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WD 2008/ 025747 PCT/ EP2007/ 058886 PROCESS FOR THE
PURI FI CATI ON OF FC- FUSI ON PROTEI NS FI ELD OF THE
wo DRAEIY7EN The present invention is in the fi ebPdr/BP2007/058886
protein purification. Mre specifically, it 5 relates
to the purification of Fc-fysion proteins via Protein
A or Protein Gaffinity chromatography, cation
exchange chr omat ogr aphy, ani on exchange chronat ogr aphy
and hydr pgeess KGR TREPHRIPHANON o BACHUIONIPRITEINE
I NVENTI ON"I0 Proterns have beconme commercially
i nportant as drugs that are generally called
" bi el@ cRHIE INGRRTRINT he greatest chal lenges is the
devel opment of cost effective and efficient processes
f or TRRIPTESEERIVeMIOBfiS jit Hieeliald obRrokein pHfticalpPs Mag Apecifically, it

relMB5 | 8 IMBNYUrifiBRIAOES FafRidMOproadid MaPPRtdiRrA | R B18teht A @ffinity
producti on of proteins, crude products, such as cell

chggmqtqgr@oryu,ggy%%magge @Bmtwr@my Clil% @eRanges¢irematography
an@hogleRyaphtie Alchgatbgrapiy. ties, 15 which are difficult to
separate fromthe desired product. Although cell
culture supernatants of cells expressing reconbi nant

pr oBACKAR®ONS IF TRy NN RDN | ess inpurities if the
cellls are growmn in serumiree nmedium the host cell

pr of Eqtigs bﬁ@d%scomel qommergialy iIMPegaEsElrygs thak e 9aus pigcalled
“biblBGiIcAYT IdreCatth® Yyredt@k @B SlIenfeslid ine Rl EpmERoNRaL tffective and

aut horities request high standards of purity for
efifsient Ererespas ndetfieasion hﬂnﬂﬁte'@oo%cﬁﬁwﬂg‘ﬁf%' iAle: MR many

meﬁh’ddsfdré ﬂbW%aﬂ&ﬂéﬁbﬂ%r@@Béeﬂé Bro‘élh@tﬁﬁ] dffb%iélhé NGude products, such
i cation of |ow or

asé@ﬁ&éﬁ‘frﬁaﬁup%rﬂétaﬁffs &P'Pltéi” @Et%@’n@ed&%tﬂ?q PE%@Ctt i talgpgignpurities,

whichoped diifisult he dHpalRgi ffdh thaCtédiddy pRidudt. JAROgh cell culture
rotein. Thus, for agé/ protein it is a challenge to
[

Su %tgplissﬂf ellspﬁf(pqeﬁg rsﬁorBl? BH sRrotgin dw)ql@tsf May contain less

|m§Mft%S ﬁltl@éﬂ&eu@wé gbommhh keruhefréd MediEn h@ twso&éngjr@tains (HCPs) still
activity of protein. A nunb

re’Eﬁ'Ponng?'é‘EiH?t@d s%t”@nﬁ“earoé”fﬁi‘?i% WWSaMdW@%\yy the digalth

aufrefitiesPrreg@ish Mgh | stap@dri®Nof IpAAtyEX6rh PAGEINS hintsILE Ifor P Aiman
systens are used for separation of proteins primrily

adgiigiaohasi s of differences in charge. In ion exchange

chr m%@gnmhun met{dds f@@ﬁt@ﬁw@bt@@ ﬂéﬁ@lﬁn@ﬁﬁélﬁﬁtlmﬁl@ﬁ@)r Bigh pH,
,the solute are attracted B@OSIte cnar ges attache

highgsalf CORFIHREIYT Al efned‘t*fPFB‘? CoprifOnIBE RY JFApARIdze the b'o'og'ca'
acﬁ\litlye@fglé lrgum‘n bhﬁeiﬁgﬂ'g@s&m@f @y @Utfefneﬁ isSa | apglenige Ufol er,]talbl%h a
ra evye NCreasl ng . e 1. Qni strengt .
pulfCagon oGRS AITE (Y SeTOEHEP B Pale B i Pt G ea Sty of
thesprotélire for the charged sites of the ion WO 2008/ 025747

PCT/ EP2007/ 058886 2
A number of chromatographic systems are known that are widely used for

protein purification.

lon exchange chromatography systems are used for separation of proteins
primarily on the basis of differences in charge. In ion exchange chromatography,
charged patches on the surface of the solute are attracted by opposite charges
attached to a chromatography matrix, provided the ionic strength of the surrounding
buffer is low. Elution is generally achieved by increasing the ionic strength (i.e.

conductivity) of the buffer to compete with the solute for the charged sites of the ion
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exchange matri x. Changing the pH and thereby altering

the charge of the solute is another way to achieve
we@basiozat4nf the sol ute. The change i n conduct i RCT/EPIINT/058886

pH may be gradual (gradient elution) or stepw se

(step elution). Anion exchapgers can be classified as

ei ther weak or strong. The charge group 5 on a weak

ani on exchanger is a weak base, which becones

exéh%mﬁé Gh&hat @I‘i’er@ﬂ@ thel 18 1Rl Qh&reby %ﬂéﬁﬁﬁ; thleScHahgd Bett solute is
H. DEAE- sepharose i s an_exanp of a weak anjon

an@%@h\é{ﬁge} acw\m@r%utme)fé?ﬁ pRutgr B%C%\seb'ecgwmiwrw may be
gr&mr@%dj e@\ee@%rwdrste%wee%tegem%@l ly | oses i t s char ge

gher ﬁH val ues. Di et hyl am _noeth
dl etA‘HW‘ N Wﬁfﬁwep‘fl%?ﬁﬂeﬂg?ﬁ]efﬁta@lt\ﬁ k r@éﬂgyg h'lé{],eecharge group

onCalvdkdgnias exenenger id @nweélofbabdﬂs\ﬁ/ﬁﬁlﬁ?ﬂ)ec&nﬁé rdé"—kﬁotbﬂated and,
anj on exchanger, on the ot er contains a str

thepgfoee. 19ges Htsr‘%ﬂ?égehét P8 RH v%'IE@E SEPI%’@%%I 'St #? 8?5@‘?18'8t°ft%é9’eak

anléhl éx@lﬁkﬂ@eﬂ QvHERé tHe ameing ghdup ddh%e%&sl’t%@&:h@l‘b’e@%kﬁ@bﬁphg’ and
Q sta for quate

h
araimlbn o8t 15 SR BUAHGRPH GRS, DrGtaYNIngSi Gy DB AR SR ieihy!--

hy&@ky pfa)pgep;&ﬁaé&ﬁyw(m@m ha{/e; ehibedes h@ssiiiteeidn ar @istdheE. A strong
ak or stron% A str 15 cation exchanger cont ai ns

anigh &P GAGeR AN SiReh N80 SPBETIUBPBRY Deeo BT RRAMS posiively

ch&rgBRitirsugHonathg g farngmn@hhalyusédlforMeemang?e YRaMa®atdpdf (pH
cont ai ns weak acid (such

exc r as
1- %r%cﬁ%ﬁﬁ%’?ﬁ?l g“‘ﬁ%lﬁ’ﬁ) or QyReRaYY ’E}SP'PSF‘ '%§%§X?’i“§'ecfﬂb?g°é’°”9
anid9 etxbiﬁari@bl' decr eases bel ow 4 or 5. Carboxynet hyl (Cl\/p
and sul ho ro (SP), have so m as_counter i
o acale? B8R0 daB e Ber et asaaie Meek ror Tohaeaitrong
camhl léib(;ﬂaﬂ@éﬂ ed@ltaensh?_ct{tr@xgla@tde@ueralaew tamlforphmpb?m t fréM§ains
ca roxya lIte I ox Ite cnromat o
cnfiged et Mo 2o RGPS 2 Esk Sty B gRs CONBI e S e (such
as iart:egidéwnetggygibamymtleg;azjabw |g$espm$uakg@tes the pH decreases below
, I C rns bot trix
4 ﬁgrfgaéﬂ%)ﬁ/m?gwéﬁ% aapow&éﬁoe@ﬂ&i &Pt) gﬁa"e 68?'%”%‘ %Sr COU”ter ion, for
ex@mp‘»let ively char ged calciumions (Csites) and clusters
egati vel arged 25 rou (P-sites). .
e A R o O B e o SR g S af iR R gt Bfekicatcium
ph&@at&@ﬁmk%élle’ii’t@/dmidyénl)atﬂf@ﬂﬁ/drdxglamma credmadgeiphy is a method of
| Ieractlon ve cnar a 0]
U leEe e a s I o aES  tont st Py HiRd P B, pnosanate
(CajiPONICH e \MthIﬁdemS)dotrgth@UrpStnx lant gigaed. Fayictomar gionps icomsist of
nto S| tes

conpl exati o pard et al., 2000). .
Pl JE PTG e S eSS oS (GACn i Fhtprs Jpabdively charged
phbsthaaxyappd (FE -gita$3.€Thel |hterﬁﬂoﬁ§1bétwaémgy@”pmepafﬁeraﬁm poteins are
r oxyapat i t s,.a further
S e R e S e P
on rpjotemsmp@ﬁaté avithatse hegditlve@w‘nakyeldl R-yltesg@ﬂﬂpr'pfem earboxyl groups
n d at _hij I ow rates
gl Bybot@iREe HimaRRRipaP sPrienaShsrr et Anatade " Vol
et @rystallk@9 Jydrod 208 /MR5 Tder  fiPET. /tﬁi%ZQﬂ?hﬁﬁ&)&&ﬁatite used in
chromatography. Ceramic Hydroxyapatite (CHA) chromatography is a further
development in hydroxyapatite chromatography. Ceramic hydroxyapatite has high
durability, good protein binding capacity, and can be used at higher flow rates and

pressures than crystalline hydroxyapatite. (Vola et al., 1993).
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3 Hydroxyapatite has been used in the chromat ographic

separation of proteins, nucleic acids, as well as
wa@edoslozrdees. | n hydroxyapatite chromat ography, PCTEP2007/058886

colum is normally equilibrated, and the sanple

applied, in a low concentration of phosphate buffer

and the adsorbed proteins are then eluted in a

concentratl on gradient of 5 phosphate buffer

Gy%ﬂyé'ﬁatlfét ha beer2GQQ) in tXEtchrorhdibdrBStic \é@i{arﬁﬁon of proteins,
ri

ying proteins is based on the affinity of
”UE:'PGtaé’fq*? 8% weil psetndibedies “&ﬁ‘éﬁ@rﬁélfap@i“@t(‘éir?{“%tﬂ%r@p% the column is

nor b d|uiiBefed, Cardy sher 1® GHPIRAY i BSloW- cdreaniliRh (ffodhosphate
i mobi | i zed ans are the bacterial cell

b“ﬁ‘?rota@ﬁ’ e Fdseder W’ Préothenn eteted Had ﬁ‘ﬂ@ﬁ@%tlof”:l\g"af’&?”t of

phbsphakeofer POibYdrdihi @faICQOO@l n i mmunogl obul i ns. Al t hough
bot h Protel n A 10 and Protein G have a stron

£ or Ve a5 Sshurivies HUES (b e AEbes 4 grotdin of

int&vebeto dnﬁfﬁéﬂ@ﬂit@@ﬂidt ﬂ; ifInfsbRRsd &g ch@ﬂia&’@ﬁép@&e%' Examples for
Protein Ais Dal ton protein that is produced

Sugfy imrpebi 'l%’@t'@?'ﬂ%ﬁ afgttHBWP@E@&&JM%‘M@@?Saﬂat%ﬁt%}d rotein G,
hafnag rspémﬁuﬁy RYthei cqSorfich dfhﬁrtgﬁ ifmAUhegsb@ihs | Agﬁaou@ﬁ @bmlmotem A
E‘ gduced from rou E_‘t re tOCOCCI and has w?
a”BuF’ﬁ%itP Cliaves Sft@Ingt ety des g P@@? dhey E%%%V%Y'BS findies to
otH@aﬁVﬁnbﬁS@lbe@Glbys&%ﬂa&it@’elsgﬁldveﬁlor tPhel r afle ni ty to
various, t obul ] ns rotein is
fur Pﬁ‘&?'”bé tSerd 4P OBrmBéﬁt‘%‘ PPl i lMgPiordeRd by the bacteria
Stﬂﬁ@b@&&du@I@b%@%ﬁd%ont@ln@%mmmd mm@bmubgueﬁs a8MgG. Protein
nment s_t hereof cagntaining

G FAR%P%?%FW’HMOLB] & Rirentgeaspt a’F‘?B?%lt‘ﬁo R'”dl‘i}gof'@srfobt@n@e Fe

redf6rO BN plotdihd hald ekl iaBRcPEFRRINYe @A FR tNtéﬂ@ﬂﬁMtW@%nB% types
20 isolation and purifijcation of i rmunogl obuli ns.

of sRogloBuSn AP IR bels RorfUBhest BRFeNal aREPIPR o raEoRatng  from

Pegt%)%tréd#ﬁ%d:d&:cb@%lﬂéding; ]ggnmﬂumfgrl]@mnnsi ﬁmlﬂ@%ﬂn@bﬂ@'thérelofé&ﬂ@hlﬂg g
_ n rotein I ni chr omat ogr aphy al so al |l ows
"grBLﬁla"?'PPé%‘fqrﬁFP”b?” %J-Oﬁkaﬂ%% Fc-fusion proteins.

Fc- Pusteiam, [Proferi GSanarF&oﬁam DRFfindy RhidhRitdiBafhyNEt Middhg usdd for
he effector regfjlon of a 25 protein, such as the
i

isoftiRa @AY PHElAEe mﬁ“ﬁ”@%‘@?ﬁ‘f"&? fused to the Fc region
of  @ceiti@biRGigY @k foR PE&ih A end PREIE L eY¥idaih the Fc reglon of an

ob n G (1gG roteins are
OB S et (AlIb PLECTnds OB hvedgey Hke dlows
puifatier bT%b &aneg Fe- f@%ﬁ@gtm such as: - The
pos Lt . purification usin r ot ei r protein

S PPy BroRC ot RITBYT B o oroaie ol né eBegli (R of 2
prcaélégl%dd:mgastmetH)'Iﬁcljlh@Geg@@tofp@ re&:d;m@cg fuellelgicto tHeg &2 rgg@n of an
. ind stro to Protein A a a | ,
ey harS Watenib e Bigvgpoosthi of bpa) Eeieof Foteins are
widd\) 8586 2 4fferBSaUtichle A3 7thep @86 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

9G4, 1gG, and IgG, bind strongly to Protein A and all human IgGs including 1gG;

bind strongly to Protein G;
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4 - An increased half-life in the circulatory system

since the Fc region binds to the salvage receptor
wao-ere/0edTTh protects from | ysosomal degradati OPGT/EP2007/058886

Dependi ng on the nedical use of the Fc-fusion protein,

the Fc effector functions pay be desirable. Such

ef fector functions include anti body-dependent cellul ar

5 cytotoxicity (ADCC) through interactions with Fc

r ec AptidreaddaMiaitsile ANHe CREMAENRILEALRAIGE &Y Fc region binds to the
cytotoxicity by bi nding to the conpl enent

conmpaiegs re%pt?rcﬁvq%n Wh'gfeorowf%ff% EQETal dperPdni

I eV@e§eermg?6rﬁ ﬂ‘f(‘etrﬁédléél RSé bPiMe- Fc-fhwmaroltaﬁith@na e’ffg&‘& functions
have strong and CDC effects while

huna
exeM&y Qﬁeg‘f@'rﬂ@@csﬁﬁ'a efiestoreiupetians  ingldgaantbges dagﬁwpayge"ular
wealkytldcita A DTT) mo@ﬁlmfefa@ﬁérﬁs v%r W Redeptord f ec@m@J and

effector functions ca %Pengl neer i

e CoRRrBRTTdeReRH Y cdoRR B dE0); % Wnfits oy dis Fompoment

Fcy BsmpswbnElig CQ&P&QGllé{(ﬁbrYns e%iﬁp@iﬁéﬂeﬁgIeQ@IsthQeffector functions.
therapeutic use intended for the Fc-fusion protei

ADCUU”PHe'QQt AP gwenhate rpnaritlbo APddr R STiees phile iman' l9G,

I eCeRérey WedkANES)anarc b @ffedtd. 1SuhAm RS, *fispldfE W@k ADCC and no
effector cells such as natural killers and

mac . | eadi ng to the phagocytosis or lysis of
t he skamg abiedieCaldl ffeclon féddond ben Béltﬁd@mﬂltéﬂsb)kbrhdmdelﬂlﬂg the Fc

targeted cells by triggeri the co nent asca
Qi {aNCERTE ChrPUE 1 G016 R EAEPReaR & Bhospectvely
debé}\tﬁﬂgsorﬁﬂleﬂl‘ﬁérﬁﬁélﬂlb ugél nﬁéric)@fi?cr%r th@sémﬁ%otegq.t hle or der
. ] n )
i ot ABET. 58 B dedbeor P MEotnbad: FEshiTS (FOIRS) on the

suffiier epiimiune effeetoa@anm@chp@d hatgen &illaRtarkiame&bphayek) Bading to
er certain mw;]umst ang for exanpl e when
thed‘g]ﬁ%ﬂt%ﬁs 8% V$in 8T e eeted RIS i s undesi rabl e,
abr ungmgtherardubamm hii the @fde@e‘d eells bpatiggeiag rmy d@ﬁ]plement

calGdeiidte o) surser 395 ity hibrh ABefat TBls Shysiotks fanctions

incheH3Hg ioNise Eﬁbljér M vwelgh & |g]91; Eeg@pﬁtﬁn@ I@G}E idisblays hlgh ADCC
er et a 06) . Modifying effector nctio
anéﬁ%@ngdﬁ.ﬂagwst%wt@hl& fﬂ%&ef%ﬁuﬁwsﬁg%ﬁu% 098”3 and cancer
ceny ther inprove or reduce their binding to FcyRs or the
rrent factors. The |nd| n
ot e TR Eoy RS R 5 S aron Serrteh e Eyock et i
undélsh1ablet @bmg@aﬁﬁgllal' |dnhlnE@]mBSefMddrhlenétldhstmayonﬁomntred)fOn the
nt (C1 0 res ues | ocat e
OB nHER Foth Oh oI Larenase AR OTcs aio WP EgRbiRsBf effector
furickienGindy dmrawmthaur eweeaipemtu@adctuvftyotcdﬂey Bsalardogyonpl enent
A qg,pindin nd, have uni que quences
o RaREpS Hrre il e He e B AT Gegtetund i Eodpoion to
eitpersmpiova or MAu2H Mhdir ®rhiig to ROTRERAOO ¢oMpBERA! factors.

The binding of IgG to the activating (FcyRI, FcyRlla, FcyRIlla and FeyRIIIb) and
inhibitory (FcyRIIb) FcyRs or the first component of complement (C1q) depends on
residues located in the hinge region and the CH2 domain. Two regions of the CH2
domain are critical for FcyRs and complement C1qg binding, and have unique

sequences in IgG, and IgG,. For instance, substitution of IgG, residues at positions



5 233-236 into human 1gG greatly reduced ADCC and CDC

(Arnmour et al., 1999 and Shields et al., 2001).
wOoovenzaTg7 mut at i ons have been made in the CH2 POTBPIW0OD058886

IgG and their effect on ADCC and CDC was tested in

vitro (Shields et al., 20015 ldusogie et al., 2001 and

5 2000, Steurer et al., 1995). In particular, a

mutation to al anine at E333 was reported to increase
238928k iMBPPanfitdigBPGrddid ue@wied AVC@land COOXARNSLrZIRP) 1999 and

Increasm the serumhalf-life of a therapeutic
héﬁlﬂﬁ%@ﬂ )-anot her way to inprove its efficacy,

al | Muhfégolﬁl rﬂtﬁlﬁfor%' Ha%' |béérh ﬁﬂdé ﬁVlﬁbﬁCHd &ﬁﬁa.ﬁ bﬂg@emd their effect
adnmi ni strati on and uce

ongfefrePad GRE é’ﬁﬁé‘?%‘?%(j’ i (i ‘H&? ﬁba'ofzopﬂme'd}i'%ogﬂeeﬁ‘i dn 2081 and
5 2080 steqeptadl, rgds)( ﬁcﬁ?ﬂculﬁcﬁﬁlutéﬂah GH aIaﬁm@WE@S@%s%‘ported to

the surface of en ot hel i al binds the 1gGin a

inchRasg dRENYERE and Ry 'Q‘Hﬁ?glﬁr%@éc%%01let”df2pg% degr adat i on.

SeVﬂ{c?éasm@UIr@t 5&0m haemkesr at thbha%ebt"ht %hfntﬂﬁﬁ Beérvbﬁt@é? way to
the CH2 and CH3 donmmi ns have been shown to increase

impoue Haefficpey @llwing Jighey eifauayng ivels) less frgguent Rdmipigtealies and

re(ﬁlceél'doseszeﬂr@ canl B dccﬂ‘el\/@d\ﬂbpgan-ﬁalbcln@g 1he3b||ﬁmﬁ§)|o¥ eA%e $@W§g|on to
own_nut ati ons of the |1gG Fc-region fgta en fro

10 neprllﬁ;?l %&ﬁ@%g@q éyhlc@f%?%%qsgq%hm%ﬁa %ﬁ)é endothellal cells,

bln‘afsQﬁé?ﬂéG as FPpheRbémlenBahbt §n<f~l@?5técﬁ§ﬂitl 68 dedrad@tion. Several
roved localization to_human Increa

ed
mqt@{p@gﬂocqt%@@é%@t%@lt?%\e/qaqjhthe ﬁﬁ&@qg i—l&cﬁomalns have been

sh&%&%&féa&thﬁlhaﬁmﬂa dFag & - (Hathnm éwyzomegweﬁcc@ﬂﬁ& al., 2005).
thera eutic fe or reque use admi ni stration
| npr' 8 &J'OY"B@aTalbieaﬂ iSHmMagzey ?Rf%‘/%é% Y tngragiaps of the fga degegion

15 tah&mnm%‘ééﬁg%ﬂ;é.@% Vacci nation; hlgde2 IgGlL E +
HA433K/ NA34E nI asma half- effj cacy; reduced dose

Engieseipeul9Ce |us r T o
s bfene | A Pt i Iagblications

A AR36 + ADCC and Reduc =o|| adver génAiaved (gcelasion 19 3%1 -
NI/ r cination;
tﬁ%%{eg $agGTH E?%%@Wg&ve i ggﬁ?ﬁ% c’f- eﬁl@:\cy re?uced ose therapeutic
T life or frequency of use
administration
Improved localization to
ooz | man zszYiSzSATT2se TERees | et nreased. | vacoaton
9 IgG1 | E + H433K/N434F plasir Y therapeutic us
life or frequency of
administration
E233P/L234VIL.235 Reduced Therapeutic
human A/NG236 + Reduced adverse P
higG1e3 | 1561 |a327G/A3308/P331| APCC and events use without
S CDC cell depletion
human Increased Therapeutic
higG1e4 1aG1 E333A ADCC and Increased efficacy use with cell
9 CDC depletion
Vaccination;
human Reduced Reduced adverse L
hlgG2e1 IgG2 K322A CDC events therﬁspeeutlc

In certain known Fc-fusion proteins having therapeutic utility, Fc-regions have
been fused to extracellular domains of certain receptors belonging to the tumor
necrosis factor receptor (TNF-R) superfamily (Locksley et al., 2001, Bodmer et al.,,

20 2002, Bossen et al., 2006). A hallmark of the members of the TNFR family is the
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hl gG@ e4 1 gGL E333A ADCC and I ncreased efficacy use
with cell CDC depletion human Reduced Reduced adverse
wo2meizsEasi on;  hl g&el | g& K322A CDC events PCT/EP2007/058886
therapeutic wuse In certain known Fc-fusion proteins
having therapeutic utility, gFc-regi ons have been
fused to extracellular domains of certain receptors
bel onging to the tunor necrosis factor receptor
présEhFe 5% c;%%ﬁ‘-ﬁ&@ﬂ%éddo(re@éﬁfﬂnefﬁe eiktradellula? 88hainBag aBLcrigbd e.g.
02, Bossen et al., 2006). A hallmark of the
byﬁ@%@%af@f ReR9. FRER fanily is the WD 2008/ 025747
PCTI‘I'EEWTN@58&§)@MS Gy @RERA P afd P¢5/$N€RQTNFRQ are examples of

seudo- re eats in the extracellu domai n
su %‘@mbB@d fehgy TNFRysurgrfamily: frtansaceshisapyc -fusing. prfﬁ?é* ¢QRRINIng
theTé\!ﬁutﬂ@‘b@ﬂthlﬂ% pTI55NF§NEBl)N@@ﬁ0$BB§ W@KD@WDnaérethe trade

exanpl es of ch nenbers of the TNFR superfam |
”aﬁﬁﬁ@f%@p'@ IS; rgargﬁteptéorft[e@p@eptlgf BRdaPetiesh: eﬁ?W@ C S'V%Sdéfec"'on

HIY %féé‘ﬁdﬁe PRbfiatRf arkiifs, pﬁ%rE%R%ﬁuﬂato\@g&ﬁrﬂ§5 ﬁ%ﬁhn}éoAnkylosmg

Under the trade nane Enbr el

SPAREVIES; éépr%ilap fefusat a3t VerBUEMASHSiseRess | éulm'pe@fat filrpsis, cCrohns

diskh&d!S nBfc@pt isof fusidrl Mo‘te"ﬁC €8ﬁtélﬁﬂg é:)x%gééll@ta'r Q:oﬁ‘l'bbll%rité lbf human
Psoriasis, Rheunmtoid arthritis, Ankyl osi n

pog ﬂ-MdSﬂC?@tP% anqHiegl @ portign [of) Pgma@%@ it aqﬂeﬁg@tgn%for theg potential

tre@infRSLsevEM g@é@.ara»ﬁdfmmrpm&ero% ohns disease.
Lenercept is a fusion protein containing extracellula

conpBteniesalee ahimearer f s TR ruipeiRBily: 498 1Fand Ox4o-

hi®Ah Gt RBIGAT pRETRN a9 bedd piepalddt fRd@ELthaht bhenflammatory and
otenti al treat ment of severe sepsis and multiple
aug)@p

B fligeasexpych 3s globp'sPisRasBer of the TNFR
supahfrtubivn pr3éR-drase BARH-FOMKY cdikGHRY dfeéi?hél@d BR3-Fc, is a

{Jrotel ns have been prepared for treat ment
SO

URle| derpateseRiontiem aerie Ahinhigiters SEBAEE (Rgehagyattrafptosof the
Tl@' ﬁa@rﬁ‘ﬁ})? is b@lngﬂjeﬁélof)e@ 'f&rlh@rdéte%*tlﬁl PdatinBet HAftoiRm@MeSAseases

nated BR3-Fc, is a soluble decoy
SU?%%%E‘@HWW%@H*H‘“%é'?/?‘)e%‘doﬁ‘ys'iem‘ﬁ IPy¥oprythemateare(Slis)cel |

act BOMA g af RAAQT re@bptbhBeloddig fiéthé INFR SuRefahtly. A BCMA-Ig
devel oped for the potential treatnment of autoinmu

fusiprorrgieishashiseR dgscribre (high it Quigimmpne 9@9?51?,6(}\"9};%‘85 2006

sysiapiner reéeb‘iorebvttﬁ@anQRU% ertlily BCWACH St ﬁruﬁérﬁ&hbrane
recept or ongi n he TNFR superfam |

o O G- BRGPHOR SN BLDH ULRPTART QIS BRPRIP2. Crosdlet al,

20000 QhEAHAS aﬁlﬁﬁaﬁluhi\@bﬁhmf&mt%ﬁo cySRMdIGen ﬁse@aﬁirﬂdeats
of the TNF-R superfam |y is TACI, the transpenbr

TAGL DIngS % MERUSEAINS HIWY RS8P (A7 (BN O ORR G B agie igand is
dedifffted HEYS, BG%, Hadrokme STAtL - ﬁlzTNF42&0ﬁ)ANN\/(‘N/|66}e Ras|.,av99).
extracel [ ul ar donai n cont ai ni nlg cF?/st ei ne-rich

Thes@heroligasgelass been designated as AFRIL, TNRF death ligand-1 or ZTNF2
(Hahne et al., J. Exp.Med. 188: 1185 (1998).

Fusion proteins containing soluble forms of the TACI receptor fused to an IgG
Fc region are known as well and were designated TACI-Fc (WO 00/40716, WO
02/094852). TACI-F¢ inhibits the binding of BLyS and APRIL to B-cells (Xia et al.,
2000). It is being developed for the treatment autoimmune diseases, including systemic
lupus erythematosus (SLE), rheumatoid arthritis (RA) and hematological malignancies,

as well as for treatment of multiple sclerosis (MS). In addition to this, TACI-Fc¢ is being
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TACI binds two nenbers of the tunor necrosis factor

(TNF) ligand famly. One ligand is 25 designated BLYS,
Ww@20eB/0231¢ut r oki ne-a, TALL-1, zTNF4, or THANK (RMODER20€1/058886

al ., 1999). The other |igand has been designated as

APRIL, TNRF death ligand-1 er ZTNF2 (Hahne et al., J.

Exp. Med. 188: 1185 (1998). Fusion proteins containing

soluble forms of the TACI receptor fused to an 1gG Fc

de{'/%%bé?ﬂn @ﬂﬂ’tf‘@l‘h‘ﬁéloﬁé (VR [((NGVHI bl e20dasiverat @€ all A0ba Fend non-
00/ 407 30 0 /094852} TACI-Fc_inhibits

th
HOSQ'HG? Aymeftonis (NHlan ghrepigl lympBogytic dgykemiax(GHLatang) v Waldensetrom 's

matf8Ybulentia (\WwMyei ng devel oped for the treat rrent
aut i nmune di seases, i ncluding rést emc |up

er y CiveRdh® dirsaresfigytility I‘?Eﬁﬁﬁtséﬂrbp feinsr it P%rt"(%)th%ﬁ?dconta'”'”g

exhaseatiat 9@1@@ ofaé |TNFW§Jp%ﬂam|I)a&hé/bﬁ|lé aafeell 96r digrBRdaRBAMhounts
e sclerosis ition to this

of Rl LT BE M oD o b o6 PP apedmEsIoiT 0ose86 7

develOpexlod4BsaULSdchbEs By &ty tdvlvbarﬁatﬂfvghr.f%gatAQ Fc, whlch
2004; Moreau et al., 2004) and non- Hodgkin's |y

ho
COMRIRSS  BIARIMI A | FHPREAAR efplewpd (ReLLP-20Rd site” exclusion

Chmgﬁi@@trryom S macr ogl obulema (WM. G ven the
t hera eutlc utili % of Fc-fusjon Iproteln
10

par tY@uPAPo Q(Q%S@sg af rRYsigcationen FeRSefqrue a°r75pbrt\‘t: Rdisefusion
prcﬁélnt hu];emgNFf §¢tﬁl§|h§tﬂm |?¢t, hﬁybwkszapamteaf&ﬁ@felatfogfaphy tand affinity
nitican nount s 0 | uriri oteln
chitg Aot &0 PERSRdvieisii. 0 116 Bobes Soe b9 oW a3s993s,
théjB@ﬁIsldﬂQﬁotémrﬁﬁieBQ\@t iad t@aydrb@labynt@ wht fiy/ihog cdmiGinelfen the flow-
rotein A chronato hy foll owed

Ses ra
thraln Gt SRS kT aRAS Ol bEy SITH o B8, Wes 08 B9 gAthange
chdim‘aﬁég?é[ﬂ%/ i@ nPhédtionad fop Ppuiicaaes sf tﬁ@pmm?a Fc-fusion protein.

my vt AR s f P EAGr bRl on molecuiar weight

aggrleg@mtb mgﬁapét%o%y;pr@bgggon& d;]jowgda?nyapmuté hehrpm@cz@seﬁohy A
e I N t he C Usl| on rotein
UIERR 1oty Ry BIRRT L & o PRIRIR e REgOrRRY ~ and

hytlrbeyafdaﬁw cHrdﬂﬁélugrlapﬁ)f it msclbsedir@(walpatovt@eﬂ GirgtyTthis| iethod has

Itiron.to
oo CaMRIDRG EABH ek [ RRIES GG ASHORTp TS i%a8 ogpre of the
usé e aRAbon BkdRahge thismargpdpdlyaitdp betWee® HESP@&AB A finity and the
di scl oses a nmet hod for renoving hi gh nol ecul ar wei ght
a”%?ﬁgenx‘é@aé’@ $'9%% om anti body preparations by
hy d W@ yegieé476e pipb s hopstagtiawl pAnﬂq@msm fpretatoloformeédudtbinant

so BN b S Bl SERRT Pl SBhSBEABY B o coton
extiinge ehronfategsaphy dndi reversd-poabeltagh ﬁé}fdbmeﬁcedl&ﬁm d:l’merdatography
BBt Py B8, P S0 doforhn o o
sundme)pmtﬁogﬁcﬁtﬂn@p fot e@utbletrweecetdn@rsPr otein A affinity and
the US%O%%&%%Q Cri es t?urlflcatlon of metalloproteases such as TNF alpha
convertase enzyme. TACE has a theoretical isolelectric point of approximately 5.4, as
calculated e.g. using the "EMBL WWW Gateway to Isoelectric Point Service", available
on the internet. TACE is a protease that cleaves 8 amino acids off at the N-terminus of
membrane bound (pro -) TNF alpha. The cytokine TNF alpha is thus released from the

cell membrane and thereby activated. The process for purification of TACE disclosed in
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WD 94/ 06476 proposes hypothetical purification

protocols for reconbi nant soluble TNF receptors based
wo@eoshEs7eT | ectin affinity chronmat ography, ani BET/BP2007/058886

cation 25 exchange chromat ography and reverse- phase

hi gh performance |iquid chrgmatography (RP-HPLC).

Hydr oxyapatite chromatography is not nentioned in this

docunment as a suitable purification step for sol uble

USTNB02/8¢EPt78! Sontdiss 20QRH0A Sdiveat ARSMI bdpiniH ahiosat Ferfusion
of netal |l oproteases such as TNF al pha convertase

Proleing ReTAGRGEE dRssribed indlys desungnt pg lﬁ’lelél tad pavenqi Geai Pyffied.

aIOIOEPX1 gB1 eba discibse@that BRd&ERIACH BliRde® cgromasdgraaoriymone may
0 Isoelectric Point Servi

”O’a*?/%\?ll'fg‘B?@ f?fth? ﬁ%gqrﬁtﬂ%‘r(ﬁ@NA FREMngnt f'iS’i"bPr@%%réS qrifhat in order

to @)h V£§ro$e|@nmﬂﬁera§te;§’§3l%hf a@bnbh%r"é‘aﬂ&f BkdeHaR @fchromatography
g
rane bound (pro -) TNF al pha. The Cé t okl ne

hy%ﬂ%ﬁ?ﬁ@ REREY faé)gg ?W"i‘ti‘?és thesepf ?%Néegin'ao specific

ordeh&fa@b)éeﬂ%rbb’@b@dor thBse RhRERESyrasHic Blebsf Addtidray, ahe proteins
TACE disclosed in WD 2008/.025747 PCT/ EP2007/ 058886 _ 8

EPU335§3)5§¢Gqffﬁt‘?@r%aﬁmépﬁg'eac&Cé%so‘ﬁ’ Qnestangernipodies. Fe-fusion

prélgig Hid it meagedeasie EPFC56UgseN  pr ot el ns of TACE are
described in this docunent as mgl ? have not been
cqtioq

pur i B84 &3 desgphesasgetiiod fer priodies baseg orsprotein
A bameag cSthrﬁ’é’tB@r@ﬁlﬁ)ﬂpiﬁWo@e&BIﬁhd@@YChrﬁmbto@E‘apﬁyférioClc@titin fasadshange

t he se a on o cont am nant rom el ns
ChiRROBY, dfb s Goenat 13, SEEcigk Be oA RbALES St pUTied via
anE)HCfb(cﬁ@ng?enérﬂﬁc&fon@&h%eembmﬁggra@hy omrmaagurr@éihyr aIternatlver

dr ox atite chromatogra r conbi nati ons t her eof
arré%ﬁ'oﬂe Xgaaege Ryougiagranhy fo&’t?é’r by, Hxdrgagbi %FWBB@EE@@QS‘N The

hy&fdghsbi€ Bﬁl‘éfﬁ%ﬁd&zﬁpﬁ@hhﬁy Bt @pplacepy bhp ek Yypet Bfechromatography
pr ot ei ns 561 756 refers to are hemat opoi etic

'”Cﬂ%tgd?ygmxé’?@%'ﬂﬁ FrEemaiodraRRy i THoWSier Pretging ges gl mestigRed inEP 1
61ake3not nentioned in EP 1 561 756. 10 EP 1 614 693
des rlbes a h for purification of ant es
basE8NDA! Bl o’tmé%’ S'S%O%ﬁ efios f%HP%HHE'f&@F'%Hba”tg)HP'Sﬁ based on
anwﬁm@ag@rmwmmgéuamhwm wdlugtﬁin§steb§ﬂgae may be hydrophobic

chr omat ra . In thjs docunent, is specified that
Rttt plieNs exghaneg © oo angiodngxchange

chﬁbatat@mamycI@an@9dr@hyapaﬁ1eogn@myogrépﬁyhaqom\@er Fefd ,et al. only

|Qn ex e_chronat ogr
e PR SOty Of RS RSHTICeER RGP agPaE] S oTHuCse, I additon to
th@yaq!faﬁmwbthe iGibE PTelePOA afinity BRY, Ihxesm@ﬁicaﬁ@ed @yugﬁge};ted in order

ert e of chr rmtor j ncl udi ng dr ox
to ShEmat Y ohgve B Tree TPt ruch e nel HEMABRE 4 EPs).
aggﬂegEtBs 1DN,§Mfa6&31tarﬁﬁﬁrgs@hd #ache20@tein di scl ose et hods

fication of antibodi es based. on
| ot ThaerReberec® SHEAn Sl beell for Rl Bty Methods for Fe-
fugpen proteinzgesdlieRsin sbet puray ad® dyslitaplb adx umadtdministration.
interaction chromatography, anion exchange

chr qng & change chr omat ogr aphy or,

phy. However, Feng et aI
onl Yhe present invention is based on the development of a purification process for

an Fc¢-fusion protein.
Therefore, in a first aspect, the invention relates to a process for the purification

of an Fc-fusion protein, comprising the following steps:
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descri be nmethods for antibody purification and not for
Fc-fusion proteins. In addition to this, apart from

wo bmsiozs7at al Protein A affinity step, no speci PATVEPI0IB058886
is suggested in order to systematically renove all
unwanted inpurities such asghost cell proteins (HCPs),
25 aggregates, DNA, viral contam nants and | eached
Protein A Therefore, there is still an unnet need for

ed f isabjgbingP4l il SotgremgneidPesud protein tIPAEN X 8F PkdiSin G
resulting in such purity as to be suitable for human

adrmPHindY FRPMategrar8yiMVARY OF THE | NVENTI ON 30 The

6. e Sabjectiytpe bivat df%te?ﬁ%?% ©dtioh @c%@@lcﬁmgr%hﬁ
purification n Fc-f usmnﬂfroteln

T%erSé'PJSPté‘g they e{&'afel Qfﬁepa@b@g‘fn'ort BRI PHRCREAPAY ¥t o

ad.psapjesting’ Bk flohﬁthﬂidl@hfdf %ﬂipl @hto Hﬁldr@ﬁydf)@tltfelk&ir@rﬂatography and
protejin, comprising t st ep

WO
zooswt?fmtﬁeﬁdyﬁeaﬂzmam esrsfsagd:c-fgg ign p@&%pem ing a fluid

Conwmsqdr@@sgaé dsdochof PaIifgiRg FeatSbM pioteil¥ Rividlamisdklectric point
Protein finity chronatography; b. Subjecting the

(plpinjbg EANge °§P%tk9’e€%l)7 %#dhei on exchange chromat ogr aphy:;

C. $H§’Jp%‘dels§1€!5 ﬁr’@fér@dlylaéeﬁj ok p&h@ﬂg(thérahéhtrﬁm&ﬂf!&@?{%‘i’(ﬁ@lﬁ@ i.e.
chromat o and . Subj ectin e flowthrou

Fedysiat pigteiny tead%mr&%vaww STRHPB P Gr SR YA fice 3888 for an
Fccf@guérepﬂoltm Cbl’ﬂﬁrlsﬁhthéﬁ extraveMibparionfin bhtigulica figgiddbinding and
rotelrn. This SS i S usefdfor urlff nt% Fc-f usi on
oA o, PP R Re atate 7t & BUPRE O 1) ot g oS factor
rede@m;gﬂmng)m@ﬁnﬁ 0 and 9.5. The process is
used ur i er apeuti c_Fc-

pr ef er abl fyin
Dt oliR et Saprsingy FEBYT GHAER I R RC Rt i RO bl So-called
freB UFNe aglthuroglobalin PeavyNPaR @dredies ablck,aré hot fusbg esl af@mplete
theggq%'ﬁgﬂﬁo%gt'ﬁ%gg?;ggﬁ %ﬁ%ﬁﬁ[%ﬁsa” 8 érg&ghén“&aé member of
theoPlIFRMawhilyy 1 nhi biting extracellular portion, of a
er of t r necrosjs f ctor rece
T o g4 AP B MO RGP (TP P A BN iedblppgotein
pre(féx)abwas setdpabtie Ffoqnﬂbnerm*vswlru]n OﬁogsJ-pCéibdaB@* aﬂ,ﬁFé fLsfoansotem
ea C I N 0 re no
coppiins P SA RSP B, Rasf i oaRT brginG foesBlgr Btan. of
a ﬂnb@\ﬁéldofoﬂhldumgr aédrds@@ﬁdtorl rabem@f(lTN!B’R @Ep@farmry‘pe@mpufsmg less
ect t he i nvention

%tT(gFF% s ‘Pr ﬁ% g?r?% FB Hhotein, preferably a
theltapwtfmrmeFOoa‘eussrwwmltm ethé, compireatiph eéfestabé, Yagnc) and (d)
S B R AGLBL R OB R R A2 bt fpocve
anp oot desirableforanuneineimiétrdtioe. t umor necrosis factor
' ecq‘ﬁere or -ﬁrl}lga%irdc'a pecﬁ a}ﬁ% l|n¥</ént|on el’alte?c’sI trc])ga ;lal?nsfised Fc-fusion protein
composition, preferably a therapeutic Fc-fusion protein, more preferably an Fc-fusion
protein comprising an extracellular portion, in particular a ligand binding extracellular
portion, of a member of the tumor necrosis factor receptor (TNFR) superfamily,
comprising less than 1% or less than 0.5% of Fc-fusion protein aggregates and/or less
than 0.5% or less than 0.2% or less than 0.1% of free Fc protein.
A further aspect of the present invention relates to the use of cation exchange

chromatography for the removal of free Fc in an Fc-fusion protein preparation,
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than 1 %or 0.5 %or 0.2 %or 0.1 %of free Fc
protein. It has further been shown that the

waeeowbiozsasi on of steps (a), (c) and (d) signi f PCERP1097/058886
el i m nated Fc-fusion protein aggregates, which are
therapeutically inactive 2§ and not desirable for
human adm ni stration. Therefore, in a third aspect,
the invention relates to a purified Fc-fusion protein

préORBRS tHePapeulid Ff:%s’r’(m ?!roﬁalrﬁ B%rp@FéﬁibJﬁ' BofeCprettShsN of a Fc-fusion
protéin, nore preferably an Fc-fusion protein

pr%@ﬁﬁoﬁ&r'ﬁ'ﬁgﬁ %?sz&a.calt%qn darign plo? tm%benoﬁ t'ﬁFaFLth{Lnegfosgs factor
redelp@R féhifyl, B4 r@n@womfgeéddmbnammb. méht RISEr  of

the_tunpr necrosis, factor receptor NFR superfamly
30 ¢EhprUrbPhgsRestel tF‘hBF‘?Si')b'BYe”I“%%?'?tﬁ%\ﬁ’ 95@5 st hydfoxyapatlte

chu’f)@naftéb&ém féﬁ%@lré‘ma\%r&%bﬂa@a&ﬁd/noén |F@5’r§3|oﬁ hedteif - pﬁa/paﬂét.on
| ess t han 2% or less than 0.1 % of free Fc fgrotel

prederafiyt H?eerra%é’ﬁ%c'fc' 1o 8TqiPIR s RigPaTAigRht MGFP rREpIgFaBY (Fg-fusion

prdt&ifs lé@l(ﬁpﬂémg ah ieRftadNGIARPEEon ©haaEHBEH GFRAY tdridr Adtfosis factor
r enoval free Fc in an Fc-fusjon protein

feCﬁPE’ﬁéT'\A'fR oﬁﬁlpev@‘%%? Heang pmaiegrir esedsss 10

preferably a therapeutic Fc-fusion protein

prepar ation, nor preferabIA/ of Fc-fusion protein
n%a@%i%@ummon of & member of the

UNEHOWREE hEOS-retlub&E bibler slaRas DS-PR@E bwuff@énﬁfréduga@dtemmung

and tionally inhibiting fragnent
o nll ngpand 2 R o 0o g PEOBiAEBE AT TRPa D TipAGR 4 bane T
t 0 Morcureweighhiienery ages 2:girifidd TACPR&ILaGE aPlayd filinetd vash

val ates in on pr
B Pt SRR b e S 3 g . P8t Briwasno e ©
pr eprbet1,Qafe 10DIURIfiEd Fié@rabl y Fc-fusi ?n pr g%el ns
I SIN an extracel.lu r on o a ne er of
Fics Aahowe A peomaipgtgenic thsgie iy the Rt <Saop drpyatogiaphy
a | vesndedinehiangld 2.agment t hereof. 10 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a non-reduced
silver stai ned SDS-PAGE of different fractions
st em‘|EngDEBcezm1t|0N CRIHEsEXCENMCE €IS enat ogr aphy

bed Lane Mb| ecul ar i ght
SECEEAPCT S & RerTee Brsiniing so0Rere feyS e Bon oy udpeaypammon
4. va®bmbers dimEGTI@FR %Mﬁaﬁuli& Lane 6: wash 3, Lane 7:
t . e
SERING: 715 BB A BoESttere SANE HBlen TACT e e g Eafined in
pr ofv® e8@b3ehe cati on exchange chronmat ogr aphy
e ibed in Exa Rl EF DESCRI PT] ON
SECERDARAE s PRAIAEPBST 8BTS Tsoarene o g BVERo (.0. described
fi ngew@r 02109485g)ence (cysteine rich pseudo repeat)
0 _to nenber f. the TNER erfamly; SEQ ID NO
e [EERE, & 7 gl R ERG R Sug e 8 PEHY RN EopRGRNY Seduences
r eceapiived floen the exeacdliulaegoition of TACI and a human 1gG; Fc portion (e.g.
described in WO 02/094852);
SEQ ID NO: 5 is a polynucleotide coding for a polypeptide of SEQ ID NO: 2 (e.g.
described in WO 02/094852);
SEQ ID NO: 6 is a polynucleotide coding for a polypeptide of SEQ ID NO: 3 (e.g.
described in WO 02/094852);
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WD 98/39361); SEQID NO 3 is an exanple of a human Fc

sequence of the invention (e.g. described 25 in WO
wW®2008023%52); SEQ ID NO 4 is a preferred Fc-f uBtDRP2007/058886

protein of the invention, conprising seqguences

derived fromthe extracellujar portion of TACI and a

human 1gG Fc portion (e.g. described in WO

02/094852); SEQ ID NG 5 is a pol ynucl eotide coding
SE@ID NPOT YPanidl cI@Btlo@EQ)d P a %o&ﬁepﬂlde oiEtesprnoed (e

in WD 02/ 094852 SE I 6 is a polynucleotide

codP'ﬁif”%'”a 9%‘6‘?? He of SEQID NO 3 (e.qg.

descri bed in WO 02/094852); WO 2008/ 025747
PCT/ EP2007/ 058886 11 SE ID I\IO I? is a pol ynucl eoti de

' . (e.g.

desqhb l@ﬁéiehﬂnV@h@Rh@@é‘s%a?dn th%@%lbﬁ%@@@%uﬁﬁéaﬁ:ﬂn @hethod for

THE I NVENTI ON 5 The present invention is based on the
angeXFaMRIR et Erapputic Eﬁquq%afqt%ﬂ ARTRGJ AC: dRSWEHEniN arlg)gh'y

pufifiey PRSI pfreﬂr_aﬁaﬂ‘dhsth@tns Bl 8 huaaeadmifGtratih. _
resultin fied TACI - Fc preparation

uri
t hat' N§ &V U'Q”aIB?réqu%Fgﬂﬁgﬁ}@ H@HMOFifQt Rusifyingnan Rgg&ision protein
compNGRg irerolldaeigestesse rel ates to a nmethod for pur| fy| ng
an Fcfu3|on groteln con‘prlsmgthefollovmn%; B
10 & Hibijcdee pilyidLompyising é%'HﬁlCrfg?"%p@éq”dtond'omA&ﬁ rotein G
pr ot elaﬁf.m@ Cﬂmﬁ;g@graﬁ]pr Pr ot ein G affinity

A A A ALY T MR R R D
el uat %lﬁj‘eicfﬁh@D}e(dMaftié of ﬁé‘ﬂ) o) t@Aﬁ.bareg@hahbé AR RPINY;

| e OW- rou
s g wedmeigh L Shg (036 Hifia Rt isromptogranhy

el uat eanldaofdtiay thePeliate ite dothid-furfiePPc-RIsIngrdteinl N an
enbodi rrerr}ibaaf the | nvention, the ﬁcurlflc tion nethod

does" ABF imgnh of thegpysitig, the AUriticalipp methga does not Contain a

stecpmroleaﬁro@fmgmhroraatagraphp adrldi i haaiculat it d06s nBIOtonVIP A s€p on
wheat %erm aggl utinin agarose. The net hod

a ste
Wh@?tqeﬁg‘ qgﬁ{}’gﬂﬂa@ﬁrq §& used for purifying an Fc-fusion

pr Otl'ﬁdla metlead Githa invaatig sr@eglfdrg)lfnmm &n Bchsich r!&oteTmﬁavmg a
'i spel ect

t
ol (@RORG T 8 S5ip R0 ToerRoeisPhie ot B b oF hadrdjin e el 8t whicn
theZ@frcr)galn ha€a nbhe\t/eﬁiiﬂl aiar%@b@lﬁhlit&@erprm ehdphas Dévth&;h tﬁ@lptﬁiteln has
nu r O oSsiItlLve an nega e Cha er na
angian auSbel S basiye ST abaie chieet R inaray QiR el 1 any
givied pietein- €st b ldosdadcdréindino Qe stadlishedasciidiesPyuch as e.g. by

isoelectric focusing.

The pl of the Fc-fusion protein to be purified in accordance with the present
invention can thus be e.g. any of 6.9, 6.95, 7.0, 7.05, 7.1, 7.15, 7.2, 7.25, 7.3, 7.35,
74,745, 75,755 76,765, 7.7,7.75, 7.8, 7.85, 7.9, 7.95, 8.0, 8.05, 8.1, 8.15, 8.2,
8.25, 8.3, 8.35, 8.4, 8.45, 8.5, 8.55, 8.6, 8.65, 8.7, 8.75, 8.8, 8.85, 8.9, 8.95, 9.0, 9.05,
9.1,9.15,9.2, 9.25, 9.3, 9.35, 9.4, 9.45, 9.5.

Preferably, the pl of the Fc-fusion protein to be purified in accordance with the
present invention is 8 to 9 or 8.0 to 9.0, more preferably 8.3 to 8.6.

The method of the invention is preferably for purifying a therapeutic Fc-fusion

protein, i.e. an Fc-fusion protein intended for treatment or prevention of disease of an
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i soel ectric focusing. 25 The pl of the Fc-fusion
protein to be purified in accordance with the present
WO pwentizen can thus be e.g. any of 6.9, 6.95, FCDEP2007/058886
7.05, 7.1, 7.15, 7.2, 7.25, 7.3, 7.35, 7.4, 7.45,
7.5, 7.55, 7.6, 7.65, 7.7, 4 75, 7.8, 7.85, 7.9, 7.95,
8.0, 8.05 8.1, 8.15, 8.2, 8.25, 8.3, 8.35, 8.4,
8.45, 8.5, 8.55, 8.6, 8.65, 8.7, 8.75, 8.8, 8.85, 8.9,
an@na?%r pl%fé?ab@f&fhugnag theatrfert Vo2 &efe9ab%5 themtho8-oBthe invention

O Preferably, the of the Fc-fusion
is ES\F @y@fwwg@@ Ffsfusign iprotain GORPHERS A A ECWPH Ppian opp ggper of

the! wt h&rﬁog@ f&tdrorege;ﬁbr BTN R)0s S ePramiPr Ehd eRir&deiiby Paman is
of the invention iIs referabl

preif@ﬁaplp/ﬁ Ifg@ng btr}qlg}gg[?@mqn&ofl:qp @G@cgl}plarmagto&dﬁmam (o} t eyfgspective

td UA @afewe@tr&; ms.bﬁt;ﬁaﬁeﬁtrfa%aﬁ nRApiRE iBradebRMAEY WA the
di sease of an /025747 PCT/ EP2007/ 058886 12

'”@Hﬁ'%a@'”%?"gﬁf‘%?@? H}S‘IWS PbP'OﬁW@ﬁ”? P45t AtO: TegsPEer activation.

pr efras ey Feilpormblead, &f udedeheldiry 881tniedit to leficdrBbass proteins, in
puri f an Fc-fusion protein conprisin

paawleaﬁﬂsrapav%ﬁ PrEtInS; BRMRIISINg %‘Woﬁpb“'trh%ertvﬁﬁﬁlo'ety which wil

beNe&Ieas herefrAah®T “FEatas O arﬁdTMFRho@tvpaéff@m frgm Bh&econd, non-
extracel | ul ar portion is ref er abl eg a |igand bindi r;TQOIety

immuaegein o prafgin.e MNicle il ubPar cligdt NefEINORET heePeYte
irdspefRetof Waether CaPtoatmedt P @Sk afinfepdédisi on protein
tha&gcan be purified in accordance with the i nventh%e Fo.

bi nd8€ 1§ ar @eaﬁ‘fd ISHTeHi ReEe 'S ISRk L $IGQAREST AMEPFTHA!

quﬁ)rgprofeﬁ}C&Jpﬁé)burﬁi@Hllrvabddbcﬂhncemm th@rpmseﬁl(?mf/étﬁlbﬁmvhlch is derived
enconp

roft 8 Snfunodip 3 Ber LI HEPABELE P N ABFIIGontin a signifcant
poﬁi@ﬁ'pcﬁfl &en@e@aeutmw obuhd mcd@guorvepdotgau Erhyref(wéll fbe Fc may

| ed hereipn the "
collain R4 01 GO IR, O PR MNERATS 30! Drkseesr pound
to wighifibarntipbhiohe of amaglp&m& endletly e riekp&ioapeslyi :c © dtﬁ@lFetth ,that is
irrespective o et r or no tr tne | Sease | S
ae BRI PheiR Clagy oo iane e Segia ol e, S ol Mag o be
coht@ined aPMpadies RRIfsachet. it |Qﬁn(ﬂé‘r§toE@thai fteé PO rrmy@tmabdshtéua adrimber
[ [ th the present inventi

ified i,
of BitinorclieBpes B 4 BRraPhitt e DD & & Es e g 3. 4.
5, ECF f8LtS‘I9<)Gm|iHoQioﬁjsrbeﬂm@ ngae shehtrapommioahdied, fis@did the &#dimoiety.
utic noie

i on of th era of the Fc-fusio
o0 ol B EeTS ctayrhe AR o et e el i apgolindy et
is b@férﬁbljnga Ig@Hﬁh@nﬁS g bdoaraiges, Ig@)) ;ghhairegcmmt i lardogsteferred
nt portions_of a the utic

thq‘iﬁhee&;/ moj & Féieﬁg‘?fii{r?fa%é Bg Vty(?hf‘"ﬁ‘é’f ER ntw{}oqlia)]tg{ﬁmi %referably an

Igcgﬁmareadrefdrd@w Wm-mlolﬁt)ewmb Bes Iamwmdr Sudﬁis &'f@dafdbmmm of an
. _the Fc-noi et .al so co in the fre

mipGegoin ey oMl SPOY RO T HEBel I EoTM sieBiop referably

comprdeai at leastonbay c@istaft demanosaedtel fremlajiyeﬁ tiher Dinyé,heH2, CH3

do%?g%r aIp ae%,t éo%bq%h%tg)(wg’%;: Itt1 gfﬁsfﬁfe i'rgg ﬁﬁép ortﬂglgp((gceo'{%'ri?%%at least

a (t:lHEraapE(LHi:t dormmainettyis fdirthee grdferréd ehakchenbe-atojety cdiprises the 1gG
hi Fc- noi et,[(ly5 gﬁ% b tde&%gd froma human or ani mal

MO8y "3 ﬁ”§| pmain.
The Fc-fusion protein of the invention may be a monomer or dimer. The Fc-

fusion protein may also be a "pseudo-dimer", containing a dimeric Fc-moiety (e.g. a
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is preferably an 1gG The 1gG may be an 1gGl, 1g&,
lg&3 or 1g&A. It is also preferred that the Fc-noiety
wo soodeei7wed from the heavy chain of an i nmunogbP@bBP1007/058886
preferably an 25 IgG Mre preferably, the Fc-noiety
conprises a portion, such ag; e.g. a domain, of an
i mmunogl obul i n heavy chain constant region. Such Ig
constant region preferably conprises at |east one Ig
dink €53 1 bis RER bild el HieCH S -COM RAYtr s dravHdNEHy ofd 8 fused to
CH3 dommi.n, or any conbi nation thereof It is
a therapeitticabrietat t he Fc-noiety conprises at |east a CH2

and TREBFEARIN . prétein Sndyrdehel Hit&baReed cbhl@tmﬂd"ecwo different
Fc- nolet%g conprises the 1gG 30 hinge region,

CH2
theSARPUIR NP BOmOFBCTE ROT@EITShUY BOREIODR gl therapeuti
md.é{yentl on may be a nmononer or dimer. The Fc- fusion

protein may al so eudo-di ner", containin

di it FCOEENRS ih >t)he( ge@enps VRS 18 I@Q@?W may also %ea}nodified in
ord%@T{oEH%QiQHé)%&I%8@r f@ﬁct%th'Fonm;*,tﬂﬁbedl tﬁb,” fdllé\ﬁm@f F@igﬂdtatlons

hlng construct32 one 1S
acgqyding tq ﬁHr'%%LRQSE'Oﬂ% Kebg! etﬂﬁeﬁ% f%?:ﬂ %'”HP@{C@M tﬁ%\ﬁcw'ety
is @erm@ﬁbmdgggr containing two different therapeutic

noi eties, or a honodi mer, containing two copies of a

Si n&?@ Q/%'lzébeutl c 5 noiety. In accordance with the

pr esenhyYiSPseTtResE +Hag3KkmnazarFety may al so be nodifi ed

modul ef f f tions. For
i nsggﬂg@'-zé‘ﬁ/é'-?%/‘%f%” ﬁggifg@?%&@?g according to EU
I ndex3pa3dzoans (Kabat et al ., 1991) can be
introduced if the Fc-noiet i'S rived fro G: 10_.
T25687"M#2BE MypEcHs) @?Bﬁ*ﬂ%%@eﬁ @SY@W%EJ thdex positions
selﬁgt%g;frbrﬁ36®f?] L@sgﬁﬁm 235,A327cﬁmfb'ﬁ%@i8g?38%re8f. &33@Ano acid
u er Fc mut at may. e. qg. e .
bSO Bt Ebnise B onaed b §hdhe 162 dlmainaay aisp be
int®3d0ced3 o 2&?&4chrﬁ0|@t§35n ths conteki oRtheopreséranemition Afliminating a
subst |

ac t on a Ui osi.tion, 297 ,
ot Bl xiE 4roNiFHE0 b are S marL o s ST Baifla .t B dex
po§|lh@n Beo maaetasol Pe tré\@amnmma eé?dﬂmsmussgnhmenv%md @ysteine
elimnatin otenti site o I nked ca .
oot el 4Dy Blstte T g it the Wt bR RL holo fhain
coRdéntmayioml so be replaced with a serine resi due
elimnating the, c

For b 2B B ABb SHHEr e MYRE R LIS (el 1 c-molet
combAsas orcoonsiRNGT SEEWIDMNO: [3orais @atedICE; MpbRntidieotide es/ptising
Séd]l\belqbl on, it is preferred that the Fc-noiety

The therapeutic moiety of the invention may e.g. be or be derived from EPO,
TPO, Growth Hormone, Interferon-alpha, Interferon-beta, Interferon-gamma, PDGF-
beta, VEGF, IL-1alpha, IL-1beta, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12, IL-18, IL-18 binding
protein, TGF-beta, TNF-alpha, or TNF-beta.

The therapeutic moiety of the invention may also be derived from a receptor, e.g
a transmembrane receptor, preferably be or be derived from the extracellular domain of
a receptor, and in particular a ligand binding and optionally inhibiting fragment of the
extracellular part or domain of a given receptor. Examples for therapeutically interesting
receptors are CD2, CD3, CD4, CD8, CD11a, CD14, CD18, CD20, CD22, CD23, CD25,
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conprises or consists of SEQID NO 3 or is encoded by
a pol ynucl eotide conprising SEQID NO 6. 25 The
wo bmsapewt i ¢ noi ety of the invention may e.g. PET/BP200B058886
derived from EPO, TPO G owth Hor npne,
Interferon-al pha, Interferop beta, Interferon-ganmms,
PDGF- beta, VEGH, |L-lalpha, IL-Ibeta, IL-2, IL-4,
IL-5, IL-8, [IL-10, IL-12, IL-18, IL-18 binding

CO¥30te4D, che-desa.codv-calsghep197, d_mmﬂ_t-@{ecgb%r IL-4 receptor,
t her aggutl c noiety of the Inventi

IL-GaRGepias L GriPaenteie pldrecentog Su@tﬁ“tﬁn'i-r@ﬁsﬂ%r“aﬁ%'? beta), EGF

rede@ERPVRGF r@éé?ft@rf a@é@fmbaﬂprmm@ &@5 |7vmé ’mee@ﬁh ag, B2 mtegrlns
extracel lul ar domain_of a in particul

TRAL 1478RE b1 it @G td ROPES N Rﬂaunﬂh%‘ihte'i'%ﬁe'f ?%J?fr?@rﬁ‘tmglﬁcme
E;Bdﬂﬁ%l\/l embro@méﬂ awr@vsloaahéle&negqmm-e@fcmm Wi RCERYLfoxic T
era eutlcal I nterestl receptors

VT BOipD PSRt ORe FogaTiRe | (SoeHo b DrB0Pe oo A DR
an@mbs@@g@, V\D 2008/ 025747 PCT/ EP2007/ 058886 14 CD33,
CD147, (CD164,
r ec-]stpﬁ Blghlym@fgrrg%t@@b{h@rtherap%utlg rp(é%téﬁ){ 8. mYELntlg@ be derived from

a re6§Re londirg tb&héﬂW Q!’peﬁfblmlyll'ﬂﬁa tﬁéﬂapé&l% rﬁb@@&nay e.g. be or
I L-18R- bet a), recept or eptor

be 2 ffesiygd 4D Hat %%t"ﬁce'i% ?ﬂ‘%'ar?f Tb'ERA (PBS), F'}":e%% 355 OX40,
oSTé%thegefmegmvscmo 2CD30, RAIK ADRBANG ng%BIKTRAQLamI TRAIL-R2,

T SRt R R AT R BRI A8 sy cra

(\Ahllrcacdosdaac@ymtattm(presant .hqermb}myé treraRe e dle®dderived from a

anti ,_Fc-ga -l rece A-DR 10 beta A- DR
meiter S He TSR RERTT Iy (AF S ER0R] oIy oBt o ST ol o el of the
exfrieape dbmainnari taéyn@ﬁbérhﬁ th@ VINHR, whdhﬂo@epnefee@bly‘ lcOMpriges a

receptor b Ion in TNFR rf am
g R AP OR BT BB HEYME Fagmes G och BoGE et PEdNFRom

t he TRX tfolmaeld urbtaé sl astairmernberd NFRAe (PFR) supeRaRAY (FRXAP which a
thGEBREiP QIR T USOL RS WHRARY beSont IHeoD ey ATV, and their
redyetive ahbs. ABAkfaRd b‘B@M‘g fré’g%‘ént bha am@uséi&ﬂgﬁe VM\IF!;{ fahily can

t 1 nven e C nol et erive

e S R Ao
me@rsumgymnahg tﬁbﬁw@drﬂ pl@feni)fh’égm@ﬁt 6fhz§? givkh rexdptécend tHealrespectlve

_dopai nber of the TNER, _and e prefer
oSt 80 2555 G 1 NP At B GhE IS i PaTprzssay

whieFeig) Hﬁélbf mé pEdt6iRs, & . grand edceplor frBgmdMIFR.immaBilited loakdiger (e.g.
sts nmenpers of the TNFR superfam |

Tab%lg { from
angh p&?te t%ﬁ‘@r'ﬁﬁ?ﬂ??ted BI¥Y Y9 PRPeRESE QE’HE'BQ\RI hg Rralgin binding
sitéy 66 g caﬂﬁlﬁfﬂﬁltholhef@)torﬂf pﬂﬁélgv@g tr%nldgahbeAﬂer mcuba]:cion, ligand
respectlve [ "1 | gan ment" of a
bingiigys de TREHEY 8?15%"&9%8%’ '2@9"@%%”&? ”Gé\.‘"grqﬁteﬁ@‘éﬂat'o”
of e Schu@dD@dl&@(ﬂ!lvﬁ}kldftleEﬁpperﬁdﬁ@\A@Eﬁmg an @ sdirlill&ioi d“mh%r | Binding
vitro assay neasurin Wween pr ot ei
of HeslsRaR oDt B JROER M e BRASE RaTHadpBet iR figand-specic
antibody and a second, labeled antibody directed against the constant part of first
antibody. Ligand binding can thus be easily determined, depending of the label used,
e.g. in a color reaction. Blocking or inhibition of ligand binding function can be tested in

suitable cell-based assays.



i gand. Such an assay can e.
RI A- or ELI SA-type sandw ch
w@e@B®23137 e.g. the receptor
to a carrier (e.g.
fol l owi ng appropriate bl ockj
25 sites on the carrier,

with the second protein,
the ligand. After incubation,

g. be a sinple invitro
assay Wwherein one of the
fragnent, is i MmobiT/ERmd7/058886

an ELI SA plate) and is incubated,

g of the protein binding

e.g.
ligand binding is

det eediedbR; the hﬁéth@@yofotfher@%é?ﬁqﬁ\}e\ﬁﬁoﬁ ?Pebﬁirl Agifydg BRE c-fusion

| igand and determ nation

pr%{?'f‘ eFOTBRYSISh A ARCsaRGdiA; Mgiet

of

bound i oactivity
rﬁjeﬁv%dc ifiom | a| d‘t‘?'ﬁ?ﬁfc 8l ﬁ'ﬂee rTNFR

i Gelefeatifoph ihbg@ry,ie@mnraaless) be determined with a

abel ed anti bod

andTSb@éEJHSTN

thus be easilv determ ned,

or a flrst
A ELETIN %afyln@.tia sethstpy Ry & n GOty and S8ssen
et GON®beNt part of first 30 antibody.

gand-specific _antib

Li gand bi ndi ng can

pnpndl ng of the | abel

usé’!ﬁmb% ofj TNFR supedfamily r eact

i on. Blocklngméﬂd

GF[RII UI lI (014 UI
sultable cell-based assays.

Fgand b mdi g

IcCti o camr be tested 1
2008/ 025747

EDAET/ EP2007/ 058886 15 Pref e

ﬁ@A¢A1the met hod of the

ent—rnvention s for—purig

protein conprising a therapég

_Ag dll I-L. IUbI UTI
=ut|c noi ety derived froma

Ch#®nber of the TNFR superfar

hi

nQDWOSeIected from those

| + o+ ol o~ TN ~ [ T o -
LT S5UTCTU 111 agur © J. agur © J.

afaccording to Locksl ey et al

Fé§2001 and Bossen 5 et

Oxéb

EDA I\1 YEDAR Ehl\ I\’)

2006) Menber of TNFR st

I

Ioedoam |y Li gand NGFR NGF

| ™/ U\ W = 5/ a ¥

hl\ R NI\
AI

O
[

40L AITR AITRL G TR G TR 0 CD30L CD40 CD40OL

GIFReA LI GHT, LT-al pha 4-1 BB 4HmRBBL TNFR2 TNF- al pha,

1 T nl nha LT nl nha-hat a3 L Tlhat 9P L (:l—l'l' L T-al nha
Gl bhabet & DR TLlA_ [CORL o e
CD40 CD40L
HveA LIGHT, LT-alpha
4-1BB 4-1BBL
TNFR2 TNF-alpha, LT-alpha, LT-alpha-beta
LT-betaR LIGHT, LT-alpha, LT-alpha-beta
DR3 TL1A
CDh27 CD27L
TNFRA1 TNF-alpha, LT-alpha, LT-alpha-beta
LTBR LT-beta
RANK RANKL
TACI BlyS, APRIL
BCMA BlyS, APRIL
BAFF-R BAFF (= BlyS)
TRAILR1 TRAIL
TRAILR2 TRAIL
TRAILR3 TRAIL
TRAILR4 TRAIL
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CD27 CD27L TNFRL TNF- al pha, LT-al pha, LT-al pha-beta

LTBR LT-beta RANK RANKL TACI BlyS, APRIL BCMVA BlIyS,
WORRBAL257BAFF- R BAFF (= BlyS) TRAILRI TRAIL TRA/ERD07/058886

TRAIL TRAILR3 TRAIL TRAILR4 TRAIL WO 2008/ 025747

PCT/ EP2007/ 058886 16 Fnl4 JWEAK OPG RANKL, TRAIL

DR4 TRAIL DR5 TRAIL DcRl1 TRAIL DcR2 TRAIL DcR3

FasL, LIGHT, TL1A In a preferred enbodi nent, the

Fnffg- T USi ON protei N _CONpri SEs [FWEKK apeuti c noi ety

selected froman extracellullar domain of TNER1T_ TNER?
ORf¥ a TNF binding and opti on®ANKL ARABI ting fragnent

DRaTeTEOf T 5 1T a further prefigrpagd embodiment, the

Fc-fusion protein conprises|a therapeutic npiety

DR&el ected from an extracel | ulldRAlomai n of BAFF- R, BCMA,

DR AL —ora fragment thenggiy brndimygat—feast one
of Blys or APRIL. An assay flor testing the capability

DcB2 binding to Blys or APRIL TBAHescri bed e.g. in

D Hymowrtz—et—at——2666—16 If Ehsl 11
Cl. SEQID NG 2 corresponds IT (Fhe am no acid
sequence of human full-length TACI receptor (also

Swi %r?’g) é%tfer%’atérXb (§,§6t}1e Fy%sq“on @rrofefrﬁcﬁ%r}ée r?I?era[?eutic moiety

t herap i Ses a 'on 0
selegien, frqzm edreream@elluldempmm bt GMFR1e TeiFtF&acml & UINfr binding and

opﬁﬁ{é‘rﬂgﬂm%.t.%ﬁ}gﬁmeﬁ gLerably, the TAC -derived

conprises at |east am no acids 33
to BVa ﬁfrthSE@efelﬂeM@mtﬁ)dmm&m dhe &pdfusiorgubids GnptiSes o thddpeutic

mo(?ét¥ §5QctHP arlc'\)ﬁ?'r arﬁ%x&%?%l%lﬁrdgﬁ%fnr&%A%,dé@ﬁﬂ,t or f/ﬂﬁ c-)rl’%qragment

race
thereof binding at least one of Blys or APRIL.

An assay for testing the capability of binding to Blys or APRIL is described e.g.
in Hymowitz et al., 2006.

TACI is preferably human TACI. SEQ ID NO: 2 corresponds to the amino acid
sequence of human full-length TACI receptor (also SwissProt entry 014836). More
preferably, the therapeutic moiety comprises a soluble portion of TACI, preferably
derived from the extracellular domain of TACI. Preferably, the TACI-derived therapeutic
moiety comprises at least amino acids 33 to 67 of SEQ ID NO: 2 and/or amino acids 70
to 104 of SEQ ID NO: 2. In a preferred embodiment, the TACI extracellular domain
included in the therapeutic moiety according to the invention comprises or consist of
amino acids 1 to 166 of SEQ ID NO: 2 or amino acids 30 to 166 of SEQ ID NO: 2, or
amino acids 30 to 119 of SEQ ID NO: 2, or amino acids 30 to 110 of SEQ ID NO: 2. All
of those therapeutic moieties are preferred for the preparation of the Fc-fusion protein
to be purified by the method of the invention and are combined with the Fc-moieties
described in detail above, and in particular with an Fc-moiety comprising or consisting
of SEQ ID NO: 3. A highly preferred Fc-fusion protein to be purified in accordance with
the present invention comprises or consists of SEQ ID NO: 4 or encoded by the
polynucleotide of SEQ ID NO: 7.

Hence, it is highly preferred that the Fc-fusion protein comprises a polypeptide

selected from
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included in the therapeutic noiety according to the

i nvention conprises or consist of amno acids 1 to
wae®sots78EQ I D NO 2 or anmino acids 30 to 166 pET/BEQOT/038886

NO 2, or amno acids 30 to 119 of SEQID NO 2, or

am no acids 30 to 110 of SEQ ID NO 2. Al of those

therapeutic noieties are preferred for the preparation

of the Fc-fusion protein 20 to be purified by the

met hod gf dnhifo balNEM tods FEE@IEeNoopbdi ned with the
Fc-noi eties described in detail above and in

parti cuPardMine Acigh’ Fo- i ASFXEMPi i ng or consi sting

of SEQ D d¥ho Seiddshiodttayof BEES By Ned2;Fc- f usi on protein
to be purified in accordance wth the present

i nvent i &n AURHAFLLD B MO SEQR PP SEQ ID NO 4 or
encodede bysetdnm Npobynucl eotide of SEQ 1D NO 7. 25
Hence, |t |s h| ghlg preferred that the Fc-fusion

pr ot ei n c pol ypepti de selected from WD

2008/ 02§74/ d%@%ﬁ%OCchQ@&B&@ al oonudiebite afbHGiziAg tO the
66 of SEQ ID acids 71 to 104 of SE

ID NO 2; COE‘p'eéT?ﬁ”hd’fa%?Qs'%L{“Q 02104 80P <ECNIE Rl@ﬁ'yzqf'”ge”t
d. am no Q;@h@iﬁor%Oaﬁ(g) 110 of SEQ IDNO 2; 5 e. SEQ I D
NO 3; f. ID NO 4 ept i de encoded

pol ynucr‘e@t’F‘H '”fﬁf@f‘}’é?f@’aﬁ ) (&) 9rh(}ép ag@ﬁp"l t 5qeii0 "éforgé@?or 90
I D N10o E Ok 069@% squu@d@".dérhtwthébbw@ﬁ.aé of@,@r(d(ge% %)
and a

haviVi§redt the &8 Pe%ttﬁ’e %@t t%“% (?”9(5#%?1}'03(95%5'% sequence

identity to the pol ypeptide of (c), (d) (e) or (f)
east one o0

wherein t ol tide binds t
o HoRy L1t RS, SpSTERe 1 o RSP Copeses 4 eavy
ch&ifi cﬁuaamfrre@b@beémunﬁﬁnwglcfmn an(ﬁr@@)\/@fera%b@ aCIIkiJlﬁhéh &ﬁﬁﬁdnﬁl‘ﬁglon.
n o an_| Nmuno (0] 1N rerer y a man
in BE ReRATerLaT i PVoR g U RUB TS SRS s BB preferred
thafthtee ¢ometano@gldohiprisss @ningg@H2 hitd & ©Hl dwmapt.ef err ed
regiLon co r,ses

t a th const
Irygnarie” FROGERL N B RS BT bt UBeBihe i
psﬁ@oerb)ée@taijCBI@SN@h’e cysteine rich pseudo repeat of
rdance Wi th t

U EeBang? PG e RBSIT TSP A M. o8RG B edbsion piotein
is first Subjeulap etot ra@tenro APbOPebtEinAG oaiffni?ryoéreomaﬁgaafpﬁynirme/ fluid may

o BB BT B g Mo 4, T BT R RS oot cuture
supgradtantalhy tael 1celculnltum’ gupernatant”, as used herein, refers to a medium in
which cells are cultured and into which proteins are secreted provided they contain
appropriate cellular signals, so-called signal peptides. It is preferred that the Fc-fusion
protein expressing cells are cultured under serum-free culture conditions. Thus,
preferably, the cell culture supernatant is devoid of animal-serum derived components.
Most preferably, the cell culture medium is a chemically defined medium.

The Protein A used for the affinity chromatography may e.g. be recombinant. It
may also be modified in order to improve its properties (such as e.g. in the resin called
MabSelect SuRe, commercially available from GE Healthcare). In a preferred
embodiment, step (a) is carried out on a resin comprising cross-linked agarose modified

with recombinant Protein A. A column commercially available under the name
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supernatant. The term "cell culture supernatant", as

used herein, refers to a nediumin which cells are
wa@iosezEa and i nto which proteins are secr et edP@I/BP1I00BA5S8886

they contain 25 appropriate cellular signals,

so-cal | ed signal peptides. |¢ is preferred that the

Fc-fusion protein expressing cells are cultured under

serumfree culture conditions. Thus, preferably, the

Mabgélbctcukrbuofr@nﬁwmttmare & éﬁvébteﬂn&é ANAATRHFrHG! 1BIn that is
derived conponents. NMst preferably, the cell culture

PafishiatlyPyitable Tersiap (liof epsesantmeiiodi um The Protein A

useahé Prottine @fé Iaﬂ.lntty cmbmaf@tra%p wﬂsnéfé?@dy Bsedt asbe?capture step,
r econbi nant . ed in order

ang ﬁlwso?@évqstfgr 'Ei'l‘rlf)'ﬁ%tfqnl Q§§|¥e( Eﬁ&ﬁ'%sor%te@ |q Wry%@rreé@ﬂr}@tlon of host

cef aldt@fs aMrlreglset pRdie ag@r@gﬁﬁé caridl foy cav@intratidreof hemcFsion
Heal thcare). In a preferre enbodi ment, step (a) is

Prtgip PreRRrSdP- on a resin conprising cross-linked agarose

nmodiThé estm "aghfeghRE0RBIURAHN helirD iemBar. to fefEPloUBtein aggregates.
comerci al |l y avai) abl e under the nanme WD 2008/ 025747

It ?‘@W‘E%?’T‘@B@S@G sugip agKRP eteframers,0T iglysh QEger aggregates) of

thé Ealflidicpeoteih Stoabe @xafigd an@fman rédultl &gt Yh hemi Moldaalbr iwkight
E‘@Qtlcm arly suitable for step (a) of the present
A0YSOREE. The Protein A or G affinity chromatography is

pr efraé alfinty WhRIhASgrapIBaRidIfR iR, advaRthgt NiITe®RINgESggregate
rific @tl on of the Fc-fusion protein, in

'evﬁgrb(ypgﬁ‘? 4fo'%| i ni nation of host 5 cell proteins and
Fc- irtiﬁsku@g]tﬁérFl’IbQIMA@gQif@'ﬁr&lty&ﬁworﬁétdgrfa@lﬁryhmwtpﬁ@bﬂnqé\/eﬂﬁ may
C u rotein preparatlon e term
be"%@tf?@&éit@to 3Q§f(llged herein, is meant to refer to
Sr olreh @reﬁ@géoe@mb@ﬁmentlhdf tlﬁé’lmﬁma@ﬁsﬂ}‘é dlﬂttlohilﬁTEfe)‘b (pie@arras out
| rs,. tetra S or | er er regat es
at BT GbER DLt o b BB TEE SA% og. PEGEremty St 35
3.590 316, gle5®l7 3 nb a3.8 Vs8R 13t9, 3105, a@Q4 ©gad.esor 4118 Tak felutibh Yh step

R R S ST e

A ofn @faftrﬁernpgbgen@grm?dg@ér?ggm elb@st incstep (ay Bt @arﬂed out in a
e eaduce to
butx?feﬁeéqq@*%w&{%ﬁ?etatﬁ o, St s el bifter Frsientrations

aresé. @pse(lea:)ed fBore 30 rmmdr o000 ml\/aér ﬁomwl foaRQO MW dr ZBM M8 t O
4. refgéabl% rom3.0 t refera

51n ageas ith éh%gresgnbmvgnt% rtm ILPtoe ggm %egPl%ttein A or
Pr(&eﬁfﬁ cHroGLato@raﬂﬁy igtsubjected #,chbion é’*tﬁa&@elthromalogr@hgmhe cation
{ﬂ%‘ﬂ Fﬁ 3{ carri ed outOI Wlt g% 5
BrrABNA %gr@‘P A% PeAE IR 2”53”9’03“5 © CF‘PP% tDPRYfefesin.
sugh a$ erg. &@aE@betﬂd)n‘gsdfﬁtlontelaehﬁlgutsl aexpiairsddedbola)in the Background
fg]arrl ed out in a 20 buffer selected from sodi um
of MEdPYEO%r sodiumcitrate. Suitable buffer
coneeditmadly| 6ep (bdri€ carrigd el @chesirohyosatidbd axbhange1@6inmMore

pre%ra%l?/,o tﬂé\ﬂ gartior% ngcrrrlg/lné)er rr%astgriaITM comprises a cross-linked methacrylate
modified with SO5 groups. A column commercially available under the name Fractogel
EMD SOj; (from Merck) is an example of a cation exchange resin that is particularly

suitable for step (b) of the present method.
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In accordance with the present invention, the eluate

fromthe Protein A or Protein G chromatography is
wGeamgezired t o cati on exchange chromat ography. A¢EEP2007/058886

cati on exchange chromatography may be carried out on

any suitable cation exchangg resin, 25 such as e.g.

weak or strong cation exchangers as expl ai ned above in

t he Background of the Invention. Preferably, step (b)

IS eadielaBl, @ FOdteid Al&IONE iSAbhANY @Pﬁ@d@l?n&ﬁtrﬁe‘i‘%bi‘bn MéHange
CO@referabl , the cation exchange material conprises a

Mes 419 prafeagd that inadinglispa ”e%%ﬁ Fiagi ofi &t Haghaneyiiisiow (ke pl

of FRl RSB ﬁlt@ﬂ)él\gurﬁféal | abl e under the nane Fract ogel
30 END SO s an exanple of a cat

excHdﬁdlértrﬂeésﬁrﬁfefrﬁgtth?t gfﬁ%r'?‘i‘@ﬂﬂ éP‘F yolusih tsaWP%‘eFjo‘f‘"t%tae%Uffer

ha(iRg a®ontilidtiviey 656 10REReE .. y\QAt 3010%/203537674 6.5, 6.6, 6 7,6.8, 6.9,
PCT/ EP2007/ 058886 _19_Pr ef er ably, the Protein A el uate

7.¥4- Y 8alied” &i fecl Py’ dn’ Bhe ctd b exehdhtyd > &fdhh 8§89 9

9.1, 9.pregegnedst ba o 0aks ng 9 8 eIEMl Rbro Bief@bbl, M &fnd@étuvuty
' east one unit bel ow t he of t he. Fc-f usi ong&)otel n

rang§s Pep (1Pite Pl I-€1 -4 isl- P’G?f% Them&sBing sten; I Rfefgiaplycarried out
at h @RIdtaA@ng irb@ 535){de préfemhmnwdtb 70.buffer 5 having

a cond%Jct i Vi t}/ to. 10 e. g at 6,1, 6.2,

6. 3’In 31 u&thegprg err@d@mb@dtynené tge c%tlog’ex hgng?_o_g!umn |§’eluye_:d3§t apH
rar79 r‘fb fr(7m5’ 0 Yo @5 greferablly &.2576r9%. 3 %r 7851or 84 35 785%r 7% 6r 7.55 or
7. 630r67 63 017’7 790r87 76)(%97%%1%;3 an7- 8,@09r 7. %I,Oéﬁegrsa% %,8 of ﬁé)% or'8.1 or
8. ’B&SOdgdm/?bﬂ 8/2@er 8.63REBS JrlB?mrB £5 brc8. 9 2, bi . €.

cm e ste refera carrie

ot IR B A et R a0 B P tmnq'%?w@ b 10 22
m3/6m7Fék. mét@rr]]den e é¢h|rdubta/rty ma@/}‘w f,eé@bt@d‘r’@@ﬁl 1eeny, 18,he, f20, 21, or

cati on_excha olum | s . eluted at rangi ng from
22 R G O BT o 58 BROSPh3legitor 55 ar Ov 4 or

7. ?51 @hlgglygpraérrgd gfng|m$ﬁt9&epr(b77oog’ci)r|9é38t_r’18?ollbﬂw8nb fgrtlﬁé’r steps:

0 0 . or 7.9 or. 7. r._8.0 or 8. or
18 WahingHhe Ealo lengricperRsin Wsthza Biries a2 T serging from
8. 45 or 8.0%0 7H atd @ébrma?ti\m eélrgﬁr@ﬂcyzg beo1 ¢ans/ad; mgt at
tivi rangi n rom t C or .

" o B Ebng ¥ SR BP o 05 Thagng doBr 6 R Bt Fprgnuctiviy

17, 18, ﬂa%gmg(irom?ﬁ toox2 mBZnmy5/ cm A preferred buffer

for elu n, i hosphat ffer. In a hi

e et BL0AS R 1B Soele ¥t ovi ng

f ur tthes b@bEBBrprlsthgﬁ foMﬁISihlth’B;]frzﬁrh@ ot thibi pPése@X DM@ th&step (b)

uf fer havn from O to 7.0 and.
el RIRTANS 5% dhrg e g S EoTags o e b st ivgton,
caﬁméxmgngdﬂﬁwrcmhmmpay can pidferapigibagiséd tomeimMation 8- fedadtidn of
; aIFc ct|V|t1,y5 r&gglldngfromwto 22 nS/cm A
e & Medangue el step (b.1) is 75 to 125 mM sodi um

phogghaitegeously, step (b) of the method of the present invention also reduces

the concentration of host cell proteins from the Fc-fusion protein preparation, e.g. in the

range of 1 to 2 fold, thus contributing significantly to the host cell protein (HCP)
clearance.

In accordance with the present invention, the eluate from the cation exchange

step is then subjected to an anion exchange chromatography. The anion exchange

chromatography may be carried out on any suitable anion exchange resin, such as e.g.
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It has been surprisingly found in the frame of the
present invention that step (b) efficiently

webiosizegses free Fc. Therefore, in accordance pET/BEP10hE058886
present invention, 25 cation exchange chromat ography
can preferably be used for g imnation or reduction of
free Fc in the range of 5 to 15 fold. Advantageously,
step (b) of the nethod of the present invention also

weaR d3tC 8ongt BRioR ONERBJeRd 'a@,neﬁﬁlalﬁ@f’tab@@ lin RROtBRICRSroliidP1Bf the
t he Fc-fusion PfOtEIn preparation, e.g. in the range

Inveptian. Ryefergoly, gten (qhids eBHET PBLOT ﬁgstgﬁngrﬁnfqnc%ziwqu E?Stnhé/'Ofe
préT%blthﬂé |aniin0ée&hBndd i cé’%ﬂp@e@%’oﬁ@@@enel/diwﬂ}ﬂ QRhESHRC ﬁhodlﬁed

wi t.h the present invention, the eluate fromthe cati

W'@%F@?@EA QEpn paMpRESRIlY @B?'@t?{ee‘dmebthc?n”aé‘?ﬁ §H“ré§€8’99r(§%m GE

He@htﬁdﬁ?@t i GihadXaYhplel BearfBhioR eR¥IFMIB FBsin Gt SRR AIGE BN Buifile for
carried out on any suitabl e anion exchange resin,

Steé’dehofé%e BregentyigstHerbe/ 025747 PCT/ EP2007/ 058886 20 weak

or  Pkdfenagiya e BluatC BRRER! B)as dmyRbabmeidyddPViRoidh bhsopriate
Background of the |Invention. Preferably, step

loadifor PUIET 6fore ipading: it BRINGANIBA LGOI Fi | The o exchange

coRrefiearb |pVefé|’@§Iy@€1umﬂra£§@QMﬂﬂﬁ6 Ida@ﬁigrbuﬁ@ﬂpr i ses
polystgrene/d|V|n benzene nod

col OrRief EHﬁﬂBF'c,f?fthg iPa&{PQMUgB'i '8 Oﬂﬁd‘a'ﬁ b?'ﬂ\él tﬁ%ﬁ‘eSS&PH%BH values
rargfe@dnh 60N 65, prflerabiymeal 2D té 8. oaa geXanpbs, of, Are,an, cmz5 7.3,

P EVEHETELL 1 09 VR o A3 e

co?dtﬁ:lﬂw(ybfbrb ’dhf& fldﬁdhrigttfﬁﬁfeﬂ% mllthgl rﬁﬁ@oﬂm tb cae néIphopri at e
oadl n u er erore oa n anl gn excnan
o BB pREa e R GRS Slstet AT SO h o PP U at a

coﬁiﬁmlftrbtl(hf ﬁé@ltmgmgbhw BB&} Ifseaq)réfgrablyf frén. 2(1bQ|oA 30 ﬁfﬁlﬂr med buffer
or the |oa r_i.s._on teotep
coRGEPRATE MM St heSt Warige 2Pr 8 80 6™Wlo s e ramer ol L Rpesent
|nvfehgdﬁ 7tr@31ﬂ@w8h|@ugie @lso7 cBlled” .Ho&ak- tﬁrollgh)7 olgthe7aﬂl,on7e2(51ange
7.3, 7.35 7.4, 7.45, 7.5, 7,55,.7,6, 7. 7.7,
chrpmagography. befT‘%’ﬁ'”%h@?"‘f%%‘, prste?rséfovtepssbfse?egfeq gfiected.
co 3 St (cy ot ynlsef methbh of tramivérgiod uhiftiedr ré?udg@ dgbfbg/blﬁisgﬁtcﬁﬂ‘) fold
to 4.6 . m ppropriate equilibration/l oading
anghf’?téﬁ”ﬁﬁﬁe@% é‘?%@%@@. um phosphate at a 15
congerdceaidbade gnaufn?'trreg pfdsem Invedti@dh, ther ﬂémmbhgh fof otie 28nion
to 30 nM The e centration
exiraR T OBERSEEIN Of 9 do) PardBeb o LEBR PUtodlon. by
hyédmexemiatienchrometoftapty t Am;ougd‘rokﬁalpsmeoahuhaday be used to carry out
of th n onpt gr aph .
stegfpe s e timecRirdngde B BYsRar i apsirel SUBod et Bbhgd i
caciebloacored ceﬁﬁﬁ@h&drbxyabaﬁtheemfshdda@fa typed drmyp@nt hylj’noxyapatlte
further reduc re to 5 fold 20 and
oSl e AW IOB e SR T 10 BartRs 2 Ak HEm S 40, Sher 80 i
In BRFBNBrefeféd RhivdBimdnhand teramidmyRreyaedtitd RRindddnitises particles
having a size of 40 um. A hydroxyapatite resin that is particularly suitable for step (d) of
the present method is a column commercially available under the name CHT Ceramic
Hydroxyapatite Type |, 40 pm.
In a preferred embodiment, the flow-through from step (c) is directly loaded on

the hydroxyapatite resin, i.e. without previous dilution or dialysis into an appropriate
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exchange chromat ography of step (c) is then used for
further purification by hydroxyapatite

wae koswort7eagr aphy. Any hydroxyapatite resin nay PET/EB®AI7/058886
to carry out step (d) of the nmethod according to the
invention. In a preferred epbodi ment, step (d) is 25
carried out on a ceram c hydroxyapatite resin, such as
a type | or type Il hydroxyapatite resin. The

|odarr@rwrﬁéam@bu.h ig @féré’r\awuarhau@up@rrd bigloes.50b 72 %ush 866.6, 6.7,
such_as pm 1n_a highly preferred

6. %ﬁ%aﬂn@r?t 7 3t H"e7 69@%ﬁr€fefﬂW6anpat ite resin conprises

par 4 §|f@|$her|'tﬁé‘feﬁ6d ambodithedt, tHS emt.oﬁlmsérébq&yep@érné@out in the
resin that is r?artl cul ar | %/{psw table for ste

PresSRECG P3it™ RESIRHA 'ENGNG H0 T 1 Hiindd cHr%fPT%bR’d%B%'P%HP@ 1.75

to QQQ%MHﬂEh%Q@% 6&'@ Les 28 @ 7538 3"29@5)@1@&' HQ5T4/BG4 5, 5.
referred embodi rrent the f Iovv-thr

h
{1 ol Kl r?refemerdeamog"r%&ae efyion {1hgiep (d) Is carfied out at a

thﬁﬁ@rﬁg(ﬁ@ﬂaiﬂ) te7.0e85at 611, 8.2, 613, BAUL 5pESY 5 FUs.8d6lout i on
di al éSl s into an appr opriate WO 2008/ 025747

PCT IMEPPOHYT PEEeER eMPOIEMRtNnGIULRNT frerSten fidisngarried out in the
prédeRtE bRsdtYssimh ChiBadetngmb fdnPbl4ab 16V Dpreterdblp betiéeh 085, 0.5,
6.6, 6.7, 6.8 6.9 7.1 7.2 7.3, aor 7.4, and
0.8% 8 PEBI 977065 0% U:8% O ASHE Wrapst PrlerabistbQio¥nt . t he
el ulr abcdrdartbepith e presérrinveddomUthe i dudtd&f sEIPEEENS @oMcted,
sodi um hos hatg@rlg 1%(5 g from2 to 10 mM preferably
CoRIZiNYI9g f”'r‘%' Py GIUSPNPrA&NFPAINOR- as e. g. at 2,
2, 28uitabl® makix! hatedials3 i.8 Scardedmatdridle, for4the4cr25mat69ﬁ_aph|c resins
urther preferr

4.75, 5. |n t a
s st (ohEindlayoi e aadh Samston piia e pierelidTvagtion may
d r Q)Fél Gadérdise 7(sBphosh, %Up@roﬂe)f 6de&tr3r6 $sepﬁadex 6 Bolyrofylene,
referre e
meéh&lfﬂ'%tﬁ CFW(?%ﬁeeBO'(ﬁyre %/H'é’br\‘ry bedgeRuer F']‘?r‘?ﬁe heprreé@é‘?%%”%? may
be@@ée@ﬁﬁﬂntﬂﬁ@éﬂt@fds@&nkmrm@ depemaify én the shedific pseef er abl y
bet%ﬁen 0. 45
0. 8,

0.65, 0.7, 0.75
® vg@meodféhe EFS@BJ“M 'eﬁ%@ta%@?r@?t&bP(/thstcotw@ fo g ysed. as
weacath@Iamuwda;b\adtinengmeweare deperdbh @Qveréh&ar@rhelt@tses@:ﬁ as the
ecte cont | ni n
volbrmeI qu(flg%i t?i)eft[?? Cﬁ’PC&PE?t}%’” é)b(ge Ehe r{ugﬂﬁ)t t%%f%bjected to the
prdﬂﬁbﬁ bf(’;rﬁﬂh‘%’riﬁah Satc.| De&ernﬂﬁzﬁtroln&ff thﬁieerfara?ét)efs?ror (bbfh stterp] |st well
\ romat ogr a c.resins St eps a (0] C a
wil R B B s s e et p e s R i et D oo Tt ent o
may In bgprefeg'ed bantagmﬁeriaeof(taem”re{]m eulnfscmem q;isclec)elselemg an more
ade e.. t hacr te ce u Se \
B RO Slehs A8 o TRl o DGRy R iab T S apil tefinay organic
maoeduessi aidSsemtaéln tﬂwelpateﬁ esdulting febnk prHv&ijTcﬁrrmardgra‘ﬂh&ﬁsteps to
epe n 0 t he use e vol
eaifrTe. bR PER RS it 15 3 Bl el G o ebebBrlfing tpegusion

pratsiado 1as deskebd cﬁﬁcdrinetrdyr&mhc:ultrarma@trdwymarncbgf;I \peEbdened on

d d t h
SRS BB R apith P g 8 Ofﬁncgoweorr“ﬁrﬁté.Cﬁﬂrpﬁn?rﬁ%%avmg
md‘léawlerdwte@hmbesmbﬁem ad, 20) 26h80 prrocres®a0f the i nventi on,

el?eraglry ulnrahl ra onors cgarrlrsreesdeo&abre vrvrgetnegt%pg dp&: ano‘?or after
step (d) More preferably, two ultrafiltration steps are carried out, one between steps (b)

and (c¢) and one after step (d).
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within the average skills of the person skilled in the
art. In a preferred enbodi nent of the present

w@osf2Tat i on process, one or nore ultrafiltredcT/BPR007/058886
steps are perfornmed. Utrafiltration is useful for
renmoval of small organic 2% nolecules and salts in
the eluates resulting from previous chromatrographic
steps, to equilibrate the Fc-fusion protein in the

bul k thelfoft&Ein PRIifiéP a6RNGRN S HeCprbb&sshei-the! FveRtionPk QhtBhded for
to . the desired concentration. Such ultrafiltrati on may

adginistrafien e MuBYRBdit $h a0YAGAePHs 19 Gusls PRSBY BIRES Ste\RPt(ﬁ virus

rerﬁé\faﬁe |r$tr7ee§ro@é§30\ﬂréfgrab|9fe ar\ﬁWQVrélrho@JI fﬂlﬁﬁﬂ@ﬁ’%@ﬁ @ Jaawéonsut after
cul ar wei ghts bel o

St@?[ﬁg '\é‘Ue Prefe@Pning, V”HP { ?’B‘F‘ial' f"?réi'(?rbﬁeﬁ) & %H?WQf'@EPt'BﬁtStep where

thé}mte\wﬁg@asfoerm%l bbae drdof(2hm. EFHQ/eraﬁhcﬂféfQﬁe peelsBit ifbhntion, and in
refea two ultrafiltration steps are carrie

paﬂ'ﬁt"ar fRES [t (ﬁééﬂ Qrepinagen W&Hcﬂ‘a(‘%f)'traéﬁa eéff?ée”HY P&-’P'f@feép/'fus
loddd a CHRLHIAB/RILAotrédiRSibh BERED T (pB8&B6ut BAol2b. t he

protein purified according to the process of the

i nvehPIdh 1P Sagibialenda@op " raNshPT: E’fr"&'it?r&ﬁﬁ’ i mﬂﬁf?é may be

frokén hisd el ba@Roa/drafieh ghwgﬁ.f.@a@n@tem@ﬁtﬁe ﬁ{v@ﬁt&mof
virus repoval in the process. Pr ef er ahl

r emBVAGCOFIANEE With Hie Rpsant frveptigny thed e%’?b'%‘%/rtt & P'fu%%FHOte'” may
be(pi?oduoua g k& &tlcadlpyessionesysienss suemay gbadti Inké@t bromammalian
'rf?oﬁéj S a nanoflltg__?ctfj on sto?(ﬁ where 5 the filter has a
Celtfo FSHANY PoP sy 2 dSTC- BB AMPTOf{RS met hod of the present
I nVanadcdrdand@ dith rfhe @@éédtWeﬁforﬁﬁt&@&oéﬁ;)refe(n“e)j to (esabrewthe Fc-
conbi nation wt iltration efflclentlly b‘éﬂ‘ g?
f“%f?r\r potein iy gamyn '380 ?r?éah @@\P”{%‘gcer”e'tﬂ‘ﬁéft POl %ﬂs)ce' INES.
Cthésé GambRdbvdrh cbis @HO)! dt td d@nné my&@mal ctemenh@ r\tgocerra@eamples
Eran ort, for I nstance, the materi h
of F?'b Harteh%ﬂﬁé(‘d"%'ééf%‘ft%b'%rﬁ%f/%’?pr%ﬁstoér"fal § 6 ‘:‘Si'?'] RQfginy o be
puifieRl Tok Edﬂfejsubﬁ\m@tblno?an di6o Iplrefa:@@m@%m?umd i hdv@an ceII lines,
resent | nventi gn the r n usi on r ot ei
suffa§S St it L QbR ETRA T DR Caleeds Bim e ellafussioma cen
nn@ lH’EiR% oy ﬂ“lébshun&argémbtyonl@rkldmm!l ilipe 2?3 edrl 5 pergrm@ht ar’_ﬂllﬁcyte
al e 0 r ot el ns. n accordance Wt
cel ﬁ?g?%(i‘is&ﬁ? ({‘?Qe‘ﬂ ﬁ%’q ?5438 nmost preferred to express
t he |ffige Ff:-:ﬂ.liﬁlcfhl’brblfeﬁitelbé pmflémmbtelalﬁed:@) mamaitibn aslls secretmg
ni ce | ne ce n
t, AR g el & 110 (R rcsSsupt HE RyeTEia Seap) Colture
supérnatahS@Isaroallex papes r @fudGEHanelst mfetﬁe chl& ararogltured in a medlum
articul, arI sui abI i

| U ﬁ ol exBresf'sél gnl of tthe Fcrf sr 0
COfRRING; 'Y é“ Pﬁe EYIUTFIREPER2ENSP'aN OB aRISH R RrOteINS as
|m|al|r8|espreferably be produced in human cell lines, such
2o BrrablE i EE R RR RFRetACER S5 b oo

unéerb syeni-tekicdngiyioree! Thd iFBEULSB, praelnarﬂwr amo erd produced in a
cell |ine bed e.

ch%gnﬁgl?yc(%(e%ﬁ%?%éeﬁ@n% u'% hbsncaﬁpotpgle rtgrg; ngteB%I%f ]tr]eenaJrlflga]hon process
of ehgpmesstah ibysenamfrebi @il cuitlileSsupearaednit igat mainly contains host cell
proteins as impurities. If growth factors are added to the cell culture medium, such as
insulin, for example, these proteins will be eliminated during the purification process as

well.
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it, the starting material of the purification process
of the invention is cell culture supernatant, also

w@ a008@e57ar vest or crude harvest. |f the cel | SP@r/EP2007/058886
cultured in a nmedium containing animal serum the
cell culture supernatant al contai ns serum proteins
as 25 inpurities. Preferably, the Fc-fusion protein
expressing and secreting cells are cultured under

ser HdEER FOANEisblupBSsectdiey Fe-fdsibh BtesOthat é‘re'TBhéa@édslﬁto the
roduced in a_ chemcally defined medi um

t hi
Ce'& 5%' re SHRerspiapt ieHae e sefuspl <ignal Rertisigr 9frihe éﬁeir@)‘P?Ut'C mo'ety of

thepFélﬁ%&ﬁ] pr&fkeirt B&isk@VE HréRrablySa ﬁ@trektm)ddug%l%%@ be O;ﬁ.ubt i & signal
er nat ant that mai nl cont ai ns host ce pr ot ei ns

pea G M5UYEY i qOths ofRHetPd PO at?eé”%dﬁfé‘éertto'”t ffee gagrtycular

exprabsion @yﬁ&ﬂldﬁéﬁ Suhhadis g. RS Bbife of AIMEX BB HbMEHR signal
proteins wll ellmnated during the purification

peB‘i‘Qﬁ’ceé@e%mUﬁ%@'@bu EjIPBOPHIE747 PCT/ EP2007/ 058886 23

I N A& GRENntibAeE hISEVIeE a PRéEIRE® Fc SR re@ir©-teUsirMBd in accordance
Wltgrotel ns, that are released into the «cell culture

PR PrESEAPVeNPR fef TSN RIS BRving §Aharanrue impiety detiypd from

hubBR MR USEQ IDTNCLY, &Hd .ntpbauca@r Elﬂl‘&gm@nipdé?ﬁlédj ﬂomStsl-tS(ﬁﬁcellular
or preferably a het roI 0

dogiagHamingRGs te er \%8’ oqun 2n tpﬁ%f?’p%‘géf?%{‘% CB?‘BE'%?Sr?m'”O

aclaei3ngo eid bm@mD IND: tzhm tpélfdllb@tﬂgafhe@p@&w mSi%tlémdéib(/éﬁ @6 the
oVvI ne

used, SucC or r ne
oxiru’ dSmat s T8 il Fe 2Rl Seb s otE ob < FAG. oA Fo-
moféty mp?@@aﬁt@mm 3areF$UH3if1§irf{@rﬂFfﬁusfddﬁpr@!élr?é@bﬁiir{gt fo®EQ ID
_e urrrtrea. 1 n CC( ce W € presen I nventi on
N(fsf" E‘ tL%é‘?”BW'”QrC@ﬁl@ ﬁrAg:i?Png a therapeutic noiety
der wgtialrﬁ]rmalfﬁmua@nsemreuﬁ&ﬁgb ér@oN@ass”e)s m@Bids i loﬂ'll'ACI -Fc.
art|cular a fragnent rive romits extr u
o ThRa T RS 28 el Totel” 166rP A8ESoRTS! RBRCLPT TACHFo, i
whithedrey siethofd 8ftie Ndmife AR 26i8luedTbNSTARICOAFAGIORd arelitPlacéd by
vvlng t her apeuti ¢ noi.eti

SEQ. ID NGO 2. In the tie
d'fﬁéﬁt@g&nq F‘Gir‘?*‘ﬁ%“ese% ?rﬁc(%‘l G184 & 96 s VS@WC@V?SI"?“&@ are
adé&d toetle 'osigihtidequdel of sTACT sITARLIFC mltrmwbwrga@ dobisiderably the

ses. S ID NGO 3,.resultjng.in. an
acfiay B e GRog %%9%5%%9%%643 it originaRgy AL or TACHFg These
mu‘t@hir(,j Oé;]bbnlre@aﬂehedy W sQrithesi® driogort ey ﬁ?lté‘o@lec%@ n&ﬁahgene3|s
se erein onpasses of TACI-Fc. The
teqBRites i oby LS R S ShADE MErERE t o anel bgs of
s TA®lutes ihACteddancd with ihlei pedseanventiononaudaf profethsagiicoded by a
cid residues sT Cl-Fc are | aced by
B Eiuoh e iia gl BN Shishaibigre S aaiieed b g o
RNX, Wiidhe edctde® sasTACIr @sTAlIeR: acerdiagittedny of SEQ o NPsnal or 4
equence. of STACI ,or TAl out changi ng,. .
ndGOSTRELEPOTIHS A8 bl 1 PN Eas Eriiing: adag€ i
SE@ID:NOpar ed with the original sTACI or TACl-Fc. These
Sit z‘hg%r{é{tesgﬁf ﬁﬁt? (:[fgg*qgé lé’g%rs toSIbenQEg’tlloSﬁ gnlmsu%seqyent 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.,
§86.3 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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techni ques, or any other known techni que suitable
therefor. Muteins in accordance with the present

WO pwentizen i ncl ude proteins encoded by a nucl BAERZDT)S8886
such as DNA or RNA, which hybridizes to the conpl enent
of a DNA or 25 RNA, which ghcodes a sTACI or TAC-Fc
according to any of SEQ ID NGOs: 2 or 4 under stringent
conditions. An exanple for a DNA sequence encodi ng a

SSWld b:6% SDS 9E&Y AoNGY-63 mirllies &R e 4 0. HNASEE and 0.5% SDS at
cond |t|ons refers to_ hybridizati on and subsequent

68\fa @i 00 Etmdes i 1dwse oherdinery sbiddn Biis aF dnWarsiangikihay stripgency

oﬁmﬁbr@,réls&a@y@ﬂt d)rpﬂﬁél leMgtheffehe DNARSequehEdNBBGSNnuUcleofidt probes
Ausubel al,, Current Protocols in Mlecular

S%P@ISOWO 9%&9%” e Cdg9naicatida\probes. df mixgd prapes arq gaed. it is

prek@ABle. o8 Otdtrambthiyt akinfdhiureXeHiades (TMAS] finshiRNbf SSC. See
condi tions include washing conditions 12-20C bel ow

AUBYRELSYPE| at ed Tm of the hybrid under study in, e.g.,

2 X Iﬁ&%tﬁéﬂerﬂb&‘%&@safﬁyﬂéu&l MU BSs atzleéstsﬁc%a@ﬂle@stl@@ %, at
SDS for 15 m nu WO 2008/ 0

leasef) @Pfédeﬁsbgéé/%at '%945" §§é gh@agt 855%78%'9&{5" W gt least 95 %

|dé3|@ty6ﬁh6]n6[d)b?$qeaétd then, a 0.1 x SSC and 0.5% SDS at
68Cfo - m nutes. Those of ordinary skill in this

art q?ﬁ&*ér@i'%ﬁ‘i% argigfionghin bPrRieReY We BhAIFS BAKPEAtLE sqapRicas of
twd® or tiee |p©fi@bdﬂe&fdet mUah%ss a6eaniaes by donpantg keotédiRnces. In

rope h as 10-40 bas s% or mx d ol i gonuc] eot| de
geﬁ?rabéie.nt' freﬁf%(té?cﬁnpff’@ﬁb@m d é‘é%“c"?ot“ F8r Emg‘Pé\Cé’r grmino acid
cofr&spsB8ericetdf mmbydomm@amdémaa I ® polgsepliddBEguenbss, eashedtively,
ra. In another enbodi nent, any

SSC. Se(?b A}l]JSUbe|, S

over b lenginesf ine sRaUghogsiaing erAedst | east 60 % at
| eagbr dhutncat wherasierd & M6t aatexherrsire§ifidente, |ae'&/§tde8ﬁy may
% at Ieat 90% | east 95 % identi

be MG {hesig: ?*fot"ﬁod%er?élﬁ?%ﬁsrteftreeﬁqup%eﬁg &l ea?'i'%‘ﬁ’QHP give a
md&&ﬁmﬁtiﬁ)lrr’eMOT)lbem%eﬁ ﬂh9|ma@ﬁde@egﬁsqmaﬁcﬁgudérlnséﬂiﬁg Ofaps” in
0 ucl eot| de sequenc eterm ne
et e BEARGoe e g ERBSEE g HefEr oy AleBrnL A §IGg My be
de®xamid pue BetWhdR: IERgth labc b@@i dfdee Qéq@ﬁbémmeg d%rﬁmrédjﬂ(swcalled
otl1 des or

cjd. correspondenc n cl
ohg| JiomBer et BoR Renede™ sulbbisiitr sRreNCey TR HIBR pbhg amier
|en@ih oheveraueat ssﬂri@euér@tm(rsp@éméh Iodaﬁ aFg)fmémﬂtlﬁlﬂtbaﬁore suitable
wher e the eis an%@n exact correspondence " 00

fori S&@H?Wcleffo 1fAua termined. In general, the t wo
Sequfiees f@ro;oh@amgm@rmht@mmahdm@gj/ df@w@ bV o sequences are
rlpr%xi rrumt}:]or reJ{F']atl on. bet ween the se Elnceﬁl.E \&hi S rmg
well 5Py PREEY {Ysgor igalgace. Prrarans ﬁ\é fie" GERNSin oequence
Analgyeis erezRage, t\@r@@har’lce)dvb%udegéleal ,ofosal)i fgn I@E@hpleﬁkh%programs
' det er m ver .the whple |
BESHER (it (it ofnBec Ui ) RBIPSnted daTib Bateen two
po@h@n’ﬂ@ihdébl@ﬂnmﬁt %, idehtity dngl fhar %l barhelbyy betweeabiwve palypeptide
seque %ganISES'PI;ITtlpseesstﬁnelo%gl h’&%&oé’;} nltnlé;orlthm 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.nim.nih.gov) and FASTA (Pearson W R, 1990).
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| ength, or over shorter, defined | engths (so-called

| ocal alignnment), that is nore suitable for sequences
wo@boosnzsqual | engt h. Met hods for conparing the PCERP10DY058886

and honol ogy of two or nore sequences are well known

in the art. Thus for instange, prograns available in

the Wsconsin Sequence 25 Anal ysis Package, version

9.1 (Devereux J et al., 1984), for exanple the

Pr oghansudREmMUkid pﬂr@fé’rw ha@HM 82udA&d df%rﬂfhb%&b@%tﬁﬂ&%ntly

%identity betwe ynucl eoti des and the

dupligahirq Py tah " EPAChohaAGH E@ys%t%e@nha%s%t%@w%éar ligand

bwﬁiﬁ@%ﬁﬂ?ﬁﬁas 55.%%?'!1 lsf QE@SDtNI‘@ 2 bma*orhm(:@gane @&tigw bt il is
m

s GhRARILY PLRTGRG 6155 B ABRIL Ly Betlie el H08has s the mutein

haéX Msta%ﬂalpﬁPRHLar@ B% Gﬁbﬁbrﬂa&lvﬂﬂ ||td@é1r§|t§ey @ﬂ§ﬁ6@rfed to have
quences. are known

t he
Su%t?”t@')bﬁ'”%ﬁé?%twgé tq H-é‘ BLIAG$: F&ﬁ{‘lbﬁ ‘??fs'%fj%ﬁf’%t'ﬁ%d by the person
skl(léﬁ irs 6lRUArt vhethek aﬂ!/ givERXRuteN hes BibstanBally 8le sdme 1887ty as a

ccessi bl e through the home page of the NCBI at

prmoﬁggp IRINQ 7 9. Ag%"(/ﬁnea?ﬁjo‘clf%@ﬂq CPRYPEYRION R, 1990) .
WO RS &R 21 dngeBGol RiRZ&INS irD a8stBdancd Swithihes pieBertlih@drtion are

preferably has a sequence _ of amno acids sufficientl

what,giei Eivmas 89%6}5%'9%8%&@0% Congervatve agiiuhagd SPBS"XU“O”S

of BBAE @Ml&;@t rr@k/hr)buﬁjemyhadelgmno tigglivitginacdroip WicBhave
tein o nce,

S nst ne
SU@E‘PPW §y ngfphyﬂ@%mgucql P@peﬁ'ﬁ%\mﬁt P?Rﬁt'w'o%gﬁtﬂ’eﬁ@ megngrs, of the
gréup \Aﬁ’BPdse(vatﬁ@Nkc))kiglc%{ fualbqunP%?E@holeglﬁld Gﬁ@tl@é&n”ﬁ@ It is clear
ubstanti a or
thaéd'fsievtfqﬁ'ﬁ an% delefions O @BYNG YL HAY F'$9a maggﬁgttrgq]@p%qq rJefined

seéuefﬁcb@bwtﬁ@ltla\}‘tbﬁr)g their TéXation, TtSculdrly iCRB ifRrt@asidr Yeletions only
skilled in the at

det er m ned by the son . et her
g Y R B R R P by el OCElsratl SAAeF en. and
doamt aemweodrangplatfe aﬁﬁ@; |aadB|Q/h|cﬁ1 ae c4m§ey t@a&nﬁch@ﬁalrdbufdrmatlon

experi.nent ati on. ererr chan S or. nmut ei ns
oG POt JES o RISy BaL e Re SHoa 5o P Sogfh driedons, apdior
inJeARWE carBe wstamgﬁé patieweot tlﬁdlihl?ée@lt_ xic\;lleﬁftih Consg rvative

stitut] ons or S or - -

o RS R st Rl e i) 212 QoS o, HEeR HERY I, Table 2.

Mdﬂaw-.efersurmhelsemdywoas iy a@@gﬁju©§©|“é§mb§@bemfedpﬁrrbble$ and

tutl nb
mdsf B e IBPOITRRR T B BTEuRS are Phes se T Eible +
(Grant ham 1974). It is clear that insertions and

deI of am no acids may al so be made in the
uences Wi.th altering their
fon {‘?fﬁrﬁe Hﬁmg&pﬁgbémqwmovs o @%@% ions or del et ons
only in @ few ani no | UPunder thirty,
under t , or preferabl nd do not
renove o rgd| spl ace ani no %\Zg critical to a
functi onaf" conf or mat i on, EE% @®ki dues.
Pr ot ei ns d muteins pr od dA‘Iﬁ ﬁel 8 s and/ or
i nserti o-rq cone within th @U? E Eﬂ‘ggent
i nvent i o@ Gly, "Thr, la
I 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
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20 Preferably, the conservative am no acid groups are
those defined in Table 2. Mre preferably, the

W@ 008/033T0US ani no aci d groups are those defi neRICT/RP2007/058886

Table 3; and nost preferably the synonynous am no
acid groups are those defingd in Table 4. TABLE 2 25
Preferred G oups of Synonynous Am no Acids Am no Acid
Synonynmous Group Ser Ser, Thr, dvy, Asn Arg Arg, dn,

Lys, GQunigHi s Leu lle, Pt'(gqu [I%r GinlVehs, AMglHis Leu 30
Pro Ay, a, Thr, Pro ThrG|5’r|_ ,,H.Am A YGinHi s,
A@n, Thrasla Gy, Thr, Pr@n, pas\;{aIASNEt Tyr, Phe,
Ile, Leupyd/al GAy Ala, Theu, EhorisSRig, LEEY 35 |1e Met,
Tyr, PheAsyaI Leu, Ile Ftl;qg AdhAspet, Tyr, lle, Val,
Leu, Phegulyr Trp, Met L€ AsVabin, Mi€UargT®BIu  Cys
Ser, Thrpmeys WO 2008/ 0257%2 R&WaEFﬁ%QOMéDSSéJSG 26 Hi s
d u, LysTrpG n, Thr, Arg, Hp Gn A u, Lys, Asn, His,
Thr, Arg, Gn Asn Gn, Asp, Ser, Asn Lys du, Gn,
HIS g Lys 5 Asp du, Asn, Asp G u Asp, Lys, Asn,
Arg, Gu Mt Phe, Ile, Val, Leu, Mt Trp
Tr pMol@PFé’P&kdﬂ Srolps ef imphehbedAfmeUREdsof Synonynous

Ami no Acjnghno A N0 Aci d SynorgymBimddsaidup Ser Ser  Arg
H's, LysseArg 15 Leu Leu, Il eerPhe, Met

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

Cys Cys, Ser
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Pro Ala, Pro Thr Thr Ala Pro, Ala Val Vval, Mt, Ile
20y dy lle lle, Mt, Phe, Val, Leu Phe Mt, Tyr,
wo b@g/otvw; Phe Tyr Phe, Tyr Cys Cys, Ser 25 HPGI/EPB)7/058886

Gn, AAc)g Gn du, Gn, Hs Asn Asp, Asn Lys Lys,
Arg Asp Asp, Asn 30 Gu G4 Gn Met Met, Phe, Ile,
Val, Leu Trp Trp TABLE 4 35 Most Preferred G oups of
Synonynmous Am no Acids Amino Acid Synonynous G oup
Ser Ser pHrg Arg Leu Leu, llgs Met 40 Pro Pro Thr
Thr Alaga Val Val Gy dginh 45 1le lle, Met, Leu
Phe Phe adyr Tyr Cys Cys, SetsnWWO 2008/ 025747

PCT/ EPZOng 058886 27 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-fusion 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-fusion protein as defined above, and do not confer toxic
properties on compositions containing it.

Functional derivatives of an Fc-fusion 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,
TACI-Fc 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-fusion protein”.

Such purified Fc-fusion protein is preferably highly purified Fc-fusion 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 amount of 2
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Hs Hs Gn Gn Asn Asn Lys Lys 5 Asp Asp GQu Qu

Met Met, Ile, Leu Trp Met 10 A functional derivative
waorensiozs7pt epar ed from an Fc-fusion protein purPdT/BE200TI058886

accordance with the present invention. "Functional

derivatives" as used herein,gcover derivatives of the

Fc-fusion protein to be purlfled i n accordance with

the present invention, which nay be prepared fromthe

mcfguwtlb@@urﬁé@tﬁé&u%h %Fbtéiﬁ%‘éy aBoYedBefineBasNSumy b9@ single
resi dues or the N C-term nal groups, by neans

Pepf P the art, and 15 are included in the invention

as |Tﬂé1Q:c3§3|ém§bbtélﬁlﬂi%dérdilbﬂrdﬂiﬁéi@ét frémlthey p@%ﬁﬁﬁrﬁpﬂo@ess of the
do not destroy the act

'”V\‘Rm‘?fhm?% ¢ RiBStIassH han 2§ s ioﬁimpé‘f't'?so Wﬂ%’%ﬁb’t'?ﬁﬁ tf‘9ﬁ18?’° ?%e?’%
29410l driimgutes| sisit %yFHeO;BLﬁIﬁBd a6 thﬂBgé}%ﬁy abeo%@mgarﬂafé féfn any
not confer toxic erties on co

oSi
detesinbis ﬁf%@naqeouwﬁeka (s g&rdsiemin eé?f bé(ns'lfér fSt&sh SDS-

PABEOLEHPLE 313 épBincB@be@n] ugated to 20 polymers in
order to |nFrove the properties of the protein, such

as tHefied Bgs umomprotﬁlg[simqyl t?eelntengw)g,\/éhqr qtlptu§e in particular for
adbfHigfa86¢ eo Dhurh&e Jauems. h:oaunﬁear chahogme.ﬁl’syadrﬁ fistered to

achi eve this goal TA %
Pafiedts et l%foéf?éa@Y ﬁé'@f”'s(t?fE@;)SyStP@%ﬂ”étc”r%’npfﬁ% quf@aus'y or
int@usBylatn @b pidai 0 dSiocslgSREdthIast intiathdBaPidisi@@&tionfredy also be

exanpl e. Functjonal derivatives_may also, for exanpl e,
S“'F%’Pilef (aReAND e SPedtEMsdi! ysRef p%‘@?fﬁdﬂ%}ﬂ P@iSps,

am @es tigé ptuh@s@arrb@xyieféjfe@umeb&m@aar@t itgEn p‘MsIeht VBN the
rinar condar anlne

puifie Citysi PERET 88 3 ROMGeep S PhamRAC G caEpgSiion. L.
tode@fr dma%l pfh@l‘rﬁ@cdaulwd:etlltl aagedtaum%heregxcﬁ@%rgs paihtb_en.n@yl ?r

car CycClL1 C aragy. I ou ac aerivatives O

S RE o of Fouuder gleall aRapieaf BT pyfegmpass any
catriﬁ!‘,@ﬂﬁt)ﬂ ddesiod wﬁﬁﬂere it eﬁ@bt\aerte{%saﬁWe tiSlbgitaletivigdf the &ctive
. third aspect,, the invention relates to a. pro n
g Tia0a g i el B R B8 R ek il potafiset Tt gemgle. for
patefm&arialma@mﬁlsmlonl the talbvef bletié)ngay isaiohmplarRUen B ung dass form

Fc-fusian Such ur|f

foriger S 8 Bl ST PS spier BB SHI-GAy2gar LGt and Ringer's
sologerf.usi on protein. Highly purified Fc-fusion prot e| n

5 R e b B RE G Lo Bpd L S 5 e
invieatidh ogn Ok gunaihietered o Bhandivountinad 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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WD 2008/ 025747 PCT/ EP2007/ 058886 28 ntg per | ane.

Purified Fc-fusion protein nmay al so be defined as
we@bmsiozrg4ms a single peak in HPLC. The Fc-f usPOIEP2007/058886

protein preparation obtained fromthe purification

process of the invention ngy contain less than 20 %

of inpurities, preferably less than 10% 5% 3% 5 2%

or 1% of inpurities, or it nay be purified to

hompgepaichierali (eQ. iM@ivBfods! %@bcﬁﬁé?féb@@)’n!ﬂ%@é&ﬁaw Sdministration,
pr ot ei naceous contam nants as determ ned e.

by
thes iaclive PEqtainffegcaspge fopmytlaied po & SOkdioRy ﬁP%%eﬁ@@” a@H\PéS'O” or
lyopHilizdd Sslvdes irf assboBiBtidH Witieh PRammcebRalnheededid gdrenteral vehicle

therapeutic use, in particular for admnistration to
(e. Hu?f’éﬁep pé?'l”@ntdz?’df??re ﬁQ'PF'?W e@Nd@dlifgso 13 eIkl fsetonicity (e.g.

maﬁlﬂﬂbmlo‘ﬁt&léﬁﬁbal Qtabligy I@élll_; Qﬂisésvatl\ﬁesl sndPeffesRbie formulation is
adm ni st er ed syst em ca , and preferably

StegliERARYAPaBTRNY, UgHd tP‘Fﬁ”l‘OéWﬁscul arly, or topically, i.e.

I OCahéYherEiﬁﬁm@éllyCéﬁebﬂIer@h&ﬁﬁ@bf MENAAVS bFAdih@NwilBte alfgition
sui t abl e, dependi n[?%on the specific nmedi cal, use

of
of ﬁlﬂ”b’f‘ﬁagﬁp'% pchginghths PEFC'fit?font MP&iny e8Iy phihg Fe-tusion

prdéif @it aidamiradiolRNsf a@fmr’(l;hfatlﬁﬁ a66 Bini¢dl¥eititiodnof tHdsatient.
purified Fc-fusi rot ei be fornmulated into

on
phaf‘nﬁ'&%ﬂ?‘?%'&?”yc%ffﬁ?g%‘? @ms?H”t 'X Such hatvige; ﬁ‘éfP'”Wecfﬁd fhe Fc-
fusﬁkhﬁ;bl 3 rﬁ&@ﬁtétsglfe?iwn_le_ﬁiﬁ&ﬁ&tlf%bigﬁnd:@fﬁ]b@ﬁera@(ﬁlbFﬁrﬁcﬁeﬂf/%1; mEIFtch'@sion
| Ke efinition ar accepta e
Pt s A AR AR LTS PR PADY 0 TahlectabiBee nat
I Nt @hé @bsagal ddmirkleasd, la\é%ﬂ@t‘éomuﬂlb@ d@s@é ag b ahdividual will vary
ofteactlve i ngr edi ent tatisn

vit
deP?ﬁd'r&g te°h Ae aHB%’tOfthCtﬁﬁr ding; %haé'a‘ﬁ? r&“@rpé%Pe”f'-‘%?rOf the Fe-
fusﬁbfﬁﬁﬂ@_leﬁrz, th@Fout® aF a?mersadlan@dgpaﬂeﬁttdo@ﬂit.@ﬁsdahdweh@rf@&temucs (sex,
rotel n(s A e or nul at e In a unit osage or
S T M et A s S el el g S
of Stfdauﬁéranandsagwr@ffabtbuéam@damwm@ﬁrarsd m?e{@iumﬂat@n of TB&tablished
active |1 ngred ents rmaceytical conposit
oSaRT e B e RO TUIP! SHTCB i HIESE brBrelbam i viro
ant el Uivd Modsrbf@eté&hinﬁfgyth@fnhvmﬁtﬁl of I8 8igalbEBe @lerapeutic moiety
adm ni stration include intradermal, transdermal (e.g.

in aihindiviikak el ease fornul ations), 25 intranmuscul ar,

l nt Papfdd F@fﬂj%@'n prbt@tnfrﬂdye[i@lm%ed FUHE UMBDBIOHD. 003|ft@| 100 mg/kg or
i ntracrani al g i11é($)5c:al rect al
t

0. q1nt9r1é)rf8§/59 F @9%&’9'9%39r t”i‘%'f%\ﬁfe*ﬁﬂqyd’é?'&i} or 110 3 mgrkg of

bo@ﬁvb@ﬂ%r@ﬁglkgl@tﬁo@fwe@mm n| stration can be used, for
exa e absorption throu ithelial or endot heI a|

tis gk prﬁfﬁ@@r?é“tt%é?%fg Brdiad FE-BRIAN PEYIEE F édm'”'Stered

daBNerasleAdothdteiag &f thi€e ﬁtg@@berlvseeka%héﬁ péreveRd. to the
pat via a vec or causes t he ggtlve

ageﬁf‘etdaﬁ @‘%\?é %&H?@%@Heﬁﬁhd'wéggf’%‘?f 9rrn gp¢fgineg pelease form

effaciiettb Wbtair e pEdreai roé@ts. 3@@@fddd>mgmts@qddm ittt o gan be
can be ad ni Stef\f‘g foget her with other conponents

of
peﬁ?fare&g?tca 199529 D SgBRt e CRSS H@nppapiratee dbat 419 {pitial or
prammcabla@nﬁmgtémttanhé indi@uddi &REeBondCar subseguentliabdb@idtSation

can Be admpnlstereg during or prior to onset of the disease.
The present invention also relates to a purified Fc-fusion protein composition
comprising an extracellular portion of a member of the tumor necrosis factor receptor

(TNFR) superfamily obtained by a method according to the invention as described in
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WD 2008/ 025747 PCT/ EP2007/ 058886 29 For parenteral

(e.g. intravenous, subcutaneous, intranuscul ar)
w@usn02EuT ati on, the active protein(s) can bePCT/EP2007/058886

formul ated as a sol ution, suspension, enulsion or

| yophi lized powder in assocjation with a

phar maceutically acceptable parenteral vehicle (e.g

wat er, saline, dextrose solution) and additives that

defHﬂ'd%@é Mhééﬁh%lo%drﬁ(pdsﬂloﬁ compRBEWiek®tnan0s% CdrasdsCbn 1.5% or
stability tgan Er eservatives and buffers)

The
lessdhan] 2 ?rdﬁsﬁ tepiof {ege dhanyd- 86 ATBrATgrably é%FS than 0.5 of protein

aghRehiRs AERSconpRitibh 8f ﬂ@@rWehﬁéH bﬂéfe@étfl)e§(§mﬁs(|%e§mﬂwnﬁt§ctqfc-fu3|on
the active protein(s) will be a function

Projain B '8 80t MYRSINGATHG e 't e BinorRaida.al sy p?ro@égrmmus and

mdr@@re&’érébl?Ilttls\/né‘tfm|§§i|€ﬂg Er%rérﬂﬁb@ﬁld d@ft@NebﬂCfté}andsS l'i gand,
the_route of adm nistration, the i nical condition of

t he TRRPTESRPL inyentian fyres é“ﬂ%tﬁﬁ f“?: 4l Hufl‘f'%* FestisiopePraligtispmposition

coﬂn§rl§ht§3 an tdxahcanbian padioh F atreémBer dftRe kimorf iestdais BELE Bdddptor
results in_ inhibition of its ligand of the therapeutic

(THBR ke ByPesiPMYIK ODIRENGA,BY dnmefiiog: A dingstoe | 1BYGEN aWB?/@'” said

coﬁhBSchﬁf &nfigridfs 86 Ul & drledsthd@blegs &r BBOWRN 0TS, or less than
e adm nj tered as single or multiple doses, to

0. 1a%’ qf P\ﬁc(ﬁ?éﬁe %] ‘Fb(\)’ﬁry dependi ng upon a variety of
{: acsflaghs ],Canl refubidh Wot@h%?ﬁ@%lUétedérQ?@ﬁl@ﬁEObMt@SaOﬁer’hﬂ%? of the
uslt o e route o N Str
NG, sartotih B S Ripotato pratites oc |G B: engguxithpgymut
mayenpgéférablye@bt hse(ﬁlféle)treaﬁ?(érﬂnbnd)’f)r SHBWNEO® , ofC HTRHNRSY and
treat ne %eng\é}v of treatnment and the effect
aupHEMHRGY 'S%ﬁeﬁﬁj A% CHa SRIPRa561 at i on of establ i shed
dﬁslalg@dnoangteﬁ p%t@.tnv\@inhprmbha Nhdrbge dibi thoibly @fprtaﬂam selected
SKI e | e arl I N | 0O . a
oA siecsididoman o AERTINFRR: a5k Tk bBeind peomepherdst
}: he ]lrt Berépesd emboBinthy sudl FcAudith proddiy il BRinercept; Iag IRdfusion
C-Tusl on ot ej m u I n n
oroigiy chaPebs SeluBe TRl of eV (e dyBudioghea. U ided o).
Etér@r&ptr@bkfged%ccbm teeihg hitvedtiod My Bk U@(ck@ﬁofor tlfé@]EhYent and/or
er erred
el obnoemar s el wos ftestigh wbbisien, BsSiatl afirss
Psaadid)i Rrfe@etbid 2knhatai lAgthara, G\WVIMS@@ Bﬁ@n@%& @ardibi¢ &Rlure, Graft
ti r wee or on
el et by R ey GRS sisthse Lk %808 83l rpton
coffitaining eﬁé&rbe@mweompomﬁaohhadm dwmedecre@wfﬂlams tgéeccpbduon of
or u en. r at perrorne
nufipe 348" BrinieBaeh, B 3he BoleRRE ofeBfust g RET<sB {sBpSts gt Tnutite

sclefwist ni tial or pr eV| ous dose administered to the
i ndi vi nistration

A se S e nt ad

can b e e ER S hedimtt 5 Pl HrBleBl Skt eS B g apeutc

maiktg ealseted Tom zj)f@ﬁlebéllullam\deﬁfalrmﬁ BAFFeR rBCMA LSS TAT I gor a fragment
r|f si on. pr ot e] onposition conprising an

ndiroinciia dfsast 3o 1 ie SRR Fenber of the. ¢ unor

nec nascsfuiac tpesteineteeipédfrom the BAFF-R, purified in accordance with the
present invention, may preferably be used for treatment and/or prevention of
autoimmune diseases such as rheumatoid arthritis (RA) and systemic lupus

erythematosus (SLE).
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(TNFR) superfam |y obtained by a nethod according to

the invention as described in WO 2008/ 025747
weEFonsaER2007/ 058886 30 detail above, wherein SBCTEP2007/058886

conposition conprises less than 2% or |ess than 1.5%

or less than 1 %or less than 0.7 %or less than 0.6%

or preferably less than 0.5 of protein aggregates.

The conposition of the invention preferably conprises

f ul layBtRiragtfu§ien fpsteAN pulicat i ébcbfb%hcé SitA Gthe Pr&Seinh thvention,
nore than or 2 amino acids at its or C-term nus,

maé(rRﬂefeF?bﬁbt?eeuﬁ?ldé?retF%F‘?ml9t”d{°§ pf?d?”tfﬂ”s‘glaHEj’”ﬁfﬁy”%\ﬂ'ﬁﬁ%ﬁes

aci gnatckdsfonNproddin GeriREd Funs - TA-ld‘lemeﬂ%Ptpréf@ﬁé@M t&fprises a
further rel ates to a purified Fc-fusion protein

PolypaRitsgiselesied fO8kpri si ng an extracel lular portion of a

nenaerarmﬁobaesemme orESE@$D N actor receptor  (TNFR)
superfamni |y obtained by a met hod accor di ng to the

i nventdyRO a&ﬂ%?é %1%4a‘?foSEC%MQS?t| on conprises |ess

t hag, Jar%@éc.b@s&td erofSBYmKNO: ess than 0.5 %or |ess
t han 0.1 %of free Fc as defined above. Such an

Fc- ﬂuﬁ”@iﬂo Brige &y i Wl TSRS IhNCeér i ved from ox40, a
nen‘@ersm@ R®: 3TNFR superfam |y. Such OX40-function
pr ote| g> OX40- | gG and OX40- hl GAmut, nmay

pr efer Gsed for treatnent and/or prevention of

i nf bafﬁTpéIWeptla@énccﬁi'éﬂ Bly EBUNUGIeE BRSIBDHIigRBY taheCEddiplerfient of
D sease. sion protein co

Chor asg IENEDS o § ard isner Boh Synas SRruie ey i an

ext hacehutdirasf ailfyrml(d) @f, 'eF)NER(I haMMighat, Iea@slt 8@ % DIFSYINSHIODYs or
fr agrrerét t her eo

In a preferred e uch
e SR itart e B et IaS B0 (P BT o1 ot i n
contAmemm@etpbs/pémldetduejsna@t le@ét dnef BK& of NPRIL( €. g.

W9 /Q 55 94/ 0647 Et aner ce uri fied
B TAGHES, oy (R o oo (EeRpTahal offmedicament for
trebinGat @ﬁﬂ/br predention26f phamest bbﬂls%éseg}wmdd@;&&;h diseases or
| ecti on SO
d'SQFOFeﬁ? P %re%r%@b??'ﬁgtﬁg (?romw@'ﬂfﬁ‘é{‘i%‘n”lf disQTApTS SUSh a&sﬁyﬁ%@'c lupus
y@ﬂiﬁfﬂét@ﬁlsn@LEponﬁMhbtohcﬁ art€iisdiRg, hgiwelr, foGrt@btmentlesm@tlple

SC'E@ﬁ@r @@eﬁsgf’eg f%émo(h p/gf.iltlg{ ﬁg’ Iug%ﬁi]%?t%n &Nt ol cancer, such as
hemtd@wil Irbdlighatos enen bs rﬁultudswrmyel@’aé (TNB  aedephoi-Haggkin's

E t f G ded f he .
el | Aoy oBpREke PEYEr e LBERIS Lk miri phaidensrom'

m&edgacmmwnﬁa (Ww)a further preferred enbodi ment, the
Fc-fusion protein conprises a therapeutic noiety
selected froman extracel lul ar domai n of BAFF-R, BCMA,

or 'IFIéth now fully ¢seamerrthis wtvbﬁitroaof wibbadppreciattd byét‘hsée sN’IEd in the
s or APRIL. Fc- f on roteln deri ved

arty W@t RFESRE B0rH% P8 T BUY GaRE R heélu"’%'ﬁnt paremeers

cofdeas&ivhs iany esriditons withyut ﬂbﬁrﬁfgilhiny tHeespint @dld sedpe of the invention
and/ or revent| on of autoi mune di seases

t t
angﬁrﬁ’gﬁouggrq YR 'SPt hritis (RA) and systenic | upus

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
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erythemat osus (SLE). WD 2008/ 025747 PCT/ EP2007/ 058886
31 A BCMVA-Ig fusion protein, purified in accordance
WOWRMR/041¢7 present invention, rmay preferably bECT/ERIH07/058886
for treatnent and/or prevention of autoimmune
di seases. An Fc-fusion protgjn derived from TAC
(TACI -Fc) preferably conprises a polypeptide sel ected
from 5 a. amno acids 34 to 66 of SEQID NO 2; b.
as AfHyMR a?ghe@&o the és@er‘i't@l“fe@tﬁréﬁ@eﬁr@em setforthGs fGHFWE G BE 's@é?)e of
34 to 4 of SEQ 2; d. amno acids 30 to 110
theAPPERLS I dFIReD,  2; e. SEQIDNO 3; 10 f. SEQ ID NO 4;

g Al n@iemeég bﬂiéa ﬁé\@ﬂd%h}ahﬁgajo%blyw@éﬁ‘éf Ia@@tracts publlshed or
ybridi zin enent of

I SEQ
e B PP OBURRH<G APRICEBR P RIeg LS. Rreieh PR & oy other

ref@ﬁen@é%}’ar%fenﬁlfe)y médﬂ;)orat(e@by réferebde hdraid] |ng@rﬁg bleaéié tngee%ﬁgures
%or 90 %o % sAéj?juence i dent i

an%@x&,wgﬁqqtqﬁjén e (‘(t%(j refe(rarjces( |t|8pallé/ft51e entite ﬁ%{gq;rg% of tlgeh@ferences

citdONiHIERE kdlgreRdel died ioréih aletAstlen@Rte ifdorfdratd BY refiréRick.
Purified TAC -Fc rméq)(ﬁr ef er abl Fy:tu be used for

pr e PRIEHRNCE P HTOVA MRIBTL SRR FOPVERIoNaLBEPORSHERsn oMM methods or

coieREal hiethoad i@ nBumbasy aby @nsﬁﬂﬁﬁorﬂfhaﬂlaﬁ@raﬁ&fcfﬁ deféblﬂdﬁon or
di seases or disorders are greferably sel ect ed

, : s, ar fro

embadigieRtRi e RipseHt nton i§ disclgseds {AuphiAr sugggsigd in the relevant art

er ?/ltl'h@fﬂﬁéfgbﬁig:‘deé@tp@n ?fn@mrufem?w%ms W:II%O (flfﬂ&\}ev(eaﬁ;le general

we S .1Tor realnment Oor nultlple Scl er.osi D) .
i pf PR PRI Pat RS APBo P EPRIBHS R Gue e S o the ar
(in@&iﬂf@lthe §¢lﬁéhlts’i§f tHéelfmiréﬂcéglcﬂéﬂ hewin), gﬂéaﬂityl msm@/ug{’fwmadapt for

nmu | e . el o or non
vl SR S D et oG RSB SpETeTiaton. without
deM¥itefeh rtw@@wersm@@mgt obmé @rasant(i Mt.orzﬁhbl@w@ Gsul® \Wdaptations

full descri be is invention, i wi | rec
angy odisQEng s ot To 58 Wi PTG JaTHE Ggglents of the
dlsbleﬁédJérﬁlﬁﬁjlmdté'llb@séij oW e tearNigg apdl gaiganceaddr&hted herein. It is to be
ons Wt

entrton and candi t.
nfi S E0T L Be phGRr e s Mo Rah e a o e iRoa b actipion and
noa@fdumﬁdmogmchunaiuﬁe xpiaslbgrot patrasemogy\bi the ptdakst specification is to

be é’glin ngb etH%glaIFeen gr? ?r‘%{gh{) ﬁgq' ?&?q%g%&ﬁtj pﬁlg%@\imetppesented herein,
in ¢ontkaTadib@th thb&howlkddesof oA afUrd@ina siillin teedrt.
nodi fications. This application is intended to cover
any variations, uses or adaptations of the invention
following, in general, the principles of the
i nvention and including such departures fromthe
present disclosure as
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conme within known or customary practice within the art
to which the invention pertains and WO 2008/ 025747

weFansaER2007/ 058886 32 as may be applied to thBCT/EP2007/058886

essential features hereinbefore set forth as foll ows
in the scope of the appendgd clains. Al references
cited herein, including journal articles or abstracts,
publ i shed or unpublished U S. or foreign patent
appEXAMALER: PISRIFRTATILR. OFf RECOMBINARA! GNINART TRONVFc FROM
other 5 references, are entlreLy i ncor porated by
ref§ﬁ§ﬁ@@Fﬁgﬁéﬁﬁ?qaﬁﬂaﬂﬁﬁﬁyéﬂﬁNdata, tabl es, figures
and text presented in the cited references.
Additionally, the entire contents of the references

ci t 4S8N n the references cited herein are al so

ent Biel y i ncor por agepd/diymeé ef erence. Reference to
known et hod steps, conventional methods steps, known

met 6 or convent PYRSEE HRPHBHRVA¥ not in any way an

admpse on t hat anypagmgebm pessysi ption or 10
enbodi nent of the present invention_ is disc|osed,

t au§ft™Por suggest ed i n FR¥ERGPEIUNG Teifgacetiopd
foregmang descri ptE@HnRELIGIRG IRRGLEbGeRRE) ment s wi | |
so fully reveal the general nature of the invention

t hatSt hers can, b'?y(gﬁ?ﬁ'laWW§ CRHSAtRR™i t hi n t he

ski Hcpof the art oddeudirstgint he contents of the

references cited herein), readil di fy and/ or adapt
forfwigfious appl i cati dH986E€ O@KéegimeﬁéHHB@?WEWng
W t fput undue expehicientahictdt, W t hout 15 departing
fromthe general concept of the present invention.
Thefefore, such addeStY"dns and nodifications are

i nt epded to be w thibpditbe nmeani ng a range of

equi val ents of the, disclosed enbodi nents, based on
t het/achi ng and Q%Wé‘ﬁ}? NOSIRANERYIORIGRI%I n. It is to
be Nander st ood t hadodidne phraseol ogy or term nol ogy
herein is for the purpose of description and not of
| i nﬁ?é{;i on, such t%%({'“q‘%@etlaéerm nol ogy or phraseol ogy
of hhe present spegdtideahined is to 20 be interpreted
by e.skjlled artisan in.light of the_teachings. and
ot SRS et ecP BB ize- B stinmaS PEER AR L
knowl edge of one ofhrendtoyadphyskill in the art. WO
2008/ 025747 PCT/ EP2007/ 058886 33 EXAMPLES:
PURPBI'CATI ON OF RERSHVEISNANT" HUMAN TACI - Fc FROM
SEREI: FREE CHO CELRe\B$EBMNAJANT G ossary 5 BV: bed
vol yge CHO  Chi nese HaLFster ary DSP: Downstream
ProCess EDTA: Et hyT2HB 'Bi"BHi8HE® Tet r aacetic Acid

ELI SAS-BAGEITE- Li nkeshilmDwaeS0 ShpnateAbHayrylamide Gel

Electrophoresis

SE-HPLC: Size-Exclusion High Performance Liquid Chromatography
T°C: Temperature

TMAC: Tetra-Methyl Ammonium Chloride

uv: Ultra-Violet

WFI: Water For Injection

WRO Water Reverse Osmosis
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10 HAC. Hydroxyapatite Chromat ography HCP: Host Cell
Protein HPLC. Hi gh Performance Liquid Chronmatography
wo coosiozi7er nal di ameter K. potassium 15 kD: ki POI/ErdodDO58886
MES: 2- Morphol i noet hanesul fonic acid Na: sodi um NaAc:
Sodi um Acetate n/d: not dejerm ned 20 PA- SE-HPLC
Protein A Size-Exclusion H gh Performance Liquid
Chr omat ography ppm parts per mllion RO Reverse
GCsnmosis RT: Room Tenperature 25 SDS-PAGE: Sodi um
Dodecyl Sul phat e Pol yacryl am de Gel El ectrophoresis
M@apﬁ,k"?es@cﬁﬁ@ﬂ%rlPqu'g?F'%?'? BrataiRcA: Li qui d
Chr omat ogr aphy TC. Terrperature TMAC. Tetra- Met hyl
Anmoni um Chl ori de UV: Utra-Violet WI: Water For
| nj e&rfinghmaigre) vas é'?”ﬁ'@é‘v'éﬁ‘*%%“@éﬁﬁsﬁ@ A PRs8INg £ 1A pell clone

cuIFlﬁ;geﬁ Eﬁ’é@@ytﬂﬁﬁ&g@ono\?ﬂtﬂ)ngéﬁﬂ'@{o?edlffoz@ﬁ%wﬁ%eg ep:

finity purification on Protein A Startlng mat eri al
vvas clarified harvest of a TACI-Fc expressing CHO cel |

cl onge dfhpﬁ}ﬂé "S‘tkirﬁgn UNASES S Wiral §&uﬁﬁgéEtH@éﬁtﬁcﬁr@d17 -5269-03)
stored frozen until use. The pture on a

waRERSiEdet asqor AN cHe u?iﬁw(r@E’rP@ﬁ?'t P ﬁﬁ@'“ﬂf‘?‘-@%‘@ lagd height of

17¥YﬁSAI¢@ﬂSérbﬁ§i|13%re PEESHEIH rédn Eéﬁ@pefr&hu‘eolékd&)t fUr 0684 solution,
on a col umm havi f?glﬂa bed height of 17cm

Whigheyast ieghat e ey e elouy’ e T%Hyts&?ﬁbﬁ‘té’-ﬁg r”@‘ W gespided.

for the | oad solution, 10 which was kept at a
tenmperature bel ow 15C. The UV signal at 280 nm was
r ecoPBEEAIONSani ti zati on The col utm was sanitised with

at  rRaghbludBVvaY sdhithh a4t GeRE BBV bf 30 8RRl + 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.

Wash step

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
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in reverse flow at 250cm h. The flow was stopped for 1
hour. 15 Wash step The col unmm was washed with at | east
wQeB¥snEs7IRO water in reverse flow at 250cm h. PCT/EP2007/058886

Equilibration The colum was equilibrated with at

| east 5BV of 25nmM sodi um phgsphate + 20 150nM NaCl

pH7.0 (until conductivity and pH paraneters are within

specified range: pH 7.0 0.1, conductivity 18 2
pHn@I&mﬂf i (@ld}dj@é@ bf baicH ofASAE Bia-solkiBR AT RebesEisty CAIUABN the pH

| oaded with clarified harvest kept at a
Waﬁé\%@te&ttaﬁé)@é y@dpdien of §2% Nagagelvyoref up to 15ng
total TACI-Fc as determ ned by Biacore assay per m of
25 packed resin at a flow rate of 350cm h. Wash step
Waseg@eerednum with at | east 2BV of equilibration
buf Frf%é c@hw%%&fiéf@eh&%{éd%&mat %Emst'ﬁkﬁ%f é(ﬁle%a H + 1M NaCl in

equi |l I brati on unt i | ?
reveaseeliavwnal 458cmAs storithe '0\EerIt1|56Hﬁ Q@nTﬁé G\"rfetf‘@iﬂp‘alat the(acm/h for at
Bl 950G 18 L) §601 Rackldbaiipbl Ters as shown in

at a ow rate of 350 cnih. The eluate

f r aEtQ%H"SAﬁgp dbe releme avapoppiaiackin treversa flpvsmgael

I NCHRAPe:, ed O 6. 0+0. 5BV of elution. The el uate was

i ncubat ed for 1 hour at roomtenperature at a WO

2008he2gpap wasTashed Bith abigssa2BVaY RfwetEr aivapcm/h.

(adjsusgdRy addition of citric acid solution, if

necessary) and then the pH was adjusted to 5.00.1 by

addiThe galusth \Basamitses withuet east \gehsanilisagan befferrat 250cm/h,

st 3BV of 50nM NaOH

R o B el B o 1 st op che T1ow

f or FihiMash Bignsre-start the flow at 450cni h for at

| eaghe 2RYmh U Wa%gﬁ V\HI‘( ot 3821 BV §f IQ@QNkaé&Dat Qgéﬁ%/hnﬁ%n with at

Fromthis step um was operated in reve
leafst 3RV nb@whbrmrbugee@t %@cmﬁearwbﬂlnalm with &t Ipastrizy Q\ﬁ RCH water at
25b&ﬁmt 2BV of RO water at 450cm h. Sanitisation The
u

olum was santitised with at |east 3BV of
sanfinathattheeclwun was stare@aiterfiubhing wite at leash 3R \o@fpdide athanol at
25bkmcol um i ncubated for 60m n. Final Wash steps

Results

Table I: Results using different elution buffers

Run Elution buffer TACI-Fc yield Aggregates (%) HCPs
# (%) (ppm)
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




15 The colum was washed with at
wat er at 250cni h,

t he

n wth at

| east 1 BV of RO
| east 3BV of

we@ensloedonat i on buffer at 250cni h and finally W¢THER1007/058886

| east 2BV of RO water at
was stored after flushing
et hanol

at 250cn h.

250cm h. Finally,
ke h at
20 Results Table I:

t he col um

| east 3BV of 20%

Resul ts

using different elution buffers_ Run El uti on buffer

TRCT-Fc yi et d Aggrega 7 Hep 41 ?—EP T 50\
Runnpac pHitipnpfior3g 3 I-F Vfdfbmvr’*ﬂar gt g 552*"?’3
# 25 2 ald 32 200rM Il\la/\r\ pHS. 58 0128 2 nid %HQM_
5 NaAO.2pHBAE+BOMBMNATI n/|d WO 2008/ 025747 3.8 n/d
¢ PCT/ EP2007H358886 36 Run Elution|buffer TAC-Fc 43@1
Aggr eﬁ)@maw HbKiF’s # (9 (@pm 5 0. 2M NaAg+15 nM
" NaCl 275% W p%g pH4 8#:% 22 3491 & 100mM NEAR
8 pH3 IVNafs PH34318 8 250mM NaA¢ pH383 79. 7 8.&14710
9 9 1006riMNR aiffatermtds pHB. 7 71.9 23 2347 ,10 25QnM Mg
c trng,ngj%,t,Zat%;f,B& 8.5 1576 11 1p0nmM ﬁa citrlate
10 pH3 12 108 Na c¢itraé pH3.|75 BI63
11 15. 0°FMIN2 $521 GH/0P NJAC pHS.85 81]0 9. 8.03490 | 146400\
Na ¢0anmiaiNe ciphi8 pA5.795.|1 14. %280 100mM Na Cltl‘atn%
12 .
pHS3. qgo,g,,aN]agpgmg@ ciltrat egp .75|44.7718. 4 3783 16
13 1p0 citrate pH3.|75 47810 15. 832179117 1Q0m\B4%4
14 C tF%H”éV'b'P-lg't"?spéé 9 d.4 2349 18 100nMaa ci t|r at B0
pH3 17tnNb 8a Oitrdt® p4I3 8550 19 100mM Na citrate pH3.75 67. 1
14 2B. ?oo%ﬁ\ma 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 94 2349
18 100mM Na citrate pH3.75 58.0 104 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 75.6 194 1807
22 100mM Na citrate pH3.75 571 20.7 2465
23 100mM Na citrate pH3.75 519 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 pH3.9 464 9.1 n/d
30 100mM NaAc pH4.1 42.8 134 n/d
31 100mM Na citrate pH3.75 57.5 26.5 n/d
32 100mM NaAc pH4.2 38.1 101 n/d
33 100mM Na citrate pH3.9 43.3 8.3 2011
34 100mM Na citrate pH3.9 63.6 6.6 1749
35 100mM Na citrate pH3.9 65.7 7.3 1689
36 100mM Na citrate pH3.9 62.7 74 1609
37 100mM Na citrate pH3.9 61.6 74 1479




20 100mMM Na citrate pH3.75 65.6 17.5 2353 21 100nM Na
citrate pH3.75 75.6 19.4 1807 22 100nM Na citrate
wWEkRs/AZ757. 1 20.7 2465 23 100nmM Na citrate pH3CTBEPDHA7/€8886
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 100nM Na
citrate pH3.9 39.4 6.0 2424 27 100nM Na citrate pH3.9
31.0 8.8 2936 28 100mM Na Ac pH4.1 28.3 25.0 3311 29

TPONM Na i Trate pH394b49ln 30 _TOQNYI NaAC
Ha. 1 Butignpsfiar g 31TA( }“SM ARgreeh . |75 HEPss

[ 100\ N /\r\ n

g.u 32 100mVH 161 p/d 33(9m2?m
Na COPPENe alale RiSes g 3 D1 3k 100Af Na ditr 5P

39 pH3.19088.N& dBrage pHB4A9 (35 108AM Na ¢itraB€ pH3.|9 6B97
713 1689 36 100nM Ng citrate pH3{9 62.7 7.4|1609 37
1 00mMM Na citrate pH3.9 61.6 7.4 1479 WO 2008/ 025747
PCT/ EP2007/ 058886 37 Run El ution|buffer TACI|-Fc yield
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Aggoegausiesnd %9 HCPs # (%9 (ppm 38 100nmM Na citrate
3 39 10

pH3 .6. 7.4 1 0 citrate 9 64,6
B 0TRG5S aiTa MaReStags SRR ATerthrtes Habslegigte colurn
at m@sna}auptdap@atydifnsgtdtm mclchlvlai@E;eloepéckéUrresuﬁ at & ]Icﬁﬁw rate 03350
cca cit total TACI-Fc5 Lo acke
ot o co R R s it PHG0E QBT CewglSaarery Shgoduct
wheénﬁwd lid@hg yélghl'ﬁcar\(ﬁeeuﬁbhl i a@@ebga%b mélsnmgemmﬂu@?ey @f0.1 M
roduct pr | ni reduction ip .
sollf aizie o1 Lo eras™SFeral A aiuh - 1% aobtortae s sl from
aboutt 2586%pin darficdatarest eat ety ny i ti®idith aisemed.OMCP levels were
aqqre vel s_ st ing from about 25-40%.in.
et BB BonGRTL SR Pt WM aRARIIPE PIoE SRR pelsional
antitd@dss The aetibody piixtatel Wasldj@{éfﬁ&ﬁﬁmlmt hobtecdii@ibteiay eksved from
r asured b usi n | onal t i es.
ol ot erngt P et s spaiteRa S E et RO Bl
proteins derived from 10 clarified and concentr at ed
cel by bl TARTRAARS chlomaiahdys! ect ed GO cell's

The eluate from the capture step on Protein A, dialysed into suitable loading
buffer, was used as a starting material for the cation exchange chromatography.

A Fractogel EMD SOj  column (Merck 1.16882.0010) having a bed height of 10
cm was used in this step. A Fractogel SO3 column with a bed height of 15 cm may be
used as well. 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 the operations were performed at room temperature and the flow rate was

kept constant at 150 cm/h. The UV signal at 280 nm was recorded at all time.

Wash step

The column was washed with at least 1BV of WRO (water reverse osmosis).

Sanitisation

Then, the column was sanitised with at least 3BV of 0.5M NaOH + 1.5M NaCl in
up-flow mode.

Rinsing

The column was rinsed with at least 4BV of WRO in down-flow mode.
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Exanpl e 2: Cati on Exchange Chromatography The el uate
fromthe capture step on Protein A, dialysed into
wGeosatd7e7 | oadi ng buffer, was used as a st artP@OEP2007/058886
material for the cation exchange chromatography. 15 A
Fract ogel ENMD SO3 col umm (Mg ck 1.16882.0010) having a
bed height of 10 cmwas used in this step. A
Fract ogel S03 colum with a bed height of 15 cm nay be
usegq afbagdd - In the latter case, the dynamc capacity
and fI ow rate need adaptation, which is

wi t ANG cPlgmn; wes WWf@a@éflthat 1ot ﬂa%Y SHAOARM) EIOQUWT? ﬁ'trf’ﬁ’eo"'5 0
(ornfit thBtdrad BN ORIRS HOBS 1 WRE/Em RAG Pirff@d 04 afeQ@hed).

tenperature and the flowrate vvas 20 kept constant at

150 cm h. The UV signal at 280 nmwas recorded at all

time. Wash step The colum was washed with at least 1

BV of WRO (water reverse osnbsis). Sanitisation 25

Then, the colum was sanitised with at | east 3BV of

0.5MMNgH + 1.5M NaCl in up-flow node. Rinsing The

col um s rinsed wth at |east 4BV of WRO in

dowiihé lcolvmmodes |de@ea®@a/ms5umumamaoat7mmw aB8.0+0.1,

bra on The col u i brated w a
copdlitivbia s M ORMASS it A CaracTit o 005 ﬂlaﬁ'r Sdipg TAGiEs. s
detedhpel bg SEdMRLEC vbday pef ml dflpatkég resand pH 5. 0.1 are
reaWﬁsg) 5 Loading The colum was | oaded vvlth post
cap Sttt erial at pH 5.0 (pH at 5.00.1,
condueétconindnywad theal wdshegwitans 18dst SBVagfarmiohiy 8bdin® pHdEBhate
n 50ng TACI-Fc, as 10 determ ned by SE-HPLC assay
m of packed resin. Wash step The col unm was then
vvaslmd,owi th at | east SBV of 100mM sodi um phosphat e

pH6.5. El ution 8 unmm \M?s el ut ed vvi_{fh y
d| ff 8? Qﬂ'l“”l?u‘f’?%?@tegn‘?ﬂ'tmﬂ' genybyiiess aRd UpERIdiif§rapiscagditions as
regore@ i edlekm Lt @We@syv 1 - 1V bel ow. Regeneration and

sanitisation The col um was regenerated and sanitised
wi t ReGERPrafoNAaREBRICN 1. 5M
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 22.5 100% 50 3.8

8.0 15.0 95% 34 55

7.3 22.5 100% 56 3.4




NaCl in up-flow node. Then, the flow was stopped for
30mn. Rinsing 20 The colum was rinsed with at |east
waBMs02s7WWRO.  Storing The col um was stored i NPEL/EPBa%E058886
3BV of 20% ethanol. Results 25 Table Il: Effect of
el ution pH and conductivitysg HCP levels in the | oad:
189ppm pH Conductivity TAC -Fc recovery HCPs (ppn) HCP
(ms/cm clearance (x) 6.5 15.0 25%118 1.6 7.3 22.5
pHO0% 3@ chatctiviy? 15| PAGIHR rdkovery /- PHEPs (opPIHEP 3. &
WO 20( 2@{.,,@;},’-},7)47 PCT/ EP2907/ 95888 139 pH\ Copduc tiéhfahce (x)
ACI - HGal(ECOVETY HURSzol PPN HCP— (1TH Clear gpige ( X)
" .3 35%8'038% 133 1. 4@8/“?. 3 22.5 96% 45%@2 7.3 ﬁz% 5
7.97%5323.% 7.3 12.|P8B4% 79 2.4 6.3|22.5 83% #%24.1

0 300 6% 108 1 Byyof 2 22.5 97% 4642 6.5/30.0
. .

" 1% 116 1.6 7.3 22 %48 3.9 7.8 22.5 95%
7JFabl e [IT2I0 shows t he -Fc recovery| &dhd HCP c|@4rance
g¥when llgadj ng at a [cgpacity of 10 andy32 ng TAL,+Fc

er m|{ of resin and{ eluting in a phogsphate buffer at a
8.8ondudgt3PWi ty of betwWéBm 12 to 33 nB/ ¢M¥8 Col | ectién of
g bhe peagk gvas done frgmthe 5 beginn|ipg of thel Wy

Increase for 10 0.5 By. Table Ill: Effect of pptimal
6.2l uti gB0PH and condutvity when |oafilty at capadéity
7.5CP | evelss in |oad:| gl ppm 48 3.9
7.3 22.5 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.

Table IV: Effect of wash step conditions on column performance

HCP levels in the load: 190ppm and aggregate levels: 2.0%

Phosphate concentration TACI-F¢ TACI-F¢ Aggregates HCPs in
in wash (mM) yield in yield in in eluate eluate
wash eluate (ppm)
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Loadi ng pH Conductivity TACl - Fc HCPs HCP
recovery (ppm clearance
wda208/08r96 67 3.0 20.7 93% 61 3.3 32 8.0 20.

(Sl cm

capaci

ty

(mg/m) (x) 10 8.0
TPSBYPIH47/058886

3.7 10 Table IV shows the effect of a wash step with

50 or 100 or 150nmM sodi um phosphate pH 6.5 on TACI - Fc
recovery and HCP cl earance.
step conditions on col unm perfornance

Table | V: Effect of wash

HCP | evel

s in

1 Rfgagho@d:
concent r at

wah(3mv)

T90gpm gnd @goy €99
i on TACI|- Fc T,OACI-F
yi 08 in yielein

ite Pyers
-c Aggr egal

in ¥hate

Z. D%, Ph0S
es HCPs in

el 1BPe wg

phate
in

elwahe (ppm MO 2008/ 935747 | PCT§d=P200Y/ 058886 40 wagh

1 50 0. 7%99% 2 8% 62 washl2 100 2 1% 98% 2 9%I59

wash 3 150 9.1% 90% 2. 7% 49 The buffer used in wash 2,
contai ning 100 mM sodi um phosphate pH 6.5, had a
conductivity of 8.4 nS/cm 5 Fig. 1 shows a silve

st aiTheauTeraled inas2 SoatinE %’I“Nbffo%%ﬁh‘é‘%)ha@rﬂ"{/@@r had a

Coﬁ(g&m,@,mgu menhe using the three wash step conditions
shown'in Table IV on the free Fc clearance. Fig. 2

shows overl appi ng chromat ograns of the wash step

expeld. MedHofs W §iller dBine@dhsHRRNESPEBESP RALE @bréfesraerrﬂes derived
concentrations. The wash step was optim zed 5

frog experimepisasinggthe hree marsﬁtﬁt%%"r@f“o% éH‘P"M’i‘n‘%F@@% IH\étO@ the free
FolcR@rdfeel50MV) . As can be seen in Fig. 1, a wash buffer
concentration of 150nmM (wash 3, lane 6) resulted in
| 05§k 208hoMECPVaERPPIAg \GREINasRaTP@e of dhp ash rsign sxpPesmests with

so@‘Mn(M@é‘ﬁhale al @& e conBSitatiess.i n a peak of pure
however, 15 the eluate contai ned traces of

(T eBnEauash plab e OPtRIZEH 2t 0Riid-2 Jithu IRCISREBE Heangepfations of

sofiufm pASIHnLR (500 t98980nRAPVAS Yednn bbh§eeﬁﬁahrﬂ ak, of wash buffer
el ution and onl¥ 2% | osses in the

f( 1g. 2). HCP
copteRptNe s M (washot. danesplaeydied '%ﬂosﬁ%%ﬂ %‘g' e} ap@sh buffer

cohder@hiicsr FYmMSRBsPACRNE By vedulad int é"@eéﬂ@@ffblﬁé &RCI-Fc, however,

contained Free Fc wth_sone intact TAC - at
the eluate contained traces of free Fc. A wash step with 100mM sodlum phosphate pH

6.5 resulted in 98% recovery in the main peak of elution and only 2% losses in the
wash (Fig. 2). HCP clearance was 3.2 fold. Analysis of wash and eluate fractions by
SDS-PAGE show that the wash step contained Free Fc with some intact TACI-Fc at
buffer concentrations of 100 mM or above (Fig. 1, lanes 4 and 6). A concentration of
100 mM or more is necessary to completely remove Free Fc from the eluate fraction
(Fig. 1, lanes 5 and 7).

Conclusions
A cation-exchange step was developed as a second purification step, after the capture
step. The capture eluate was at low pH (5.0) and low conductivity and could be directly
loaded onto the cation-exchanger. A Fractogel EMD SO3 resin was selected with a
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
conditions were optimised for best clearance of HCPs and high TACI-Fc¢ recovery (179

mM sodium phosphate pH 8.0, conductivity 20.7 mS/cm).
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buffer concentrations of 100 mM or above (Fig. 1,
| anes 4 and 6). A concentration of 20 100 nM or nore

WO soosezEssary to conpletely renove Free Fc fr opeT/RR2007/058886
eluate fraction (Fig. 1, lanes 5 and 7). Concl usions
A cation-exchange step was gevel oped as a second
purification step, after the capture 25 step. The
capture eluate was at |l ow pH (5.0) and | ow

con@ugibtnelyy eﬂﬂ.@n Q:@H'Ué QfricH 6@GH g Ek\p@fig@l nfNs@ditif€phosphate
cati on-exchan FraCtogﬁh END S03- resin was

and dpRatheyald 1 foomaaﬁt?gt & Apsaiiser ity aBsoreN et AP0 Nhe
non- bi oactive degradation product free Fc could be
efficiently renoved in a wash step with 0.1 M sodium
phoEM&%W’BNSEX@I'We&hmE@FRHVPP'@hS were optinised

for TH@%‘tarWﬂfa@é}%@ ulkd 'TKFPﬂ‘msaB&hfi&bﬂﬁ IBF o tHeCEIOMRT tYom the
sodi um phosphat e 8.0, conductivit

20.7
CaF('ﬁBWI Exghange sigRogN O"_Zﬁqtﬂge'Pcéﬁ¢ E%@PG‘Q@S@B digjysed of diutéd into

Su,{gm@rog@,hg‘bgﬁé/n elution can be carried out in 10 BV of
nM sodi um Ehos phate and 180 nmM NaCl pH8.0 fromthe
st afr hisgnianrrxchangs Ghroragiegiap Ay eeP Aasaayigtheut PRahpPYREE 30Q

cofRInOBGEE-eRANGRe GRI1RTBIAYRARNY bad Hajyns loarbi &8, M@UR@E 30Q

used for this gurlflcatlon step was the eluate from

COIF® Wit B NBiRBhelLpecTa 1Ty hsUSEiOcRS el Udp Sieps ihe fatter case,

theES @R i€ c%aac.tpl laAl YioRCkafr mdy Indb @ ddhthon, swhidnaiblvieillvpiasi Rditine
buffer. This ani on-exchange chromatography step was

knewlergeef the PersAn skikgaIREE® @DQ col umn ( GE Heal t hcar e
17-1275-01) with a bed height of 10 cm A SClJRCE 30Q
10 colum with a bed height of 15 cm nmay be use

wel Alliopetaipas wegpcarfign PHteatI Qe dpMpgigdIre taﬁg t'&SIHé(n?'%”a' at 280

nnﬁ\ﬁ@@@cbweénﬂlé W warb RaftY odesith BslRita bl &Qifer Y8 612008m/h.
vve W thin routine know edge of the person skilled

ngrt. All operations were carried out at room

t enp%tattﬂér Solafif widderidddastinad 1eaét 480 of RD WEen@$ a flow rate of
recorded. The steps were carried out at a flow rate of

158¢mRer 150 or 200cmh. Rinsing First, the col um was
ri ngegdivvdidon at | east 113V of RO water at a fl ow rate

of _150cm h. Sanitisation 20 Then, the col umm
sanThe%dbe GRIYRN #es sanitisedapith ifeast SRY Né@ﬁ'WNqOHm h@'&ﬁNaC'
Vas yshegeplhe col utm was washed with at | east SBV

pr ef er abl y 4 to 10BV of 0.5M Na_ phosphate pH 7 at
f | oWhe ey wap wagnes with at least 3BV, preferably 4 to 1OBV 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-
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.
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Equilibration 25 The columm was equilibrated with at

| east 5 BV of 10, 15, 20, 25, or 30 nmM sodium
w@bmsptsse pH 7.5. Optionally, the colum can BPEI/EP2007/058886

pre-equilibrated with 3 BV of 0.5M sodi um phosphate

pH7. 5. Loadi ng, washi ng and,concom tant collection of

TACI-Fc in the flowthrough The colum was | oaded with

post-cati on exchange material diluted to obtain a 30

phogRbat&asnsepnisam on of 10 to 30 MM pH 7.5, at a
capacity of no nore than 50 n‘g TACI - Fc as _determ ned

by 3ke HP'E@”a\%%Sagﬂgﬁﬁ?fatﬂd By §paeRed Wi Al ipast3BY &f PiShNaOH +

1, en\m Nat:h mWevérBé %\9 hnéoreO(ﬁhmtw g.gﬁél idMadk OB B8sehint) 4t 4 h&N rate
ch is carried out in 0.5

st whi .
of 6?0%@ "i‘t t'ﬂﬁ ﬁ‘i‘q‘ 6fﬁh% iﬁge@Prat'%t%BWB:@Ssﬁgﬁped for 30min.
PCTi3AQ% 058886 42 Regeneration/sanitisation The
colum was regenerated and sanitised with at | east 3BV
of OheMoNaTHWRS vastigd Nyt af easeiBVs ef RQowatrscrt @ e rate of
206Mnai gnal is back to the baseline) at a flowrate of
150cm h. At the end of the regeneration, the punp is
sto;§|§f§’d’9for 30m n. 5 Wash step The col um was washed
Wi t FhaloolgfSls StB¥dOh dRQeatsty 8f 26%  &R¥ndIaLR) &l a flow rate of
200cm h. Storing The colum is stored in at |east 3BV
158‘1"”‘/?0% ethanol (v/v) at a flowrate of 10 150cn h.
Results The followi ng Table V sunmarizes the results
obtained with the purification 15 process descri bed
above. Table V: Effect of |oading phosphate
congrplgti on Load Load Load Load TACT-Fc Aggr egat es
HCPS — pH phosphate TACT-Fc cap ac:ltY recovery (ppm
condhg rfﬂ}}o"‘ﬁ'%fh 3 ablpgy MuMatges jihe resy tg@bﬁ@e%@"t@étgﬁ Porifigtion
pr&%s@des%n@ed?%cﬁ/%g 39 90%6.9%50.4 7.5 20 651 49 90%

.5 15 437 46 88% 3. 4% 45. 0
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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7.5 10 283 n./d. 82% 2. 8% 26.3 Concl usi ons The
ani on- exchange step on a Source 30Q columm in
wo bsordiiough node was 20 optim sed to naxi nm BEI/EP2007/058886
cl earance of HCPs and aggregates. Loading
cation-exchange eluate either diluted or diafiltered
in 20mMM sodi um phosphate buffer at pH7.5 gave the
best conprom se between product recovery (90% and

cl egikamphe TH faﬂfé'ﬁfﬁ@ﬁn‘dio r ppm to 44ppn) and
aggregat es rom abou Dynam c capacity

of TB@n’t}a"T'A@I materipeused for tbéck‘é’tﬂ'c?‘%‘l §IeRt WAST pYQN-LR¢hange

chfm NLAroRA ($628Eka 2008/ 025747
PCT/ /058&% 43 Exg?p’ﬁe W)4: Hydr oxyapatite

chr MHB@ea%wy Hydeoxyanatite Rg)edaﬂ%urrmoltugre iprgel 16/i0940) with a

be?%fgf]{ Afo@val gRgwas ani on-exchange chromat ography
| oWt rough see Exanple 3). A CHT Ceramc

Hy d A8 0PaRAIDNS aveTsy sarripd opo ahreast (RMPSTEILGY: akhe1fm oBigoyas kept
coMdthit A 17@_&3[4 AIED TS gAA N 4B S SRE- e rb?f%f &itRIAE were

V\(ere_ carrie out at roomtgqrtqperature ow rate
stefiges filkespd and dhe tegiipment sasitisad with rf@diune hysiroxgfe hgforgtuse. The

col%ﬁm@u WME & fr?@@Mdﬁ’ébH APk IS wgre sterile

Itered and the equi pnent sanitised with sodium
hydlrutxa/ed/@sibéfpm Ripgeg amhere-egolligraioRlas stored in 0.5M

NaOT'hé %MHn%aé"@;SéhéSjquntrLQt Mé&n@%ﬂ Mmaéodwbh%pﬁﬁ@ PHT 5

Ri nsing and pre-eq ratio e col um was
i ﬁn@thenela@tatiqaﬁﬁa’f/ o OrdiM sestiirn phpsrbapshbifier pH7 .55t0 lower the
pruffer and then with at |east 3BV of 0.5M sodium
phosphate buffer pH7.5 to lower the pH Equilibration
15 fnei/iler@ticanm was equilibrated with at |east 5BV of

20 %?Wﬁﬁ%l%teoonth St (Ié’%t LS@\/‘ bf tz&‘ﬁlvi §6d3l% phosphate

con uct [ VI ty cm an
pH7 éba cdredntil tneJatdngng coMhstigtyl ahm. cwas'a h@é@t@danm ’DH 1’5& 0.1 were
rea%gg 30Q fl owthrough with calcium 20 chloride
€d to 0.1mM final concentration froma stock
sol lavacbng at 0.5M and pH adj usted to 7.0 by addition of

5% AL RNSRANREE, 3t e pBERE 360 Mo Py, B halctum

TACI erm ned assay per
chpa¢¢<ezdd$cb$o Q.1MN fingl abrgmnpatml fbre 4 stock catlitivimet SAYREGEHEI pH

adggﬁgﬂh?ﬂ’tﬁoh? LAREG, B BERWrtnG HnGEHEHE RN LS cafHity Bk Rt Somg
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. In these steps, 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)
from the beginning of the UV increase for different BV (see Tables VI and VII). It is also

possible to use the same buffer without calcium chloride for the elution.
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t he hydroxyapatite colum. 25 Wash steps The col um
was washed with at least 4BV of 3, 4 or 5 nmM sodi um
w@bmsptsse, 10mM MES, 0.1mM Cadl 2 pH6. 5. | n tPEBEP2007/058886
steps, it is also possible to use the sanme buffer
wi t hout cal ciumchloride. Eljution 30 The colum was
eluted wwth 5, 4, 3 or 2 nM sodi um phosphate (see
Table VI), 10mM MES, 0.1nM CaCl 2, and 0.6, 0.7, 0.8
or @ifidy KC pH 6.5 buffer (see Table VII) fromthe
begi nning of the WV increase for different BV (see
TabiTB8 colimanps\inegd with: i s al so possible to use the
_ SANBashYBRY @ 20MhiNRRiunt R Hﬁb%ﬂ?cﬂblﬂr‘érfor the el ution.
WD 2008/ 025747 PCT/ EP200/7/ 058886 44 Ri nsing The
- cHIeavhIMAST PONseYiIum phosphaigipH7enlyffer: 8¢ of 20mM sodi um
- phigsahadse 18Y6f 200NF doRifum ph@rphéteq)w RMiepf 0. 5M sodi um
pho hate pH7.5 buffer; and - with at least 1 BV of
i um phosphat e pH7. 5 buffer. Storing The
CO' HAB c¥BMnHREded th #lledst88Y oPBYMIadHEM NaCH.
Results 10 Table VI shows the effect of phosphate
concentration (from2 to 5mM in the elution buffer
on Raeye earance of aggregates and product recovery
El ution peak fractions were pool ed and anal ysed

SE- Hpble \f'oﬁho“l"?\d‘e ﬁﬁe@dﬁdo@ﬁ?r?f@rq ewcgﬁrrat'%g@roagatte 5m'V' ) in the
eldtieN &dusfer b ﬂ%@b&@a%ce Bf faggrfeggﬂ‘espms@mw ERBFEENt ERLb®Peak

in the elution hate conc BV of elution
fra‘l’{A{'JS wereype@'ad A@ﬁ’r é@%lt’ rﬁ@ HELgofop 3bAG)-Fg gpneestration, and
agg ?g%e\ﬂe«fg 68% 0. 65% 15 77%0 67% 16 77%0.70% 17
0% 0. 73%

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%




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

WG 88023409 WO 2008/ 025747 PCT/ EP2007/ 058886 4BCBERD07/058886
70% 0. 46% 13 76%0.42% 14 73%0.51% 15 71% 0. 52%

16 69% 0.55% 17 69% 0. 50% 4518 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 VII shows
the efgect of KCI copcentrgii on ygy,t he efuti on gugefer
on the clearange of aggregates and produg¢t recovero/y.
Two sodi um phogphat €/3conceptrati 6s wer ¢ 0.42%
investigated: 2 and 3mM H utionypeak fracti ong ywere
pool ed and anallysed by SE-| 5 HPLC for TA( - Fc .
concentration and aggregate |evel¥? Tabl ¢ Vi I: OE¥3%ct
of potassium chl ori dg concentratgg®n in the el uty sy,
buf fer Phosphate conc KC concSé%\Q BV of TAC -Fc
aggregates (nmY) el utfion yjeld °6 10 102% 0.048¥% 11
109% 0. 46% 12 |106%1@. 43% 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%




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% WO
wQOe8hE25747 PCT/ EP2007/ 058886 46 3 0.8 10 10BC%/0PH8%058886

11 110% 0. 55% 12 112%0.57% 13 101% 0.59% 14 110%

0.57% 2 0.6 10 71%0.29% 15 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%

conclugi ons: 5 [Hydrgxyapatj te g@ronaf ognagy Pf ovigss,
a reliable, efflicient way pf reducing TACl-Fc

aggregate |evells. Starting| frorh'ani op- eXdf%nge 0.55%
chromat ography |purified npterijal (see Ejagpl el 3) ykidR
aggregate | evells of about pb-8% hydrpxyapatite
chr omat ogr aphy |can reduce thesd3l evel|s t'81%el ow 0.808%
with a recovery of TACI-Fc| of 185-90% 4QoéVERALL 579

RESULT A four-gtep purification process for TAC-Fc

has beén devel gped Psulting i A0 highly Pueified 0.29%
TAClI -Fc with an overall reductiqgn of | aggfgegates t o289
less than 1 % (0.2 -

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%.

OVERALL RESULT

A four-step purification process for TACI-Fc has been developed resulting in

highly purified TACI-Fc with an overall reduction of aggregates to less than 1 % (0.2 -
0.8 % in five experiments), overall reduction of HCPs to about 5-10ppm and an overall

reduction of free Fc levels to less than 0.5 % (0.2 and 0.1 % in two experiments).
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0.8 %in five experinents), overall reduction of HCPs

to about 5-10ppm and an overall 15 reduction of free
wao-eooB®rEehs to |l ess than 0.5 % (0.2 and 0.1 % i PCT/RP2007/058886

experinments). WO 2008/ 025747 PCT/ EP2007/ 058886 47
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PCT/ EP2007/ 058886 49 CLAIMS 1. Method for purifying
an Fc-fusion protein havingsan isoelectric point (pl)
from6.9 to 9.5, conprising the following steps: 5 a.
Subj ecting a fluid conprising said Fc-fusion protein
culag®rotein A or Protein G affinity chromatography; b.
Subjecting the eluate of step (a) to cation exchange
chromat ography; c¢. Subjecting the eluate of step (b)
1. LI @Bl f3t @NM@WF@WSM&%&K@W@, dh isSBIBIRC i ph MM 6.9 to

flowthr oug st e& to hydroxyapatite
chPdiPatrsigin ;Srl‘ﬁ/fo”‘i"(’i” ﬁ@p?,ol l ecting the eluate to obtain

pur igf I@ﬂajéaﬁné usmrarbqafp%iﬂg RaidZc-fl§i6n BRIAINEL Rt Al diPrétein G
claiml, wherein elutionin step (a) is carried out at

a pH FUHYICREPIACHRRNYS to 4.5. 15 3. The net hod

accer dugecting &fé)/el&ﬁte bhﬁe@(a@@@@étm extrRdnge chidhedtedraptst ep
(b) furt rises: . . Washi nqﬁt he cation

er
excﬁarﬁj@lercégg H‘e 'yalg of %i%l bﬁéo ANPR CXCN319¢ ERrORHANRPNY: pH

rangi rmjtjécﬂﬁg &hd enoxz tividdgi@ of @@Uﬁs itey i ?/Nrok?dwmégcﬁrbrﬂﬁhéraphy
to 10 nS/cm and 2. Elutin e colum at a

pH

rangi i 9fGOlFRtNAg @het gJugte 50 QWB'”é)“EB%ﬁ%NS{H”tWOte@O rangi ng
from15 to 22 nS/cm 4. The nethod according to any of
the di ng cl ai ns, vvherelnln step

2 otfifi P%Pgﬁ% diggdo ClaiaiTnyheenelitiqng 56%&239#? CAMiRf pat a pH
havging framcogediesi vity of 3 to 4.6 nS/cmand a pH of
one unit below the pl value of the Fc-fusion protein.
25 5. The nethod according to any of the preceding

3. CTi@ Aethoahgscetding kd! tah @ rof ithe Pr&deding) claifs, GMBfdirediepUb) iflirther
t he Fr esence of sodi um phosphate at a concentration

§55from3 to 10 MM 30 6. The nethod according
to any vaﬁshtrbah@b@mdémgaﬂdeaﬂeem afteh &ading vathud bofferihaving a pH

step (d carr n th resence sium
hi or | GGG ¢ 7GR 6. can R OB GRS B60e g o A
PCT b@mm%ss&ﬁjmﬁat & pAihangirg ioth aer dingnd @ edhductivity
of thergnrglcefdl nq5<%051é rT%,/C wherein the elution in step

4. The method according to any of the preceding claims, wherein in step (c),
equilibration and loading is carried out in a buffer having a conductivity of 3 to 4.6

mS/cm and a pH of one unit below the pl value of the Fc-fusion protein.

5. The method according to any of the preceding claims, wherein elution in step (d) is
carried out in the presence of sodium phosphate at a concentration ranging from 3
to 10 mM.

6. The method according to any of the preceding claims, wherein elution in step (d) is

carried out in the presence of potassium chloride ranging from 0.4 to 1 M.
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(d) is carried out at a pHranging from6 to 7. 8. The

nmet hod according to any of the preceding clains,
wob@s®e2IT4step (a) is carried 5 out on a resi NPCT/EP2007/058886

conprising cross-linked agarose nodified with

reconbi nant Protein A or Pgptein G 9. The nethod

according to any of the preceding clains, wherein step

(b) is carried out on a strong cation exchange resin.

7. IfhelRethbbacBBridMgdo amg O thd Brekldifd Blaimd whkhah ehdeBBdilin step
resin conprises a cross-linked nethacrylate nodified

v 1§ catpdgubatas PH 1anging ettt dd according to any of

the preceding clainms, wherein step (c) is carried 15

out on a strong ani on exchange resin. 12. The nmethod
8. ateomaiheg acsoEingi tthary, of ke PESCRIIBAICRIPR sYETRIB A G ds carried

P&t b5 tayre iR @ AipksiRY brodeNaesieagrsbe i fifictt with iEérebiRad-Pré@in A

13. The method according to any of the preceding

r&IrA8IN Gherein step (d) is carried out on a ceramc

hydr oxyapatite resin. 14. The nethod according to

claim 13, wherein the ceram c hydroxyapatite resin, ,
9. cHMfpMPHRd g5571INgI ta ANy £Fithiy PEecetive claimagvisein sier &) isrparried

n&itloat ARG diditechaeyresih. t he preceding cl ai s,

further conprising at |east one step of

ultrafiltration. 16. The nethod according to claim 15,

10\Qmaé ehéthb@%cwrt(jig)gftbl digiat Q,OWh%r}ampséig ré&h fdoﬁ@ri?%% a éivgss-linked
et ween steps._ .and (c) and/or after step : :
Tﬂ%thﬁgyﬁ@dngéﬁ%ﬂﬂitmggﬁ é“gi’ﬁ?- of the preceding clains,
further conprising fornulating the Fc-fusion protein
into a pharnmaceutical conposition. WO 2008/ 025747 . ,
11 phs eS0T P ERERIb o G TaE PRE BB CERTBIN LR ) dngaried
odutohe gfong adion @xehamgBBesivher ei n t he Fc-fusion
protein has a pl between 8 and 9. 5 19. The net hod

according to claim 18, wherein the Fc-fusion protein
12hase a rpéthb@t weesrding. toanelaith 6.1120whéfeéh nesidodresin  comprises

RO BRI SRt APLEE 8 CRoana bi ndi ng por ti on

of a nenber of the tunor necrosis factor 10 receptor

Ne W AE R R

out on a ceramic hydroxyapatite resin.

14. The method according to claim 13, wherein the ceramic hydroxyapatite resin

comprises particles having a size of 40 um.

15. The method according to any of the preceding claims, further comprising at least

one step of ultrafiltration.

16. The method according to claim 15, wherein the ultrafiltration step is carried out

between steps (b) and (c¢) and/or after step (d).

17. The method according to any of the preceding claims, further comprising

formulating the Fc-fusion protein into a pharmaceutical composition.
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froman extracel lular domain of TNFRL, TNFR2, or a TNF
bi ndi ng fragnent thereof. 15 22. The nethod accordi ng
wo eooangs7ef cl ai m 20, wherein the |igand bi ndi nBCPBP10DTO58886
sel ected froman extracel |l ul ar domai n of BAFF-R, BCVA
TACI, or a fragment thereof, binding at |east one of
Blys or APRIL. 23. The nethod according claim 22,
wherein the Fc-fusion protein conprises a 20
polypeptide selected from(a) amno acids 34 to 66 of
SEQ | b) am no_acids 71 to 104 of SEQ |D NO
189 The(reethagn q%org@igd@ 8oy 10f tﬁ@@reﬂedgg@lelmswhezem tkna)Fc-fusmn
i%bféﬂn@éx‘sléjﬁb%%ééh@éﬁh@f SEQ ID NO 2; 25 (e) SEQID
1 3; (f) SEQID NO 4; (g) a polypeptide encoded by
a pol ynucl eotide hybridizing to the conpl enent of SEQ
191 @hb@etﬁbooécc@rdﬂfg t6 dders, h/h@ﬂeﬁthhéthchﬂﬁélﬁ]bro@Nﬂbé b PNBétween
a mutein of any of (c), (d), (e), or (f)
H%@@ @8§i | east 80 % or 85 %or 90 %or 30 95 %
sequence identity to the polypeptide of (c), (d), (e)
or éf%]; wherei n the pol ypeg%l de binds to at | east ane
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(c) amino acids 34 to 104 of SEQ ID NO: 2;

(d) amino acids 30 to 110 of SEQ ID NO: 2;

(e) SEQ ID NO: 3;

(f) SEQ ID NO: 4;
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SEQ ID NO: 5 or 6 or 7 under highly stringent conditions; and
(e) a mutein of any of (c), (d), (e), or (f) having at least 80 % or 85 % or 90 % or
95 % sequence identity to the polypeptide of (¢), (d), (e) or (f);

wherein the polypeptide binds to at least one of Blys or APRIL.
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25. The method according to claim 24, wherein the constant region is a human

constant region.
26. The method according to claim 24 or 25, wherein the immunoglobulin is an 1gG..

27. The method according to any of claims 23 to 25, wherein the constant region

comprises the hinge, CH2 and a CH3 domain.

28. A purified Fc-fusion protein composition obtained by a method according to any of
the preceding claims, wherein the Fc-fusion protein comprises a polypeptide
selected from

a) amino acids 34 to 66 of SEQ ID NO: 2;

(b) amino acids 71 to 104 of SEQ ID NO: 2;

(c) amino acids 34 to 104 of SEQ ID NO: 2;

(d) amino acids 30 to 110 of SEQ ID NO: 2;

(e) SEQ ID NO: 3;

(f) SEQ ID NO: 4;

g) a polypeptide encoded by a polynucleotide hybridizing to the complement of
SEQ ID NO: 5 or 6 or 7under highly stringent conditions; and

(e) a mutein of any of (c¢), (d), (e) or (f) having at least 80 % or 85 % or 90 % or
95 % sequence identity to the polypeptide of (¢), (d), (e) or (f);

wherein the polypeptide binds to at least one of Blys or APRIL, and

wherein said composition comprises less than1% or less than 0.5% of protein

aggregates, and

wherein said composition comprises less than 1% or less than 0.5% or less than 0.1%

of free Fc protein.



