of impurities, preferably less than 10%, 5%,
3%, 2% or 1% of impurities, or it may be purified to homogeneity, i.e. being free from
any detectable proteinaceous contaminants contaminants as determined e.g. by silver
stained SDS-PAGE or HPLC, as explained above.

Purified Fc-containing protein may be intended for therapeutic use, in particular
for administration to human patients. If purified Fc-containing protein is administered to
patients, it is preferably administered systemically, and preferably subcutaneously or
intramuscularly, or topically, i.e. locally. Rectal or intrathecal administration may also be
suitable, depending on the specific medical use of purified Fc-containing protein.

For this purpose, in a preferred embodiment of the present invention, the
purified Fc-containing protein may be formulated into pharmaceutical composition, i.e.
together with a pharmaceutically acceptable carrier, excipients or the like.

The definition of “pharmaceutically acceptable” is meant to encompass any
carrier, which does not interfere with effectiveness of the biological activity of the active
ingredient and that is not toxic to the host to which it is administered. For example, for
parenteral administration, the active protein(s) may be formulated in a unit dosage form
for injection in vehicles such as saline, dextrose solution, serum albumin and Ringer's
solution.

The active ingredients of the pharmaceutical composition according to the
invention can be administered to an individual in a variety of ways. The routes of
administration include intradermal, transdermal (e.g. in slow release formulations),
intramuscular, intraperitoneal, intravenous, subcutaneous, oral, intracranial, epidural,
topical, rectal, and intranasal routes. Any other therapeutically efficacious route of
administration can be used, for example absorption through epithelial or endothelial
tissues or by gene therapy wherein a DNA molecule encoding the active agent is
administered to the patient (e.g. via a vector), which causes the active agent to be
expressed and secreted in vivo. In addition, the protein(s) according to the invention
can be administered together with other components of biologically active agents such

as pharmaceutically acceptable surfactants, excipients, carriers, diluents and vehicles.
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100mM Na citrate pH3.9 64.6 8.0 1497 Concl usions

TACI-Fc5 in clarified harvest was captured directly on a
MabSel ect Xtra colum at a dypam c capacity of 15g total
TACI - Fc5 per L of packed resin at a flowrate of 350 5
cmh. Elution conditions, especially pH, were optim zed

to g} 'ﬁb?e%tdrﬁc(%\bereré?/fen&fso‘Q,US(t,utmoh@ |Hfr9MhQuT§31 administration,
significant reduction in a? gregate |evels. An elution

thifaciye grotgings) MapodieufArdviaresk s pd PIWbiofa $USRANSINe EMHIISIPh P
I%ﬂmke@pé\%ﬁg%&@%ﬁ&l {NﬁIY ﬁlpﬁaﬁﬁ&rehhdbﬂy fa&(%ﬁtélﬁ@ Héregt%raﬂf Qdficle

In clarified harvest and th no turb ty observed

(¢ gv avaderwspling axtrase ?0’_['5@@ Qrﬂb@ﬂﬁ'ﬂﬁ’eﬂ' Hl?t Heginfaiy, @O@We(e g.
rERRY &F dhenfiddl Saviy N8.gPPraehn@s %Q@rﬂdﬁgn%?“ ®6e fdhRilation is
antibod m xture w generated agai nst host cell proteins
StRETIZRARRY SR H?Q‘#g PSS concentrated cell culture
3UpeFﬂﬂéttﬁé}bpéﬁtlcﬂg;@ffécﬁ&bgfaﬁ%rﬁg ofkia 5&.% %rot@ﬁé‘}fmllﬁb@a function

Cati on Exchange Chromato rafp he eluate fromt

of Ay r e@rigblep 'Bﬁ'UF"PSttB? HYPg, © F%{P%@ﬂ'“g rﬂr%te@u#teaﬁiif'é'm efatens-
chbabiHidEprotentor Hs AGarRS tie LR &l duehimTBtkioh athe fcificd RBn&ASH BNthe
exchange chr omat ogr aphy. A Fract ogel EMD SO3-

P@8erm (Merck 1.16882.0010) having a bed height of 10 cm

was lAS@tHeHaBthi&bFFy éﬁ&iﬁve /éanuﬁfl't |§Qs%bh $|Qéi wI@éH HAMinWtdrBd athBerek-
hei ght of 15 cmm as wel the | atter case,

@ﬂ@'m&rﬁfe@ ﬁaﬁ%lwh@mn of BW'Q%{tdeOfﬁﬁ?/ th%%nfuaagm%w obHe’ Fe-

fUdidie Protetn, W lekpldinkBlaBoveOdHd referiitydredeRyad Thhe shdosen
skilled in the art. 20All the operations were perforned

at r dOmIosRgeAEPIsterath PstHRg1g PHRUIRIEIARES R @BrindiyALa! i vary
débeﬂ(ﬁ%ﬂ%ma vERiBtyLBf fébtgfbahncﬂﬂdlr%sthﬂﬁﬁ‘aw&néti%q%ﬁ@ﬁbsabf k! Fc-

tinme col unmm was washed with at
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3BV of in up-flow npde. Rin

Ofﬁéeaé'BPrﬂFnﬁnQNa@e rqﬁﬁgteaewqdh Aéjduqt'@% ta%\mwp%n ﬂf ” estdblished
Mgt fFdngus BRARell ithiHithé BBt/ @Nhose skllledTﬁ‘%é?Ql’ft W WBRSS in vitro

aﬁlgllbrated with at | east 43V of mVl sodi um citrate
3y gve grethpdeiof d?‘ﬁ@“'f“é?ﬂd'é? inbibiign of Fr\‘?'l Q%?U’B'f"ng‘i ofige dharaprytic
n%—b@ ,rpan p,d,l,,o%p reached). Loading The coI um was

| oaded with post capture material at pH 5.0 f((g
5. 00 PurifiahEeReniininginrgteiatmayhgedhip a&rﬂﬂ“%{“t a %biﬂ 4P me’kg

0?9.01ah A 0tKy SOsERy Widht F.0. %o g%g@%ﬂﬂ?g?/mé ighEoH PSS ARAYof

per m of 2?L;acked resin. Wash ste um was t hen
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15E! yd | RRher preferred embodiments, the purified Fc-containing protein is
administered daily or every other day or three times per week or once per week.

The daily doses are usually given in divided doses or in sustained release form
effective to obtain the desired results. Second or subsequent administrations can be
performed at a dosage which is the same, less than or greater than the initial or
previous dose administered to the individual. A second or subsequent administration

can be administered during or prior to onset of the disease.
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The colum was eluted with different buffers and under
different conditions as reported in tables Il - 1V bel ow
Regeneration and sanitisati o?\i1 The col um was
regenerated and sanitised w 4BV of 0.5M NaOH + 1.5M
20NaCl in up-flow node. Then, the flow was stopped for

30m rTheR'pFle%'eI‘iQ J\hﬁ\h&?l Hﬁ"tﬂer"\%laﬁésnst@dtﬁfé td?seatof | earh ‘éﬁ%a‘h e
Stori ng@_ The colum was stored in at | east 3BV of 20%
S

c@fanéamrap'zs ther sedughipre af| thepensentratione plitfiegn meoaﬁt@s in a
c%ﬁfb@éiﬁéd (Ydrﬁbhslﬂg%d Ifdl(%n‘{’alhlﬁ%brb?e ih.0ad: 189ppm pH

Conductivity c recover¥
cl ear“aﬁcpéefF g Gmgo‘i's‘eﬂt shegonegntiatign pi ﬁeﬁf 053 fﬁﬁ@%‘t@ lgssgthan
8.9 ot Rs8 W53 opicas thah B2%r IAQHAH5 % or less than 2 % or less than

1 % or less than 0.8 % or less than 0.5 % or less than 0.2 % or less than 0.1 % of the

total protein concentration of said composition.

Having now fully described this invention, it will be appreciated by those skilled in the
art that the same can be performed within a wide range of equivalent parameters,
concentrations and conditions without departing from the spirit and scope of the invention
and without undue experimentation.

While this invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications. This application is
intended to cover any variations, uses or adaptations of the invention following, in general,
the principles of the invention and including such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth as follows in the scope of
the appended claims.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any other
references, are entirely incorporated by reference herein, including all data, tables, figures
and text presented in the cited references. Additionally, the entire contents of the references
cited within the references cited herein are also entirely incorporated by reference.

Reference to known method steps, conventional methods steps, known methods or
conventional methods is not in any way an admission that any aspect, description or
embodiment of the present invention is disclosed, taught or suggested in the relevant art.

The foregoing description of the specific embodiments will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art
(including the contents of the references cited herein), readily modify and/or adapt for
various application such specific embodiments, without undue experimentation, without
departing from the general concept of the present invention. Therefore, such adaptations

and modifications are intended to be within the meaning a range of equivalents of the
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3.4 36 pH Conductivity (nS/cn) TAC -Fc recovery HCPs
(ppm HCP clearance (x) 7.3 33.0 98% 133 1.4 7.3 22.5 96%
45 4.2 7.3 22.5 97% 53 3.6 7,3 12.0 54% 79 2.4 6.3 22.5
83% 47 4.1 8.0 30.0

disclosed embodiments, based on the teaching and guidance presented herein. Itis to be
understood that the phraseology or terminology herein is for the purpose of description and
not of limitation, such that the terminology or phraseology of the present specification is to
be interpreted by the skilled artisan in light of the teachings and guidance presented herein,

in combination with the knowledge of one of ordinary skill in the art.

EXAMPLES: PURIFICATION OF RECOMBINANT, HUMAN TACI-Fc FROM SERUM-

FREE CHO CELL SUPERNATANT

Glossary used in all Examples

BV: bed volume

CHO: Chinese Hamster Ovary

DSP: Downstream Process

EDTA: Ethylene Diamine Tetraacetic Acid

ELISA: Enzyme-Linked ImmunoSorbent Assay

HAC: Hydroxyapatite Chromatography

HCP: Host Cell Protein

HPLC: High Performance Liquid Chromatography

id: internal diameter

K: potassium

kD: kilo Dalton

MES: 2-Morpholinoethanesulfonic acid

Na: sodium

NaAc: Sodium Acetate

n/d: not determined

PA-SE-HPLC: Protein A Size-Exclusion High Performance Liquid
Chromatography

ppm: parts per million

RO: Reverse Osmosis

RT: Room Temperature

SDS-PAGE: Sodium Dodecyl Sulphate Polyacrylamide Gel
Electrophoresis

SE-HPLC: Size-Exclusion High Performance Liquid Chromatography
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96% 108 1.8 8.2 22.5 97% 46 4.2 6.5 30.0 91% 116 1.6 7.3
22.5 93% 48 3.9 7.3 22.5 95% 40 4.8 Table H shows
the TACI -Fc recovery and HCP;cl earance when loading at a
capacity of 10 and 32 ngy Tﬁ(f—Fc per m of resin and
eluting in a phosphate buffer at a conductivity of

bet waen. 12 to 33 nBfgpersRid ection of the peak was done
from_t he 5begi nning_of the UV increase for 10 + 0.5 BW.
Tabl EMAG:: Effect of etepMetyl ABMEniuBYCHeidend conductivity
when \padi ng at capggialyioElOP | evel s in | oad: 201ppm

Loadi n'g pH Conductivity TACl - Fc HCPs HCP capacity
WFI: Water For Injection

WRO Water Reverse Osmosis
Example 1: Capture Step: Affinity purification on Protein A

Starting material was clarified harvest of a TACI-Fc expressing CHO cell clone

cultured under serum-free conditions and stored frozen until use.

The Capture Step on a MabSelect Xtra™ column (GE Healthcare 17-5269-03)
was carried out according to the following protocol, on a column having a bed height of
17cm. All operations were performed at room temperature, except for the load solution,

which was kept at a temperature below 15°C. The UV signal at 280 nm was recorded.

Sanitization

The column was sanitised with at least 3BV of 0.1M acetic acid + 20% ethanol
in reverse flow at 250cm/h. The flow was stopped for 1 hour.

Wash step

The column was washed with at least 2BV of RO water in reverse flow at
250cm/h.

Equilibration

The column was equilibrated with at least 5BV of 25mM sodium phosphate +
150mM NaCl pH7.0 (until conductivity and pH parameters are within specified range:
pH 7.0 £ 0.1, conductivity 18 £ 2 mS/cm) in down flow at 450cm/h.

Loading
The column was loaded with clarified harvest kept at a temperature below 15°C
to a capacity of up to 15mg total TACI-Fc as determined by Biacore assay per ml of

packed resin at a flow rate of 350cm/h.



10

15

20

25

30

(nmS/cm) recovery (PPm) clearance (ng/m) (x) 10 8.0
15.0 91% 67 3.0 20.7 93% 61 3.3 32 8.0 20.7 88%54 3.7
10Tabl e 1V shows the effect a wash step with 50 or 100
or 150mM sodi um phosphate p .5 on TACI - Fc recovery and
HOP cl earance. 15 Table IV: Effect of wash step
condiyyh@ngepn col um performance 37

Wash the column with at least 2BV of equilibration buffer at 350cm/h then with
at least 4BV of equilibration buffer (until the UV signal is back to baseline) at 450cm/h.

Elution

The material was eluted with different elution buffers as shown in Table | at a
flow rate of 350 cm/h. The eluate fraction was collected from start of UV signal increase
to 6.0+0.5BV of elution. The eluate was incubated for 1 hour at room temperature at a
pH below 4.1 (adjused by addition of citric acid solution, if necessary) and then the pH
was adjusted to 5.0+0.1 by addition of 32% NaOH solution.

Regeneration

The column was regenerated with at least 3BV of 50mM NaOH + 1M NaCl in
reverse flow at 450cm/h, stop the flow for 15min then re-start the flow at 450cm/h for at
least 3BV (until the UV signal is back to baseline).

From this step, the column was operated in reverse flow mode.

Wash step

The column was washed with at least 2BV of RO water at 450cm/h.

Sanitisation

The column was santitised with at least 3BV of sanitisation buffer at 250cm/h,
the flow stopped and the column incubated for 60min.

Final Wash steps

The column was washed with at least 1BV of RO water at 250cm/h, then with at
least 3BV of equilibration buffer at 250cm/h and finally with at least 2BV of RO water at
250cm/h.

Finally, the column was stored after flushing with at least 3BV of 20% ethanol at
250cm/h.

Results

Table I: Results using different elution buffers



HOP |l evels in the | oad 190ppm and aggregate | evels:
Sodi um Phosphate TACI - Fc TACI - Fc Aggregates HCPs in

2. 0%

concentration in wash yield in yield inin eluate eluate
1 50 0.7% 99% 2. 8% 62 wash

(mM¥) wash el uate
2 100 2.1% 98% 2. 9% 59 wash 3 150 9. 1% 90% 2. 7% 49

(13PmM was

Run # Elution buffer TACI-Fc Aggregates HCPs (ppm)
yield (%) (%)
1 50mM NaAc pH3.7 47.7 30.3 5558
2 100mM NaAc pH3.8 55.7 252 n/d
3 200mM NaAc pH3.8 58.0 28.2 n/d
4 100mM NaAc pH3.7 68 30.0 n/d
5 0.2M NaAc+150mM NaCl pH4 751 3.8 n/d
6 100mM NaAc pH3.7 84.6 22 3491
7 250mM NaAc pH3.7 82.8 18.7 3318
8 100mM Na citrate pH3.7 79.2 8.8 4710
9 250mM Na citrate pH3.7 71.9 23 2347
10 100mM Na citrate pH3.75 82.8 8.5 1576
11 100mM Na citrate pH3.75 66.6 9.0 664
12 100mM NaAc pH3.85 83.3 15.0 n/d
13 100mM Na citrate pH3.75 81.0 9.1 3490
14 100mM Na citrate pH3.65 751 14.6 2580
14 100mM Na citrate pH3.75 447 18.4 3783
16 100mM Na citrate pH3.75 471 15.8 3217
17 100mM Na citrate pH3.75 50.7 9.4 2349
18 100mM Na citrate pH3.75 58.0 10.4 2550
19 100mM Na citrate pH3.75 67.1 28.7 2372
20 100mM Na citrate pH3.75 65.6 17.5 2353
21 100mM Na citrate pH3.75 75.6 19.4 1807
22 100mM Na citrate pH3.75 571 20.7 2465
23 100mM Na citrate pH3.75 51.9 18.4 2030
24 100mM Na citrate pH3.75 58 11.5 1746
25 100mM Na citrate pH3.75 41.8 229 3029
26 100mM Na citrate pH3.9 394 6.0 2424
27 100mM Na citrate pH3.9 31.0 8.8 2936
28 100mM Na Ac pH4.1 28.3 25.0 3311
29 100mM Na citrate pH3.9 46.4 9.1 n/d
30 100mM NaAc pH4.1 42.8 13.4 n/d
31 100mM Na citrate pH3.75 575 26.5 n/d
32 100mM NaAc pH4.2 38.1 10.1 n/d
33 100mM Na citrate pH3.9 43.3 8.3 2011
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51.5M NaCl in reverse flow node (until UV signal is back
to the baseline) at a flowrate of 150cmih. At the end of
the regeneration, the punp ig; stopped for 30m n. Wash
step The coI um was washed with at |east 3BV of RO
water at a flow rate of 200cm h. 10Storing The
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The column was equilibrated with at least 4BV of 100mM sodium citrate pH5.0
(or until the target conductivity of 12+1 mS/cm and pH 5.0 + 0.1 are reached).

Loading

The column was loaded with post capture material at pH 5.0 (pH at 5.0+0.1,
conductivity at 12+1mS/cm) and at a capacity of no more than 50mg TACI-Fc, as
determined by SE-HPLC assay per ml of packed resin.

Wash step

The column was then washed with at least 5BV of 100mM sodium phosphate
pH6.5.

Elution

The column was eluted with different buffers and under different conditions as
reported in tables Il — IV below.

Regeneration and sanitisation

The column was regenerated and sanitised with 4BV of 0.5M NaOH + 1.5M
NaCl in up-flow mode. Then, the flow was stopped for 30min.

Rinsing

The column was rinsed with at least 4BV of WRO.

Storing

The column was stored in at least 3BV of 20% ethanol.

Results

Table lI: Effect of elution pH and conductivity

HCP levels in the load: 189ppm

pH Conductivity TACI-Fc recovery HCPs (ppm) | HCP
(mS/cm) clearance (x)

6.5 15.0 25% 118 1.6

7.3 225 100% 50 3.8

8.0 15.0 95% 34 55

7.3 225 100% 56 3.4




30 773 39 94% 10.4%82.8 7.5 25 639 39 90%6.9%50.4 7.5
20 651 49 90%5.6%43.9 7.5 15 437 46 88%3.4%45.0 7.5

10 283 n./d. 82% 2.8% 26. 3

36
pH Conductivity TACI-Fc recovery HCPs (ppm) | HCP
(mS/cm) clearance (x)
7.3 33.0 98% 133 1.4
7.3 225 96% 45 4.2
7.3 22.5 97% 53 3.6
7.3 12.0 54% 79 2.4
6.3 225 83% 47 4.1
8.0 30.0 96% 108 1.8
8.2 22.5 97% 46 4.2
6.5 30.0 91% 116 1.6
7.3 225 93% 48 3.9
7.3 225 95% 40 4.8

Table Il shows the TACI-Fc recovery and HCP clearance when loading at a

capacity of 10 and 32 mg TACI-Fc per ml of resin and eluting in a phosphate buffer at a

conductivity of between 12 to 33 mS/cm. Collection of the peak was done from the

5  beginning of the UV increase for 10 + 0.5 BV.

Table lll: Effect of optimal elution pH and conductivity when loading at capacity

HCP levels in load: 201ppm

Loading pH Conductivity TACI-Fc HCPs HCP
capacity (mS/cm) recovery (ppm) clearance
(mg/ml) (x)
10 8.0 15.0 91% 67 3.0
20.7 93% 61 3.3
32 8.0 20.7 88% 54 3.7

10

Table IV shows the effect of a wash step with 50 or 100 or 150mM sodium

phosphate pH 6.5 on TACI-Fc recovery and HCP clearance.

15

Table IV: Effect of wash step conditions on column performance
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loading capacity of 50 mg/ml. The non-bioactive degradation product free Fc could be

efficiently removed in a wash step with 0.1 M sodium phosphate pH 6.5. Elution
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Resul ts Tabl e VI shows the effect of phosphate
concentration (from2 to 5mVM in the elution buffer on
the cl earance of aggregates d product recovery. Elution
peak fractions were pool ed and anal ysed by SE-HPLC for
TACI - Fc concentration and 15aggregate |levels. Table VI:
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7% th@%étlvéﬁ eltih QGah BB catded’ 830iR- 16339 of 20 mM sodium phosphate

and 180 mM NaCl pH8.0 from the start of the rise in absorbance at 280 nm.

Example 3: Anion Exchange Chromatography

The starting material used for this purification step was the eluate from the
cation exchange step on Fractogel SO “; (see Example 2), dialysed or diluted into
suitable loading buffer.

This anion-exchange chromatography step was carried out on a SOURCE 30Q
column (GE Healthcare 17-1275-01) with a bed height of 10 cm. A SOURCE 30Q
column with a bed height of 15 cm may be used as well in this step. In the latter case,
the dynamic capacity and flow rate may need adaptation, which is well within routine
knowledge of the person skilled in the art.

All operations were carried out at room temperature and the UV signal at 280
nm was recorded. The steps were carried out at a flow rate of either 150 or 200cm/h.

Rinsing

First, the column was rinsed with at least 1BV of RO water at a flow rate of
150cm/h.

Sanitisation

Then, the column was sanitised with at least 3BV of 0.5M NaOH + 1.5M NaCl.

Wash step

The column was washed with at least 3BV, preferably 4 to 10BV, of 0.5M Na
phosphate pH 7.5 at a flow rate of 200cm/h.

Equilibration

The column was equilibrated with at least 5 BV of 10, 15, 20, 25, or 30 mM
sodium phosphate pH 7.5. Optionally, the column can be pre-equilibrated with 3 BV of
0.5M sodium phosphate pH7.5.

Loading, washing and concomitant collection of TACI-Fc in the flow-through

The column was loaded with post-cation exchange material diluted to obtain a
phosphate concentration of 10 to 30 mM, pH 7.5, at a capacity of no more than 50 mg

TACI-Fc as determined by SE-HPLC assay per ml of packed resin, collecting the flow-
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18 76%0.85% 4 12 68%0.34% 13 67% 0.29% 14 66% 0. 36%
15 67%0.39% 16 66% 0.38% 17 66% 0.32% 18 66% 0. 40%
42 3 12 39

through from start of UV increase until the end of the wash step, which is carried out in
4+0.5 BV of equilibration buffer.

Regeneration/sanitisation

The column was regenerated and sanitised with at least 3BV of 0.5M NaOH +
1.5M NaCl in reverse flow mode (until UV signal is back to the baseline) at a flow rate
of 150cm/h. At the end of the regeneration, the pump is stopped for 30min.

Wash step

The column was washed with at least 3BV of RO water at a flow rate of
200cm/h.

Storing

The column is stored in at least 3BV of 20% ethanol (v/v) at a flow rate of
150cm/h.

Results
The following Table V summarizes the results obtained with the purification
process described above.

Table V: Effect of loading phosphate concentation

Load Load Load Load TACI-Fc | Aggregates | HCPs

pH | phosphate TACI-Fc capacity recovery (ppm)
conc (mM) conc (mg/ml)
(mg/L)
7.5 30 773 39 94% 10.4% 82.8
7.5 25 639 39 90% 6.9% 50.4
7.5 20 651 49 90% 5.6% 43.9
7.5 15 437 46 88% 3.4% 45.0
7.5 10 283 n./d. 82% 2.8% 26.3
Conclusions

The anion-exchange step on a Source 30Q column in flow-through mode was
optimised to maximise clearance of HCPs and aggregates. Loading cation-exchange
eluate either diluted or diafiltered in 20mM sodium phosphate buffer at pH7.5 gave the
best compromise between product recovery (90%) and clearance of HCPs (from about
2000ppm to 44ppm) and aggregates (from about 25% to 5.6%). Dynamic capacity of
50mg TACI-Fc¢ per ml of packed resin at a flow rate of 150-200cm/h was used.
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70%0.46% 13 76%0.42% 14 73%0.51% 15 71%0.52% 16
69% 0.55% 17 69% 0.50% 18 70%0.53% 2 12 65% 0.19% 13
66% 0. 00% 40

Example 4: Hydroxyapatite chromatography

The starting material used for this purification step was anion-exchange
chromatography flow-through (see Example 3).

A CHT Ceramic Hydroxyapatite Type |, 40 um column (Biorad 157-0040) with a
bed height of 10cm was used.

All operations were carried out at room temperature. The flow rate was kept
constant at 175 cm/h and the UV signal at 280 nm was recorded. All solutions were
sterile filtered and the equipment sanitised with sodium hydroxide before use. The
column was stored in 0.5M NaOH solution when not in use.

Initial wash steps (Rinsing and pre-equilibration)

The column was washed with at least 1BV of 20mM sodium phosphate pH7.5
buffer, and then with at least 3BV of 0.5M sodium phosphate buffer pH7.5 to lower the
pH.

Equilibration

The column was equilibrated with at least 5BV of 20mM sodium phosphate
pH7.5 (or until the target conductivity of 3.0+0.3 mS/cm and pH 7.5 + 0.1 were
reached).

Loading

The column was loaded with the SOURCE 30Q flow-through with calcium
chloride added to 0.1mM final concentration from a stock solution at 0.5M and pH
adjusted to 7.0 by addition of 85% ortho-phosphoric acid, at a capacity of NMT 50mg
TACI-Fc as determined by SE-HPLC assay per ml of packed resin. It is also possible to
load the SOURCE 30Q flow-through without calcium chloride, adjusted to pH 7.0, on
the hydroxyapatite column.

Wash steps

The column was washed with at least 4BV of 3, 4 or 5 mM sodium phosphate,
10mM MES, 0.1mM CaCl, pH6.5. it is also possible to use the same buffer without
calcium chloride.

Elution

The column was eluted with 5, 4, 3 or 2 mM sodium phosphate (see Table VI),
10mM MES, 0.1mM CaCl,, and 0.6, 0.7, 0.8 or 0.9 M KCI pH 6.5 buffer (see Table VII)
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The column was rinsed with:

- atleast 1BV of 20mM sodium phosphate pH7.5 buffer;
- atleast 3BV of 0.5M sodium phosphate pH7.5 buffer; and
- with at least 1BV of 20mM sodium phosphate pH7.5 buffer.
Storing
The column was stored in at least 3BV of 0.5M NaOH.

Results

Table VI shows the effect of phosphate concentration (from 2 to 5mM) in the
elution buffer on the clearance of aggregates and product recovery. Elution peak
fractions were pooled and analysed by SE-HPLC for TACI-Fc concentration and

aggregate levels.

Table VI: Effect of phosphate concentration in the elution buffer

Phosphate conc BV of elution TACI-Fc yield Aggregates
(mM)
5 12 73% 0.49%
13 74% 0.52%
14 68% 0.65%
15 77% 0.67%
16 77% 0.70%
17 70% 0.73%
18 76% 0.85%
4 12 68% 0.34%
13 67% 0.29%
14 66% 0.36%
15 67% 0.39%
16 66% 0.38%
17 66% 0.32%
18 66% 0.40%
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3 12 70% 0.46%
13 76% 0.42%
14 73% 0.51%
15 71% 0.52%
16 69% 0.55%
17 69% 0.50%
18 70% 0.53%
2 12 65% 0.19%
13 66% 0.00%
14 66% 0.18%
15 68% 0.14%
16 66% 0.17%
17 71% 0.19%
18 65% 0.16%

Table VIl shows the effect of KCI concentration in the elution buffer on the
clearance of aggregates and product recovery. Two sodium phosphate concentrations
were investigated: 2 and 3mM. Elution peak fractions were pooled and analysed by SE-

HPLC for TACI-Fc concentration and aggregate levels.

Table VII: Effect of potassium chloride concentration in the elution buffer

Phosphate conc KCI conc (M) BV of TACI-Fc aggregates
(mM) elution yield
3 0.6 10 102% 0.48%
11 109% 0.46%
12 106% 0.43%
13 105% 0.42%
14 103% 0.43%
3 0.7 10 96% 0.42%
11 97% 0.40%
12 98% 0.41%
13 96% 0.40%
14 96% 0.43%




98%0.41% 13 96%0.40% 14 96%0.43% 43 3 0.8 10 106%
0.58% 11 110%0.55% 12 112%0.57% 13 101% 0. 59%

43
3 0.8 10 106% 0.58%
11 110% 0.55%
12 112% 0.57%
13 101% 0.59%
14 110% 0.57%
2 0.6 10 71% 0.29%
11 79% 0.28%
12 80% 0.29%
13 80% 0.29%
14 81% 0.26%
2 0.9 10 64% 0.27%
11 72% 0.25%
12 73% 0.29%
13 70% 0.33%
14 66% 0.24%

Conclusions:

Hydroxyapatite chromatography provides a reliable, efficient way of reducing
TACI-Fc aggregate levels. Starting from anion-exchange chromatography purified
material (see Example 3) with aggregate levels of about 5-8%, hydroxyapatite
chromatography can reduce these levels to below 0.8% with a recovery of TACI-Fc of
85-90%.
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7. The method according to any of the preceding claims, wherein the cation

exchange chromatography is carried out on a strong cation exchange resin.

8. The method according to claim 7, wherein the cation exchange resin comprises
SOj3 groups.

9. The method according to claim 7 or 8, wherein the resin comprises a cross-linked

methacrylate matrix.
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comeentrhétméRodd bedofdir®y FC cliph etlj @dedem thef tansEnt csgioni Bi &thuman
an Fc-containing protein, the nethod conprising

subj ect? W négﬁg fluid to cation 5 exchange chromat ography
and washing the cation exchange resin with a buffer

havjang - ' _ _ .

o T8 ThR R koo i 11 O 1 Mer g e CRRIAG! Rén G0,
The nethod according to claim1l, wherein the washing step

| S par mheGnditd adcorinOROANgUSFdIaimE VI1ab 18, dhbrirSthe dohstant region
3. The net hod ordin %8 claiml1 01 2, wherein the

was hi n§°'§?résﬁsiagﬁ'@aﬂdiae%| M4 a pH of 6.0 to 7.0.

154. The met hod according to any of the preceding clains,

co I i - of i j ' ; [ .-
excangnt et Sb&tinflp 2070 P pRELng LH. BREBnGE FRgontanin
i soel e®tateie cyaRrises apmmgtogiohyln vaEaRISFAgMI ng protein. 5.
The met hod according to any of the preceding clains,

or o armehet = ayfe S a, 1 gt G TG SRR REpriah = on

accor diantpodg. cl ai m5, wherein the eluting step is carried
out at a conductivity of 15 to 22 nS/cm 257. The net hod
according to any of the preceding clains, wherein the _
cat 17on Teg otethegeacedidioanta ayyrdsiayms gtfbéﬁ: mheeeinoilie Ferfoptaininggriefein
cat i onLxfhaRgen pR&iM. 8. The method according to claim?7,
wherein the cation exchange resin conprises SO 3- groups.
30 The nethod according to claim?7 or 8, wherein the

resign qeapatises accomiras®- ¢laimk €1 wiedrdiaciey Fefsionsgrotei. cordpfises a

ligand binding portion of a member of the tumor necrosis factor receptor (TNFR)

superfamily.

19. The method according to claim 18, wherein the ligand binding portion is selected
from an extracellular domain of TNFR1, TNFR2, or a TNF binding fragment
thereof.
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10. The method according to any of the preceding clains,
further conprising a purification step selected from
affinity chromat ography, anion exchange chronat ography

and hydroxyapatite chronmatogréphy. 511. The net hod
according to any of the preceding clains, wherein the
Fc-2oontrae RieftpdRicodraing _’;_cﬁdmﬁf 1% @Mein thmwym imb,dl bcfrtidd]-?)selected
constant regi on. : e.ne 0 C m

wher o oy &7 e8plfir deaTR BAFEH TR CEAGP of e Yl hereor
13. Théindieg bveastooeptBlygortAPRIL.ai m 11 or 12, wherein the

i mmunogl obulin is an Ig 14 The net hod accordi ng to any of
claims 11 to 13, wherein the constant gl on conprises a

cH2Tandhe reiRodi grearding BRim 30e w@t%dh%\&e ¥R grofedn aqgPgses a
the pr gg@‘ggpﬂgegé@tgasfm,ﬁmg ein the Fc-containing protein
conprises an i nmuno gl on 16.

The net hod acc8r & Elc g?ﬁgifwsa&%vﬁ%&é #1 t he

Fc- cont ai ni ng pr airiomacids 7dro maasftSElcotﬂyNOJﬂ The net hod
according to apy, 84 the

Fc- cont ai ni ng groﬂqonéc?dgr%#&& SI on proét]el n. 2518. The
met hod accor di Ag aminocgsdo1q 1 1wfSES 1 NB@e2 Fc- f usi on

protein conpri geseg D@ binding portion of a nenber of

t he tunor necr?su s fact receptor (TNFR) superfamly.

19. The net hod 'Hé %o claim 18, wherein the ligand

bi ndi ng porti on. |aSpdﬂde@ﬂdeetén&%dm anpatytiutiactelel pbaidizing to the
domai n of TNFR1, ndi

t hereof. 48 20. EI %fd%%-ggr'gb bid gs%’:rlr?q'ggél}Sh'ghly stringent
wherein the |i ganqndmm,uamg portion i s sel ected from an

extracel | ul ar gonghReiRfor W&‘(B’ (ong’or angoa& Ié?asf 5@%@5 %

thereof binding at |east one o .
net hod accor di ng % PRi%rPp85 /?NF@“@P?? 'Fﬁ’é'tﬁ? tPﬁQP'MPFPﬂF%PéM (@),
corrprl ses a pol ypowrife selected from a. amno acids 34

Ney WHar i nB R bebNEbings st 3T B SBHERBLABRRD 107, ©) (SFQ 1P

amno acids 30 to 110 of SEQ ID NO 2; e. SEQ
I D
i f SRty s i Bop oL KISk ety o

of SEQTF® BFREoichin @ Q?f"pPS'H‘Pmé?mH’ﬂS@'EI%P E¢-FPTRJRIAG protein, wherein
15condidel d206r ex@RBndd resin BAVAIhBd wﬁth &rb,aff@ff havity .a dofldiucti(i§) of 6a6 10

[ ent | (RS RERPRAREG 5 B U Rigpohefg ot e S8 67 5

wherein the pol ypeptide binds to at | east one of Blys or

APRSL. 130 ugezacc b cRfth LS WiRK G A% PE%?ﬁrQﬁaf:&gFe@%Xs Fe‘aﬁced to

t he re(-jruct I on the concentration o

a conp®ss thap® %@ﬁi@ﬁ thang %anr IEes ami & ofi legs tharoR-ai'mor 'ess than 0.2
wher ei B, §fEssGRdr M N YEHCRAHIGHE plofsr EonicsntitisMethald dohpasitiaH. f er
having a conductivity of 6 to 10 nS/cm and conprising 75
to 125 mM sodi um phosphate and at a pH of 5.5 to 7.5. 23.
The use according to claim 22, wherein the concentration

of free Fc is reduced to less than 5 %or less than 2 %

or less than 1 % or less than 0.5 %or less than 0.2 % or
less than 0.1 hi of the total protein concentration of

sai d conposition.



