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The present invention is in the field of protein purification. Mre
specifically, it S relates to the purification of Fc-fusion proteins via
Protein A or Protein G affinity chromatography, cation exchange
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di ff er enceds ol EHiFQEUPArRAtARSR, %%ﬂ@bo@m"%ﬂ?ﬁﬁﬁda@fﬁ%d bghalspdrpediepat ches on
the suid acgnieh Addedgmiult ® %ésarafet 1At Qe ByesPBPASThEGtCARhERM kN agngk to a

chr omat ogr aphy matri x rovided the ionic strength of the surrounding buffer
is low E quem@teprgs g‘gn@g'él PXPrERSHIge TRIMANNANh Y Ag i RIpHE MK &R dest h (i

conduct i vi fplrifds it the daus hergréwn ﬁ%&i’@hﬂre\éﬂrﬁéhuﬁrﬁethéﬁbsttc@n poteitd@ICHREGRd Sit es
of the ion 2 exchange matri| X, the pH and thereby al terl ng t he charge

of the sol EM&IN 40 pftiBinaled, quﬂn%cthge%'f'é?tlﬂnl BFPCE$S: t fgdi %}aﬂxe heThedlthange in
conduct i Vi 4ithéHtieB HreiR¥stO high atidiardsgoRdp@ily RF Uplofis QhteRE&PWbS enunfdre P

el uti on Ani on exchangers can be classified as either weak or strong. The
char ge? ro%“'”@trﬁ'i'f’”a weak ani on exchanger is a weak base, which becones

de-prot onat ed angny ﬁmh@tﬁdﬁrrﬁethb@@mamtsﬁapsh@qmgaéppheaﬂlbnwmm%%rssmhar ose is
an exanpl e of ani on exchanger, where the am no group can ositively

char ged beh'amsglncon@n%twna P4 Qiher Ieiﬁt“?’B% &anqitans dhat gy J§P érr‘e B'Pf°9§ bies.

Di et hyl ani sa@eipyF o @EéE)pr@feuﬂl'ﬁ'tdéWfor( any fpydié.ﬁxlvwraoewén)aaga needsydisi @AE) have
chl ori de as gount er ion, for n exchanger on the

i_ns : ni
other  handbUrEGHIOR FECRSaIPBAE B BIERThPLH TR HETReaNE PO 2L AN GEa
t hr ougpout thelprotpin. r ange normal Iy used for ion exchange chromat ogr aphy (pH

1-14). Q sepharose ( stands for quaternary a ni u is an Ie for a
STromy o on SRR O HTBHOUREHAEESaR T Bt e Seieh a854do 1 her

weak or st p@tgh pdifichtionng 15 cation exchanger contains a strong acid (such as
a sul f opropyl grou(g%q t hat remai ns charged fromg i . whereas. a wea
cation exchangePn M aidss CHOREALrapdY SYPLamsh atks Used Qerﬁ%Pﬂy?f BRI | Whl ch
?r adual ljy br@ﬁﬁ'ﬁy IdnSthIQhBéS? oﬁ&jiﬁdﬂ@nd@!s* |de@fae@se|a |bﬂ|63<‘0héh%ér cr’ﬁrom@@@,tfmqyr21rgfA hyl

and s 0 ave so counter i or exanpl e
it 1ot HTORPOESDIp NecsHace HalBaoanEanie: ALBFERI Y AYRTIEy TSR cal ci um
phOﬁpgatfe awch?d{_t@al mdnbmgra@n%amm tpf?owd’é&ﬂ@ﬁﬁﬁl@ﬂrbh@hodgrtgﬂhﬂlwrﬁﬁﬂc?’ Ils a
nmet hod o i fyin teins that utilizes an insoluble. r ox t cal ci um
Phosphat e bessbORNaBIton Ghaelsr BTBEERbE HRCrERId i SRR Encti onal
groups con&irdluctdity)péfi the baiffeP@Sednmpedd With ik geidtecl euchdrgas sifes-fithesgn and
clusters of negatively charged 25 phosphate groups (P-sites). The
i nteractions between hydroxyapatite and proteins are conplex and nul ti-node.
In one nethod of interaction, positively charged am no groups on proteins
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10 and Protein G have a strong affinity for 1gG anti bodi es, they have varying
affinities to other immunogl obulin classes and isotypes as well. Protein
Ais a 43,000 Dalton protein that is prpduced by the bacteria Staphyl ococcus
aureus and contains four binding sites to the Fc regions of 1gG Protein Gis
produced fromgroup G Streptococci and has two binding sites for the 1gG Fc
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2001) . Nuner ous nut ations have been nmade in the CH2 domain of 1gG and
their effect on ADCC and CDC was tested in vitro (Shields et al., 2001,

| dusogie et al., 2001 and 52000, Steurer et al., 1995). In particular, a
mutation to alanine at E333 was reported to



i ncrease both ADCC and CDC (ldusogie et al., 2001 and 2000). I ncreasi ng
the serumhalf-life of a therapeutic antibody is another way to inprove its
efficacy, allow ng higher circulating lgvels, |ess frequent adm nistration and
reduced doses. This can be achi eved by enhancing the binding of the Fc region
to 10 neonatal FcR (FcRn). FcRn, which is expressed on the surface of

endot hel i al  cel figrofYapSitc (138 HeBF UsBd an A& HRBRALBRIHIPSRFa@ACIFOLASES it from

degradation. Several nutations |ocated at the interface between the CH2 and
CH3 donmi nRUYRIY &CiBRerd Welbam apiPadiesr Bnlysrewyapatie fFhiomegogsaphyg e ‘(ql'li’ﬂ'ﬂ &n et al.

2004 and Vﬁ&rﬁ%ﬂ)‘i) eﬁ&m@ﬂated 4003e smglef Sbgiigw Mda Tak!cBndentdfiBbr pASsphae known
mut ati ons of t mgﬁac region 15(taken from nvivogen's website). Engineere d

Fc 19G Isof H%Orb‘?%r?é‘?t?'ﬁésarpotlhéﬂt?"&Pd BBn@ fGoNEeRHPT Hedighsohl gGle1

human Igmpf{%gﬂg}élm,ﬁ&(d,mﬁ@iaﬁg@ praya hal f- life Inproved |ocalization to
target; increased efficacy; reduced dose or freq uencg{ of ~adm ni stratl on
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HA33K/ N434fhterest to another protein that is immobilized to a chromatography resin. Examples for
such immobilized ligands are the bacterial cell wall proteins Protein A and Protein G,
having specificity to the Fc portion of certain immunoglobulins. Although both Protein A

10 and Protein G have a strong affinity for IgG antibodies, they have varying affinities to
other immunoglobulin classes and isotypes as well.

Protein A is a 43,000 Dalton protein that is produced by the bacteria
Staphylococcus aureus and contains four binding sites to the Fc regions of 1I9G. Protein
G is produced from group G Streptococci and has two binding sites for the IgG Fc

15  region. Both proteins have been widely characterized for their affinity to various types
of immunoglobulins. Protein L is a further bacterial protein, originating from
Peptostreptococcus, binding to Immunoglobulins and fragments thereof containing Ig
light chains (Akerstrom and Bjork, 1989).

Protein A, Protein G and Protein L affinity chromatography are widely used for

20 isolation and purification of immunoglobulins.

Since the binding sites for Protein A and Protein G reside in the Fc region of an
immunoglobulin, Protein A and Protein G affinity chromatography also allows
purification of so-called Fc-fusion proteins.

Fc-fusion proteins are chimeric proteins consisting of the effector region of a

25 protein, such as the binding region of a receptor, fused to the Fc region of an
immunoglobulin that is frequently an immunoglobulin G (IgG). Fc-fusion proteins are
widely used as therapeuticals as they offer advantages conferred by the Fc region,
such as:

- The possibility of purification using protein A or protein G affinity

30 chromatography with affinities varying according to the 1gG isotype. Human

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

bind strongly to Protein G;



I ncreased . plasma half- life Inproved |ocalization to target; increased

ef ficacy. reduced dose " or frequency of adm nistration Vaccination;

t herapeutic us hlgGle3 human | gGlL E233P[ L234V/ L235 A/ AR36 + A327G A330S/ P331
S Reduced ADCC and CDC Reduced adverse events Therapeutic use wthout cell
depl etion hlgGle4 human 1gGl E333A | ncreased ADCC and CDC I ncreased efficacy

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

- Depending on the medical use of the Fc-fusion protein, the Fc effector functions

may be desirable. Such effector functions include antibody-dependent cellular

5 cytotoxicity (ADCC) through interactions with Fc receptors (FcyRs) and

complement-dependent cytotoxicity (CDC) by binding to the complement

component 1q (C1q). IgG isoforms exert different levels of effector functions.

Human IgG; and IgG; have strong ADCC and CDC effects while human IgG,

exerts weak ADCC and CDC effects. Human IgG, displays weak ADCC and no

10 CDC effects.

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

In ADCC, the Fc region of an antibody binds to Fc receptors (FcyRs) on the

15 surface of immune effector cells such as natural killers and macrophages, leading to
the phagocytosis or lysis of the targeted cells.

In CDC, the antibodies kill the targeted cells by triggering the complement
cascade at the cell surface. IgG isoforms exert different levels of effector functions
increasing in the order of 19G, < 1gG, < 1gG; < 1gG;. Human IgG, displays high ADCC

20 and CDC, and is the most suitable for therapeutic use against pathogens and cancer
cells.

Under certain circumstances, for example when depletion of the target cell is
undesirable, abrogating or diminishing effector functions may be required. On the
contrary, in the case of antibodies intended for oncology use, increasing effector

25  functions may improve their therapeutic activity (Carter et al., 2006).

Modifying effector functions can be achieved by engineering the Fc region to
either improve or reduce their binding to FcyRs or the complement factors.

The binding of 19G to the activating (FcyRI, FcyRlla, FeyRllla and FeyRIlb) and
inhibitory (FcyRIIb) FcyRs or the first component of complement (C1q) depends on

30 residues located in the hinge region and the CH2 domain. Two regions of the CH2
domain are critical for FcyRs and complement C1q binding, and have unique
sequences in IgG, and IgG,. For instance, substitution of IgG, residues at positions



use with cell depletion hlg&el human | g& K322A Reduced CDC Reduced adverse
events Vaccination; therapeutic use In certain known Fc-fusion
proteins having therapeutic utility, Fcsregions have been fused to

extracel lul ar donmains of certain receptors belonging to the tunor necrosis
factor receptor (TNF-R) superfamly (Locksley et al., 2001, Bodner et al.
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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



developed in nmultiple nmyeloma (M) (Novak et al., 2004; Mreau et al., 2004)
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conbi nati on of hydroxyapatite chronmato phy and affinity chromatography on
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chromat ogr &E’é‘%eaﬂgné}b@ﬂt%%aﬂ@lbh tp@OtEIhr%&% @?lhé/celltﬂaldb&ﬁﬂ)d?%ﬁg é’fshdﬁ%n'

However, firstl % this met hod ha been scrib exclusively for antlbodles
g
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c. Subjecting the eluate of step (b) to Anion exchange chronat ography; and 5d.
Subj ecting the flowthrough of step (c) to Hydroxyapatite chromatography and
collecting the eluate to obtain purified Fc-fusion protein. Thi s process
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30to nmenbers of the TNFR superfamly; SEQID NO 2 is the full |length sequence
of the human TACI receptor (e g. described in WO 98/39361); SEQID NO 3 is an
exanpl e of a human Fe sequence of the igivention (e.g. described in WO
02/ 094852); 10a SEQID NO 4 is a preferred Fc-fusion protein of the
invention, conprising sequences derived from t he extracellular portion of TAC

and a humags| g6d2/6@ spPs tdoﬁféur(seagsteQQﬁPWhEin P%ﬁﬂf?@&)e FRSERQidP NO 5 i's
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d. Subj®cting tH2 1fq16\@9?’ﬁﬁ6‘if&’ﬁgéfm%tf‘%‘bf°(8)’”“#‘6“9‘}/6 BWpagiat Pese corﬁ‘ergr‘ﬁtrbgr aphy

15and col | gcifinigy thenkidgpdghyt @nfat ékdhaﬁgéldhrcﬁﬁatl?g?rab Iaaa ¢Htioh edxdhange In an
enbodi nent of the invent]on, the oes not cl?nt aln a step

on | ectin SIPMAICEAPEKy 't'S‘ntEtso@ﬁ“HBW{? 'taﬁosqeﬁ'}'ﬁ%\rﬂﬁtém éf‘t't?qd"??o%@ MBYeE YRpri se a

step on whgabn @REMENGE Fndtdanbm eﬁ@ﬁn@@%hroﬂ@ogra rhvom ot bl"ib@rldﬂVﬁlle'hémelvs used for
purlfylng an Fc-fusion protein havin ing from6.9 to 5. The

‘i soel ectrYig (‘ﬁgprmexcr&ngeFﬂhrorgqtoglraﬁpb?cglpwegi ?yt W@r %Q'P Wﬁ‘?’ﬁ?fogﬁehlbrmeel n has a

net oves al hydkbiHoBR @skahtob@phEhtby be Repldded HHhrt om/@ﬂ §Pe toh&hRInRt&drapkias an
equal nunber of positive and negative charges. Determ nation of the pl for any
gi ven prot @P'Hd'eaﬁyﬁf@x%ﬂ?ﬁéteé%‘%‘? PHEP Fﬁéw%eﬁoaem YRAQt Mepted e§P 'such as
e.g. by isgpdggdric focusing. 25The pl of the Fc-fusion protein to be purlfled
in accordance with the gr esent invention can thus 6. 95,

M 2e0oraaNce et s, 3065 Bagioss rapthedaggr e purtioatin of AtkibSee;Based on

an initial capture step on Protein A followed by polishing steps that may be hydrophobic
20 interaction chromatography, anion exchange chromatography, cation exchange
chromatography or, hydroxyapatite chromatography. However, Feng et al. only
describe methods for antibody purification and not for Fc-fusion proteins. In addition to
this, apart from the initial Protein A affinity step, no specific order is suggested in order
to systematically remove all unwanted impurities such as host cell proteins (HCPs),

25 aggregates, DNA, viral contaminants and leached Protein A.
Therefore, there is still an unmet need for efficient purification methods for Fc-

fusion proteins resulting in such purity as to be suitable for human administration.

SUMMARY OF THE INVENTION
30 The 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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re erably, the pl of t he Fc fusion protein to be purified in accordance
ith the present inventionis 8 to 9 or 8.0 to 9.0, nore preferably 8.3 to
8. 6. The s®iiQ@dg f fldl@%oinﬁﬁﬁﬁlé is8ia FfuBloRfRstanl b6 BrofeiP Ar orf Mokeh &
t herapeutic Fc-fusion protein, i.e. an Fc-fusion protein intended for
treatnent or praflGhEMAPIAPBEase of an 12 animal or preferably for human

treatment. Mbreslm;r@t.ﬁg@fmMuatéiaestesquglc@t.oﬁ@@hbﬁg@a&rb@atob%phpr purifying an
Fc-fusion protel n conprising an extracel|ular portion of nmenber of the tunor

necrosi s factCorSyRiedipg die ¢l Pﬁ?tegt(mé?ﬁﬁl?inle)ﬂ’haﬂg@ C@F&W%%%‘PPWM gPdportion is

preferably adl igajettipy m@b n@wftrﬁraggma\t st8h (@Moerridr@dGapatié %hrdﬁﬁa’tégbé)dhydéﬁﬂal n of the
respective Sreceptor. gre erred Fc-fusion protein that can be purified in
accordance wit hcqllﬁ%tmg the eluate to obtain purlfled Fc-fusion protein.

This process is used for purifying Fc-fusion proteins having an isoelectric point
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(pl) in the range of between 7.0 and 9.5.
The process is preferably used for purifying therapeutic Fc-fusion proteins, i.e.
10  Fc-fusion proteins intended for human administration. More preferably, it is used for an
Fc-fusion protein comprising an extracellular portion, in particular a ligand binding and
optionally inhibiting extracellular portion, of a member of the tumor necrosis factor
receptor (TNFR) superfamily.

It has been surprisingly shown that step (b) was suitable for removal of so-called

15 free Fc, i.e. immunoglobulin heavy chain domains which are not fused to a complete
therapeutic moiety such as e.g. a ligand binding extracellular portion of a member of
the TNFR family.

In a second aspect, the invention relates to a purified Fc-fusion protein,
preferably a therapeutic Fc-fusion protein, more preferably an Fc-fusion protein

20 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 0.5 % or 0.2 % or 0.1% of free Fc protein.

It has further been shown that the combination of steps (a), (¢) and (d)
significantly eliminated Fc-fusion protein aggregates, which are therapeutically inactive

25 and not desirable for human administration.

Therefore, in a third aspect, the invention relates to a purified 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,

30 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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it is preferged ibhg: 2tioeheHG BRGREYqEPBD b tHEHuMBN CABBIeBE S0l gSE&ctibdYY. 3 or is

encoded by a pol y‘&&ﬁSZ:’%é%%e conprising SEQ ID NO 6. 25The therapeutic noiety
of the invention be or be derived fromEPO TPO G owth Hornone,

I nt er f er on- abpdD NOteid ar exantpét of, a hunher Fesaueganafahe RiXEFbe(ag. Mdetdbed| L- 1bet a,
IL-2, IL-4, IL-5, IL-12, IL-18, IL-18 binding protein, TG--beta,
TNF- aI pha, or TNﬁn\A;‘?gz/Oér‘}?é?her apeutic noiety of the invention may al so be
derived froma receptor, e. 30 a transnenbrane receptor, preferably be or be
derived fromthe extracel I uI ar donmain of a receptor, and in particular a

I igand binding and optionally inhibiting fragnent of the extracellular part or
domain of a given receptor. Exanples for therapeutically interesting receptors
are CD2, CD3, CD4, 0D8, CDi1la, CD14, CD18, 0D20, CD22, CD23, CD25, 14 CD33,
CD40, CD44, CD52, CD80, CD86, CD147, CD164, I1L-2 receptor, IL-4 receptor, IL-6
receptor, IL-12 receptor, IL-18 receptor subunits (IL-18R-alpha, IL-18R-beta),
EGF recept or, VEGF recept or, |nt egr| n alpha 4 10 beta 7, the integrin VLA4 B2
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It is highly preferred that the therapeutic noiety of the invention be derived
froma receptor belonging to the TNFR superfam |ly. The therapeutic noiety may
e.g. be or 10 be derived fromthe extracellular domain of TNFRL (p55), TNFR2
(p75), 0X40, Osteoprotegerin, CD27, CD3Qga CD40, RANK, DR3, Fas |igand,
TRAIL-R1, TRAIL-R2, TRAIL-R3, TAIL-R4, NGFR, Al TR, BAFFR, BCMA, TAC.

In accordance with the present invention, the therapeutic noiety derived from
a nmenber of SEQ IDNFR 4 igpe pfederiddyF gpiusibe paditdiy ot thepmiestis, oompiisirey sdagsiendesal | or
part of the 15 ext. i : r T : re
preferably conprié%&ggﬁ%+g%%%ﬂ%gﬂgkﬂ88gﬂgg§8¥ﬁgﬁgﬁﬂgkrﬁﬂ§%iF?E%mg?gaﬂgnt of
such a nenber of ddseribpRIFRWO 02/0948%Rk fol | owi ng Table 5 |ists nenbers of the
TNFR supesf agely i Nomsnki £ BognddietidP esting fditd Bbypdpide6f SEARIE RIQM A [k § he
present invention may be derived, and their respective ligands. A "l1gand

bi ndi ng fragment "9e5Fbed iR N2P2/89486 e TNFR family can 20 easily be deter nined
gy Ej he pgr sosEgkID Ned 6 i@fé Pelyducleoti®e Goding1far & boPdeptide oi/?EQﬁlmma)B @gsuring

i ndi ng between protein. .a given receptor and the respective

|l i gand. Such an d??gﬁﬁggﬁﬁgggga%@gé'sinple invitro RIA- or ELISA-type
sandwi ch assay wherein one of the proteins, e.g. the receptor fragment, is
i mobi lizgd to a carrier (e.g. an ELISA plate) and is incubated, follow ng
appropriate blocking of the protein binding 25 sites on the carrier, with the
second protein, e.g. the ligand. After incubation, ligand binding is detected
e.g. by way of radioactive |abeling of the ligand and determ nation of the
bound radi oactivity, after appropriate washing, in a scintillation counter.

Bi nding of the Iigand can al so be determned with a | abel ed anti body, or a
first ligand-specific anti body and a second, |abel ed anti body directed agai nst
t he constant part of first 30 antibody. Ligand binding can thus be easily
det erm ned, depending of the | abel used, e.g. in a color reaction. Blocking or
i nhibition of |ligand binding function can be tested in suitable cell-based
assays. 15 Preferably, the nmethod of the present invention is for
purifying an Fc-fusion protein conprising a therapeutic noiety derived froma
menber of the TNFR superfam |y selected fromthose listed in Table 5.
Tabl e 5: The TNFR superfam |y (according to Locksley et al., 2001 and Bossen
5et al., ,2006) Menber of TNFR superfam |y Ligand NGFR NG- EDAR FDA- Al XEDAR
EDA- A2 0 CD4OL Fas FasL Ox40 OXx40L AITR AITRL G TR G TRL CD30 CD3CL CD40

25

30



CDAOL HveA LIGHT, LT-al pha 4-1BB 4-1BBL TNFR2 TNF-al pha, LT-al pha,

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

TNFR1 TNF- al pha, LT-al pha, LT-al pha- begq LTBR LT- beta RANK RANKL TAC
I

APRI L BCVA BlyS, APRI L BAFF-R BAFF (=

TRAI LR3 TRAIL TRAILR4 TRAI L

10

15

20

25

30

SEQ ID NO: 7 is a polynucleotide coding for a polypeptide of SEQ ID NO: 4 (e.g.
described in WO 02/094852).

DETAILED DESCRIPTION OF THE INVENTION
The present invention is based on the development of a purification method for

an exemplary therapeutic Fc-fusion protein, named TACI-Fc, resulting in a highly
purified TACI-Fc preparation that is suitable for human administration.

The invention therefore relates to a method for purifying an Fc-fusion protein
comprising the following steps:

a. Subjecting a fluid comprising said Fc-fusion protein to Protein A or Protein G

affinity chromatography;

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

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

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

and collecting the eluate to obtain purified Fc-fusion protein.

In an embodiment of the invention, the purification method does not contain a
step on lectin affinity chromatography, and in particular it does not comprise a step on
wheat germ agglutinin agarose.

The method of the invention is used for purifying an Fc-fusion protein having a
pl ranging from 6.9 to 9.5. The "isoelectric point" or "pl" of a protein is the pH at which
the protein has a net overall charge equal to zero, i.e. the pH at which the protein has
an equal number of positive and negative charges. Determination of the pl for any
given protein can be done according to well-established techniques, such 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

Bl yS,
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16 Fnl4 TWEAK OPG RANKL, TRAIL DR4 TRAIL DR5 TRAIL DcRlL TRAIL DcR2 TRAIL DcR3
FasL, LIGHT, TL1A In a preferred enbodi nent, the Fc-fusion protein
conprises a therapeutic noiety sel ected,froman extracellular domain of TNFRL,
TNFR2, or a TNF binding and optionally inhibiting fragnment thereof. 5In a
further preferred enbodi nent, the Fc-fusion protein conprises a therapeutic

noi ety sel gginador grem@rry ﬁ%hurﬂQﬂrbé&hﬁéﬁt M'pl‘bf@rfabﬁpﬁg rﬁéthmhe Hvedffd . or a

fragment thereof binding at |east one of Blys or An assay for
testing thié feapifying 8y Féffu%‘i"hﬂ"oFﬁj” £OMHISjg ?ﬁ eﬂmﬁLu'arqurmr»ﬁ HEgMbeyof j n
Hymowi t z efheallum»or m@@srslﬁgﬁplreée%td?rﬁf\ﬁmtﬂu eﬁérﬁ’@n TheGxtraoBifdidrDhdNidn %

corresponds to the amno acid seque uman full-length TACI receptor
(al so Swi s%rpf%%b'éﬁﬂ'gﬁn%@ﬂ@g@fragm'ﬂ@fEP@P(E?%'P&?V p%rﬁ@f @%@'aa&m@.resn%re y

cConpri ses @cg Cﬂbﬂbﬁk Drd¥erréd <F'&-f@sf|oﬁ|' ?@Jtem rh&f edrabt Youdfed Wedcddr@anceheittexde acel I ul ar
domai n of TACI. Preferabl ACl - derived therapeutic noiety conprises at

| east ami nBveHicadIng's “9@“’6%”%15‘“@@(?”W‘N@)"g@dchH?t@P Fi 16°R{RT }VAIPN- 15 to 104 of

SEQ ID NO 2. ITheatehh efefukiRf prstbindiaRRéd hérdm, FARdareid Emefiphsd prlotety TR N
included in the therapeutic noiety according to the invention cggﬁrlses or

consi st of PHFYRY tarrpprRUtie rYJeingerogiPrigirgyan BN ogotylingerivRsl meeliswaish Wl 166 of

SEQ I D NO pe, ceméd aﬁ@r@uﬁ ﬂrfél dsc %ue&;ﬂ kA af mok® [deriMey Pom 08 &4HoR®, ashds 30 to
110 of SEQ I D ose thera eutic nojeties are preferred for the

th
prepar i o'H"P)‘f”OQr?@“'lfb Rre@i%nwﬁ'ﬁﬁt illy beZCPaﬂ'%d bRETBYr i edHIPAHe WEtEHOd of the

i nvention adpedtice 6ONREtREDr Wot tedtientro? di¥ehsd keRedteeCcr i bed in detail above, and
in particular with an gc noj ety co risi ng}ﬁor consi sting of SE NGO 3. A

hi ghl'y preferrets€mMy %ﬁcpraﬁtué?ﬁi\ §Nés ”tftF’@GC?’Hp%?@(%Wo%ﬁtc‘gtW ff the

present i nigidhiptdteinQBBE] RBfe®n £ROaRES wal trﬁﬁ@eé&tmwenﬂorpmmquredv&w t he
pol ynucl eo} i de of eferred that the

Fc-fusi on 0Bk 'Hrr&lm%grqb%bp%{t g&f‘?ﬁ@g‘ﬂsv%p@@”e %oe,srrpﬁ{rconﬁmg SINHCABL aci ds 34
to 66 of SkRidDoNGhe ZierBpeuibi rﬁ@ie@err‘dfheﬂic $uRiochOfro@din. SErérdNGreeFc Gnayami no
acids 34 J[c(:)on%aqrér1 dr?r];ers opthe Igal(l%nge CH2 a%ncnl-% c?rrlradrr?s :\)’N |c¥hoareL%1gt I?rfkeg%gbégrd 2
to significant portions of a therapeutic moiety, corresponding e.g. to the Fc part that is
generated by papain cleavage. Monomers derived from the Fc-moiety may also be
contained in the free Fc fraction. It is understood that free Fc may still contain a number
20  of amino acid residues from the therapeutic moiety, such as e.g. one to ten (e.g. 2, 3, 4,
5,6, 7, 8 or 9) amino acids belonging to the therapeutic moiety, fused to the Fc-moiety.
The Fc-moiety may be derived from a human or animal immunoglobulin (Ig) that
is preferably an IgG. The IgG may be an IgG;, 1gG,, 19G; or IgG,. It is also preferred
that the Fc-moiety is derived from the heavy chain of an immunoglobulin, preferably an
25 1gG. More preferably, the Fc-moiety comprises a portion, such as e.g. a domain, of an
immunoglobulin heavy chain constant region. Such Ig constant region preferably
comprises at least one Ig constant domain selected from any of the hinge, CH2, CH3
domain, or any combination thereof. It is preferred that the Fc-moiety comprises at least
a CH2 and CH3 domain. It is further preferred that the Fc-moiety comprises the 1gG
30 hinge region, the CH2 and the CH3 domain.
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



5e. SEQID NGO 3; f. SEQID NO 4; g. a polypeptide encoded by a

pol ynucl eotide hybridizing to the conplenent of SEQID NO 5 or 6 or 7 under
hi ghly stringent conditions; and 10h. gsmutein of any of (c), (d), (e), or (f)
having at |east 80 %or 85 %or 90 % or 95 % sequence identity to the
pol ypeptide of (c), (d), (e) or (f); wherein the pol ypeptide binds to at | east
one of Bl yginfr of Y3l disulflde-idged hinge-amzet s cokt@aRO @ WRizh onlypeiekbgton protein
conprises a heavy 15 chain constant regi on of an i munoglobulin, nore

pr ef er abl y@ 'SRRAPHHC B6ISt-ant regi on. In an enbodi nent of the invention, the

i munogl obul i n Tige att-uSich - pidteih Smal S Be Paehefer&fimbhatortAiRing ORSS aditfereRQI ON
conprises a hinge, CH2 and a CH3 domain. . In a further enbodi nent, the

t her apeut i PERPERIY MOSHBS i Yed hPRRIEREt BPTHAINING dWOo FoRiFgRfrepiBgle heragEwia D NO 1.
20l n acgorgigpee wWith the present invention, a fluid conprising an Fc-fusion

protein is first subrj ected to Protein A or Protein G affini l%% chr.omat ogr aphy.
The fluid may pPECERdBNse W bepreset invedionse Feanoiets may algn bhmeddigdincel | s,

nore pref eg@ab Yo CRbbulSte! EHEROS WRREIGR. aRdr. inERckeitiB "f6iRwing WHd WikatiaBer Nat ant
as used herein, refers to a nediu s are cultured and into which

, , nmediumin which cell ) ,
prot ei ns afreouliRg ok ndeyppeiiens: (Kahates at-a1991) 28 s dhtepsiured & theT4-Mosty si gnal s,
so-cal | ed giggnedd eRidaies. It is preferred that the Fc-fusion protein
expressing cells are cultured under serumfree culture conditions. Thus,
preferdbly, t hel 9YMELRL ur e supernatant is devoid of animal-serumderived

conponent s. Msw2enesesabtseEtha488/N4g4R ture nediumis a chem cally defined
medi um The Protein A usg_ld for the affigsit#(fﬁlyrorms'{ography may e.g. be
recombi nant . ItEZ%/Hﬁ%}V 23 MAE TR di AP 1S o inprove its properties
(such as e.g. im33pekpesan called MabSel ect SuRe, commercially avail able from
GE Healthcare)._In a preferred enbodi nent, steg,@ga%i S 'gar,ri ed out on a resin
conpri si ng cr osSUTeRKEd TWRPBE B0 &S | R0 NG SHPTIEEGRD i HaRY PRt SPRTANS A col um
comer ¢4 al ééI{e@é/c?ifPo%Wﬁq,ﬂ‘@ﬂr 2t3hl,e_onam§, &Scmbmaiimlt tr?éltrécﬂ. (Afrr @mirfef_fdd@al t hcaE eg
is an exanpl e of an inity resin that is partic r suitable for step (a
of the. proSutivR sl Moex pogfien sads acred By the GHE! AVPONCHPSrabEOgteaphy i s
Er e; er abl yints@stedsin@ thépl’c'cum@ielﬁl epthlea&shtémtﬁ tﬁ@rpv‘ﬁé‘enf mS\/emlitlrri, felimatating a0f dt he
c-fusion protein, i articul a i mnation ost. 5cel. rofei.ns an
For fusi on BRGHEH e 5 NBRkea CorodhTolsratiahoan f ae cancr rerigeeel ESam  pr ot ei n
prepar at i oposition 220 mByeIalb@rU@ 'r'e@%é@g/ﬁﬂ\eai'se_riaé |’é§i?de,hﬁrnﬂh§t'::rlmgi Mendaning o refer
to protein aggregates. nconpasses mul ti ner such as dinmers, tetramers or
i gher 2 dise 5 ol JOREY oo RN RATIE 085S R e TGUBRIRAIT Il RN mmy
resul t e. geonstanbtegionol ecul ar wei ght 10aggr egat es. The affinity
chromat ography has the further advantage of reduci aggregate levels by 2 to
2 fold. MnAqeQrdRges HEMRING: BIEREN |BYenEons i Ini S IoERT dhek BGr EHRYEohost cel |
protein | ev@hsriseayr bendigts vt SHQDY NOO3top i38toded by aldiyhuglepticd esmebirgnmbodi ment
of the invggéilgg\{gt he elution in step (a) is carried out at a pH ranging from
; ;

2.8 to 4.5 ol y from3.0 to 4.2, nore preferably at 3.5, 3.55, 3.6,
3.65, 27, 3.75The3th8rap8ufidmotPof BeGbverdio® may. €8, b ol be AeridedlbomTERO ! ution in

ste a also be carried out with a pH.gradi ent r ef er abl adi ent
PO S Ot g A, L il B A L B ek o L
is Ca[)lri egbfu,tVEGF,alLl’I@hihbf E.Mt%@i,&lc—&etﬂ.-éf,rlbml &G@ilhﬂT}?ﬁl@.ﬂQ&lL&&ﬂL-&Gdﬁiﬂﬂiﬁgﬂ trate.
Sui t abl e buffer cent ions a .g. selecte rom50 nMor 100 mM or 150
nmM or 200 Wity T?%Bb%ﬁ\ﬁ'—t-alpﬂa, (’Irﬁﬁggi?g?'dance with the present invention, the
el uate from t heTH¥ thtpaut® rasiefyrodtrel invdatioh hayaisodreaddtyed osubjeeepted efgo cat i on
exchange chromat ogr aphy. The cati exchange. chro ogr.aphy nmay be carried out
on S8, ABNEh b AR ot s erel R S ST SR T i 6 ot o
exchanger sa ascepxp) aid@dpatiane d hgdndepimink gne vptbrafly ifmbitingvieagnien of the

Pr ef er abl Ye tStelP %bp) is carried out on sEronﬁ cg)ti on exghqlnﬂﬁ resin. Mre
pr ef er abl yXHEUAFREPT dQURDY & HEIPPH O GREPTIER LT PCPRFVLCqly THEESHS hacryl at e
nodi fi ed wetchptSdZre @D ED3, BDdpCOBNCDOMATETI4alCiDy 8a€BR 0, ath 22, @ISy COas, nane
Fract ogel 30EMD S03- (from Merck) is an exanple of a cation exchange resin
that is particularly



suitable for step (b) of the present nethod. 19 Preferably, the
Protein A eluate is |loaded directly on the cation exchange colum. It is
preferred that loading is carried out gy a pH of at |east one unit below the
pl of the Fc-fusion protein to be purified. It is further preferred that after
| oading, the colum is washed with a buffer 5 having a conductivity of 6 to
%OsrrS/? CT @D93 @rb4c§5 G’ID4460b5260§80 60686 %@44760@165 %,2 r@c@ptoﬁn_% r@eeg?orl 7. g 5
8.9. 9, 9. 'L6 @czptoe ”31296%10@ '5 189'eeept@' spbug'tsa(lL a%R@'p@anlsrt% baig). &G ef erabl Y,
the conducltécyptby vmeécebfo@nhtégﬁn tapnd-£101 Ibee 78thé |r?te@r1r180§&43r32 H&riwgshi ng step
is preferably carried out preferably from®6.0

Lo B CLoTRAL TEoeniee: T Br f €10 bR ANROINNE EEnd 1tk enl neNaR GBSl | o
eluted it @& M)aﬁﬁéraéllufarr%hgsu&m hfble%uféé I@ICN\,ﬁB)a*dT)LAZ %lcﬁfls% 3yt@tbxuc7, 735 or 7.4
or 7.45 or 7.5 or 7.55 or 7.6 or 65 or 7. 75 or or 7.85 or
7.9 or 7. 9@”&9!“0%“% 6?308'3@5* B'Pt'%”ZL %?QWTS'JFC%O@ dT”-/’sD551Q>rbeSa 3H'eﬁD§< 35 or 8.4
or 8.45 orafigen, L-selectin. El ution may preferably be carried out at a

conductivity ranging from15 to 22 15nS/¢cm For jnstance, the conduct|V|ty may
be sel ect ed fro'FdserQ Iy prefergpd thay the Hergpputicymoiply ﬂféﬁ%ﬂﬁveﬂ'%‘r*&f Sived BOY fer for

el ution lSa@edé?%‘ﬁFb@ﬁ;thQ%ftr%rTNFR s@palfaﬁlyymé@{eaw@mcmwn@rég 54 60 (b)

conprises th ol l owi ng further ste the cation _exchange resin
W ATt PorderieA 9 L RGN (RS TN AT GPahld TR Ean I G0, T ang: ng
fromé6 to @Qteﬁﬁot?e@an@r@lDQﬂlt;lﬁa(E'OD4mRANP© Dmi A8 lighnd® TRAILAGTRAIL-REM 7.0 to

8.5 andaconductivité Nﬁ/{g from15 t(g /cm A preferred buffer for
step (b 1)TR'§|L7%3 t14lLL B8, R 'Tanﬁﬁﬁﬁ'gp% Ma. TA It has been surprisingly
found in the frlaraac@ﬁaﬁ&wwmf @eqdiésdnmwehﬁdnntﬁehaéragé@m rh&iptyefetivd pomlay

ellmnatesfrge Fc. refore, in accordance with the rq?s nt invention,

25cati on eXERRRGES tEﬁrT Hpedpmyy pilerpPlécamRntss Yeonsls I o8 PAHioh At on or

reduct j®n @ftrafcélﬁﬁaerbnhdin toheng aRedeplof the WNEE &Rl Ghore preferabRdyandragequsl y, step
(b) of the, nmethod of the E%a sent i nvention B reduces the Ianentratl on of

host cel | {s@8e &indingandptineallynhikiingfragmest @ ?FC PPEPEEi B d? in the range

of 1 to 2 fold, THdWEtﬁIowmQtTaUIBJBI IRGs FleGibefd 6RMHe YNFR sIdp@rfé}ﬁﬂi)I fr6el \tvhubmcat ein (HCP)
30cl ear anc accordance }h t he r{gr esent inv eI uat e from

OOl R 2 o N LR ot BN TR R A
chr omat ogr egpyctivd higarwsl an" ngarcdmngmgm@mmt agraplyhbanyf e Wmlfadnwwn on any
Sui tabl e anl on exq?(ag eS| n, weak or s rongganl on

, 20
oxchang® Al Bo VR poroom sRletieting it . rosITRAL L 158 BBMef er abl y,

step (c) Imegwrrngeﬁnmg b@m/eanqdrétemgfr@gmm &écﬁiaé}g@edeﬁﬁir%ndwﬁéeeﬁfe@f\%r ably the
ani on exchaag é in conprises polys ér ene/ di vin tfgnzene nmodj f| ed with
Nr (CH3) 3. 9aRgj UbATEEY CPARIY P&\ TR 8 VIR rH%J— ATPESHAVIEN HE8FY( f r om GE

5 Heal t hcaWﬁérelnsOr@rbfwmlefanso% gafhea’@b@dlo s nasbbllizedas aig@rard.yeul arly
suitable for _step nt net ho Pr ef er abl %/H“ t he el uate of
f

Sten (by 18" aL IS ebh Antising lgwiG aHgsngi HP TSR G U BEATST e

| oadi nges i tsiR@ drhtheadtirft, wﬁhﬁ@@ecdhal BHETRIN, Ehj: tﬁ@ll.géhoewtéambétwnumganos al so
preferably equili brated with the | oadin errengH for the

| oadi ng bufP#PI iSIREC 5i% b%éfYadv?ftrﬁ‘eoiﬂt'ge @.Hel'%Pfethﬁmgg'é‘f des dpleHEEaYYom 6.0 to

g 25 p;ezeéf&hb )boﬁrﬁ@l‘ﬁd?oa@tl\h@ gft& ap@rcﬁ)rlat?a ﬁash?ngoﬁw a Ecﬂatllla?loﬂ-@ourﬁerz Blrﬁj4r%5 7. 3

8.0. A pre?fethﬁéea%ﬁ%ekspﬂeﬁﬁtqravnqdhw em%i @mibfo@f qr@*’frﬁt 'tgﬁad rsaﬁ@féc of 3.0 to
4h6 rrE/ ;:m antmboamgem lséédhtdeW%Ueleldbér&lbb@yl/dirf@étéd fugathldf frer ccm}ane p@rtl &fei}lrSlOdl g(r)n t
pospaea a co rati gn ran rom y from o]
O o o AP e b i s sy dblerped clepgBiing oF SLEbSSRA | b t ho
frame of tag. iaraemtreamanslb@mng bhiahibltiowot ifa@d@mdird) BActRal dadthehegak it hr ough)
of the anion E ge chr omat ogr aphy, conprising the Fc-fusion protein of

i nterest, ‘gta $A2EEEY. Step (c) of the method of the invention further
reduces aggr egat es 3to 5 fold 20and host cell proteins 30 to 70 fold.



In accordance with the present
exchange chronmat ography of step (c)

inventio
is

n, the flowthrough of the an
then used for further purifica

on
tion by

hydroxyapatite chromatography. Any hydrgxyapatite resin may be used to carry

out step (d) of the method according to the invention.

In a preferred

enbodi ment, step (d) is 25 carried out on a ceram c hydroxyapatite resin,
such as a type nrerz:rrasrypmelmethyairo@xwégaésbhtemweﬁﬂda |sTfBﬁ‘pDW|rn§XéhaP§-ﬁ‘dsﬁcﬁ1 resin may
have particles of any size such 80 pm %hly %referred
embodi ment Protaie BHRING Ay HEERRGHifatTeIRY r deiivedc Bapr ?s@@”}?&Ft‘? cthes TNER ng a si ze
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30 proteins as inpurities. If gromh factors are added to the cell culture
medi um such as insulin, for exanple, these proteins will be elimnated during
the purification process as well. 23 44 In order to create sol uble,
secreted Fc-fusion proteins, that are released into the cell culture
supernatant, either the natural signal peptide of the therapeutic noiety of
the Fc-fuSgpfy protein is used, or prefe ﬁWE)M@ heterolr ogous signal pepti de,

i.e. a sipnal peptide derived from anot secreted protein bheing effjcient in
the parti cQP&r 5expr essi on system used, BﬁUK'—aBQ@Lg t he bovi ne or hupan
G owh Ho e STgnal_peptide, or the | ngl opbut T ST gnat pep[i de. As

ment i oned| above, a preferred Fc-fusion protein to be purified in accofdance
with the pDBéent invention is a fusion pT%/Nei n having a therapeutic npiety
derived fgggfruman TACH (SEQ D NG —2) Togp T particutar a fragment deri ved
fromits pxtracellular 10 domain (amnp acids 1 to 165 of SEQID NO| 2). A
preferred Dcla@rrent corrprl ses am no aci dsTMILto 110 of SEQID NO 2. Ipn the

fol |l ow ng f apcutl c—Troteties ucl —ved ]| r_fr_ma‘t‘?'_'_d"_a'l_dﬂ'ﬂﬂ_ﬂ of TAC
w il be caPFR'f "soluble TACI" or "sTACI[ Fés:& 'Iere erred Fcnoi ety conprijes SEQ

ID NO 3, resulting in an Fc-fusion protein according to SEQID NO 4, in the
enconpasees mit BiEC e EPotEnt heF SRR Shatsfta e gelin BgRh o1
refers to seiaiteddroof asTéx@aceliular A@maic, ofi 'ﬁNE\RiI cfﬁNERé or axdNE bihdinpearaim no eci d
residues o , pl aced by different amino acid residues, or
are del et eéOt%E@E}dH@B't'xﬁggrﬁgnt%eﬁrgsﬁc| d residues are added to the original
sequenc® of sTAGla fortherAGfeired ambhdlmtentHw*i'gp-fmlgloo(prtﬂeldeombhsestdmera:beumt| vity of
the resul t] g, pPLAGUC O&f?or%‘%n%%?@e |8|?héﬁ‘6r%£\n L AP#'F%'B%‘MA ALY o HalhriehE These
nmut ei ns are prepare oWn esi's an /or rect &d tagenesi s
t echni questhetﬁrof aln;ilngtahkeasﬂomyaﬁ BI)/@@_Inv‘NP@Ile sui tabl e therefor. Miteins in
aceordance I EaieElnd SXCILANN, bIEhHTE PR T DRAnRORA gqnucl o o
RNA, " whi ¢ hinglhooohétz e&asmbﬁ. or TACI-Fc according to any of SEQ ID NGs: 2 or 4
under ri ngent (N I ODBI? codi TACI - Fc
is SEQ1D NO 7. erm “stringent con

?(f T/Qé’lnig ptréfgiﬁﬁg rfd?'n %EbOIrD R 0 r%%ﬂqu{ag ?rﬂe qu{ne%c?d
hybri di zat $esveacrl ofsltnbeeqdeklrtenwxslﬁA(agrempmrtalem§w1mroiherttlryo©é4836 .OMdienary skil |
in the art nt f al .
Current Pr o@%@%ﬁ% fhgntﬂ}g{aéeu ﬁ{o cé‘ﬁ]pr@é bn&w tpgp?&c?ﬁﬁ%&“ﬁ#%@labg}:g and 6.4
(1987, 199&rivetfrohothe ekiraneﬂlaial dmnalemam%freférabm thegihiil-deovel] thempsutincl ude

washi ng copdi.t.J 12z t t st udy
ooy, DOl @trids gOEsRlai A1 SFl 0 NG R AR PHRI R, 15

m nut e$§ 0101104 oR3EGI0 WA 206 e BE8rad eBwadingnt, 3De ARG extraegdiuendotiain, a 0.1 x
SSC and 0. /9 : 3 Y, this art
under st andﬁ?/ %g%?js'srf{hfeﬁﬁ%ﬁ 8ut|é:0rﬁaug& %Eﬁg% ES) @Eq@%émérﬁ% HEF'?aées orS(ﬁJngﬂ‘St %) ﬂe
sequences, aninogoinscl @otGGdre‘ FrQe NG %@r‘rermsomtda@ottaséé)of 6rEOniD<N@ 2, or

ol i gonucl e } . 1 t I rab, to use
et ranst hyf " snashieon o' of SEST R 2R o PR 1 IRR SRAEERUR 2206

| n anot herofethbsﬁjihmweptlcamlegetarm&rnedﬁ@rsthatprer@aaitonmtl% FefusicsasoteBD % at

| east %At ) 90% or
at Ieas(? %0%% ?%irg,r(]at% ?@{/théﬁnﬁoﬁbgg@e@? kerﬁlgr{oa 8 % 6rﬁ1]hnt% 35/ \Ar"g{f{ﬂgcfctsmg@re ationship
bet ween t wéessriberbinedgial gipnept arubmgwwiajergthcﬁm Fownosty ewmerisigl 9rmeokiedtd de
sequences, oG GTITNIES, WGATBRIAS EORSRAIABASS be iARNRTRborabfi&Wirf ¥ refers
to an exact nucleotl eton ot| e or a to amno aci

cor r espond@acrresgnttineention qoolpyisesc Peopisisls abrSEWIDpNPY dept edeodsd e tiises,

respecti vebM nRKSliad besg gD of the sequences bei ng conpar ed. 15For sequences
wher e there S not an exact correspondence, "%identity" may be determ ned.
In geng¥al, theHews, §ds)highlyesefeaedhat drepbe- é@loarmwt@ln epmetised agiolwpentideaxi num
correl ati Oﬁbléﬁéd‘ﬁ&ﬂ t he sequences. This may include inserting "gaps" in either
one or both sequences, to enhance the degree of alignment. A %identity may be
determ ned over the whole |length of each of the sequences bei ng conpared
(so-called 20 global alignnent), that is particularly suitable for sequences
of the sane or very simlar length, or over shorter, defined | engths
(so-called local alignnment), that is nore suitable for sequences of unequal

| engt h. Met hods for conparing the identity and honol ogy of two or nore
sequences are well known in the art. Thus for |nstance _prograns available in
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10 what are known as "conservative" substitutions. Conservative am no acid
substitutions of sTACI or TACI-Fc, may include synonynous amino acids within a
group which have sufficiently simlar physicochenical properties that
substitution between nmenbers of the group will preserve the biol ogical
function of the nolecule (Gantham 1974). It is clear that insertions and

del etions of am no aaCbﬂfnoIH&}GS@4396b%fB’E@qDIN[’Oti’]e above-defined 15 sequences
wi thout altering their function, particu arl'\il%lf the insertions or deletions

onl'y involve a fewbanPRBoAcdss 1 te 184 of 3RAdP NPiiZity, under twenty, or

preferably under tef, a@fid HRisHationBABYSEQNDNE R, ace am no acids which are
critical to a functional conform cystei ne residues. Proteins and

nut ei ns produced by sﬁ@f?ocfé’ldétqodﬁé@ﬁw%gqpﬁ\k%@t| ons cone within the purview
of the present invent BEQ|D2Mt52r§f erably, the conservative am no acid groups are
those defined in Tabl e More preferably, the synonymous am no acid groups
are those defined ifn $§9I'Q"$O “nd nost preferably the synonynous am no acid

groups are those defigedolypeptiabl @né’odeEEAB Ea2 polghlti&dtiger @ r@zﬁh@oaoO‘iheSynonynDus
Am no Aci ds Am no Zj::l d gnggeprmus B ugr SerIo IaThr g}/d::_oAsn Ar G n, Lys,
e

Gu, Hs Leulle, Phe,© P'emﬁ/ﬁtt of \%Q IPeNO30PP yor' Al HHghly i %F"P Ser,
Ala, Ay, H's, Gn, Tb@ndﬁloagil éhd Thr Pro, AI a VaI I\/et Tyr Phe, 1le, Leu VaI
G yA a, Thr, Pro, Ser, yr Il e PhoeTr Met, Tyr,
lle, VM, Leu, Phe hryﬁﬂ% n ?ny W@) ()7 &), 0\f/é\fl) ha\L%Q;at '?@Frt 8@y 8685 %reird0 oys 26

;lissGl g Lyzs GLn G|Thr % W%,%@béu@caﬁe\mtltth&e pﬁwpephiuéof ‘cr)h(d é/éu)@r f)G E AsngaS n,
p, Ser, n Lysd u Asp, Lys n,
Gn, Hs, Ag, qjewgtgqgﬂgypqqtlge b’UQi? to ?;té%?St R)é‘gciﬁ kﬁsl'PrpA‘a%HFABLE 3 Mre Preferred

G oups of Synonynous Am no Acids Am no Aci dSynonynous G oup

In a further preferred embodiment, the Fc-fusion protein comprises a heavy

15  chain constant region of an immunoglobulin, more preferably a human constant region.
In an embodiment of the invention, the immunoglobulin is an IgG;. It is also preferred
that the constant region comprises a hinge, CH2 and a CH3 domain.

In a further embodiment, the therapeutic moiety comprises the cysteine rich
pseudo-repeat of SEQ ID NO: 1.

20 In accordance with the present invention, a fluid comprising an Fc-fusion protein
is first subjected to Protein A or Protein G affinity chromatography. The fluid may
preferably be cell culture material, e.g. solubilized cells, more preferably cell culture
supernatant. The term "cell culture supernatant”, as used herein, refers to a medium in
which cells are cultured and into which proteins are secreted provided they contain

25  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

30 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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Met, Ile 20@ydy Helle, Met, Phe, Val, Leu PheMet, Tyr, Ile,
Tyr CysCys, Ser 25HisH's, Gn, ,/rg Gndu, Gn, Hs AsnAsp, Asn
Arg AspAsp, Asn 30dudu, Gn MetMt, Phe, He, Val, Leu TrpTip TABLE 4

particularly suitable for step (a) of the present method.

The Protein A or G affinity chromatography is preferably used as a capture step,
and thus serves for purification of the Fc-fusion protein, in particular elimination of host
cell proteins and Fc-fusion protein aggregates, and for concentration of the Fc-fusion
protein preparation.

The term "aggregates”, as used herein, is meant to refer to protein aggregates.
It encompasses multimers (such as dimers, tetramers or higher order aggregates) of
the Fc-fusion protein to be purified and may result e.g. in high molecular weight
aggregates.

The affinity chromatography has the further advantage of reducing aggregate
levels by 2 to 4 fold.

In using the Protein A or G affinity chromatography, host cell protein levels may
be reduced by 100 to 300 fold.

In a preferred embodiment of the invention, the elution in step (a) is carried out
at a pH ranging from 2.8 to 4.5, preferably from 3.0 to 4.2, more preferably at 3.5,
3.55, 3.6, 3.65, 3.7, 3.75, 3.8, 3.85, 3.9, 3.95, 4.0, 4.05, 4.1, or 4,15. The elution in step
(a) may also be carried out with a pH gradient, preferably a gradient from pH 4.5 to 2.8.

In a further preferred embodiment, the elution in step (a) is carried out in a
buffer selected from sodium acetate or sodium citrate. Suitable buffer concentrations
are e.g. selected from 50 mM or 100 mM or 150 mM or 200 mM or 250 mM.

In accordance with the present invention, the eluate from the Protein A or
Protein G chromatography is subjected to cation exchange chromatography. The cation
exchange chromatography may be carried out on any suitable cation exchange resin,
such as e.g. weak or strong cation exchangers as explained above in the Background
of the Invention.

Preferably, step (b) is carried out on a strong cation exchange resin. More
preferably, the cation exchange material comprises a cross-linked methacrylate
modified with SO3 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.

Leu,

Phe



TyrTyr CysCys, Ser 27 HsH s GnGn AsnAsn LysLys 5AspAsp A ud u MetMet, Ile,
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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.



20 for injection in vehicles such as saline, dextrose solution, serum al bum n
and Ri nger's solution. The active ingredients of the pharmaceuti cal
conposi tion according to the invention,gan be adm nistered to an individual in
a variety of ways. The routes of adm nistration include intradermal,
transdermal (e.g. in slow release fornmulations), 25 intranuscul ar,

i ntraperitggagalor étﬂ&h@W%&chﬁm@b&ubélrﬁﬁléﬁmedoé@dve inNHeaBhAYr&Ind 6ﬂ0trﬁ#r al
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active agent is admnistered to the patient tg vector), which causes

the activeV&yBnChel Hé&oluay W%ﬁ'@@ﬁa‘éﬁ'ﬁb'gé’@%& 8 npme\ﬁ%ce 00 e GFon, t he

proteings) Hélélfh@ér‘é;) NPah @xaMSlel M\E@RMNEHiENeXRBNGE rediHTiNAL &t SdreslidrRORitBRE fod t h ot her
conponents of hiologically active agents such as pharmaceutically acceptabl e

sur f act ant ¥€P 6&f Biedriesent @sofer s, diluents and vehicles. 29 For
parenteral (e. gPrefé?étSI?VﬁeoélﬁateSéfbéléﬁ 3pE AU giuted of aRlgsedl mto aAdPpRdpsiateat i on, the
active protein(s)_can formul ated as a sol ution, suspension, enulsion or

| yophi | i zel@agiBaupaites P@far@slee@as it ther i BrAReR SAHMBal NG AR HCARIE

par ent er al co@hh @ fsd @reﬁ}rabd‘@é%ﬁhbrétéh e theliBxdingserf&ol ution) and additives that
mai ntain i sotonicit

‘%} I-Z toI% or chemnm cal stabllltP/M
preser ¥ti ves an@rERITEER'SIor thenlaading Ruffelds one Pt Relow fhei R egitgpre % used
t echni quesrange from 6.0 BE8. sh@éw fréml7lytoed 6, Q&? ine o unt §.16f 7he2gct.ave
protein(s)_wll be a function of man% vari abl es. incl udi ng%é[) hpe\zptggfge of

e f

Fc-fusi on prot efn’-4Phe af-Prni By’ -Bp £-he’ Fe-Fbsl: B bPof-8prPr T&fand, the

r oute of aghndOL®ity ritdloating bGiférns m&he edgdiof B@ﬂoqf6 fmBgnpatient. 10 A
“therapeuti cal I%n effective anount n adm ni stered, the

Fcfusi on pr ot ei " ABRGPEate eﬁ“'i“Wﬁf'%‘?/PPQ'Hg E‘PH?& 'gay P@a??ﬁ sé’fj'“fThEhQSHE?tﬁp?élﬁl c noi ety
of theqdc- édtﬁ:b@t?atl@hoiaﬁgmg ﬁ@mexnbaweplreﬁ#myf feonsl 20eter Bon@mpaTid Gukiar |y to
Tabl e 5 above osaigﬁ agflm nis ered S Si ngj e or _multi Ie doses, to
T v dencenation Y, a8 (mor oa% ot 0 T e e of T Blea8hg

phar macoki meéntr@nprtﬁ@eﬂdw-ﬁﬁowh t(él@o Fealled 15refakl-$hr@lngrpr ot ahd, afibe &@Hhfyeof

adm ni strati on, ent conditions.and c a,ra t risti se body wei ght,
enl he o SusmatghRbhY. Grreg e SOH e By oresk ReRES coleiboncy of

treatment and t%pqé)f &fcthe @heahdoedf th&dhvesitione Rirthaneediesd pydragates 3ab semiaabl i shed
dosage ran%]dz are ability of those skilled in the art, as well

as in 4 tr@GRF Fﬂy\ﬁp H‘Sr%)ttﬂg&gaaf determning the inhibition of its Iigand of
the therapeuti cinmaé@tryanddi wnrarthengheyérdumk/ent.on the flRw-ihfdug®l BC-tihaisdn@oh protein

may be used in an anmount of 0.Q01 to 0] [.kg or body
el g or Sl SETHbwapt BodePol ot BN Ds6h B UG BRTBREOTE! gh a2
nmg/ kg of begyowapghé .chromatography. Anyl tiydfaxyhbeite IﬁéSﬁ‘f @tdyesk asdDey o®mf sut t he

purified Fc-fusi protein is admnistered 25 ily or eve th day or
P e +) mosen D §heinght Redoraiis 16 Be ventoh. 12 pianedfipeat Sehstal ) o
gi ven pm deatiicteoutdnseseramid Hydrixsagtite@sineb @hses 4 gpenl ef fygeuunyerob(szagalﬁteal n the
desired resujt econd or subse% ﬁnt adm ni sfrations can B %)rrmad at a
Hoahge whi BRI The REoBrRole SR Ak G0t PGSR o) ardrazs e o6 ADCAEHT ATRMr ovi ous

dose admi ninsd BIHRIY prd¥errétembEdiMmb At le. ceParﬁuewa@xpraﬁtébégﬁ@@mbn@esémam.cﬁésr ation
30can be adm nistered duri nghé‘(g prior to onset of the diseas
rox

The
present i nhR%9 dAIZaIEH pat 4 &Sapét'ﬁﬁﬁeﬁ‘f‘lt@i '¢earf'%¢rarﬁua?*ai9éqrr§tqpo§%e%| tion

conpri si ngyrarhreent Afedlddus %rcdﬁi?ﬁﬂ E&mBicily BRSRBIe dek bR fdmdtHTeSEamics factor
receptor (TNFR) su&erfam y obtained by a nmethod according to the invention as

descri Bed HVﬂfO&@pé ediype A¥8wE). wher ei n sai d conposition conprises |ess than 2%
or less than 1. r 6% or
preferably Iesslﬁt Brrefé(sfegser%m%%néﬁﬁggloh&g%gph%npﬁgp({3% g!srl&tjct?o%&%;a &h

i nventi on {heetdradyhRatitoo rgsin, s@s Mthwtyprewolaﬁ:ﬂlltrh@nfcusdlaiy\swrm @hrappreitriates not

m ssing nore than 1 or 2 amno acids at its N or Ctermnus, and 5nore
preferably it is not mssing any amno acid at its NN or Ctermnus.

The present invention further relates to a purified Fc-fusion protein
conposition conprising an extracellular portion of a nmenber of the tunor
necrosis factor receptor (TNFR) superfam |y obtained by a nmethod according to
the invention, wherein said conposition conprises |less than 1 % or |ess than
0.8%or less than 0.5 %or less than 100.1 % of free Fc as defined above.

Such an Fc fu3| on protein may e.g. be derlved from 0X40, a nenber of the TNFR

D < | o T NN A Y Y T g D TR o NN A\ 1 .~ P | NN A\ -1 7/~ A ... .4



31 A BCVMA-Ig fusion protein, purified in accordance with the present
i nvention, may preferably be used for treatnent and/or prevention of
aut oi mune di seases. An Fc-fusion protejn derived from TAC (TACI-Fc)
preferably conprises a 5pol ypeptide selected from a. amno acids 34 to 66 of
SEQID NGO 2; b. amino acids 71 to 104 of SEQID NO 2; c¢c. amno acids 34 to

104 of SEQob&? ff@rz LQadnﬂjﬁsWPef@Féb@Sca%%d Sut 118 ppf ofFHAd R5NQich2sis 3626, 5EQ | D NO

3; f. SEQID g ‘KI@% ptide encoded by a pol ynucl eoti de hybridizing
to the con%lse@r@n“o? §E@3qr|3 dpreferaBlydr0-7 under highly stringent conditions;
and h. anntRingr plef@my é}ﬁb&d%ent( e eIGtPc)n |n0§te;§ fd) iBa¥RA Ak ih @rst 80 % or

85 % or 90 % or 1595 % sequence identity to E?¥%e ptide of (c) (d), (e)
or (f); wheeesneerHsogsmpivsehaie fﬂgﬂﬂﬁsﬁ‘%’ﬁ 24p 1|0é3¥'tp ally ragajng fpem AP L.

Purified TRQ 25:ﬁ1MT%Mcrpé§é§réttd Y, 2*5621532¢5f3)r3 W erasat o 24 43, WER'J gament for
treatment and/or prevention of a nunber of diseases or disor ders. Such

di seases or di sBrvgbpAduHies Phifefret aBPOdideNte thee’|uidoimsigh ) iserEediPYH der s such

as system r.c;leah@wﬁgfr&@e@rtwmrévg as69, é@@h,en@gmmﬂmtmm s (RA), as wvell
as for treatrrent of rrulU%Je sclergsis (M5). Purified TACI-Fc nmay al so be used

for treatment of' @R Pretied ﬁ@b%’ﬂ?ﬁ%l%‘&o@aw %Pl@hdﬁc‘iaéréeds%th'”aéherml tiple

nyel orna ( pberiacif Qota3SiIIm-Hiede tasgihy MR td NNL)pref@r‘yb%éiwééﬁT@hQCG’Bl c
| eukem a (CLL) and WAl denst rom S _rnacr ogl obul em :V\M . 32 EXAMPLES:

PURI FI EATI ORO- G0 RER0BT AT O-SHORND - § 48P Nb"mtme M CHO CELL

SUPERNATANT 50 iassrbiiahRdé e 118 pasgenCine fitn ese eldats bestefMay 16 ESiBcoaWNSt r eam
Process EDTA: Et hél ene Diam ne Tetraacefic Acid 10ELI SA: Enzyne-Li nked

| mmunoSor beRTYaINeg 117 finaly pyHied fydpsien preotathPERa®elef-aphy HOP: Host Cel | Protein
HPLC: Hi gh Per f ogurRBrembiril Uhstefds ONRt@EHA MBtelifk fdtttae RalontHtGdrabIRE rddhs pot assi um

used in steps (a) to (c), that may be used in connection with the present invention may
15 e.g. be agarose (sepharose, superose) dextran (sephadex), polypropylene,
methacrylate cellulose, polystyrene/divinyl benzene, or the like. The resin materials may
be present in different cross-linked forms, depending on the specific use.
The volume of the resin, the length and diameter of the column to be used, as
well as the dynamic capacity and flow-rate depend on several parameters such as the
20  volume of fluid to be treated, concentration of protein in the fluid to be subjected to the
process of the invention, etc. Determination of these parameters for each step is well
within the average skills of the person skilled in the art.
In a preferred embodiment of the present purification process, one or more
ultrafiltration steps are performed. Ultrafiltration is useful for removal of small organic
25 molecules and salts in the eluates resulting from previous chromatrographic steps, to
equilibrate the Fc-fusion protein in the bulk buffer, or to concentrate the Fc-fusion
protein to the desired concentration. Such ultrafiltration may e.g. be performed on
ultrafiltration membranes, with pore sizes allowing the removal of components having
molecular weights below 5, 10, 15, 20, 25, 30 or more kDa.
30 Preferably, ultrafiltration is carried out between steps (b) and (c), and/or after
step (d). More preferably, two ultrafiltration steps are carried out, one between steps (b)
and (c) and one after step (d).



kD: ki | o Dal ton MES: 2- Mor phol i noet hanesul foni ¢ aci d Na: sodi um NaAc: Sodi um
Acetate 20n/d: not determ ned PA-SE-HPLC. Protein A Size-Exclusion Hi gh
Performance Liquid Chromatography ppm %rts per mllion RO Reverse Gsnosi s
25RI : Room Tenper at ure SDS- PAGE: Sodi um Dodecyl Sul phate Pol yacryl am de Gel

El ectrophoresis SE-HPLC: Si ze- Excl usi on Hi gh Performance Liquid Chronat ography

TC: Tenper at ur e |3ehEVhotelie blideMBAdaytdinyMBRE g%&@é of trféeinbéﬁtlb’htlg ttefidebigbr Wl - Wat er
For Inj ection WROMt er Reverse Osnosi s le 1. Capture Step: Affinity

puri fi cati ¥Mipistrias i Rumans, it is advantaggql@r i 'ﬁ@'uﬁ%toé'?loél mepgsstersaPf ¥iresd har vest

of a TAC 'ﬁ%cﬁéﬂh%é'dﬂ&e@k‘@r‘éﬁérbbl?' SVRuP Fphdvial ﬂl@ahﬁlﬂ@t’égﬁ@b&ﬁi’eﬁ rfe aftendi tions
and stored frozen until| use. Capture Step on a el ect XtraTM colum (CGE

Heal t hcar eSteR (Do Noroppiaiarly, c,t%‘? yquésdremgyald'gt&ﬂoaﬁt@ 8@ nanefifrgliaosiem ¥ hpieot ocol , on

a col unn hgwifiner I@asbaeﬁorhmbgﬂsure@fze of20nm1'ﬂ‘?érﬂnet1\|olj oP BRI eSO TvURE, BRd fror med at
roomtenperature exceg)t for the | oad sojution 10 which was kept at a

t enper at ur e2THg Ftepsda). fhle (Qnn §P@R'§Pt'%‘tw'§8@a’}ﬂﬂt%%” P@E'SPWe@J'm'S%iﬁf ¥irdSat i on

The col umMmicyaso §@6rhb|hé@de Q_r@ductmsélué%vupfto focvhsesps c acid + 20% et hanol
in reverse flow at 250cni h | ow was stopped for 1 hour., 15WAsh step

The col um was We¥AEdGfacitale g opaansRorRAWASENCE nthecalesal Meyheat

250cn h.  Egsehni dhgabavid before and/or aﬁé@r@@uﬂfﬂhtﬂéﬁ%te@%ﬂﬂé ivetiigll. Wi th at | east 5BV
of 25nmM sodi um phosphate + 20150nmM Na H7. 0 (until conductivity and pH

par anmei®rs are Wiach rﬁagci?e\%lfrft{n@@rqsgmjgventlon the recomblnant Fc-fusion protein may
be produced in eukaryotic expression systems, such as yeast, insect, or mammalian

cells, resulting in glycosylated Fc-fusion proteins.

In accordance with the present invention, it is most preferred to express the Fc-

fusion protein in mammalian cells such as animal cell lines, or in human cell lines.
15  Chinese hamster ovary cells (CHO) or the murine myeloma cell line NSO are examples

of cell lines that are particularly suitable for expression of the Fc-fusion protein to be

purified. The Fc-fusion protein can also preferably be produced in human cell lines,

such as e.g. the human fibrosarcoma HT1080 cell line, the human retinoblastoma cell

line PERCSG, or the human embryonic kidney cell line 293, or a permanent amniocyte
20 cell line as described e.g. in EP 1 230 354 .

If the Fc-fusion protein to be purified is expressed by mammalian cells secreting
it, the starting material of the purification process of the invention is cell culture
supernatant, also called harvest or crude harvest. If the cells are cultured in a medium
containing animal serum, the cell culture supernatant also contains serum proteins as

25  impurities.

Preferably, the Fc-fusion protein expressing and secreting cells are cultured
under serum-free conditions. The Fc-fusion protein may also be produced in a
chemically defined medium. In this case, the starting material of the purification process
of the invention is serum-free cell culture supernatant that mainly contains host cell

30 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.



pH 7.0 0.1, conductivity 18 2 nS/cm in down flow at 450cnm h. Loadi ng

The columm was | oaded with clarified harvest kept at a tenperature bel ow 15C
to a capacity of up to 15ng total TACI,Ec as determ ned by Biacore assay per
m of 25packed resin at a flow rate of 350cm h. Wash step Wash the col um
with at | east 2BV of equilibration buffer at 350cmh then with at |east 4BV of

equi l'i bration byfd@d: té erbid sdikife, dcetednal-fukisn PAsiing An&iase bdidibd &tto 4rOcn h.

El uti on 30The material was eluted with different el ution buffers as shown in
Tabl e | atc ¢UtgiR supeenaiantagithes thennatyab signalapeptifle 9f thephelareutiompiedt e from

start of Weﬂ’d}ﬂﬁbn'pF&élﬁ%@Séoooﬁpﬂa@erﬁﬁyaqiﬁet&blébb@g‘s?ﬂ-é‘l%eﬁhd@tl@ ¥agnhncubat ed
for 1 hour at roomterrf)rerature at a 34 pH below 4 used by addition of

citric aci eGP UESHRA frPMnSpRE8aSPFrestt W?\t@'ﬂ tbﬁ@gpﬁff'\‘ﬁiﬁﬁt d'&lj st Bﬁrt'Plt'Ja"S 00.1 by

addi ti ol ofxppedioNadIster®lubiéd, Quch asREGEMBrsvin@or human GrdVRh GRrkhGRe \SRMal
regenerated with at | east 3BV of SOgM NaOH + 1M NaCl in reverse :‘é@g‘w at

450cm h, sPRYYEHY the BUNYROIoPElR $i9RH @RPYIE: start the flow at 450cmi h for at

lleast 3BV (untiAs H@ﬁt.dﬁédsab@oala?@fé@@@wmsbawte.n% be bRFfigntdetsraahp, the
colum was operated in reverse fl ow node. Wash step The col unm was washed with

at | east 28 81° RESSUAIWENERN i850lRIOR Prajgini Ravingtq tirapeutic moiety deriyRd roB) urm was

santiti sedhwhihTAL! (SEESID QBVZPfanGWbérh&ﬂér' Phadériteriadd PPaskekirackhliiie fl ow
stopped and the colum incubated for 60m n Final Wash s The col umm

was washeddQinein (pinp @5ide 1100 P! REFURMNG: ZtA Q@&wﬁﬁragm‘?@hgwrﬁea@w@ast 3BV of

equi | i brat 4ads ool £10 cﬂUSEZBI@IJthZ anthd fonadihy, téraPedic @@l deMEDfForf@eanat er at
250cn h. 20F| nalh% the c was stored after flushin gl,with at | east 3BV of

20% et hanofX@celbids demain 't‘é"”??T%?(UP% "solubie, IO "ory STAY! o irefPEed Fet uti on
buffers RuBiety Enprises seaf bemOTAGEsGngyih&IntF o APesteis alces dingdto BEBSID

NO: 4, in the following called "TACI-Fc".
15 The term TACI-Fc, as used herein, also encompasses muteins of TACI-Fc.

The term "muteins”, as used herein, refers to analogs of sTACI or TACI-Fc, in
which one or more of the amino acid residues of sTACI or TACI-Fc are replaced by
different amino acid residues, or are deleted, or one or more amino acid residues are
added to the original sequence of sSTACI or TACI-Fc without changing considerably the

20  activity of the resulting products as compared with the original sTACI or TACI-Fc. These
muteins are prepared by known synthesis and/or by site-directed mutagenesis
techniques, or any other known technique suitable therefor.

Muteins in accordance with the present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to the complement of a DNA or

25  RNA, which encodes a sTACI or TACI-Fc according to any of SEQ ID NOs: 2 or 4
under stringent conditions. An example for a DNA sequence encoding a TACI-Fc is
SEQID NO: 7.
The term "stringent conditions” refers to hybridization and subsequent washing
conditions, which those of ordinary skill in the art conventionally refer to as "stringent".
30 See Ausubel et al., Current Protocols in Molecular Biology, supra, Interscience, N.Y.,
§§6.3 and 6.4 (1987, 1992). Without limitation, examples of stringent conditions include
washing conditions 12-20°C below the calculated Tm of the hybrid under study in, e.g.,
2 x SSC and 0.5% SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x



(PPIM Cl CO -7 50mM NaAc pH3.7 47.7 30.3 5558 100mM NaAc pH3.8 55.7 25.2 n/d
200nM NaAc pH3.8 58.0 28.2 n/d 100nM NaAc pH3.7 68 30.0 n/d 35 Run # Elution
buffer TACI-Fc yield (% Aggregates (ip) HCPs (PPm 5 6

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

5 preferable to use tetramethyl ammonium chloride (TMAC) instead of SSC. See
Ausubel, supra.

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

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

15 For sequences where there is not an exact correspondence, a "% identity" may
be determined. In general, the two sequences to be compared are aligned to give a
maximum correlation between the sequences. This may include inserting "gaps" in
either one or both sequences, to enhance the degree of alignment. A % identity may be
determined over the whole length of each of the sequences being compared (so-called

20  global alignment), that is particularly suitable for sequences of the same or very similar
length, or over shorter, defined lengths (so-called local alignment), that is more suitable
for sequences of unequal length.

Methods for comparing the identity and homology of two or more sequences are
well known in the art. Thus for instance, programs available in the Wisconsin Sequence

25 Analysis Package, version 9.1 (Devereux J et al., 1984), for example the programs
BESTFIT and GAP, may be used to determine the % identity between two
polynucleotides and the % identity and the % homology between two polypeptide
sequences. BESTFIT uses the "local homology" algorithm of Smith and Waterman
(1981) and finds the best single region of similarity between two sequences. Other

30 programs for determining identity and/or similarity between sequences are also known
in the art, for instance the BLAST family of programs (Altschul S F et al, 1990, Altschul
S F et al, 1997, accessible through the home page of the NCBI at
www.ncbi.nlm.nih.gov) and FASTA (Pearson W R, 1990).



78 9 10 11 12 13 14 0.2M NaAc+150mM NaCl pH4 100nmM NaAc pH3. 7 250nmM NaAc
pH3.7 100mMM Na citrate pH3.7 250mM Na citrate pH3.7 100nM Na citrate pH3.75
100mM Na citrate pH3.75 100mM NaAc pH3.,85 100mM Na citrate pH3.75 100nM Na
citrate pH3.65 75.1 84.6 82.8 79.2 71.5 82.8 66.6 83.3 81.0 75.1 3.8 22 18.7
8.8 23 8.5 9.0 15.0 9.1 14.6 n/d 3491 3318 4710 2347 1576 664 n/d 3490 2580 14

16 17 Any such mutein preferably has a sequence of amino acids sufficiently
duplicative of that of sTACI or TACI-Fc, such as to have substantially similar ligand
binding activity as a protein of SEQ ID NO: 2 or 4. For instance, one activity of TACI is
its capability of binding to Blys or APRIL (Hymowitz et al., 2006). As long as the mutein

5 has substantial APRIL or Blys binding activity, it can be considered to have
substantially similar activity to TACI. Thus, it can be easily determined by the person
skilled in the art whether any given mutein has substantially the same activity as a
protein of SEQ ID NO: 2 or 4 by means of routine experimentation.

Preferred changes for muteins in accordance with the present invention are
10  what are known as "conservative" substitutions. Conservative amino acid substitutions
of sTACI or TACI-Fc, may include synonymous amino acids within a group which have
sufficiently similar physicochemical properties that substitution between members of the
group will preserve the biological function of the molecule (Grantham, 1974). It is clear
that insertions and deletions of amino acids may also be made in the above-defined
15 sequences without altering their function, particularly if the insertions or deletions only
involve a few amino acids, e.g., under thirty, under twenty, or preferably under ten, and
do not remove or displace amino acids which are critical to a functional conformation,
e.g., cysteine residues. Proteins and muteins produced by such deletions and/or
insertions come within the purview of the present invention.
20 Preferably, the conservative amino acid groups are those defined in Table 2.
More preferably, the synonymous amino acid groups are those defined in Table 3; and
most preferably the synonymous amino acid groups are those defined in Table 4.

TABLE 2
25 Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
30 Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, GIn, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
35 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



100mM Na citrate pH3.75 100mM Na citrate pH3.75 100mM Na citrate pH3.75 44.7
47.1 50.7 18.4 15.8 9.4 3783 3217 2349 18 19 20 100nmM Na citrate pH3.75 100nM
Na citrate pH3.75 100mM Na citrate pH3.,45 58.0 67.1 65.6 10.4 28.7 17.5 2550
2372 2353 21 22 23 24 100nM Na citrate pH3.75 100nM Na citrate pH3.75 100nM Na
citrate pH3.75 100nM Na citrate pH3.75 75.6 57.1 51.9 58

10

15

20

25

30

35

40

45

His

GIn
Asn
Lys
Asp
Glu
Met
Trp

TABLE 3

Glu, Lys, GIn, Thr, Arg, His

Glu, Lys, Asn, His, Thr, Arg, GIn
Gin, Asp, Ser, Asn

Glu, GIn, His, Arg, Lys

Glu, Asn, Asp

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

Trp

More Preferred Groups of Synonymous Amino Acids

Amino Acid
Ser
Arg
Leu
Pro
Thr
Ala
Val
Gly
lle
Phe
Tyr
Cys
His
GIn
Asn
Lys
Asp
Glu
Met
Trp

TABLE 4

Synonymous Group
Ser

His, Lys, Arg

Leu, lle, Phe, Met
Ala, Pro

Thr

Pro, Ala

Val, Met, lle

Gly

lle, Met, Phe, Val, Leu
Met, Tyr, lle, Leu, Phe
Phe, Tyr

Cys, Ser

His, GIn, Arg

Glu, GIn, His

Asp, Asn

Lys, Arg

Asp, Asn

Glu, GIn

Met, Phe, lle, Val, Leu
Trp

Most Preferred Groups of Synonymous Amino Acids

Amino Acid
Ser
Arg
Leu
Pro
Thr
Ala
Val
Gly
lle
Phe
Tyr
Cys

Synonymous Group
Ser

Arg

Leu, lle, Met
Pro

Thr

Ala

Val

Gly

lle, Met, Leu
Phe

Tyr

Cys, Ser



19.4 20.7 18.4 11.5 1807 2465 2030 1746 25 26 27 28 100mM Na citrate pH3.75
100mMM Na citrate pH3.9 100nM Na citrate pH3.9 100nM Na Ac pH4.1 41.8 39.4 31.0
28.3 22.9 6.0 8.8 25.0 3029 2424 2936 11 29 30 31 32 100mM Na citrate pH3.9
100mM NaAc pH4.1 100nM Na citrate pH3. 100mM NaAc pH4.2 46.4 42.8 57.5 38.1
9.1 13.4 26.5 10.1 n/d n/d n/d n/d 33 100nM Na citrate pH3.9 43.3

His His
GIn GIn
Asn Asn
Lys Lys
5 Asp Asp
Glu Glu
Met Met, lle, Leu
Trp Met
10 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

15 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

20  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

25  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.

30 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
35 a silver-stained, non-reduced SDS-PAGE-gel after loading of protein in the amount of 2



8.3 2011 34 35 36 37 100mM Na citrate pH3.9 100nM Na citrate pH3.9 1
citrate pH3.9 100mM Na citrate pH3.9 63.6 65.7 62.7 61.6 6.6 7.3 7.4
s

0

1689 1609 1479 36 Run # Elution buffe:%%lTACI -Fc yield (9% Aggregate

(PPm) 38 39 100mM Na citrate pH3.9 100
1623 1497 Concl usi ons

directly omcg p¥rippRl Setkifigd FafEInUpteM nfhy SR BE GWefRRRaS leYutin

0
7
(

nM Na
.4 1749
i p) HCPs

Na citrate pH3.9 60.6 64.6 7.4 8.0
TACI -Fc5 in clarified harvest was captured

a5o8 sirgleal

TACI - Fc5 per L of packed resin at a flowrate of 350 cnih. %I ution conditions,
especi al | yP§l inWELE opt i mi zed to maxi m ze recovery of product

10

15

20

25

30

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

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

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

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

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

Purified Fc-fusion protein may be used in an amount of 0.001 to 100 mg/kg or
0.01 to 10 mg/kg or body weight, or 0. 1 to 5 mg/kg of body weight or 1 to 3 mg/kg of
body weight or 2 mg/kg of body weight.

In further preferred embodiments, the purified Fc-fusion protein is administered

25  daily or every other day or three times per week or once per week.

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

30 can be administered 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



Table 11:

Effect of elution pH and conductivity HOP |l evels in the | oad:

189ppm

pH Conductivity (nS/cm TAC -Fc recovery HCPs (ppn) HCP clearance (x) 6.5 15.0
25% 118 1.6 7.3 22.5 100% 50 3.8 8.0 15,0 95% 34 5.5 7.3 22.5 100% 56 3.4 38

pH Conductivity (nS/cm TACI-Fc recovery HCPs (ppn) HCP cl earance (x)
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detail above, wherein said composition comprises less than 2% or less 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 composition of the invention preferably comprises fully intact Fc-fusion
protein that is not missing more than 1 or 2 amino acids at its N- or C-terminus, and
more preferably it is not missing any amino acid at its N- or C-terminus.

The present invention further 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, wherein said
composition comprises less than 1 % or less than 0.8% or less than 0.5 % or less than
0.1 % of free Fc as defined above.

Such an Fc-fusion protein may e.g. be derived from OX40, a member of the
TNFR superfamily. Such OX40-function proteins, e.g. OX40-IgG; and OX40-hIG,mut,
may preferably be used for treatment and/or prevention of inflammatory and
autoimmune diseases such as Crohn’s Disease.

The Fc-fusion protein comprising a therapeutic moiety is preferably selected
from an extracellular domain of TNFR1, TNFR2, or a TNF binding fragment thereof.

In a preferred embodiment, such Fc-fusion protein is Etanercept, an Fc-fusion
protein containing the soluble part of the p75 TNFR (e.g. W091/03553, WO 94/06476).
Etanercept purified according to the invention may be used e.g. for treatment and/or
prevention of Endometriosis, Hepatitis C virus infection, HIV infection, Psoriatic arthritis,
Psoriasis, Rheumatoid arthritis, Asthma, Ankylosing spondylitis, Cardiac failure, Graft
versus host disease, Pulmonary fibrosis, Crohns disease. Lenercept is a fusion protein
containing extracellular components of human p55 TNF receptor and the Fc portion of
human IgG, and is intended for the potential treatment of severe sepsis and multiple
sclerosis.

In a further preferred embodiment, the Fc-fusion protein comprises a therapeutic
moiety selected from an extracellular domain of BAFF-R, BCMA, or TACI, or a fragment
thereof binding at least one of Blys or APRIL.

An Fc-fusion protein derived from 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).



33.0 98% 133 1.4 7.3 22.5 96%45 4.2 7.3 22.5 97%53 3.6 7.3 12.0 54% 79
6.3 22.5 83% 47 4.1 8.0 30.0 96% 108 1.8 8.2 22.5 97%
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A BCMA-Ig fusion protein, purified in accordance with the present invention,
may preferably be used for treatment and/or prevention of autoimmune diseases.
An Fc-fusion protein derived from TACI (TACI-Fc) preferably comprises a
5  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;
amino acids 30 to 110 of SEQ ID NO: 2;
SEQ ID NO: 3;
SEQ ID NO: 4;
a polypeptide encoded by a polynucleotide hybridizing to the complement of

10

-0 o

©

SEQ ID NO: 5 or 6 or 7 under highly stringent conditions; and
h. a mutein of any of (c), (d), (e), or (f) having at least 80 % or 85 % or 90 % or
15 95 % sequence identity to the polypeptide of (c), (d), (e) or (f);

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

Purified TACI-Fc may preferably be used for preparation of a medicament for
treatment and/or prevention of a number of diseases or disorders. Such diseases or
disorders are preferably selected from autoimmune disorders such as systemic lupus

20  erythematosus (SLE), rheumatoid arthritis (RA), as well as for treatment of multiple
sclerosis (MS). Purified TACI-Fc may also be used for treatment of cancer, such as
hematological malignancies such as multiple myeloma (MM) and/or non-Hodgkin's
lymphoma (NHL), chronic lymphocytic leukemia (CLL) and Waldenstrom's
macroglobulemia (WM).

25

30



46 4.2 6.5 30.0 91% 116 1.6 7.3 22.5 93% 48 3.9 7.3 22.5 95% 40 4.8

Table 111 shows the TACI-Fc recovery and HOP cl earance when | oading at a
capacity of 10 and 32 ng TACI-Fc per ml_of resin and eluting in a phosphate
buffer at a conductivity of between 1230 33 nS/cm Collection of the peak was

done from the 5beginning of the W increase for 10 + 0.5 BV. Table Il11: Effect
of optimal elution pH and conductivity when | oading at capacity HOP |l evels in
l oad: 201ppm LexdiMRy S RIORAICATMIN YOH ARIEC BMBHIRS THER)MARaTACYFc (FROM

recovery (PPrn} gl SREBBESHO CELL SUPERNATANT

5 Glossary
BV: bed volume
CHO: Chinese Hamster Ovary
DSP: Downstream Process
EDTA: Ethylene Diamine Tetraacetic Acid
10 ELISA: Enzyme-Linked ImmunoSorbent Assay
HAC: Hydroxyapatite Chromatography
HCP: Host Cell Protein
HPLC: High Performance Liquid Chromatography
id: internal diameter
15 K: potassium
kD: kilo Dalton
MES: 2-Morpholinoethanesulfonic acid
Na: sodium
NaAc: Sodium Acetate
20 n/d: not determined
PA-SE-HPLC: Protein A Size-Exclusion High Performance Liquid
Chromatography
ppm: parts per million
RO: Reverse Osmosis
25 RT: Room Temperature
SDS-PAGE: Sodium Dodecyl Sulphate Polyacrylamide Gel
Electrophoresis
SE-HPLC: Size-Exclusion High Performance Liquid Chromatography
T°C: Temperature
30 TMAC: Tetra-Methyl Ammonium Chloride
uv: Ultra-Violet
WEFI: Water For Injection

WRO

Water Reverse Osmosis



(mg/ m) (x) 10 8.0 15.0 91% 67 3.0 20.7 93%61 3.3 32 8.0 20.7 88% 54

3.7 10Table 1V shows the effect of a wash step with 50 or
phosphate pH 6.5 on TACI -Fc recovery and,HCP cl ear ance.

100 or 150mM sodi um
Tabl e 1V:

Ef fect of wash step conditions on columm performance HOP | evels in the | oad:
190ppm and aggregate | evels: 2.0% Phosphate concentration TACI -Fc TAC - Fc

Aggr egates H s i
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amgI Ig 1: Capture Step: Affinity purification on Protein A

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

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

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

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

Sanitization

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

Wash step

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

Equilibration

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

Loading

The column was loaded with clarified harvest kept at a temperature below 15°C
to a capacity of up to 15mg total TACI-Fc as determined by Biacore assay per ml of
packed resin at a flow rate of 350cm/h.

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



in wash (mMV) yield inyield inin eluate eluate wash eluate (PPnl)
1 50 0.7% 99% 2. 8% 62 wash 2 100 2. 1% 98% 2. 9% 59 wash 3 150 9. 1% 90% 2. 7% 49
The buffer used in wash 2, containing 100 mM sodi um phosphate pH 6.5,
conductivity of 8.4 nS/cm 5 34

pH below 4.1 (adjused by addition of citric acid solution, if necessary) and then the pH
was adjusted to 5.0+0.1 by addition of 32% NaOH solution.

5
Regeneration
The column was regenerated with at least 3BV of 50mM NaOH + 1M NacCl in
reverse flow at 450cm/h, stop the flow for 15min then re-start the flow at 450cm/h for at
least 3BV (until the UV signal is back to baseline).
10 From this step, the column was operated in reverse flow mode.
Wash step
The column was washed with at least 2BV of RO water at 450cm/h.
Sanitisation
The column was santitised with at least 3BV of sanitisation buffer at 250cm/h,
15  the flow stopped and the column incubated for 60min.
Final Wash steps
The column was washed with at least 1BV of RO water at 250cm/h, then with at
least 3BV of equilibration buffer at 250cm/h and finally with at least 2BV of RO water at
250cm/h.
20 Finally, the column was stored after flushing with at least 3BV of 20% ethanol at
250cm/h.
Results
25  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

39 wash
had a
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41 Regeneration/sanitisation The colum was regenerated and sanitised wth at
| east 3BV of 0.5M NaOH + 1.5M NaCl in reverse flow node (unfil UV signal is
back to the baseline) at a flow rate of 150cm h. At the end of the
regeneration, the punp is stopped for 3Bmin. 5Wash step The col umm was
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| oadi ng phosphabenaNCRRAthPHn Load kegd Load LoagoTAC -|Fc pggregates HCPs pH
phosphate canc (mV) TACI - Fc conc| capacity (ng/m) recoverly (PPm

Conclusions
TACI-Fc5 in clarified harvest was captured directly on a MabSelect Xtra column
at a dynamic capacity of 15g total TACI-Fc5 per L of packed resin at a flow rate of 350
cm/h. Elution conditions, especially pH, were optimized to maximize recovery of product
5 while providing significant reduction in aggregate levels. An elution buffer of 0.1 M
sodium citrate pH 3.9 was selected giving about 5-10% aggregate levels starting from
about 25-40% in clarified harvest and with no turbidity observed. HCP levels were
typically 1500-2000ppm. The HCP levels were measured by ELISA using polyclonal
antibodies. The antibody mixture was generated against host cell proteins derived from

10  clarified and concentrated cell culture supernatant of non-transfected CHO cells.

Example 2: Cation Exchange Chromatography
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.

15 A Fractogel EMD SOj; column (Merck 1.16882.0010) having a bed height of 10
cm was used in this step. A Fractogel SO; 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

20  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
25 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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Equilibration
The column was equilibrated with at least 4BV of 100mM sodium citrate pH5.0

(or until the target conductivity of 12+1 mS/cm and pH 5.0 + 0.1 are reached).

Loading
The column was loaded with post capture material at pH 5.0 (pH at 5.0+0.1,
conductivity at 12+1mS/cm) and at a capacity of no more than 50mg TACI-Fc, as
10  determined by SE-HPLC assay per ml of packed resin.
Wash step
The column was then washed with at least 5BV of 100mM sodium phosphate
pH6.5.
Elution
15 The column was eluted with different buffers and under different conditions as
reported in tables Il — IV below.
Regeneration and sanitisation
The column was regenerated and sanitised with 4BV of 0.5M NaOH + 1.5M
NaCl in up-flow mode. Then, the flow was stopped for 30min. Rinsing
20 The column was rinsed with at least 4BV of WRO.
Storing

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

Results

25
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 5.5

7.3 22.5 100% 56 3.4
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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-Fc TACI-Fc Aggregates HCPs in
in wash (mM) yield in yield in in eluate eluate
wash eluate (ppm)




43 Rinsing The colum was rinsed with: at |east 1BV of 20mM sodi um phosphat e
pH7.5 buffer, at |east 3BV of 0.5M sodi um phosphate pH7.5 buffer; and 5with at
| east 1BV of 20mM sodi um phosphate pH7.5 buffer. Storing The col um was stored
in at [east 3BV of 0.5M Na(]—| Resul ts iOTabI e VI shows the ef fect of

phOSphat e—conceptratyon ot |||vy o i huffer—on he—el ear ance
of aggr egate hd‘ pr oduc orecovepnyl uti or‘?gpf?: frac%? B%ol ed and
anal ysed by SkRshHPLC flor {DACI - Fe Qor%entratlg&% and agar. e%ate Ievelss 15 Tabl e
VI: Effect o gsphat e ncentr at in el ut [ fer |Phosphate |conc
(M) BV of eW?EF&n TAC - %0 yilel d°A gregat eg’ 73%%94’9% 13 72%0.52% 14
68% 0. 65% 15 77%

The buffer used in wash 2, containing 100 mM sodium phosphate pH 6.5, had a

conductivity of 8.4 mS/cm.

Fig. 1 shows a silver stained, non-reduced SDS-PAGE gel of samples derived
from experiments using the three wash step conditions shown in Table IV on the free
Fc clearance.

Fig. 2 shows overlapping chromatograms of the wash step experiments with

10  sodium phosphate at different concentrations.

The wash step was optimized at pH 6.5 with increasing concentrations of
sodium phosphate (50 to 150mM). As can be seen in Fig. 1, a wash buffer
concentration of 150mM (wash 3, lane 6) resulted in losses of TACI-Fc. A wash buffer
concentration of 50 mM (wash 1, lane 8) resulted in a peak of pure TACI-Fc, however,

15  the eluate contained traces of free Fc. A wash step with 100mM sodium 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

20 100 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
25 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 SOS3 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
30  mM sodium phosphate pH 8.0, conductivity 20.7 mS/cm).
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Alternatively, elution can be carried out in 10 BV of 20 mM sodium phosphate
and 180 mM NaCl pH8.0 from the start of the rise in absorbance at 280 nm.

Example 3: Anion Exchange Chromatography
5 The starting material used for this purification step was the eluate from the
cation exchange step on Fractogel SO; (see Example 2), dialysed or diluted into

suitable loading buffer.

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

knowledge of the person skilled in the art.

All operations were carried out at room temperature and the UV signal at 280
15  nm was recorded. The steps were carried out at a flow rate of either 150 or 200cm/h.
Rinsing
First, the column was rinsed with at least 1BV of RO water at a flow rate of
150cm/h.
Sanitisation
20 Then, the column was sanitised with at least 3BV of 0.5M NaOH + 1.5M NaCl.
Wash step
The column was washed with at least 3BV, preferably 4 to 10BV of 0.5M Na
phosphate pH 7.5 at a flow rate of 200cm/h.
Equilibration
25 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
30 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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Regeneration/sanitisation

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

Wash step

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

Storing

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

Results

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

Table V: Effect of loading phosphate concentation

Load Load Load Load TACI-F¢c | Aggregates | HCPs

pH phosphate TACI-Fc capacity recovery (ppm)
conc (mM) conc {mg/ml)
(mgl/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.

15
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Example 4: Hydroxyapatite chromatography

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

A CHT Ceramic Hydroxyapatite Type I, 40 um column (Biorad 157-0040) with a

5 bed height of 10cm was used.

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

10 Initial wash steps (Rinsing and pre-equilibration)

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

Equilibration

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

Loading

The column was loaded with the SOURCE 30Q flow-through with calcium

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

25 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

30 The column was eluted with 5, 4, 3 or 2 mM sodium phosphate (see Table VI),
10mM MES, 0.1mM CacCl,, 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.



Table VII shows the effect of KCI concentration in the elution buffer on the

cl earance of aggregates and product recovery. Two sodi um phosphate
concentrations were investigated: 2 and 3nM El ution peak fractions were
pool ed and anal ysed by SE-5HPLC for TA®P-Fc concentration and aggregate

| evel s. Table VMl 1: Effect of potassiumchloride concentration in the elution
buf fer Phosphaf”é'ngonc (mMV) KCI conc (M BV of elution TACI-Fe yield

aggregat es 3 0TBe tOuAhD2aind880owithll 109% 0. 46% 12 106% 0.43% 13 105% 0. 42%

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

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

aggregate levels.

15

Table VI: Effect of phosphate concentration in the elution buffer

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

Table VIl shows the effect of KCl 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-

5 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%
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3 0.8 10 106% 0.58%
11 110% 0.55%
12 112% 0.57%
13 101% 0.59%
14 110% 0.57%
2 0.6 10 71% 0.29%
11 79% 0.28%
12 80% 0.29%
13 80% 0.29%
14 81% 0.26%
2 0.9 10 64% 0.27%
11 72% 0.25%
12 73% 0.29%
13 70% 0.33%
14 66% 0.24%
Conclusions:

Hydroxyapatite chromatography provides a reliable, efficient way of reducing

TACI-Fc aggregate levels. Starting from anion-exchange chromatography purified

material (see Example 3) with aggregate levels of about 5-8%, hydroxyapatite

chromatography can reduce these levels to below 0.8% with a recovery of TACI-Fc of

85-90%.

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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76:157-169 (3985 he(hnBMatQrdfy TVLAPH! W REBQRRRALSME! YR8 FERE)QDHer
comprises:
b.1. Washing the cation exchange resin after loading with a buffer having a pH
ranging from 6 to 7 and a conductivity ranging from 6 to 10 mS/cm; and
20 b.2. Eluting the column at a pH ranging from 7.3 to 8.2 and a conductivity

ranging from 15 to 22 mS/cm.

4.  The method according to any of the preceding claims, wherein one or more of the
following apply
25 i) 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,
ii) elution in step (d) is carried out in the presence of sodium phosphate at a
concentration ranging from 3 to 10 mM,
30 fi) elution in step (d) is carried out in the presence of potassium chloride
ranging from 0.4 to 1 M,
iv) the elution in step (d) is carried out at a pH ranging from 6 to 7,
v) step (a) is carried out on a resin comprising cross-linked agarose modified
with recombinant Protein A or Protein G,

35 vi) step (b) is carried out on a strong cation exchange resin,
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al ., WD 2005/044856 2544. Takeda et al.,,oEP 1 561 756 45. Tarditi, J.

Chr omat ogr aphy 599: 13-20 (1992) 46. Vaccaro C. et al., 2005. Engineering the
Fc regi on of i muwipgdtendt) iigicdrriddoouron alsabdrey anionvéxetargs resigayid | evel S. Nat

Bi ot echnol . 23(10).:,1283- grs. et 97 Mar
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(1997) 51. tha elt'hea1|net1'1ocil ac&tfing %aglamggogrher%% :~‘[aqu‘1 RsinéF ﬁ-@érﬁﬁlséﬁ Medpad for

purifying an fusion protein having an 1soelectric point from6.9 to
59.5, conpri si nd'”l‘%mﬁﬂiwf&ﬁ'ﬁieri@f)dé,fteéﬁ% S&s IMPPecting a fluid conprising said
Fc-fusion protein to Protein A or Protein G affinity chromatography, b.

Subj ecting the uate of ste a). to cation, exchange chro gra
Suby oot ing t e o SERIng) of Satni 4o M EaagE G 5. GaRgTees od.

Subj ecting the fpotystytdmemivilyl fnzeteerpodifted with Niy@H pxyapatite chr omat ogr aphy and
collecting the eluate to obtain purified Fc-fusion protein. 2. The method
according to claim1l1, wherein elution in step (a) is carried out at a pH
rangi ng flPonv2. 8Theomét®d 1&cgrdingetoneiaivod. aﬁ@tﬁifdithﬁg ce@Mith nydrbxyahatitprresindi ng

claims, wherein rtc!ért hg SRR &88m. b- 1. Washing the cation exchange
resin after Ioadci%h%ns\n 3 Shlfg? 7 havi ng a pH ranging from6 to 7 and a

conductivity ranging from6 to 10 nS5/cm and 20b.2. Eluting the colum at a pH

rangi ng fromg7. 3rHenénéd aélﬁrcﬁhgcl@r%v(bﬂﬁé' précddmiadiidigs ffu@iBr BambRsiatBhgim 4. The
met hod according to, an Eh precedi ng cl ai ns, wherein one or nore of the

fol | owi ng apply J8iSjgAP ¢ @B”Etb")" equilibration and loading is carried out in a
buffer hawing a conductivity of 3 to 4.6 nS/cmand a pH of one unit bel ow the

pl value of b.he 'f’:h(\é- %gﬁl)&)%cggrghgltg’claim 8, wherein the ultrafiltration step is carried out
between steps (b) and (c) and/or after step (d).

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

20 formulating the Fc-fusion protein into a pharmaceutical composition.

11. The method according to any of the preceding claims, wherein the Fc-fusion

protein has a pl between 8 and 9.

25 12. The method according to claim 11, wherein the Fc-fusion protein has a pl between
8.3 and 8.6.

13. The method according to any of the preceding claims, wherein the Fc-fusion
protein comprises a ligand binding portion of a member of the tumor necrosis

30 factor receptor (TNFR) superfamily.

14. The method according to claim 13, wherein the ligand binding portion is selected
from an extracellular domain of TNFR1, TNFR2, or a TNF binding fragment



fi) elution in step (d) is carried out in the presence of sodi um phosphate at
a concentration ranging from3 to 10 mMM 30iii) elution in step (d) is carried
out in the presence of potassiumchloridg ranging from0.4 to 1 M iv) the
elution in step (d) is carried out at a pHranging from6 to 7, v) step (a) is
carried out on aheresi, an eetiguellBarngpreirosSBAFMReBCHgATASE omadirdgnesht Wekdof

recombi nant Pr oteln Aét%ra gén()eFo?l)B‘}s%}AEI?l i) step (b) is carried out on a strong
cation exchange resist eqe° Vi g Step (C) is carried out on a strong anion
exchange resin, and viii) step (d) is carried out on a ceram ¢ hydroxyapatite
resin. 5.The t-had r 4i-AQi 4 0aiSihal enel Befal i i onpri ses
a cross- 5li r11 'edﬁ%et gfé?yfggtggmgog%ﬁég? &I/ihte#?‘sg%gc S’r%!?ﬂpgéﬁilrmhggﬁg%{ %dgaccor di ng
to claim2, wherRoMReRigeGeleelst OBt vii) conprises pol ystyrene/ divinyl benzene

modi fied with N+(@héhido aéidd 34 hesedrigdradipacoar:ding to claim4, wherein the
ceram ¢ hydroxyapatite resi onpri icles having a size of 40 um 8. The
met hod accor di ng @ga'ﬁm aB‘PS?hg’ @&3@@1@1@ 'ns, further conprising at |east
one step of ultr afc)&minattion34 ©510%ue SEBLIDND:2ccording to claim 8, wherein the
step (a) O SlEpEnleD SBE b B B SR 2 M e pr cedi ng ol ai s,
further d@nprising) 36RIPMI:8ting the Fc-fusion protein into a pharnmaceut i cal
conposition. 11. m@ﬁj RNedsaccording to any of the preceding clains, wherein
t he Fc-fusion pr o(t ein has a pl between 8 and 9. 2512. The method accaording to
claim 11, wher ei n@ APONEERtE EBFPISH bY & RPMHSEIdp NYRAZRgY the Somplgmente’ 13 The
met hod accordi ng $EQaMNOOE ot Ber pued Aighy seingemteondadiw@sednd t he Fc-fusi on protein

conprises a |igand, bi ndi.n ortiqn of a r Q t pRecrosi s 30f act or
receptor (TNFR) s%bg{‘}”g?ﬁ‘ ?S/g"yfi(cgw‘ﬁg (%Prﬂ@g%g@gc#' %%Ssot}l(%rgg?gi/?enorl@,s/"vﬂﬁer ein the
l'i gand bitadi ng po%d Yesrauencs @lestity &xthé polypeptidest (cadd! eubrdf); domai n of TNFRL,
TNFR2, or a TNF Jingi Bhingo® Athelse Nsoxhpagel | ul ar domai n of

BAFF- R, BCMA, TACIe[Pgo{rmgopﬁgfgﬁen{n tﬁ)er eofs ﬁenoé?rr}’gs at | east one of Blys or

APRI L. 15. The nmet hod according claim 14, wherein the Fc-fusion protein
conprises a %ol pHeepkinde a%@ér@ﬁ?&d driyosn 1ha) prédddng @sindS whérelnothebF HusidkQ | D NO.
2; (b) amno acids 71 to.104 o SEh(g.ID I\{O 2;. rqc am no aci cf.s 34 to 104 of SEQ

protein comprises a heavy in constant redio bulin.

ID NO 2 c of an'immunoglo
20
17. The method according to claim 16, wherein the constant region is a human
constant region.
18. The method according to claim 16 or 17, wherein the immunoglobulin is an 1gG;.
25
19. The method according to any of claims 15 to 17, wherein the constant region
comprises the hinge, CH2 and a CH3 domain.
20. A purified Fc-fusion protein compaosition obtained by a method according to any of
30 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;
35 (d) amino acids 30 to 110 of SEQ ID NO: 2;



(d) amno acids 30 to 110 of SEQ ID NGO 2; 10(e) SEQID NO 3; (f) SEQ ID NG
4; (g) a polypeptide encoded by a pol ynucl eoti de hybridizing to the
conplenment of SEQID NO 5 or 6 or 7 undgr highly stringent conditions; and
(e) a mutein of any of (c), (d), (e), or (f) having at least 80 %or 85 /1:i
or 90 % or 1595 %e38FAdAND:i3dentity to the pol ypeptide of (c), (d), (e) or
(f); wherein the {?Péé’@ﬂﬁ’ﬁ dg. binds to at |east one of Blys or APRIL. 16. The
met hod accordi ng any of the preceding clains, wherein the Fc-fusion protein
conpri ses a heavy(atReiorPeRids reapaded dyiaorplysticlaetide mybritznoledhe gomalgmamteof net hod

according to clai gedop Nd“%ro%%r ?Lﬁlﬁjepﬁ@% @tﬂﬁgén?%rﬂﬂuo@ aﬁd human constant region.
18. The nethod accordin nmunogl obutin is an

c
| gG . 19. 5The net %4 %%BPHPWQOft(@ %’y(eb‘?r (f:)lhéi"ﬁ% aﬁ@a§t§0 ’{7°r§ﬁe(‘f%‘"99 e const ant
region conprises ¢he dgiqﬂgﬁe |c@hﬁy@d’lt¢le©ol(ﬁg&tld@ﬁﬁbﬁ(d)2@) é\r(purl ;I gg Ec f usi 03_
protein conp03|t|on ta od, acc 0 t he preceding
clains, wherein f}eﬁeén & pP gﬂeépgf @Eah e@SWl gég’ 9’80&%‘ | de selected from a)
am no acids 34 Wh@rm seifl GHEQoLIMMNEMjses less than 1% or (dsp tam % of ¢sotdih t 0o 104
of SEQ I D NO regates, and (c) am no acids 34to 104 of SEQ ID NO 2; 35(d)
o o aci de 30 Pg°F of "SEQ ID NO. 2: (€), SERID NG 3 (f) SEQ I D NO
4: (g) d%ol yﬁéﬁfq'rdéaléﬁemeﬂt'qﬂycwqﬂé?sma%ﬂ@at % er I'ﬂ?Brth%ﬁ 9.5%gor lgse then

conpl ement of S bBrd¥Fc froRih. 6 or 7under highly stringent conditions; and
5(e) a mutein of any of (c), (d), (e) or (f) having at |east 80 % or 85 % or
90 % or 95 % sequence identity to the polypeptide of (c), (d), (e) or (f);
wherein the pol ypepfide binds to at | east one of Blys or APRIL, and wherein
sai d conposition conprises less than 1% or |ess than 0.5% of protein
aggregates, and 1Owherein said conmposition conprises |less than 1% or |ess than
0.5%or less than 0.1% of free Fc protein.



