WD 2004/ 046184 PCT/ EP2003/ 050824 PROCESS FOR THE
PURI FI CATI ON OF TNF- BI NDI NG PROTEI NS USI NG | MAC FI ELD
WOR0TMIESIBNVENTI ON 5 Thi s invention rel ates to PCEEP2063/050824

of pol ypeptide purification. Mre specifically, it

relates to the purification of Tunor Necrosis

Fact or - bi ndi ng protei ns. BACKGROUND OF THE | NVENTI ON

Turmor necrosis factor-al pha (TNFA), a potent cytokine,

elicits a broad spectrum- 10 of bi ol ogi c responses

whi ch are nedi ated by binding to a cell surface

receptor. The receptor for human TNF-al pha may be
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(see Stauber et al., J. Biol. Chem, 263,

19098- 104, 1988!. Usi ng nonocl onal anti bodi es, anot her
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5 pr ot Shinisyenipotrdiatesito thiafieitof bolypeptidie\purifidatidnaMern speTifgRlvh bt a

RS lofileGatidcdtior brchuMbriNacrosleT aBibriingib biokinky (see Brockhaus
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i sol at ed t he cDNA for one of the receptors. They found

ein of 455 amno acids that is
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bying apigs thet FNIMRIES inte n teiieaceliign Hemain, pf iMe’eﬂd”eiﬁ‘”d a
EyRpREHIO 8dmaincdPPAesldags. bot h recept ors have been cl oned
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25 [egéntr- ePNASEmRpS re@wtqrﬁf@@bqeeé@}fﬁ avdsmear§Ufi?'w€§eque"°e

baetinmiad @ek Ldether & at,hCell $1:£35¢-35 d990y Napharieh gil, EMGORe 9:
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g(g %D Chr omat ography is one of the neans nost
195 ?@
Sed including affinity
Whereas the extracellular domains of the 2 recéptors are strikingly similar in

30  structure, their intracellular domains appear to be unrelated. Southern blotting of
human genomic DNA, using the ¢cDNAs of the 2 receptors as probes, indicated that
each is encoded by a single gene.

Several approaches have been attempted to purify polypeptides.
Chromatography is one of the means most commonly used, including affinity
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WO 2004/ 046184 PCT/ EP2003/ 050824 -2 chromat ography in
whi ch the substance to be purified is first adsorbed

W 200a/0b@as4 or col utmm of a suitable support on REN/EP2003/050824

agents having affinity for the given substance are

i mobi lized to capture it and | et the remaining
conponents of the raw m xture pass unbound. The
adsor bed substance is then eluted by changi ng such
envi ronnental 5 conditiors as pH and/or salt
concentration to give a partially or totally purified
[esPaiegrashy injwhich e subsidnde of beadufifieriist firstahisotied tog becpbry ,
fobtemrt & Gl bikaBle SukgdR\6R waish AJ¥RE havin AR fbrit el\/%&t@lance
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Ef”‘%;‘ St °8$eﬁ/giee s vl eriols &Y MReld Siestnoay HP'n%upa%m de
ﬁ"i"1f1r56d:€grs1Q&Hd""bﬁéﬁéﬁﬁﬂﬁ@d@éﬁmwlul teotyigueris the Alrifibaiongf t he
pephpitephavingumtwaiigfoups tht baribpa intadal Bha@ySichaMe: ddae
ErRfbiof e, Tﬁp@ , THisC inbpy and™@kt, %@Qpesethe hind 3SR Shide
ﬁo?ggﬁsa?b pe, oﬁegatrbogﬁ%ytl on on f+ contarning 15

s excellent f or polypeptldes
cont Afthep ”’6 riRshRique e @pwarialpft yosronas aiwass hatiertess reqisetl i t
wesilicly. Sor axlyaps, \tdds bdombscena@Bd inat ddbtptiad 6r2A 68> ednidinitg

&HHn%ﬁag%Hﬂn@@olumrﬂﬁ'eQ&ll&Wb?'pgl Etﬂ!leg Qonl& ggqj% ﬁggg%Fa @nt

i.on d| ne,
f'nQrE h@f?jﬁ]gg Butdl was aln Q ggr%e%%d 8\1teg, ﬁherﬂflen thr?q,ﬂfgno -
?“1\‘/?5 &?’}s'id?{ oke mgsﬁ é’@ﬂ°f‘§"€i°'t 3psesption, pamelyhistiping, trectapbam sod e p.
OSteilitn eaom’rst@n P i pooteire frfay i@ Citiys AphibiuEb Pedrekyabl We
guntidaihaepory for purification pur poses, may not be

opt i gAl C en t he pol ti to be
Er i 8‘%@" b g‘!ﬁfaenc Faqudh r?e"ﬁr%'yt%%?'é’gs E’r WefiiFation t en
s‘?fa?’%?ﬁ}d’?é’?@“%ﬁ iHigrivhen dhsnrobyagrtidehie bsinudfisd imat i ve
dlyspprotéim Iy thisdéame veno ofteh éhenmatballydiateahaliisem@nébnéeaittie it he
&lifel Rk thie Todkiing NG the KRATBLORE 3T Bak8! Mmfﬂn%"\w dQle
%%Q{O%M%rw%fmm ef?g? O%ESCR PTION OF THE | NV It

as now been foun "SRF- bi ndi ng proteins can be
efficiently purified by neans of a process including
RESCRIGTHON Of THEINWENTION Af f i ni ty Chr omat ogr aphy (1 MAC)

St epit iind bENIPRE trﬁSTmE&ﬁdmg pFIRdirs el b&&ﬁb@nﬁ ;52: ‘BI: pH

rﬁ'e%gs gf?ala%FUeQ/ i Ilgirngtan d'ﬁmc% liZi 51% l\ﬁet%? A\Q B&%Epnlatggri@yr{@mm 2,
sgerp éLFI%q. cgm-‘% :peta_§p[tmal conditions of pH and salinity for this step are a pH

of 2.8 o 3.2, preferably pH 3, and a salinity of 14 to 16 mS, preferably of 15 mS.
According to the present invention “TNF-binding proteins™ means any protein
which has an affinity for TNF-alpha or TNF-beta and/or a protein which comprises in

the extra-cellular, soluble fragment of a protein belonging to the TNF receptors family,
or a fragment thereof
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According to the present invention "TNF-binding
proteins" neans any protein which has an affinity for

wahb4akqBa or TNF-beta and/or a protein which POIPPi8E650824

in the extra-cellular, soluble fragnent of a protein
bel onging to the TNF receptors famly, or a fragnent
t hereof WD 2004/ 046184 PCT/ EP2003/ 050824 -3 Sone
exanpl es of nenbers of the TNF receptor famly are the
follow ng: > Tunor Necros$ts Factor Receptor | (TNFRI),
al so called Tunor Necrosis Factor Receptor

Supe PPARPIRpPIeps fratbers pf ﬂ(ﬁ’FNEmmtﬂ)famﬂm are FaalowindeCr 0Si S
Faet dumordlewbeis FaetoraRabeptor § fINFRR) aIs!arcall-E&\“I:tRm'i_B ﬁéd@lS%CﬁJNPR

60- KRedepe stHR4ill, m‘lén%@r il TNERQY!A o}q nar ros:s : Bagor- 1

ht t pnhﬂa"‘%égﬁ%g?'t\é (ﬂ}R%ggégpclrgi\lﬁi JFle)descaqhgrbat

cal | QYM7idR0 R@d’f"’&ﬁ"@b' i Gih @pvienfReziaupry - fooi?dBaOBBMYi | y |
Ve Prib &vmot BegrasdFaSsr RByeptor m(eren)rmtso blgied DmioBNdeAek BhctorDEL @

Rec epedptof JubkBIR) , MEmbENIER lorl nl\% iR £28E
e e e

Supe ¥Menber 4 (TNFRSF4) or
TaX- ¢¥49ns°@hgept (@) | gsoAcdlied atuedr Mdchosi® PFa2iof | Recdptor

Re c epipefaniily, T Xfefbdr) 40 (TNERERINO bld T ﬁ'*a“&ﬁdtngr{?allﬁrﬁch\g%g
ACT 38lycobrdfeih3

@écﬁés o@?he&&%iﬁr q_gmﬁfac \5at|ona,1\rglge %q:méd
Tuno 134(?%?&6&”"%@581"&60031@ Superfamily, Menber
5 ? T(szpgpggcempr BD4e) |alss usallanic Furastt Nepedais OEXERr Rb&ep@\/\AO
(F)> ; i Bpperiapfig gnedﬁé‘r('ér(ﬂﬁﬁﬂs@@ &E-nguﬁ&e Pﬁt%%% FIPJO" I

9&%})50 (?ee dAs%l'lptl &%R%Q Em{% S?\lb ]Pg#ﬁi%y Nenber 6

Necr s _Fact or ece
(I\I%\ll:%%'?: ecepipr AAS) §a"eﬂ/bd %ﬂ!qr rRiEcEsiE f Easler Recdppen

FAS %Hperhp]dy j_\/lemhgq fg@'ﬂFl@ﬁ%FG)CD@ Bpdptoaie-Maeiating iSpidce® Aniigkn

Swi- sEAsPsroApoEN tvitigerNer: cDIE0(sE22 aéktidtion 3t SRS DrotRERENL! 3
(Dcl?:?g)ms | so cal |l ed Tunor Necr osI?ns Factor Rec pt or

6B (TNFRSF6B) or Decoy Receptor
f or nb? gﬁq%/gcn)zﬁm%gs% ealled Jumer NeprgsisnFagior Sagepior Pr ot

Ent rgppq{@mlumygmgerﬁs (ENFBBPEB) At Béagye RedefilXdn FASAlligead 6al | ed
TunMesiee Hessiigion =2 6igd-PrRERAPIA bos4dp; Super f ani | y, Member
ZSéBBERSETZII};erf |r(8§1—2752e Lalg Aﬁ! éi 035@8 ecrct:sllsg %Qctor ece t%lg' 52)
%ug mily, Member T%NF SF7) or  T-Cell Activation Antigen §152 (S152)
(see description at OMIM*602250);
> Lymphoid Activation Antigen CD30 (CD 30), also called Tumor Necrosis Factor
Receptor Superfamily, Member 8 (TNFRSF8) (see description at
OMIM*153243)
> Induced By Lymphocyte Activation (ILA), also called Tumor Necrosis Factor

Receptor Superfamily, Member 9 (TNFRSF) or CD137 (see description at
OMIM*602250);
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wO/RwbeI16184 ( TNFRSF8) (see description at

> Lynphoid Activation Antigen CD30 (CD 30), also
call ed Tunor Necrosis Factor Receptor Superfamly,

30 > Induced By Lynphocyte Activation (ILA), also

call ed Tunor Necrosis Factor Receptor Superfamly,

Menber 9 (TNFRSF9) or CD137 (see description at

OM Mr602250) ; WD 2004/ 046184 PCT/ EP2003/ 050824 -4 -

Death Receptor 4 (DR4), &l so called Tunor Necrosis

Fact or Receptor Superfam |y, Menber | QA (TNFRSFI QA),

or >TReatiRdtesgnian 4RI, caldoscallert uTinmy Nebriogia Factidie Begptor |

(Dl RtAEhggaamntw MMR;\({AS(&'EFF@?W PLINBIReRled AR IRBngl) : >
at Ip; qg 1 osi's

Fagt g %R’F ﬁ%és%g'e’?f %G%Q”I‘*?S%’o%%%&%

(T F %f °<5r °a? A%Wd%ef"gs“’r hatieri fRgerteri gand

Rece ﬁvwrfarz y( Mekier 19B) (THITRSKN ).car /TIRRelated ARIPOIE- lr(dm

desc Lioptli Revepdr 2 (DRAMRY) 6l SBIZIRS or TRECIOY (s6RCERB N ok
(DCR&;MMQ#oggazcal | ed Turmr Necrosi s Factor Receptor

e FRSFI OC), or TNF- Rel at ed
Ap%pp g%?] e\Fer?cf’ nﬁi“}@ Elei‘i'g{% é{ff’&?is Fageoriiqeentes) | or
TRAI E“%E%‘M%ﬁmbw STRFR&R Q%tqr INE{Relgtes ApopDeisrindiveing TRI D)
( s eeligand dReceptdr @n(Tamme O GOR6 RegeptoPWIHIRGO NN RESRMIHT 2

(DCRBa,ma. D) de%phEH%M|mg§@§)lS Fact or Recept or
or. TNF- Rel at ed

Supe
Fetiiiks em et T gt T s
TRAI B A oe ANDRBelated AddgtoBleyimeicing
(TRUSW F{egqy@r ee@mmm oD MRAIL %M;M 66 Al tincatad Begept or
Act | B@hei (TROND) (64\RR A nEONK 60364 038140 Call\/:eﬁge;r“rlnljrA
r
(T ﬁ%&??f%%m o pEFREDA Akl Yt Wit
Rece'B?CS‘?mr CroeetEmile  Momberor 1ARATNERSFIHoe etes@stdoplston
at COhffeur@@@d B&jor R&©ptor (QBER) opPIE2H BRANCER(RG)descAtis
cal | sadmimresaagd)ecr osi s Fact or Recept or Superfamly,
nh| gteo%r%@génENECE%: I f&j ledr TQrSnor i\%gr??sl ¢ ol%gtareiegeptor
6’%6%3 e@ebéaﬁ TN Eﬁﬁb or :Pseew@)operaﬁls dnhibigéry ed
Tuno‘facwe(@pﬁis(sge deésaribtion atfRMIMIS02643); Super f ami |y, Menber 12
( TNFbaIh1 Receptor 3AIDRB), Qllso LoadaN aGYdrenés @ CERbE Cliiecep’tor
Superfamily, Member 12 (TNFRSF12), or APO3 or Lymphocyte-Associated
Receptor of Death (LARD) (see description at OMIM*603366);
> Transmembrane Activator And Caml Interactor (TACI), also called Tumor
Necrosis Factor Receptor Superfamily, Member 13B (TNFRSF13B) (see
description at OMIM*604907);
> BAFF Receptor (BAFFR), also called Tumor Necrosis Factor Receptor
Superfamily, Member 13C (T NFRSF13C), or B Cell-Activating Factor Receptor
(see description at OMIM*606269);
> Herpesvirus Entry Mediator (HVEM), also called Tumor Necrosis Factor
Receptor Superfamily, Member 14 (TNFRSF 14), or Herpesvirus Entry Mediator
A (HVEA) or TR2 (see description at OMIM*602746);

OM M EGBRBER)3/050824
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25 Receptor of Death (LARD) (see description at
OM M603366); > Transnenbrane Activator And Cani

wo niogoaasor ( TACT), also called Tunor Necr osi BCT/EP1003/050824

Receptor Superfam |y, Menber 13B ( TNFRSFI 3B) (see
description at OM M604907); > BAFF Receptor (BAFFR),
al so call ed Tunor Necrosis Factor Receptor 30
Superfam |y, Member 13C (TNFRSFI3C), or B Cel |
Activating Factor Recepter (see description at

OM M 606269); > Herpesvirus Entry Mediator (HVEM,

al 2o Neae| GremtiT Fagar Reeqpton $NGFRYaaltooralledRBL@p Nedrosis Factor
Supe Reeaptor BupetidiipeMembér 16 TINGFREFI6)Jor pBINTR) REPESMhdHS
Entryét@ﬁm*@w, {/,\_DA (HVEA) or TR2 (see description at

46184 PCT/ EP2003/050824 -5 >
Ne r>v & %r% K"\Af z?t'fa@f (Bﬁgg)eﬂf%‘i‘a Nled\Jespogy) Necrgpis, Bactos RecsptorTunor
Necr G¥pesfarpilyc t gmbeRelde STNTIRSEUM e prf BEM y(seelvmwx:BptloflGat

( TNFRS&M'699548); p75( NTR) (see description
%Mblaﬁ&%s&d ln&c& GRFR-RMBEY T SlnbOfsi @Ct %é % 924:-% al'so

o Iy
o Rl 5 o8 Fa“&%re(@gr‘: 18 BESF b hcgeion
OM E'f%% R Fﬁm@ M?é’é%’@'f‘?)d%ﬂeaeﬂﬂ’mgm% OMIREROME at ed
Gemte TRBPERYso ‘calless unza Nbaeahis PacirRecdi®e Smﬁﬁﬁml?&ﬁﬂ%r 19
Re c e ptNFRsISIOP 8F Toriblylaia JNERRRE: of $rEY DR 15? Je§%i &3n Tsee

F | Me
ACtI%@Eé lgrgtEnl H%ﬁ#)l%ﬁgbglg\lgl? almo )>/ TRADE, al so call ed

e P e R OB S s, 0
( TNFERSFpYdn at SwissTRyatiEoint No. @ginvENikdl nducer or TROY or TAJ
i sen S SR R
-1 a RSF21 e description, at

- TG ?%’W?gﬁg’rot Entr
EDA Al;)% r ecg h&or "(22 sg&bo Pﬁéﬁ; LN y
s@&r'tleda ﬁorfr mmbmet:h -BBR-$ (rB@oibiodnt, RRERBIURF, solTHDRIGBMIdF Y,
bt enr Rdogidh NS, 1o 463 Gold &G}E n%dwlzd\m&%m)

:f}%ﬂﬁng'a@igs {ragmgnt%f ﬁ%)ﬁgr g ) a“seer”'°é'8:rgﬂe"85‘ h-TBR | nvention
alcgfy

B hant
Ay q‘”@@oﬁ@l“ﬁ’ﬁn‘t “é‘xﬁe@&@@r Pupagprisingo thgbareind raeigiment

%ﬁuenmﬁpqﬂtﬂﬁg RASSET ofrSrilith eta.NMosiSireieratin]) & isd8Bombina€ | d
BB EPREBPC Fo? S @rAbtRY photbids Nfe SGuble? AxtrbBfuidH oﬁlgiﬂﬁ i ds
ihdi@RIRMe cgffresmgln&)émsestPr&lem)y and T econbi nant 2

r ec&)ccordlng p) another preferred embodiment of the invention, the purification
process of the TNF-binding protein includes the “IMAC” step as the “capture step” and
further comprise the following steps, as ‘“intermediate steps™ ion exchange
chromatography (IEC) at an acidic pH (preferably between 3 and 4) followed by ion
exchange chromatography at a basic pH (preferably between 8 and 10).

According to a further preferred embodiment of the invention the purification
process of the TNF-binding protein further comprises, as “polishing step” hydrophobic
interaction chromatography (HIC).

More preferably each of the above mentioned chromatography step is followed
by an ultrafiltration.
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extracel lular, soluble fragnment of TNF Receptor- 2,
conprising the amno acid sequence corresponding to

wWQ@028%18§ Smith et al.). Mst preferably, it PGI/EP2003/050824

reconbi nant hTBP-1 (r-hTBP-1). For all the other

proteins the soluble, extracellular domain is

indicated in the correspondi ng Swi ss-Prot entry. 25

According to another preferred enbodi nent of the

i nvention, the purificatisen process of the

TNF bi ndi ng protein includes the "I MAC' step as the
" capt Grriure stens accandin tofther présenmt Inyentip ingps thi et alrheuhisng

geapembiasnt "TNRbRERE poRhas $b81es 'and bMerB¥Ed #B88he crude

ﬁMé%%BQSHt&@)pJBWhe(r&E% Pgﬁ hc%p%eﬁé:éuqurg ccg%ﬁamf?g rlte,& E’Ejf?ylbéky at

re\’ol‘\éen‘%{ﬂ"sd?gabﬂﬁ}’ '%%‘?P‘é’"ﬁ)y%°(’?5?'bﬂreé’?%'|‘°9 apbyieiefheg and
![’G?ess Beropting iyt nrgent inventifny ihe bapturgatepfoeriedsuit @rduoCherent  of
ERand preferaitly, aith dnlof:tighiat pH 3.6 P8I brodliét RS S pHty 3 418 and
dNeovelyB@opg protein furt her conprises, as "polishing
st ep.,lntg dcﬁ.éﬂg obi, ¢ nt eract.ion chromat ogr algh (HCO.

Nore prererasry 8ach 8FPs HINLWEhemort At the Al impurites,

4GP BHRiten ByPiSipHRNd Sydisls apids. prslotowngead vitygesaare removed.

ul t r &olidhing atepHiare tMOEB UdArIAGICE 4nPlehiniE2AQ3MPHAR2S - 6
ciéeal tdiieR sisBRces Qr@ ?é?rfodédnigorﬁéh Jb‘taaln%" Hoh g)[}ﬂhy Ar&éf ention

mean u reconbl nant

TNF- g? n%Sha% ér%{)of“ e{o?\r a&ﬂ]&'&g I'sacta%al?% Sheeregingdrieculesdbets r om

hiayg oply Lfa@t UpRFessin dharge e give st vedf highh eespletion rsbparation.  host

Tredtibrs anitollasted inqonited,i dondegirateid.ford. The GBpay4itioh & baded of e end

@f/ejlfﬂé Sntdrdttidnl ﬁétwe%r:f’ cha damplb&ble' %giggrg SOB&R %Or%)[gﬁﬁ al

&ﬁ; a%g;.'!@ﬂ ?' eg‘ﬁ@ %f'ecg'ﬁs %inﬂ easctg %f” oged gnig Aheg |°@H"’b ut on
(it e g alered g chat Bie dpundzgy gﬁancw arh elyied @lfferentiely. at  pH

Buton ipjuslatypedonpedin wicngdsarvdah gondenpritioh brpH>CHERYEs aRkGhadét

SDRARY OF Vitha &Rfifuous |gFHdi@ﬁtn§ @eﬁﬂa%sé $r%b9$epﬁ£r&etcglﬁm&ha¢

uri

EHpofP ol bn B ertoregnty o SRt e ety
%/"?"H']'g’@ss“&?% apigty BXrhanger 1 Ghargeg | grayps: ngN S(CHPS.” wheress t*BR
Seplgiese’dea $utiepronyisioing eatign exeimangsr (Warbedaeddps: AIPOY)I t i es or
cl osdebpﬁ@Icaﬁt&Ebn&HMnﬁib%ﬁhyam ﬁ@g%lr?éine Hné?}%df&f ind ©

;lecaﬁon did ng& h&\u %&ecaése l)ase% Ion d%ffregcgﬁ 4 gﬂr rwrface
WP@&?W%@E&%V and wam@ewgﬂv st N heesesadd ehar ge
domaing weayafrenethe hirfgde ofetbeimldcdn i@par,ambrynbiomdidcasd | ons
carisiie@d hydesphiRthale buifitiént hjdRBhobe YRGS EH @E@Q aﬁ&{]ﬁgr?J Efl on
v§tﬁ 9@5:@5!4099 Ilga%dp Q@a%ﬁjedo{cl # chr% atoga?f)%lg %r& td@mar%cﬁ éor ed
r%“ﬁfsmﬁ\a%? %p RiedeRfs e st ptdgnden B\P atrin s mublelpwesy :

This faature mo@sﬁh@@ngb &dleptivity of HIC, while allowing mild elution conditions

to help preserve biological activity. “Butyl Sepharose” column is preferably used
according to the present invention in the hydrophobic interaction chromatography (HIC)

step. On this column the n-butyl group is used as hydrophobic ligand.
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Conditions are then altered so that the bound
substances are eluted differentially. Elutionis

waiswalsersper f ormed by changes in salt concent rBCT/BP2003/050824

pH. Changes are nade stepw se or with a conti nuous
gradi ent. Q Sepharose or SP Sepharose columms are 20
comonly used in ion exchange chronmat ography. "Q
Sepharose" is a quaternary anmoni um strong ani on
exchanger (charged groups: - N +(CH3)3), whereas "SP
Sepharose" is a sul fopropyl strong cation exchanger
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early promoter, the yeast gal4 gene promoter, etc. Transcriptional initiation regulatory

signals may be selected which allow for repression and activation, so that expression

of the genes can be modulated.
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techni ques well known in the art (see Sanbrook et al,
1989). Doubl e stranded cDNA 15 is linked to plasmd

i nking involving the use of synthetic DNA |inkers or
bl unt - ended ligation techniques: DNA |igases are used
to ligate the DNA nol ecul es and undesirable joining is
avoi ded by treatnent wth al kaline phosphatase. In
order to be capable of exgressing the desired protein,
an expression vector 20 should conprise also speC|f|c
nucl &be DY molseuie prowpgsinacthe aucieptidg séquents codingtioraiahybsd d

t prateis lofihe anertio BJhbeAddOhty | vabtorg)Bt hadiRg | h8 lp&atiPiinkde DNA
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@P@Lﬁ@ pndsecretey repfidey bearingdedertsequbrives Dh/rerpeptidespquences t o
be esfer &8 S@OYucdh of the vector(s), the host cells are grown in a selective

medium, which selects for the growth of vector-containing cells. Expression of the

cloned gene sequence(s) results in the production of the desired proteins.
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i nportance in selecting a ,particular plasmd or viral
vector include: the ease with which recipient cells,
that contain the vector may be recogni zed and

sel ected formthose recipient cells which do not
contain the vector; the ranber of 15 copies of the
vector which are desired in a particular host; and
whet Hefificption piiheyreeqnibiapnt groteing sy ebtaiisk és damied el atcbidiag tot he
vibemehodlottheveentionost cel ls of different species. Once

et ot 5P AR, AORE A0l e, oo
co nstggpu c{’{‘ s% SPRALA1SA a1 %@?ﬂ%@‘@@y RegizghinEjgEedori at e

host cell by any of a variety of suitable neans:
ABBREMIATIONS | on, transfection, 20 conjugation,

pNBt opl ast f USiRd Ne@bRHEiGPOr ati on, cal ci um

pR®sphat e- pr eth%é}'g iF%léin direct mcroinjection, etc.
st cells may be €t her prokaryotic or eukaryotic.

E%ef erred ar eKiaralieddd hosts, e.g. mammalian cells,
SyréhelaiesF i unan Coppertelpte Fastfise, and Chi nese hanst er
asgEPY. FCHO) cealdephardagestiggy t hey provi de

saijerl il v o v
|
at c

t sibed-Seplawse Rastllaw cel|s  can carry out
56st - t r ans| at looBechange phromatograpdy f i cat i ons i ncl udi ng
Aty cosyl at i onacenitriigumber of reconbi nant DNA strategi es
&g st which ugjli.z pronot er sequences and
B'jugh copy nu D%réés%?eB'ﬁ%Q%?hgds whi ch can be utilized for
Er oduct i on of P{HEbYWERiC G proteins in yeast. Yeast
t@dogni zes | edbwpl sequences on cl oned mamual i an gene
BO products ammgmkm&&timtdﬂﬁ%a&@ari ng | eader

ftée

gequences (i -IQoEIeJMc%&ﬁR%i des) . r the introduction
he hosSt cells are grown in a

the vector(s), t )
IE'(e"f‘ective ne'&F'ii?ﬂ'E’\mT‘@’l‘?t"EéfSé\éts for the growth of
It or - cont ai'mmbnp Rustimetric ASsayr essi on of the cl oned
IB@éne sequencdfBpcds€BoHrbiS | N t he production of the
iesi red prot §gPpao 0 2004/ 046184 PCT/ EP2003/ 050824 -9
L%ﬁri fication,kof, &, e reconbi nant proteins so obtained
s’ carri ed ot™LIRWHAIY 10 the nethod of the
Thvention. A Qpéisa)Deteityai | ed ermbodi ment of the present
Alnventi on w lidoebariqromsented in the follow ng part of

Reir.cspeci fi Galdbnaldydn eﬁ&ﬂ%[ij}u%aéhlryma?olé% rizedin
: v
BsPAGE olsps® ABEREV! @o-lc-ilegél\é Sulphate  Poly  Acrylammide  Gel

Electrophoresis
SE-HPLC Size Exclusion High Performance Liquid Chromatography
SMw Molecular weight standards
SS Sodium Sulphate

Tris Tris(hydroxymethyl)aminomethane
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TNF Tunor Necrosis Factor

TBP TNF Bi nding Protein

| DA I m nodi acetic acid 10 Cu-Chel ate FF Copper-Chel ate
wo-awt/0kdieww  Q SEPH. FF Q Sepharose Fast Fl ow BPF/BERBB/050824
FF SP- Sepharose Fast Fl ow Butyl-SEPH FF

But yl - Sephar ose Fast Fl ow

| EC 1 on Exchange

Chr omat ography 15 ACN Acetonitrile CBB Conassie
Brilliant Blue DNA Deoxyribonucleic Acid EtCH

Et hanol HI C Hydr ophobi ¢ het eracti on Chromat ography 20
| EF 1so Electric Focusing | EMA | mmuno- EnzynoMetri c
ARYsay | FMA | rBedNMolufé uori netric Assay |PC In Process
Control KD Kilo Dalon 25 LOQ Limt of Quantitation QD

| soel ectr| ¢ Point RP-HPLC Reverse
%bﬁ@hop‘iﬁ! E 'd?JR C uid Chromat ogra phy SDS- PAGE
il Jae Aiows adioy ¢ AR PSH G PURRioNST Co|
3@BFEII deant bptapiutesstep UBED hiPa@ieBinment dElbe Ir-hEBRYNbUH mdterial 8

RBeps &b mefvahed|-ihg ot datdabsrainRe baﬂhme oMWY MDY, @GH @fine

h@ﬂf

%b&pﬁelﬁgéﬂ% %g@de Rea il +4B

Tri1 s(hydr oxynet hyl ) am nomnet

“ﬁg J?@LSEZ-CI)-E)Z?046184

PCT/ EP2003/ 050824 -10 BV Bed Vol une DESCRI PTI ON OF

RE
Materials

Equipment

Chromatographic column XK26/20 (2.6x20cm)
Chromatographic column XK50/20 (5x20cm)

Peristaltic pump Miniplus 2
Peristaltic pump P-1

Chart recorder 2210

UV detector Uvicord 2158

On line pH-conductivity monitor

Low Pressure chromatographic system FPLC

HPLC analytical system
Fluorimetric detector mod. 9070
Refrigerated box MCF 1500

U.V Spectrophotometer UV1204
Ulirafiltration system mod. Minitan
Minitan plates 4/K

Stirred cell mod. 8400

Stirred cell mod. 8050

Ultrafiliration membrane type YM10
Ultrafiltration membrane type YM10

Resins and columns

SP Sepharose FF

Q Sepharose FF

Butyl Sepharose FF
Chelating Sepharose FF

Pharmacia
Pharmacia
Gilson
Pharmacia
Pharmacia
Pharmacia
Biosepra
Pharmacia
Merck
Varian
Angelantoni
Shimadzu
Millipore
Millipore
Amicon
Amicon
Amicon
Amicon

Pharmacia
Pharmacia
Pharmacia
Pharmacia
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this figure shows a flow chart of the

Fi gure 1:
5 hTBP- 1.

process used for the purification of r -

r-hTBP-1 bulk material 8 steps are perforned, the
nost critical of which being the capture step. Each of
the steps is well described and detailed in the

foll owi ng Exanpl es. EXAMPLES 10 Materials Equi prment
Chr omat ogr aphi ¢ col um XKR6/ 20 (2. 6x2Ccn) Phar maci a
Chr omat ogr aphi ¢ col umm XK50/ 20 (5x2C0cn) Phar maci a
PESerhepe BigBesdep M niplus 2 G lson 15 PerRratnakibi c
Pherpl SeptbrddbhaFmghauhart recorder 2210 Phasamekia UV
@i Rpiafse Kyi cord 2158 Pharmacia On line

Egnqluct i,_sﬁi ty nonitor Biosepra Low Pr esPshﬁrrmeaCia
%on%g( 0gicaphi ¢ system FPLC Pharmaci a 20 Hpbpimacia

BFAFYmel system Merck  Fluorinmetric det ecBiseprand.
S0eBosiacisato.4e®f ri gerat ed box MCF 1500 Angekgdiconi

Wg0édpsrp REBECEREHIaet er UV1204 Shi nadzu Aerls& ,irsigs‘%térﬁ ration
ﬁ)‘gp?%%&)gwj %gx&;tan MIllipore 25 Mnitan 8 ates 4/ K

I I'l_por e’“% "Fred cell nod. 8400 Ani con O¥HARd cel |
gee QS Amvicon U trafiltration menbr anédhaypea YMLO

Amicon Utrafiltration nenbrane type YM O Am con 30
Besidag and col ums SP Sepharose FF Pharmacia Q

e

E E ia. Butyl Sepharose FF Pharnaci a
%’.5 ,E @ﬁeﬁ%ﬁ@f@éﬁeﬁﬁ@"ﬁ# Phar maci a WO 2004/ 48584

f$3/ 050824 Merck

Ortho-phosphoric acid 85% Merck
Sodium hydroxide (pellets) Merck
Di-sodium hydrogen phosphate Merck
Sodium dihydrogen phosphate Merck
Ethanol absolute Merck
Acetonitrile (ACN) Merck
Trifluoroacetic acid (TFA) Baker
50% sodium hydroxide Baker
Sodium Sulphate Merck
Copper sulphate Merck
Zinc chloride Merck
Hydrochloric acid 37% Merck
1-propanol cod. 1024 Merck
Ethylenediaminotetracetic acid (EDTA) Merck
Ammonium sulphate

Merck

Biologicals

r-hTBP-1 crude harvest
McAb to TBP-1 clone 18
Albumin standard cod. 2321

INTERPHARM LABORATORIES LTD.
INTERPHARM LABORATORIES LTD.
Pierce



-11 SP Sepharose Big Beads Pharmacia Phenyl Sepharose
6 FF (high sub) Pharmacia CM Sepharose FF Pharnmaci a

wOehEo8aphar ose FF Pharnmaci a 5 DEAE- Hyper D Bi OBEPEP2003/050824

10

15

20

25

30

Supel cosil LC-308 0.46x5 Supel co Aquapore RP-300

Brownl ee Applied Bi osystem TSK-&000 SWL 0. 78x30

TOSO HAAS Moino -Q HR 5/5 Pharmacia 10 Chem cal s .

Tri s(hydroxynet hyl)-am no nmethane (iris) Merck Sodium

chl oride Merck Otho-phasphoric acid 85% Merck 15

Sodi um hydroxi de (pellets) Merck Dl -sodi um hydrogen

g horpfeatiop olvEnTBR-1 (Sseterthwilthiolvypd desgibad plieisibhat e Mer ck

Et hanol absolute Merck Acetonitrile (ACN) Merck 20

BrEp | UOdrraRekyEp aci d (TFA) Baker 50% sodi um hydr oxi de
aker . Ql_m_SUso ?.te Merck Copper sul phate Merck
FroRtiono s 222 Hydrochl oric acid 37% Merck

iRgbufiehd. 1024 Merck Et hyl enedi ami notetracetic
aci d 3¢ [ghoF Apprvk sikte aAsTEBRIVEATINSA0D Pl &F Quriibd Wikter 1 after

B RluBGi AL RmE bR b 1Gfkde harvest | NTERPHARM
LABORATORI ES LTD.

Acidified water

0.5 ml of acetic acid is added to 1 liter of water.

Equilibration buffer

1.68 +/- 0.1 ml of 85% ortho-phosphoric acid and 11.68+/-0.1 g NaCl are
dissolved in 900 ml of purified water, the pH is adjusted to 6.8+/-0.1 with 50% NaOH
solution and the volume is brought to 1 liter.

Wash solution
1 liter of purified water is used as washing solution.

Elution buffer( a range of pH 2.8 to 3.2 has been tested)

6.75+/-0.5 ml of 85% ortho-phosphoric acid and 5.84+/-0.1 g NaCl are
dissolved in 900 ml of purified water, the pH is adjusted to 3+/-0.1 with 50% NaOH
solution and the volume is brought to 1 liter. The resulting conductivity is 15+/ -1 mS.

Reqgeneration buffer
18.61+/-0.1 g EDTA and 58.4+/-1 g NaCl are dissolved in 900 m! of purified
water and the volume is brought to 1 liter.

Sanitization solution

40 g NaOH are dissolved in 900 ml of purified water and the volume is brought
to 1 liter.

Storage solution
20% ethanol or 0.01M NaOH are used as storage solution.



weFOnABRAN3/ 050824 -12 The purification of r-PABEPD03/050824

10

15

20

25

30

McAb to TBP-1 cl one 18 | NTERPHARM LABORATORI ES LTD.
Al bum n standard cod. 2321 Pierce WD 2004/ 046184

(Onercept) will now be described in detail. STEP 1 -
CAPTURE STEP Description of Buffers and Solutions 5
Resin charging buffer 32 g of copper sulfate are

di ssolved in 900 m of purified water and after

di ssolution the volune i43-brought to | liter.
Acidified water 10 0.5 m of acetic acid is added to |
liter of water. Equilibration buffer 1.68 +/- 0.1 m
CboluBib Frepaiation phosphoric acid and 11.68+/-0.1 g Nad

ar e Sd,‘ ﬁﬁl%lf (‘fﬁe@ﬂn’\d’begloaoosm:as ﬁ %@%hﬁgmﬁleﬁwp t(?:e rl}é%i:n:js
wh |m|n8$ﬁcr%c arcgi reLT

foked g e ciramatoggtis caT 49 o3t the
Ped hejohigls 435(:P-P £n.ddie prekesicolimn ig weshedwith (SlYioharidified wdtéron .
201 fenitidaced ki 2BV of0.2 ANGEppef sUPaid. ghi 1Q 53 FalohiAg theen

hﬁﬁtfé%@)er@m&@ﬂon@a §ollmon ok nﬁ\ﬁg/f’s%ﬁ QCJ%Q@PQ%'.?C us%g d » Iagg

e o oo 3 ornicforele g™y vl prestpiatiop 1 ok
%'Pffttheﬂr“f’a%l\‘?@w%@BVGFWeq‘Sat%rought to 1 liter. The
resulting conductivity is 154/ -1 nf5. 25 Regeneration
brokécfe 18. 61+/-0.1 g EDTA and 58.4+/-1 g Nad are

and . the vol une
R L e e B
RiCH '%P'euga’f *gm@apqrqw@ ®Y isrpdiusfed f6-Buyideagwipmadsitiornefd t he
95h ertive-phasphivricastiend canductlvity is brétight tS2 08 A S by @biditioh 67301id0%
Rid f(’d?f&ﬂe Hafved) chhlaidd ictaft lésﬁgmﬂéry Weﬁgﬁonsﬂ?\géét dOn-
Mﬁgrgt%ﬁ to rerggvgﬁlegﬂ/componen% tha?cou% negatlve y affect the interaction
of r-hTBP-1 with copper).

The column prepared as described above is first equilibrated by flushing with
15-20 BV of equilibration buffer and then loaded with the crude harvest of r-hTBP-1 by
operating at room temperature (22+/-3°C) and at a linear flow rate of 200
mil/sqem/hour. .

The column is first washed with equilibration buffer until the UV signal reaches
the baseline and then is washed with 12-15 BV of water and the column effluent is
discarded.

Elution is carried out with the elution buffer and collection of eluate is started
when a UV signal is detected. The elution of r-hTBP-1 is accomplished with 5-6 BV of
elution buifer. The effluent containing semi-purified r-hTBP-1 is collected and stored at
—20°C.

The column is regenerated with 3 BV of regeneration buffer and the column
effluent is discarded. Thereafter, the column is sanitized wit 5 BV of sanitization
solution.

For storage, the column is washed with 5 BV of storage solution and stored in it.

The purity data after this step are summarized in TABLE 1 below.
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Col um Preparation 8+/-1 m of Chel ati ng Sepharose
Fast Fl ow (Anersham Bi osci ences) is coupled wth

WO pdopodilacet i c acid resin and packed into the PCI/EP2003/050824

chromat ographi ¢ colum so that the 5 bed height is
4+1-0.5 cm The packed colum is washed wth 10 BV of
acidified water and then |oaded with 2 BV of 0.2 M
copper sul phate pH 4-4.5. Follow ng the
manuf acturer's instructi¢hRs a solution 2-3 nmM of
SOdI um acetate pH 4-4. 5 |s used to facilitate the

e papture sl (compdrise AG) avoi d
p rec ITpda b@t&@ﬁe;ﬂhasnﬁglﬁdllﬁbanﬁhl outTdi\% zi*egieRtel MAd®RRmWashed

Wb\benerlme %\é(dqu ca@é‘chﬁé)fftﬂe%g tﬁ/}@gtggg for JnQde -hqglgq V\??e\'f_onclcrielfl%ﬁ

t B
S LR S A AL
feelapied &ineiiih copper a5 chatpingsmetal: 2 siordicath yinagasp ini teeloaihdi t i on

cdpacity 56 oechhdtapb TRy the Guéi hABNEptGR B C thk VihiBP-1 &
Bsuns Bhte rbdh, ddstlof the &ﬁahMar@ﬂ’gﬂe&é QQ elgtled r?s‘ﬂle uqbolléd

AL Vb Sl BBl b
fﬂé‘ﬁﬁ"ﬁﬁfe%nponent s that could negatively affect the
i nt e Badti selactedodonditions) Bfe- rdquited i po@RAL ih.the ThRInG @hga&Ty

Rdsafead Sflieds t&ﬁﬁl@f Wlme.sgmégﬂyread{/ﬁtapésr $he GO FeLe'v%? ak&d by

er and

bration

teLaH\%Il% ﬂg%&%& '”"F'?]%'%" fe S“mmaaseedﬁa Mest of r-hTBP-1 by 20
oper &b§ GFpugstep S TBR peifamesby themigl-ciaigle chnuategranay,
showethe fofldwing chegdcterigits: 2000 ml / sgcm hour. The columm is
{.i contenyisih Q§-3No‘drboﬁc@hﬂalhénm? abtep Mofnﬁénsmlfh thel diie UV
%\%%g :ﬁﬂaches the baseline and then i s washed with

§ ter and the columm effluent is
fi EuglicptisniThe 5%p s effeqtivsrin the redugtion & dhesantarpipants, asrrbovet init | on
Fabfefler and col |l ection of eluate is started when a W
$ | SpAadbililySTHI Hef6d 1S Suitabld ¥or s@élé’&d éﬁ@ m@ﬁufefcfuﬂ’?&%@a’lel ' S

ﬁﬁ@%ﬂb n ehh)f ge g%p 1S sa%sfact%n{ as &h?wnﬁn?.%gr %r i s

col | B %fa‘m&ﬁ*af Séﬁpdsr @a/ fagt, feproze@'e aPe €agy 9 bprgarriedsout. The
legigyeande pused afigr the apprédvate $anitiztjenad adchasgingouf f er and t he

col URlithermBree tel MAMtadiafitaglis SG ARSI of RE* EREL Ot cat RE
Qi,r,lg,l,'ggdgssfo, @Ql tized wit 5 BV of sanitization

t1on or storaig the colum is washed with 5 BV
iy ) 4° GHfrigsins bies -2 o phr-hTBRA @oainst 9257 dat a
%mdmquhm-eese“[ ep are sunmari zed in TABLE | bel ow.

* Improvement of the purity level of material after capture step from 30-35% obtained
by the Zn-resin to 40-50% of Cu-resin as shown in Table 2 (quantitative RP -HPLC).

* Reduction of the number of washes step from 3 of Zn-resin to 1 Cu-resin with a
reduction of working time and buffer consumption.

m nary
e
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WO 2004/ 046184 PCT/ EP2003/ 050824 -14 Performance of
the capture step (conparison with zZn2+ | MAC) The

we aptiasst ep was originally carried out on a PCT/EP2003/050824

Zn2+-chel ate | MAC col utm. However, the | oading
capacity of the capture step for crude r-hTBP-1 was
considered too |ow (250-300 ncg r-hTBP-1 or 40 col umm
vol unes of crude harvestim of resin). By 5 replacing
zinc with copper, as charsging netal, a significant
|ncrease in the Ioadlng capaC|ty has been obt ai ned.

A . -P HNBP el a{iRend détepy IEMAe r- hTBP-1 is
bound to the resin, nost of the cont ami nant proteins

ar e nl ||+ F\A |n +|nr\ ||n|nn||rrl 'Frar\i-u fa¥al onhl s.om pllrjfl ed

TBP-1[i s obt ai néi:i”.”ﬁ' the ellution wi t{ ampurl y
| eyBPNsy| Pample f pMolume  |mim\Tofgl g epg reco®ndy | he

selfect ed| condi ti ons, thg required inprovenent i the
i g ' : ; e Fih sone
/ ages. e miSt relld¥ant redilts rellative

-drhevnd | ndAt i on 1& e sdBmari sed1Bel ow. The
ﬂve@. of rngBP- A4per i onzed by tme met al

bbbkt hao £ A1
rato apll_y, TTOYV et 'ﬂ"‘ﬁ‘g_
'qu o o (g%fent ?_%_?J_on ’>E 30 fold

htard n of MOhTBP- B2 in|eonpari S(bﬂ— wth the

Cryide  NAGNRHd ( 00 1aD1|@el) - [40 rariii qpltl o[ he
Stfp ES f'FDCfi\vl nfh\_ redu(: |nn r\f t

ot ami nhf ?sg’ as gnovvn |Hz Tab -é 1. 3. ééal eabillity:
The met hpEutios suil &bl e f|@14 scaB@ up ang9hanuf acquri ng
SCARBN 3 "j'"—'_‘"‘”“"'.'-_"_:-"“—'~;_'——"-‘7'—"7_-'__"’ step
isfsatisfactory 'Pp 2 Furthermile the

steép is yEguUdas 130Peprcdl§‘ci bl 8%nd ea$$®to be ¢arried
ouf. The|Weshi n cass be rgqused abter the|appropri apte

safiitiza ggﬂdndnd FECargyipg- Feht TET O g6 L 1TE mri n
ad\y_a_n_t_ag use—ofl Cu2+!igver——Zn2ican-be

sunmar | sed as fol lows: 25 H gher | oadi ng capacity:
ImM of Cu-resin binds 1-1.2 ng of r-hTBP-1 agai nst
6. 25 calfllated on) thertotabdmadiit-of rtBR-1 loaliedpr ovenent of t he
purity level of mat eri al after capture step from

34 prutpRs.  of vvashes step from3 of
@gnbremmmufteo I Cu resin with a 30 reduction of working

ti e g8 fhi G869 BFthdMBsHERR L@ Brd 17.53 g of NaCl area added to 900
ml of water with stirring. pH is adjusted to 3.0 +/-0.1 with 50% NaOH and the volume is
adjusted to 1 liter.

Wash buffer
0.68 ml of 85% ortho-phosphoric acid is added to 900 mi of water, with stirring.
pH is adjusted to 4.0 +/-0.1 with 50% NaOH and the volume is adjusted fo 1 liter.
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WO 2004/ 046184 PCT/ EP2003/ 050824 -15 TABLE 1: Capture
on Cu-chelate r-hTBP-1 - Recovery data by | EMA RUN

wW@200ploe 1801 une ncg/ M Total ng recoveryO RUN PCBER2003/050824

1200 8.5 10.2 --- Unbound 1300 1.0 1.3 12.7 Wash 98
1.4 0.12 1.2 Elution 45 234 10.5 100 RUN 2 Start 1100
8.2 9.0 -- Unbound 1200 0.9 1.0 11 Wash 88 1.2 0.1
1.1 Elution 38 214 8.2 91 RUN 3 Start 1200 8.2 9.8 --
Unbound 1300 1.6 2.0 20 -1éAddash 88 1.6 0.14 1.4 El ution
41 200 8.2 83.6 5 0 calculated on the total anmpunt of
EltiohiBE¥et | oaded STEP 2 - | ON EXCHANGE CHROVATOGRAPHY

ON SB ﬁ%?bié%ﬁo E)Eostpigﬁ§§<fd @h hPBs @Bf hﬁ@fefr@&dﬂed% @oo ml
ui l i br.at.i u
er W“ﬁ SUBHoP & ”‘S’B."%"Df%ng ‘Sz? ?Qﬁ?a?ﬁd e V@ﬁ”‘%&ded

@U%@’“Fﬁr of water with stlrrlng pH is adJ usted to
3.0 +/-0.1 with 50% NaOH and the volunme is adjusted

RBgeherhtloh 8fiffer VVASh buffer 15 0.68 nl of 85%

ort E%a P?fﬁfbﬁ%ro'rt& }re_}ics:rlah%ncl id an??%&goofilogl aEJ ad gdlt‘é‘%c{erﬁr £0%
RiWFer-anill stirieg- b ig agjusted t%@P%Pst with 30% NaQHj andthe vpjgme is
44084 PCT/ EP2003/ 050824 -16 Elution buffer 3.37
m of 85%orto- phosphoric acid and 17.53 g of NadC

&L iz de ,ﬂ&p 900 M of water, with stirring. pHis

aaju O 0.1 wth 50%Na0—|andthe vol une is
adi i ugp gaf ltl:%pﬂ ar? plfsgp/ed in 900 ml of water, with stirring and the volume is

adjusted to 1 liter.

Storage solution
200 m! of absolute ethanol areadded to 800 ml of water under stirring.

Column Preparation
The column is packed with SP-Sepharose FF resin, following the

manufacturer's instructions, up to 6-6.5 cm bed height.

The column is sanitized by flushing 3 BV of NaOH 0.5M followed by 3BV of
water.

The column is equilibrated by flushing 4-5 BV of equilibration buffer. pH and
conductivity of column effluent are checked (pH 3.0 +0.1, conductivity 29.5 + 0.5
mS/cm) and the column is eventually further equilibrated if the measured values are
not within the indicated ranges.

NB: Alternatively, the equilibration buffer can be replaced by 25mM Phosphate
buffer pH 2.8 +/-0.1 without NaCl; the wash buffer can be eliminated; the regeneration
buffer can be replaced by NaCl 1.5M; and the storage solution can be replaced by
10mM NaOH.

Procedure

All operations are performed at a temperature of 2-8°C and at a flow rate of 40-
50 mi/cm/hour.
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5 Regeneration buffer 3.37 m of 85% orto-phosphoric
acid and 116.8 g of NaCl are added to 900 m  of

wowR0en4618d t h stirring. pHis adjusted to 6. 00. BCIEPIN03/050824

50% NaOH and the volune is adjusted to | liter. 10
Sani tization solution 20 g of NaOH are dissolved in
900 mM of water, with stirring and the volune is
adjusted to 1 liter. 15 Storage solution 200 ml of
absol ute ethanol a readded to 800 ml of water under
stirring. Colum Preparation The colum is packed
W t h FisBenSdyihR ebleindtHranespiare stepl dutianl is thatvérieeithét it room

%nlﬁ%t@r%tol" l6€l2°@ The sili fsUiubtedBom 8P 102 63602 b§ TudARB5%

ht. The colunmn is sanitized b | ushjin BV of
ROt 511 T CPTSHEI B Ph e poent o i s
adging splid sediustchlgyidef and) thi iselgfion istpaid qoftheesgiuini. iABerdqadingis
baniplegd, thgdtdiuennas AuSRBEAIES BV ot equitifratio® bufsifolived bienBy aff e
GRAGKRA AtbhiivenD 10 washing Glkof ey &R 68 elinfihated (%8 S/ €M
Bﬁdbt e colum is eventually tfurther equilibrated if
8 asured values are not within the indicated
r angéBen efytien with elsiion fuffey g Istarted; WeTBEd siarts toekiteiafier 1BQrE40er
eamhiirstipapis diseeted yindd berfdlidving 3B EV vehich Bupfeb@k sepiipuiiied r-
BB dhe YNEdRAUThe RRfel iradibtais Wiplad BRI d £k RABCRRY stored at
gl °gllélnatted; thg regeneration Dbuffer can be replaced
yi et rosthan 1995t he st orage sol uti on can be repl aced
by  Afler 1€utit N Cpinpletedp dleed gelemn A Flusbese wilh iabowt 3aBY of
RQérentidAf@l Tha frdcGdN] 6 Al ampikd ahdlccandeditat a fl ow rate
of 4@ s%%gwﬂe&%@ﬁ’%ﬁu h iﬁ’u%%/fo%éﬂi%%%’&%%gﬁ’a%%wi 50824

-17 Frozen r- ,obtaine romcapture step elution
F@“WN%\Q/@B"deﬁtT?ﬁ’é‘Fes”é?croom tenperature or 6 2C. The pH
i s affpevis ddevbr enerBrents oighipstenargdn the ollayjngJABEEY) 85%

phosphoric acid and conductivity is adjusted from 14 3

m@@ ﬁé?for%%l??cersﬁhgégﬁmexchanqe chromatography step —

RUN Start SP r-hTBP-1
total mg recovery
CS R-HTBP-1/015 RUN5 436 95.8%
CS R-HTBP-1/015 RUNG 435 95.4%
CS R-HTBP-1/015 RUN7 454 93.4%
CS R-HTBP-1/015 RUN8 419 93.0%
CS R-HTBP-1/015 RUN9 576 97.6%
CS R-HTBP-1/015 RUN10 579 98.7%
CS R-HTBP-1/015 RUN11 382 102%

The following Table 3 shows the performance of the combination of the steps IMAC
and SP-Sepharose FF.
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addi ng solid sodiumchloride and the solution is
| oaded on the columm. After loading is 5 conpleted,

wao b@4podisem i s flushed with 3 BV of equil i brat PONEP2003/050824

buffer, followed by 4 BV of wash buffer.

Al ternatively, the washing with the wash buffer can be
elimnated (see the NB above). Then elution with
elution buffer is started. r-hTBP-1 starts to elute
after 180-220 m . This fdrst part is, discarded and
the followng 3.5 BV which represent sempurifiedr-
TOBUEBBHRUfity af ren TBR bld@iteddrom fiffgerd bautoesl fraction i s

sarrpl ed (5 X O 5m) for | PC and stored at 6 2Cfor

e . el-utd s—conppleted; the
el ot P R I i S PT SRR

Befter. The |SBAGR%ONn (1x{8200%s sarrpp@a “Bvns B$O%dar ded
it. For storlage, the colum is flushedsasi th 3 BV |of
Et OH 20%(or, alternatively vvith 15 10 I\Ia()—l) end
Reociil + narinmn thl S

At O 20
§ rgpﬂa‘%re in 5%%5 /o°l | om n 81%’ Tﬁ@tl’:auﬂs 'MSof
Perfor mance |of the cation exchange chM8%at ogr aphy step
RUN Start SR r-hTBP-1 tptal ng recoyery CS

R-HTBP-1I/ 015 RUNS 436 95 8% - - 435
|A3% T @P N7 454 93.4% CS R-HTBP-1/015
- -1/ 015 RUN9 576 97.6% CS

Progaduré 1/ 015 RUNI O 579 98.7% CS R-HTBP-1/015 RUN11
382 MND&Safdhs die@eforhddaiiong tefnplrhtere 23s43e8)s t he

per { AhdTBRfer UordNE NGO RABLOBP el \BUSHERS s, and

ep 46184 P

L e R i e e By A et
iseoncerrgted st ﬁ@amﬂmrderé@sfrm ig giluted withgabout RORNT oPwatert y  of
praicbncBitraf80 dgaireto 86 mi. Miee whshivy stépalettibda3hove 2% 23k hRe% GVP
RuRsmEsS0l- BS05

The conductivity of the permeate is checked: if it is < 0.5 mS/cm start with the
following step.

If the conductivity value is >0.5 mS/cm repeat once more the present washing
step.

200 ml of 50 mM Tris (at pH 9.0+0.1 and conductivity 0.55+0.1 mS/cm) are
added to the retentate fraction and concentrated again up to 50 ml of solution.

The operation described above is repeated three times, and, if needed,
continued until the pH and conductivity of the permeate fraction is 9.0 +£0.2 and 0.55
+0.1 mS/cm respectively.

The retentate fraction is collected and the ultrafiter is washed with three 100 mi
aliquots of 50 mM Tris (at pH 9.0 +0.1 and conductivity 0.6 0.1 mS/cm) adding the
washing fractions.

The ulfrafilter is washed and sanitized with 0.1 M NaOH (or, alternatively, 0.5 M
NaOH) by recycling for not more than 30 minutes. The ultrafilter is rinsed with water
until permeate pH is 7.020.5. The ultrafilter is then stored in 0.01M or, alternatively,

0.05 M NaOH at 23+3°C.



Serum Free 57% 77% 81% 98% GVWP Runs MSOLl- MsSO5 STEP 3
- SP ELUATE ULTRAFILTRATION 5 Procedure All operations

wae@4per8or med at room tenperature (23 3C). TheRCT/EP2003/050824
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ultrafilter stored in NaOH i s washed with water until
pH 7.0 0.5. The wultrafilter assenbled wi th nenbrane
is loaded with the r-hTBP-1 solution. The solution is
concentrated up to 50 m. The retentate fraction is
diluted with about 200 nilwvof wa ter 1o and
concentrated again to 50 ml. The washi ng step

descri bed above is repeated three nore tinmes. The

G]‘EdUC-UCbWEXQI_-IMGEtdFRlefﬁGﬂAIﬂJYim GlBePURRGSEFE It 1S <

Ch@fe,gﬁlnﬁglgﬁoqigt wth the OW ng step. t he

con uc TVl alue is >0.5 nS/cm repeat once nore the
?W Trig gH 801, copgstivily 0-BF040S/M Tris (at pH

EIufion blifferr$0roid MdkLpit 9.04011 y500nNDI4L) dontiliatiatyy.2-ausms/@dlded t o

tﬁéﬁen@%ﬂ&n%ﬁi@i %56&;!@%3' pﬂ% 0@6‘4’ 2 &t £Itglrn§tgel)ag %MrNaHP to 50

oper at’i on descri bed dbove I's

@BEZ&WS&'#HPZ’&M[N#?E'S and, if needed, continued until
tﬁi&@sgswamze%ﬁwa@qwowr@pw he permeate fraction is
9.0 0.2 and 0.55 20 0.1 nS/cmrespectively. The
@@t e fraction is collected and the ultrafiter is

washeqg wi th uots of 50 mMM Tris (at
pH :306”?{"‘"53@63 %?%?{H'ﬁ‘g'f'%f"c"?)”'w ndiors s/ cn) addi ng t he
\ﬁ&@?ﬂ@ﬁ‘@e f #-8&t Progliematiyely, udor tefpératne; Ligeandion crette:a 2190
galonttomed wWith 0.1 M NaOH (or, alternatively, 0.5 M

25 nge"})H BYr-HrB6N Ghdt G@aﬁlﬁ%ﬁloﬂg I: e%ﬁ gnJ Ran o‘?fgfem AOHLRS -

ra er unt i pe r ate
T 08 b Sliioh Sl P i o Yoo condiniils g Bhegesd n 03
or, dihe edlumatis Ragkeg with Q-SeBhaldsdER lesiatioll @8R Che Mﬁhufacturer‘s
2@%&4&&%3%&%@03/ 050824 -19 STEP 4 -

SOl RS iRy o b Na?#{é .
?Iutlog UI| ratlon bu 1,
U0 o7 P B £ eers B o e Acshe it 4y VA oK DUl e

PRyilgrajgpwith 70@)3\1 of %@'bmﬁ‘b&@r rti@ndicroductiity gf cqurirOefiemt/ cm
checked (pH 9.0 0.2, conductivity 0.55 0.1 mS/cm). The equilibration of the column
is eventually continuously performed if the measured values are not within the
indicated ranges.

The column is then loaded with ultrafiltered r-hTBP-1 prepared as above. After
loading is completed, the column is flushed with 3 BV of equilibration buffer.

Elution is started with the elution buffer. Pure h-hTBP-1 starts to elute after
1BV, collection of r-hTBP-1 is started after the first BV according to the
chromatographic profile; then elution is completed after 5-6 BV.

The column is flushed with 3 BV of regeneration buffer, sample (1 x 1ml) and
then discarded. The column is again flushed with 3 BV of 0.5 M NaOH, rinsed with
water until the pH of the effluent is between 7 and 8. Finally the column is flushed with
3 BV of EtOH 20 % and stored at 2-8°C.




Regeneration buffer: 250nmM Tris pH 6.00.1, 2 M NaCl
or, alternatively, 1.5M NaC Sanitization solution:

w@2@MoMa®H. St orage sol ution: 20% Et hanol or 1BCTEP2003/050824
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NaOH. 10 Procedure Al operations are perforned in
the follow ng conditions: Tenperature: 2-8C or,
alternatively, roomtenperature; Linear flow rate:
80-90 m/cnR/ hour The pH of r-hTBP-1 post
Utrafiltration is checked and, if it is different
frompH 15 9.0 0.1, it is adjusted with I MTris or
NA PAld. al so checked. The col um

i's pamk eldlnl\ééstskbeﬁuﬁfbﬂ RaksR8 ifthe 8i&Stolier efn@ He OV Yket (1

C ®

TRRUSRGEH; Bhoed on b BB D Ul VBl il “ﬁerfce%éw"ng 3

BOich s nRielY ygedsonyiruses,fempii o ey drepsppimeser aWeﬁdé?d onfhedep t he
@W@M The appropsiate dealsi ardrinstall@\and fhe giserhaldenis biodefl éghtamoe 20
agtsn islimeatvel stvndl br @ eiftioRYuref, cREHdI dnbi BérAbdidano b)@fr\fit%?en pH
@g&ic conductivity of colum effluent is checked (pH 9.0

%nguctlwt 0.55 0.1 nS/cm). The equilibration

of t a1 SPeinpiPa °f © Brhipg ‘O%P'If‘gﬂe'&tﬁrﬁ’?ff"ﬁ%tm@'abé?sﬁm Aed if
ORdanand dhen e verd Malvedocaiedonthe disei-hdidenis bieped in nderdabegk
tergssn. The colum is then |loaded with ultrafiltered

r-h T&Fs) sélon% e ﬂlrs?ogcip%ﬁlqﬁg gﬁ(pgfrs éhﬂ]ieg)ént v%ﬁ Jg‘ﬂ%@i gmlldgr it

GoRl et Jhe colum s Thush

EFEPT BT encine TROFIF oPepgdie he fishf RresSire, 30s35 'eart h t he
el ut iToe membreneris they flushédwilli BIPthe 58 ik ptt kwiffergin eldert te assfiteer
1kBie me@blasCikwa Andio dimiRd8hr, If dré‘ser&tt%[\ﬁe&dthafsﬁ&[s dr R

fn‘leﬁlﬁrrané?é\{dﬁgrﬂu%ﬂé ﬂggr‘nﬂeéaﬁhe Hy omat ogr aphi ¢ profile;

t hen after 5-6 By. The colum is
1o B SiieDr e hatc ot perme 15 418 PRYPIHEP 264 ARFABO, 1 »
#prfoowsirat the Sepinning af tok fﬁ@mndwltrowres orshesdran an igitial g@ésare
bf U5 b dnanihehthd vEW vaNe 16kafad bh N8 Qlsk -hbliidn Seespeiind I ordkRicer

7
Eﬂ}gé the Lyfe@mmzl Bbn gs%ﬁ?sftgrw&@aﬁaoﬁs@%w%%%? mgogt {zﬂ ©0 0

m i s, flushe

ol
“ge Jéi%‘?'&%f' 03 angfhe "WS%%&?"G%&’S%”@@*W%%E B3/ 050824
-20 Sirgpitragen pregape)s kepF /APBHNb@RNIvensie solidn isTilered.
st ai Mhefieres saation BLpiROted ini sScohtiiférahd gdhd dhd toh@e filtration,

o] l ] S n ope! o]
grr;fr g&o%%h%r@)u%d;%}dﬁw ® geat HIJeq% | é)g’gd tr %\/ﬁét%@%g %SV

f| I[ter cartridge which is norrral l'y used for
vir u§é§‘e eBYreiiag filtraion, g suvtespis wesheglawith 6-14rmel ohthe elitioon t he
bgier of the previous step, at the same working pressure of 1.5-2.5 bar.
The washing solution is collected in the same container of the filtered solution
and sampled for IPC.



5 of the disk. The appropriate seals are installed and
the disc-holder is closed tightly. The systemis
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connected to the Nitrogen source. At the beginning of
the flushing the nitrogen is opened at an initial
pressure of 0.5 bar and then the vent valve | ocated
on the disc -holder is opened in order to purge 10
the system As soon as the first drop of liquid
appears at the vent vaI ve on t he d| sc -holder, it is
z : R : S Ftothe right
mueasmegolaudhs 3 5 bar. The rrerrbrane is then flushed
fuy [ to ass t hat
b bl A0l TR B B RAPKESDe SrofSRY B,
Peen the sheets of the 15 merrbrane and performthe
iBhitiendhuifery200 et TrioHCL e 56H0.1 107 M N&:R©4, syraiticivy 75:5imd/dne d
\WebdheldBin@biLitRh:PGHABd Widerf r Om t he previ ous step and

@ﬁﬁz@ﬁoﬁ%ut%ﬁ‘mﬂ &Qws at the beginning of the

nitrogen is opened at an initial
proEags gpletion:g% ghagolge 0 ehaQthen the vent val ve | ocat ed
on the disc -holder is openend in order to purge the
Pysebdre As soon as the first drop of solution starts to

appe he vent . val v [

cl 052\0| ogercf' OPHZ® RISy é‘ﬁ E? %tareto %agip(l? 3%‘@% Fgmpt?f flop 5
rage of 83:4p milcpaoury ﬁ?'\dé‘{ge'iﬁ% mae@egucr @-Segharospeluaie, past BOKD5 bar
dndfilrdienurdibretigal, ut t oK. Afer that kHe@ifsalition of the sl i éoaipREd,

%fé' p‘l‘ltlé anustea 1P h@ffmﬂm RcATheBlih Rehendlshefhin 418y 610 Of

ratio nitrogen source is closed and the
8&?1@§'de§%v°eﬂ‘ege"t“@teél i mi nate excess of nitrogen.
25 AtThe paluremig aeﬁin fluskedfvith 5r6aBY ofrequititinatiors indfer fihd sH wads hed

\bridtictifity 1 effitenOfpH t71%20.2 | ddhdubtiity Jous. tr%fcm?ﬁretch&k&f S igUs
%I eqﬂﬁnbrﬁtl iris eSHEN o{é’w‘ﬂel'f{}rgcc? rf g%ac'swe? FI ues %fe out of m?l r The

I ng solution i same con Her of
ﬁ?gesfl Itered solution and sanpled for |PC. 30 V\D

TR0 296 PErRrdaCTy &REOB 08D D the 2AUNGT &, Gfter loading is
bbAREGIHEB| dolumhlTERASRTES Gihth GNB\BUT ¥ailDERIAARGSE Whsh B fers

Aéﬂﬂlbéﬁgn%ﬁepggo i | bration buffer: 200 nM Tris-HC pH

é%ér %4/% onductivity 905 nS/cm5 El u_tlon
buf f &fter 2% = el sigtp gluigpThis fragfion cpptaigs s 4FHRP-1,
A¢rhdYe @by jof yotaf, 5@nterBihaier] by cell culture contaminants. This wash is
prolonged until protein elution reaches the plateau giving a broad peak (about 2 BV).

Then elution is started with elution buffer. The first 1-2 BV are pooled with the
washing sample, since it contains a small amount of contaminants and immediately
thereafter collection of r-hTBP-1 is started.

Purified r-hTBP-1 elutes immediately after the contaminated material and
elution is continued for another 2.5-3 BV. The collection is stopped when the UV
absorbance reaches the 0.5 % of max. After collection of r-hTBP-1, the fraction
(5%0.5ml) is sampled and stored it at 2-8°C for not more than 3 days.

The column is flushed with 3 BV of purified water and the fraction collected.



Regeneration solution:Purified water Sanitization
sol ution: 1M NaOH Storage sol ution: 20% et hanol or 10 nM
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tenperature of 23 3C and at a linear flow rate of
80-90 m/cm hour. Solid Na2SO4 is added to Q Sepharose
el uate, post 100 KD Utrafiltration under stirring,
up to 1 M After that the dissolution of the salt is
conpleted, the pHis adpasted to 7.5 0.1 with 3M HCl .
The colum is then flushed with 3 BV of 15 NaOH | M
f ol | olkegolyyyn ig Bapiitieefd with B BV o iMWaOH rand fiiser! with watemurititheagai n
foHus érR@ntid Holivebn BarBY. Of equi li bration buffer. The pH

and e Clauh /e SEdid Wi thred Bl vgfamgbf GRNGUGL VI LY

m- equi i Brati on
%t%rgﬁtﬁ%d%ﬁ?raﬂ’?rf?ré’?w& ?’TZVFFE'é?sur ed vaI ues are out
of i ndicated ranges. 20 The sol ution prepared as
=18 Kb A TRAFILGRATIONt he col utm and, after loading is

conplgt %ﬁ#red %E\ﬁé%é‘?mgeﬁmlw&ﬂﬁﬂe P%M‘rarfé :E\éa@éd with the,

f buf f e
Lok sl e sPion & Spehietep pibil e g 1

oregtee Ofﬁwl?ass fihearetentaln fragfian i diuted: withelaput 100 mi @f-we9/@rbout
@bncerdratall agatro tot BvhinBHeawhshiyy st beseribkd Hiiobe GO fdd! S

'ﬁl?ﬂwé n\/h@§ ﬁ‘hé c%ndu%n'i’nnpéf HepagE e Hr&&écl(edﬁf 0L % 'oré ﬁéﬂ ti«ggheB

f‘ﬁ n ? #Otate%u gl vi ng

QAR e Seted f edengiF iR b op & RSB %vash%%em [ st
$hould bBY¢peatesl. pool ed with the washing sanple, since it
cont o0 mi & bERBlffer igtBddBdto 19f reeRiE ﬁéﬂh&?&fﬂlﬁ SoréHitated agam

t h1BP- 1
P’[&Gz@'n%f%éﬁuron f1"r1f§ Sﬂnh@%@%ﬁﬁﬁ%& t%%s 2hd. | (r:rng%dg? ngfﬂ}
tpHeaneoﬁ‘deé’ﬁ‘I"Wan e pemente diaction ds 730*%4 atd Bf :;og wlem, nued
fespectivelyt her 2.5-3 By. The collection is stopped when

the W rahs®y PRIGSS rd%%&bﬁsanﬁ hc%d&:l oh tHe anallgpﬁltra ligr

gﬁ#eh g&l&)‘lpg %%ﬁé?ssen%gg wntﬁlth{e mfmgran e rﬁtsr}tat% rc:%nc? d !?S
&HG@“‘ Vel (@hotAv MR- The (Riente fmci!qﬁ 'sscweéfambtbp julrpfiser
wih utk iwaghedy afdirgdhel veshipdiattiond te the cONEErEBiedl -OPEP1B 2he
RGOl RALAEDR dler to ohikind1RaleOcbHiBtich S sbaW b& I ﬁ.g/mw h 3
ag ?&"J) alyb OH and rinsed with water until the

A usnt between 7 and 8. Then the colum is
f1 usHB U% Hgrhargiveshed Afdesanitizep With0-2 M Nagl kyfrecugiingfenst 20 %

least 30 minutes. The ultrafilters are then rinsed with water unti! the permeate pH is 7.0
+0.5. The ultrafilters are then stored in NaOH 0.01M at 6 +2°C.

STEP 8 - MICROFILTRATION
A disposable syringe is connecied to a 0.22 p filter, filled with the r-hTBP-1
concentrated solution, filtered and washed twice with 1 ml of bulk buffer by pooling the

washes with the filtered bulk. The resulting solution is sampled for analytical tests (15
x 0.2 ml) and stored at -20°C.
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and stored at roomtenperature for not nore than 2
weeks. 5 STEP 7 -10 KD ULTRAFI LTRATI ON The stirred

with the Butyl-Sepharose eluate. The solution is
concentrated to about 25 nml, under nitrogen pressure
of 3 bars. The retentate fraction is diluted with
about 100 m of water and 10 concentrated again to 25
m . The washing step desesdi bed above is repeated three
further tinmes. The conductivity of the perneate is
checkRagults dre patisfactory uiBleGtherguantitatidneand tphvly pdid$ bbvidwngs st ep
GBSy A RNdwRE-tablds (rdbRs Q0B @Y ediiborind He YRLHEGF biS afduate

anéRfr%@@aﬁX\@%ﬂhQ% %g?e@u{qihoul d be repeated. 100 m of

e retentate fraction and
c onc &Nt itigtio hig Riopess qfdhis jpveptign saheitialghrogglogrgriy step ath s
SPET shelae cplemn. disesgvandit fish alsce impprtepts the anoibintipn 10é dbedP |
\Sebiiarost BRomatigraphycht SDaMWEIWIY b Fovirig & B&hfederBAbRic pH.
fi§ #etd cBHdltloﬁs v BodiRbliSndie Bodh diBIEATy. suf,@agggwee' y.

e sca
SRS B B Y st P JOreeRly BB P, g
des E?FBISEQ!P'"\RP bhatiehie 2Ashraldgeacentfirer-iTBPdntoffestively reduce
contatitintsatoaeve Dsatidbhtdly RLVENOY BE Pkin(Ab@lbe saatl fr  The
r,,%g,qg, ,’i\;,{g,fa{,t[,,g,gtl on is collected and the ultrafilter
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abhowiten 2 @omes Gromgeérirh-fréy/culttcds, 2530 vakhdwhbeldw.71) . The
ultrafilters are washed and sanitized with 0.2 M NaCH
q. [EEY ingdé‘orlav 25 Ietast 30 m nutes. The

d wth water unti | the
perneate pHis 7.0 0.5. The ultrafilters are then
st or ed sPreepifdst 0. Qlsdphaadse6 Ryl STEBuR -
M CROFI LTRATI ON A di sposabl e syringe is connected to a
Lot tol il lod with the - hTRD- 1 3
Rt r|&%Pd sol JBtBn, fil{8Ped anPRashe
m of |Rebdvetyuf f @ecd[yywpoclﬂemyeWhe Reeavetye
I tered (cnpl K. Thexy esul ti r@sg) sol ut|i '
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N IRV toctc ll1E AV faa B a st ora

RO PRS b A800a) ooddh o 2d®sult
aﬂ@?actgéf"y unda®the quadb2tati didand p
RUNSw (@34 showjoky the T|@bkow ng @bl es
RUNGTEespnothegsgsut-tsgfsan—adegsate
RUNG |97.6 95.7 809 108
RUNG |98.7 89.2 873 101

RUN7 |102 90 81.6 100
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nunber of replications of this process (RUN). Most
critical to the process of this invention is the
WO pootioad18£ hr omat ogr aphy step on 5 Cu+2 chel at BC/BP20031050824
Moreover, it is also inportant the conbination of the
SP Sepharose chromat ography at an acid pHwth a
follow ng Q Sepharose at a basic pH In these
conditions, strikingly good results have been obtai ned
by subjecting a crude hatvest from CHO production of
hTBP 1 (Onercept). The capture step in particular
ABLES kguanfilptiondatde abl e to 25-30 fol d concentrate

FBUlBP- T Volulie €1 [ @B T VeI RuReiVed BiddiorkioTTt 4 'Bio!'ﬁéﬁ\ng to
t

Wend bl sfactory reg¢g off the protfein and tjo be
cal eabl 3%11! or ndustri F%%uf acturing.| Even norle

irprisilng i s t HE9Mct |£PR4E) out| S04 ng [PUIM9d ¢ ddt a
RUNDt githed bot29.3 V\/nemzt!:he st areeyng natjesssal 1S |a
"RONZ SUREF Nat a fromsgs o =gggsar gyttt ure

ﬁbwyb..t €OH °frﬂﬂ*°°rmnfr§§—GM44#££?_a&4ulI be

Nown b ﬂéM/ 15 TABLE 4Z¥7Step U cunul| &%%e reqovery

RN Sp-{$2Phar 0s386Q Seplaf ose BA®Y| Bul K280BI St e Step

RUN 5t gps Over aldo RecOy®z Yy REGOYETY HecWRE'covery
8

99— HRON-1—95-3—98-—234 M,L'..
e U T B R TR aal o 5 aq 4
085 318 RUN 2Q§.o 0820 90.5/19® 89 ReN5E 97.e 95. 7
80 9 108 83.3 RUNG6 08.7 890.2 87.3 10T 80.T RON 7
B knferl O afad By D?.o WD 2004/ 046184
PCT/E 2003/ 050824 -24 TABLE 5 - Bul k guantitation
. data Bul k Volune O D. Quantitative Bradford Biol.
5 ZARLEG-~BulkPufiydata (M) RP-HPLC (nmg/m) (ng/m) (my/ )
(1Unmy) O

R O<MNoO YOV nI—

Bulk Purity by | Cell Culure | Fluorimetric DNA SDS-PAGE
batch SE-HPLC | Proteins RP-HPLC Silver
(%) (ppm ) ¥ (ppm) 2 (pg/mg) | Stained

e (ppm) 1:-©
RUN1 |997 <6 <95 17 <100 ppm
RUN2 |999 <5 <75 10 <100 ppm
RUN3 |999 3 <46 11 <100 ppm
RUN4 | 997 <4 <65 12 <100 ppm
RUNS | 997 <4 <86 115 <100 ppm
RUNG6 |99.7 <2 <39 n.d. <100 ppm
RUN7 | 999 nd. <121 n.d. <100 ppm

By applying analogous process steps to the other TNF receptor, r-hTBP-2, similar
10  quantitation and purity data are obtained.



RUN 1 16 20.3 20.2 22.7 25985 RUN 2 13.7 25 25.3 26.2
27350 RUN 3 14 26 26.7 26.1 23834 RUN 4 13.5 28.6

wWQ@72004/0808£2 23003 RUN 5 16 29 30.2 28.7 23803 PEURPHOIE50824
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29 29 27.0 27339 RUN 7 13 20.5 20.4 19.6 27752 0 ng
of r-hTBP-1 obtained by OO 5 TABLE 6 - Bulk Purity
data Bul k Purity by Cell Culure Fluorinetric DNA

SDS- PAGE batch SE-HPLC Proteins RP-HPLC Silver (%

(ppn) 0 (ppm k (pg/ng) Ssained O (ppm 0-0 RUN 1
99.7 <6<9517<100ppm RUN 2 99.9 <5 < 75 10 <

ANALYHEAL PRGTOEOBS 9 3 < 46 11 < 100 ppm RUN 4 99.7 <
4. <65 1Quontitdi00 RP®IFLCRUBN iy pPBedire< 4 < 86 11. 5 < 100 ppm

RUN &hggol%wﬁ%igneﬁ%g Has doeen u;egotoptgmltlt Nu 7 R

<
el e LR T PV o b
c?a%dn'teﬂuaw kotweam ethTRI-1 end qqmtéturarcent@m:aatsnegbtanm The r-

2B OAGHeBHsdRET InEdnia A0 RV =aid 2ibpending oANALIrhiChich. The

BRI Bsclibed@e@Blibl.at i ve RP-HPLC- Worki ng pro cedure
The follow ng nethod has been used to quantitate the

r-hTBP 1 |n aII purlflcatlon sanples. It enployes a
ARuieptanaypalerglsged methedand n - propanol; a 5 good

ésaiutlcﬂlﬂMSyaemﬂuerckerhdtBaedt) and cel | culture

C OfHaARImMAMRrck 8r c@iifaiinfjed. The 1 hTBP 1 can be resol ved

[ 60'9'9"638'5'5&%{%????%@048 echlengdeq col umm batch. The

diure 1°s “pi'CQEqw pnent and
rrﬁ'tl@}f 136 agpepunEThod

- Eluent B: 0.1% TFA in water / n-propanol 50:50
- Eluent C: Acetonitrile

- Temperature: 23+3°C

- UV Detection: 214 nm

- Injection time: 62 minutes

- Injection volume: 10-100 pl

- Standard: BTC10, 1.53 mg/ml by OD 280 nm (&= 0.71) injected at 10 and 20 w
- Gradient:

Step Flow rate | Time % A %B %C
mi/min (minutes)
1 0.7 0 90 10 0
2 0.7 5 70 30 0
3 0.7 14 65 35 0
4 0.7 27 0 100 0
5 0.7 35 0 100 0
6 1 35.1 0 20 80
7 1 40 0 20 80
8 1 40.1 90 10 0
9 1 50 90 10
10 0.7 61 90 10 0
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10 - Analytical HPLC System (Merck or equivalent) -
Dynam ¢ m xer (Merck or equivalent) - Columm:

- Eluent A 0.1 % aqueous TFA - Eluent B: 0.1 % TFA in
water / n -propanol 50:50 15 - Eluent C. Acetonitrile
- Tenperature: 233C - W Detection:.214 nm -
Injection time: 62 mnutes - Injection volune: 10-100
| 20 - Standard: BTCl0 , 2¢.53 ng/mm by OD 280 nm (e=
0.71) injected at 10 and 20 A - Gadient: Step Flow
e TiGgculalion oo B % C m/mn (minutes) 1 0.7 0 90 10

0 2 The Ambun Of BATER-1 @ dach/pulifbafiln s3MpIO hadt b&dn BbRifiedasl 00 O
Bolfws? 35 0 100 0 6 1 35.1 020 80 7 1 40 0 20 80 8

40.1 90 10 0 090 10 0 10 0.7 61 90 10 0 WO
SotPE B city P sbn gt JS o #ansebB10 ) assortnedbiten The
&Rt of r-hTBP-1 in each purification sanple has
been obtained as follows: calculate the gesponse ]

f act opgp BE) /f;0r the standard (BTCl10) according to the
Rio il aﬁ’ = TBPl ncg / n

Multiply the r-hTBP-1 peak area of each sample by the RF of the standard
obtaining the concentration of the sample in mcg/ml as shown:

TBP1 mcg /ml = TBPI1 peak area x RF standard
Please note that:
¢ The BTC 10 used as standard has been chosen on the basis of availability;
* The retention time of r-hTBP-1 peak can shift at each new buffer preparation (1-3
min);
¢ Concentrated sample has to be diluted in eluant A.

2, Fluorimetric RP-HPLC - Working procedure

Based on previous experiences with other recombinant proteins a RP-HPLC
analysis with a fluorimetric detection has been set up to estimate the purity level of the
residual cell culture contaminants both in r-hTBP-1 bulks and in in process samples
since no immunochemical method was available when the purification study started.

This method was found useful to monitor the removal of cell culture
contaminants in the last purification step, i.e. Butyl Sepharose chromatography and it
was determinant in the selection of the operative conditions of the above step, since it
could be used to analyze the in-process samples and no special materials and/or
apparatus are required. The RP-HPLC is fast (run time 62 minutes) and gives results
comparable to the immunoassay when this test became available. Since a standard for
contaminants was not yet available, a BSA solution from Pierce was used as standard
to estimate the contamination level in the samples. As the quantitative RP -HPLGC, this
test gives a good resolution between r-hTBP-1 and BSA area.

cod 5-8851 - BUPEPM03/050824



TBP1 peak area Multiply the r-hTBP-1 peak area of each
sanple by the RF of the standard 10 obtaining the

w@oemgentisat i on of the sanple in ncg/ M as shownCT/EBR03050824
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ncg / m = TBP 1 peak area x RF standard Please note
that: The BTC 10 used as standard has been chosen on
the basis of availability; 15 The retention tinme of
r-hTBP-1 peak can shift at each new buffer preparation
(1-3 mn); Concentrated’sanple has to be diluted in
eluant A. 2. Fluorimetric RP-HPLC - Working procedure
23 BaseHaupmeni, matedgleand methed ences wi t h ot her

r-Acaytit HRUT Sypteat (MerdBoraqiRBlehPLC  anal ysis with a
f_bymicMRler i ¢ detection has been set up to estimate the
pwrity |level of the residual cell culture
cgﬁ?rgyrﬁnﬁgeﬁ?céorg\éﬁnﬁ"?rﬁ’qtf‘"-aﬁ"l‘gP-1 bul ks and in in process
s &AM dquagerp RB-3PQ; 7i. Irawnles Fedvits22l cmmeed 13 di1-0R88, avai | abl e
Whppiied Biesygem i fi cati on study started. This nethod was

LMo ALSES suedu@riPni tor the renmoval of cell culture
25 coptamnants | n the last purification step, i.e.
BE%‘?/’]QE'%'??}&?‘&%G@WF' mat ography and it was deterni nant
i- Fentrsetuge?3E8iG on of the operative conditions of the

abhexatioh:@gonnbi Nce it could be used to anal yze the
i_;g-etgr oc_e&ﬁm%arrpl es and no special materials and/or
5 :

aratus - are required. The RP-HPLC is fast (run tine

6 Plepop vriue) 10398 1yi ves results conparable to the

- matton aBs 8Yminlked thi s test becane avail able. Since a
S [ gk f ] npt. yet avail able, a
B%%%ggjl %Al (g{ﬁrc%%oﬁ(ﬂﬂitd@rmg gﬂ%zo %\@28 " g@e d%ndard to
2SR TSP hkS3ea ol RrPR 28 non(er VD1 asitis 2001 injssieps] es.  As
t RTBRUaAhpiésat-6 me/mRby oo om (é=hi79). test gives a good
L83@bitt i on between r-hTBP-1 and BSA area. WO

2004/ 046184 PCT/ EP2003/ 050824 -27 2.1 Equi pnent,
materials and nethod - Analytical HPLC System ( Merck
or equivalent) - Dynamc mxer - Fluorinmetric

det ect diStepVar [ Bibwale CQimEal ent j, o - Qo g pguapor e
RP- 300, 7, Brpwnl.ee, 0 22 cm - god 0711} 0059,
Appl i ed-Bi ncy:%rhﬁ- E E)Tgn#fé A 90 1 % '%geous FA

1 2

2 2 5 70 30
3 2 15 65 35
4 2 25 50 50
5 2 35 50 50
6 2 36 0 100
7 2 45 0 100
8 2 46 70 30
9 2 61 70 30




- Eluent B: 0.1 % TFA in Acetonitrile - Tenperature:
233C 10 - ?, excitation: 220 nm - X em ssion: 330 nm

WO 200af0eas4 on vol unme: 10-100 | - Injection tiMeCT/BR2003/050824
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m nutes - Standard: BSA (Pierce) 2 ng/m dil uted
1: 100, 10 and 20 | injected; 15 - Control: BTC10 ,
1.53 mg/m by OD 280 nm(s= 0.71). as it is 200 |
injected; - r-hTBP-1 sanples: 1-5 ng/nl by OD 280 nm
(s= 0.71). - Gadient: Segp Flowrate Tine %A % B
m/mn gmnutes) 1207030 2257030 321565
50 52355050 62360100 72450
100 e 2mdnt lcottBminghts2n 6dch BltyBlrifiodon\dengld RbRMEL &4
RedEP2003/ 050824 -28 2.2 Cal c]chI ation The alrmunt of
am nant s ea But urification sanple is
3Pt Rled ™ Toreg 31D o ik ella @S Rerorisg et or
(RF) for the standard (BSA) according to the formul a:
F BsAhA iffegedi Nj ected BSA peak area Multiply the
nt anpgenlisa@eaks area of each sanmple by the RF of
the standard

Multiply the contaminants peaks area of each sample by the RF of the standard
and by 1000 obtaining the amount of contaminants in the sample injected in ng.
Dividing this value by the amount of r-hTBP-1 injected the contamination in parts per
million is obtained, according to the formula:

contaminants peak areas x RF BSA x 1000

ppm contaminants = —
TBP1 mg injected

Please note that:
¢ Test sample has to be diluted in eluant A.
* The contamination of the control sample ranges between 190 and 240 ppm.

3. Analysis and characterization of the r-hTPB-1 Bulk
The analytical methods described hereinafter have been set up and used to
characterize the r-hTBP-1 bulk originated by the new purification procedure.

31 _ SE-HPLC

This method was developed with the aim to quantitate the amount of dimers
and aggregates in the final bulk. The method can discriminate between r-hTBP-1
monomer and its dimer and/or aggregates. This has been proved by testing some r -
hTBP-1 samples after UV treatment, a method widely known to generate aggregate
forms of molecules. Briefly the method is carried out as follows:

3.1.1 Equipment , materials and method
Equipment: Analytical HPLC System

Column: TSK G2000 SWx. cod. 08021 (TosoHaas)
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and by 1000 obtaining the anobunt of contam nants in
the sanple injected in ng. 1o Dividing this value by

parts per mllion is obtained, according to the
formul a: ppm contam nants = contam nants peak areas x
RF BSA x 1000 TBPI ng injected Please note that: 15
Test sanple has to be diluted in eluant A The
contam nation of the cont2®ol sanple ranges between 190
and 240 ppm 3. Analysis and characterization of the
rMebfEmbase: Bul k OFHéSedive ppespbalé pHheT Ifdiisodiessifitbed
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Briefly the method is carried out as follows:

3.2.1 Equipment , materials and method

Analytical inert HPLC System

Column: Mono Q HR &/5

Buffer A: 40 mM Tris/HCI pH 8.5

Buffer B: 40 mM Tris/HCI pH 8.5, 0.3 M NaCl

r-hTBP-1 injected the contam napCTRPI0N3/050824



bulk with the aimto replace the chromatof ocussi ng

techni que generally used for the above purpose. In
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nore advant ageous because is faster than the above,

requires |less material (150 -200 ntg 15 instead of 1
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pretreatment of the test sanple. Since r-hTBP-1 is a
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220 nm

10-15 mc! corresponding to 150-200 mcg of r-hTBP-1(by OD)
70 minutes

r-hTBP-1 bulk and reference diluted 1:2 with purified water

Injection time:
Sample:

4. Quantitation of r-hTBP-1 by OD

The concentration of the r-hTBP-1 bulks produced in accordance with the
present invention was determined by optical density at 280 nm using the molar
extinction coefficient (€) calculated in house on r-hTBP-1 bulk produced during the
initial phase of the purification of r-hTBP-1. Three representative r-hTBP1 bulks
produced with the new purification process have been used, obtaining €=0.776. This
new extinction coefficient will be used for the scale up and production phases. Since
the concentration of the bulks is in the range of 20-30 mg/ml, it is necessary dilute the
material to 1 mg/ml with bulk buffer (40 mM PBS pH 7.1 +0.2, 10 mM NaCl), prior to
test the absorbance at 280 nm.



Injection tine: 70 m nutes Sanple: r-hTBP-1 bul k and
reference diluted 1:2 with purified water 10 4.
wox@anidiss i on of r-hTBP-1 by OD The concent r at PONEP003/050824
the r-hTBP-1 bul ks produced in accordance with the
present invention was determ ned by optical density at
280 nmusing the nolar extinction coefficient (c)
cal cul ated in house on r-hTBP-1 bul k produced during
the 15 initial phase of ®Bke purification of r-hTBP-1.
Thr ee represent atlve r-hTBP1 bul ks produced with the
P piein detesmingion by Bradiasd have been used, obtaining
c=0. 776 Bra]ﬁhidSnetmﬁiwa@ébd B GLanttate &P hrblela AMe rWThBP-1 Bk Used

fQke ﬂr&%ms . AnddRic B cAR EV% b&’d“zéﬁhﬁs%%nd éfo&%?ck,z%l@.g 0

%WS b Q0 G b6, ot e AL B0, . o
5 W|th bul k buffer (40 MM PBS pH 7.1 0.2, 10 mM NaCl),

[& i orin Wigo Bigdédsdyest t he absor bance at 280 nm V\D

2[996!66‘2%}&4 h@‘ EP glggr?‘\ %‘B%{?‘mgmﬁit«éaﬁ used o

ation for was used
agsaﬁBog]WF?Tﬁ?&esfwesﬁ?ddﬂﬁ ns in the r-hTBP 1 buI k
(see Bradford, MM Analytical Biochemstry 72:
248- 254, 1976 and Stoscheck, CM. Methods in
Enzynol ogy 182:50 -69, 1990). The standard used in
this test is BSA. 5 6. In vitro Bioassay The
bi oactivity of r-hTBP-1 consists in its capacity to
bind TNF a. This test was used to assay both the in
process sanples and bul ks. WO 2004/ 046184
PCT/ EP2003/ 050824 -32 CLAIMS 1. Process for the
i sol ation of pure TNF-bi nding proteins conprising
eluting a crude solution of a TNF-binding protein on
an Immobilized Metal Affinity Chromatography (I MAC)
usi ng copper as netal. 2. Process for the purification
of reconbi nant TNF-bi ndi ng proteins, conprising, as
capture step, an Inmmobilized Metal Affinity
Chr omat ogr aphy usi ng copper as netal.




3. The process according to clains 1 or 2, wherein the
elution fromthe MAC colum is carried out at a pH
weomwpoiaed between 2.8 and 3.2. 4. The processPCT/EP2003/050824
according to any preceding clains, wherein the elution
from the IMAC colum is carried out at salinity
conprised between 14 to 16 nS. 5. The process
according to any preceding claim which further
conprises the followi ng steps, as internediate steps:
an | on Exchange Chromat ography (I1EC) at an acidic pH
ably between 3 and 4, followed by an ion
exchange chromat ography at a basic pH, preferably

betiee rPr&:e?d’\‘gr tADisol&ion EmﬁreWN@ Cbﬁl%lﬁg Aofeiis gdrr[bgsuig LY a
precedi ng G

pol i shifig step P OfWN rbé'ﬂﬂ%ﬁmt@m |°Htagﬁ%‘99"5ﬁd Metal Affinity
ChronaﬂHﬁW&ﬁH?mUNW@Pﬁﬁmgcqﬁﬁaﬁmﬁébss according to any
pr €cediRgpesd dormthewiparifigdtion e CRecontina@NANP-GhaRN Yor@diep | S

foll O\Aﬁﬂmﬁlémérhs'ébﬂtlfr@&éd bk Wo@i&e@ﬁﬂ@ﬁ}Aﬁ%ﬁy CtomdSoRpRS S
accor di pg %pgggmgrecedl ng claim wherein the
TNE- bi Jg% protern is reconbi nant h-TBP-1. 9.

Pr dcess P B’Pc‘isﬁ ecRERY oLt Ieor Brwhareingm. ehitiepifamthpiCei n
conpr i seluyn issatiatautrga pid conpused bativerg 2i8laed P2.ot ei n

acapr diThg ploBesh REcoRfn@ S &Y pricedaY R, Rherdil) G RILGHSRNY
clai ms. "the IMAC column is carried out at salinity comprised between 14 to 16 mS.
5. The process according to any preceding claim, which further comprises the
following steps, as intermediate steps: an lon Exchange Chromatography
(IEC) at an acidic pH, preferably between 3 and 4, followed by an ion
exchange chromatography at a basic pH, preferably between 8 and 10.

6. The process according to any preceding claim, which further comprises, as
polishing step, a Hydrophobic Interaction Chromatography (HIC).

7. The process according to any preceding claim, wherein each
chromatography step is followed by an ultrafiltration step.

8. The process according to any preceding claim, wherein the TNF -binding

protein is recombinant h-TBP-1.

9. Process for the manufacture of a TNF-binding protein comprising isolating
or purifying the protein according to the process of anyone of the preceding
claims.



