PROTEI N PURI FI CATI ON FI ELD OF THE | NVENTION This invention relates generally
to protein purification using a two-step non- affinity chronmatography
process without the use of an in-process tangential flow filtration step.
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poses a formidable challenge to biologics manufacturers for several reasons.

Manufacturers of protein-based pharmaceutical products must comply with strict '
regulatory standards, including extremely stringent purity requirements. To ensure
safety, regulatory agencies, such as Food and Drug Administration (FDA), require that
protein-based pharmaceutical products are substantially free from impurities, including
both product related contaminants such as aggregates, fragments and variants of the
recombinant proteiﬁ and process related contaminants such as host cell proteins, media
components, viruses, DNA and endotoxins. While various protein purification schemes
are available and widely used in the biopharmaceutical industry, they typically include
an affinity-purification step, such as Protein A purification in the case of antibodies, in
order to reach a pharmaceutically acceptable degree of purity.

Despite the advent of advanced chromatography and filtration methods, affinity
chromatography is still often employed as a capture step to meet the purity, yield, and
throughput requirements for biopharmaceutical antibody purification in order to achieve
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proteins using non-affinity chromatography purification steps followed by a high-

performance tangential-flow filtration (HPTFF) step. As determined by the reduction of
C’ CHOPs (Chinese Hamster Ovary cell Proteins), that purification process resulted in
contaminant levels of about 144,780 ppm CHOPs after cation exchange purification,
about 410 ppm CHOPs after anion exchange purification, and about 17-21 ppm CHOPs
after HPTFF purification (final step), thereby providing a three-step non-affinity
process. The purification step of HPTFF, which uses a charged membrane to separate
impurities (without limit to relative size), such as proteins, DNA and endotoxins, and to
eliminate protein oligomers and degradation products from the mixture containing the

antibodies, was essential to achieve the final punty.
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throughput and productivity, while maintaining the integrity and purity of the molecule that is being
purified. Therefore, it would be desirable and advantageous to start with a simple and efficient
process that can produce a drug substance of high quality and safety.
WO002/15927 describes a method of producing a high mannose glucocerebrosidase
(hmGCB). US2004/0033535 describes antibodies that interact with osteoprotegerin ligand (OPGL)
and methods of treating osteoperic disorders by administering antibodies to OPGL. Boschetti, 2002,
TRENDS in Biotechnology 20(8):333-337 describes examples of antibody separation by hydrophobic

charge induction chromatography.

SUMMARY OF THE INVENTION

The present invention is based on the unexpected finding that polypeptides and proteins, in
particular recombinant proteins such as monoclonal antibodies, can be purified from a contaminated
mixture comprising the molecule of interest and at least one contaminant, such as host cell proteins

and other materials such as media



two-step process of the present invention, therefore, substantially reduces
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The present invention provides methods for the purification of recombinant

proteins including, but not limited to antibodies, fusion proteins with Fc like regions,
and antibody-like molecules, e.g. immunoadhesins, in order to achieve a highly pure
7 protein composition suitable for use in preparing therapeutic grade compositions. Asa
C,, result, it is an advantage of a method of the present invention that the highly pure protein
composition is suitable for use in preparing therapeutic grade material and can be used -
directly in hurnan therapy.

Thus, in one embodiment, a method of the invention is directed to purifying a
mixture that contains a target protein and one or more contaminants by (a) subjecting the
mixture to an ion exchange purification step and a hydrophobic charge induction
purification step, where there is no in-process tangential flow filtration step, and (b)

isolating the target protein.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, "protein" refers generally to peptides and proteins typically

C, having at least 5 amino acids or more which are linked together by peptide bonds. A
protein can be an antibody, receptor, ligand fusion protein (which comprise at least a
portion of two or more polypeptides that are not fused in their natural state), etc., e.g.,
see US2003022921 and US 20030166869 which are hereby incorporated by reference in
their entireties and which list various proteins that can be purified according to a method
of the invention. Polypeptides can be from any organism (prokaryotic or eukaryotic),
particularly from mammals. In addition, a protein or polypeptide purified according to a

method of the invention can be an antibody, fragment, or a variant thereof.
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contrast w th pol ylifxadaduchad growthyfadure Extaplayruntiydne ﬁhluﬁg/mn@qiolme;itided digtassed
varied antibodies directed a i fferent deter i.to of an
ant i gﬁr, wher eas nBISE! @F?é:lrepa%ﬁ? {ﬁ?g%eéls @c‘b"imrt’é'éf”ét é‘g‘ﬁg’dg Pﬁ’é?gé“’“
det er [ nant on t hea@mellgRtwn thike drerSslublenBtigat, Qiﬂ&hgmeﬂtsﬂ.hdaﬁ”@pu&iangconjugatcd
anti bodi es, indicates, the, character of the anti bod

.bei - 6
D006/ 110577 POT! UaUTlsT GiobEss COUEFTIA B PR PR Fone ous

popgl ation o; aRt [ bﬁﬁhﬁﬁbr&ﬁ%ﬂole&l@?ﬁuclﬁ a5 ﬂaiﬁeptdis;) m%xﬁgﬂﬁoga&sé RGuihe ieﬂﬂ:cellular
pro uction of the nti.bo ny articu ar netho or
monocl onal ant i bodf'@83g8 eF%‘%@“S?%@QﬁT“‘F HUBR9EEHh %‘éﬁ‘i‘”ﬁ‘ég nEﬁfé‘BﬁS%th‘b

conventional hybri ga¥mhein8@hoRbREN: Ednlbs Lsdd@S HeiiRgrndiin A &lis eé;n iz denvd?ﬂﬁﬂ'foﬂf e
256:495 (1975), or thegﬁfcan be nade uil‘?ﬁg reconbi nant, DNA net hods %
e.g., U'S. Pat. No&natyrabspgresgers. cangeifist iBesaPr ma barsts ‘é@c*&%aﬂeafs%asgows 4t ed

from phage anti bodyechhbih@it te@Bniques tdd rehﬁh@@wfsﬁ%m&ﬁﬁé‘xﬂbl@&ﬁeg descrl bed in
Cl ackson et al., Nature 352: 62 -628 991 Mar ks et al Bi ol .

222:581-597 (1991): ancAljeaiibosyfiagm 01“3532‘2‘33‘5&69""“”509?0@111@5‘]1 35“‘!??11 aghg:
5,427,908 5, 580, 71%@11:51:1)9&9@319&; bilﬁiiﬁlg70¥ wirthble r'églglgﬁnet%gfg Examples of antibody fragments

inclide Fab, Fab', F(ab'),, and Fv fragments; single-chain antibody molecules;
diabodies; linear antibodies; and multispecific antibodies formed from antibody
fragments.

C. The term “monoclonal antibody” is used in the conventional sense to refer to an
antibody obtained from a population of substantially homogeneous antibodies such that
the individual antibodies comprising the population are identical except for possible
naturally occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site. This is in
contrast with polyclonal antibody preparations which typically include varied antibodies
directed against different determinants (epitopes) of an antigen, whereas monocional
antibodies are directed against a single determinant on the antigen. The term

“monoclonal”, in describing antibodies, indicates the character of the antibody as being
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@ 6,521,404] 06, 544,

; , 915; and 6, 593,081). The nonocl onal
ant i bodi es descri bed hereln |nclude "chinmeric" and "humani zed" anti bodi es
in vihich a portion of thé hHeavy and/or |ight chain is identical with or
honol ogous to correspondi ng sequences in antibodies derived froma

particul ar speci m@;f'mgﬁl onging to a particular antibody gd@agBeb10344bC! ass,
whi |l e the renai nder o chain(s) is identical with or honol ogous to

correspondi ng sequences in antibodies derived from another species or
bel onging to anotdbaﬁnedﬁtmystaitiamshmogwb@ mpslatiasofisatiiodies and iisagtnehes of

(US. “Pat. Nor 2 SlenElS Al rine ARy s b Bl RREE, AE Y L
81: 6851- 6855 ( 19384:)@15 Méhonianal asibbdibousat indhe presentinvauion @ngyc produned nebxg

anti bodi es are chi ner i.bod] ont.a erived
from non- hunan i rﬁ‘?ﬁ%gg %Eﬁ“ﬂ‘ma {Egi"“ imﬁ%%m Etsc afjt%yﬁgfﬁngﬁl 7e ?§6§49§| es are
human i mmunogl obyl $753, of flegicsi emiade asiig ﬂB&ﬂM:)maImDm :ﬁéthdd@@;ehymemmmaab]oe
region residues o ient are re e ari a

resi dues from a n‘{’)fﬂ6&3%%%‘%8‘8?%@?"86‘%&“3&? Bb%k? eg%‘??&"r? Ag° mﬁ%qﬁgé’ggp

(r: :Bgicit t ;)r lngng grraﬂ% p,fss{ﬂgﬁiﬁed]ﬁié\ljﬁgeicﬁﬁediﬁﬁldrcﬁﬁn;epﬁQ Natugd 3532 62af6ﬁa mfssn%g,h eaﬂgman

i munogl obul i n gﬁ‘é“ﬂ%ﬁ‘l“ﬁcﬁ@%ﬁ@o&?&?ﬁ%%flﬁg ﬁﬁ[ﬁrg?&ﬁ’[’F 51 ggg}s‘?

Furt Eer nore,  hunguszsd, ﬁﬂlid@&pﬁ,ﬂSﬁU&%S&@mf 5,9_@9,[(3§5q11_;i_[ﬁ337y\513w579?r e not found
in the recipient tjibody ar in th onor anti ba ese nodifications are
made to further rﬁeﬁqn‘féﬁ; g% i786k§555éﬁ}?;(§r5%ﬁﬁ&§aﬂﬁiE’S%%Pal t he humani zed
antibody will conpri sehsuofiécknial @libodies Abdcribdd HRtein Dalslle 'QRiherieNfld UhiRi A"y
two, variable domains, in whjch all or substantlallﬁﬁall of. the

hype@ari able | oc?ﬂi‘gg‘hdé?sr"é’%’ﬁﬁhap?@"'! prdachegyy apd/ns dishhehain s idatitd §1BBLUI i n and

al | subst ant i t@kdoYogdhd to@birdspéhdinR séRShdR@N M RfiBo i AeSverom dPARRMar species
i mmunogl obul i n sequence. The umani zed anti body optionally also wll

conprise at | eastorkelgnEing it RaFticHAr @?bm%%)@fﬂa@%wmeﬁem’@@mffbmz

i munogl obul i n CQiE%Jn?sPﬁs :Eéﬁﬂbs@ﬂntﬁ Eﬁﬂom&ldﬁ%h%'cbﬂfcswxﬁﬁng]%q&n&'s' HPdAtibodies
i mmunogl obul i n. For urther details, see Jones et a Nat ure 321:522-525

(1986) : R echr uarfisriged &pm another spegies aghslonging apotherymyody shes weehslass, sogell . op.
Struct. Biol. 2:533%536h 4894 anuguxezesrol 16025 tﬁwmb& fd dadiel Pfaﬂ;'gﬁﬁ £HAL0E

prepared based on thé sequence of a murine nbnoclonal antibody prepared as

descri bed above. (ENAFPehdgd.-fik, 16Rcnf domison ghal-, Proghiatk hasda SeinHen S§ 68 Hu#85hs can
be obt ai ned from(ﬁb@)ﬁum&qmmab@rﬁ o?thu}ﬂ%%fsﬁmméﬁ'gmi%&%%@éh‘%ﬁglo contain

non-murine (e.g.,. human) 1 mmunogl o I n sequences u5|ng st andard nol ecul ar
bi ol ogy t echni queastibgigs Véxéwan@n mlom@l sgracadaivedonaonhubiooynunegiebulinur | ne

variabl e regi ons 1@ sk ik Gilndn® ol WIRBAEORS haRin EEn0RSHEL AskifBk hods known

antibody) in which the hypervariable region residues of the recipient are replaced by
hypervariable region residues from a non-human species (donor antibody) such as

_ mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity, and

C,v capacity. In some instances, Fv framework region (FR) residues of the human

mmmunoglobulin are replaced by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues which are not found in the recipient
antibody or in the donor antibody. These modifications are made to further refine
antibody performance. In general, the humanized antibody will comprise substantially
all of at least one, and typically two, variable domains, in which all or substantially all of
the hypervariable loops correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin sequence. The

humanized antibody optionally also will comprise at least a portion of an
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@ 1n the art (see e.g., U 5 Patent No. 4,816,567 to Cabilly et al.). To

create a humani zed antibody, the nurine CDR regions can be inserted into a
human framework using nethods known in the art (see e.g., U S. Patent No.
5,225,539 to Wnter, and U S. Patent Nos. 5,530,101; 5,585,089; 5,693,762
and 6, 180, 370 to wyeagfkral . ). The nmonocl onal anti bodi es desrusiedider ei n
al so include "human" anti bodi es, which can be isolated fromvarious
sources, including, e.g., fromthe blood of a human patient or

reconbi nant |y pr epi@ERoglobwin copstars sraien (Fdvhisally thateEamipsimes immungglofulio. For
transgeni ¢ ani mal sgjRgl digh@s KM YRS Ea1( ?@ﬂf’é’ﬁ’&sz%??scﬁaﬁ’d’)l REc&hR8n M) Nich has

a human heavy chain transgene and a human lig ain transchronosone (see

WD 02/ 43478), XenméZQ%wééhqurp%CpﬂF%ﬁﬁmtl‘e‘iA!- 2585696 38Win, e.g.,
U.S. Patent Nos. 5, 93%pd8. & W%ﬁ&g%%%ﬁ%ﬁxg??mﬁ%égd bt 8fere 462, 963

to Kucherlapati et al.), and \ Mouse nc., described in,
e.g., Taylor, L. emuarehaggRpaiMpiiiody prepatied atsleRabeatabore. NS 28Pi6R U6 hea®hien, J.

et al. (1993) Inte J -_ : = : il - 3)
Proc. Nl . Acad, St ORIngRILARANG, A o efiinBtim BB Blieflor B3]
4:117-123; Chen, Jandengiater¢d998)taifMBOmdiinel(2.g...8RiaB30ymifiogietuliopeqeencestusing1994)
J. I mmunol . 152:29]12- X S - I 199 | n 1onal . | ogy
6. 579-591; and Fgﬁd\%\n‘gﬁz‘g‘?l‘%ﬂ"é@k&? kf%@’é’% R drarly ek 22#8’3‘3“: pybiRk e 1
5. 577, 397 5, 661, Oy -5, 8L 18 » 5Bk 299 anch.5 770 A% 5. 848 807 and

. . ; ) ) y ; ) ) , . . qan
PCT Publ i cation No‘éf‘gh?/@?“@fz‘?'%g‘é%a? 5‘?@@3@?&??"%“&? ﬁé’s@"@ﬁr SSPREs,  wo
98/ 24884 and WO 92ithb& the MifEin® TDRAréZidnstoan Kommpmtad éito @ahunan ffduranrkneingc| onal
anti bodi es of the _ipvention.can so b repar | m ce.|at ich
human j-nmune cel | s"’l“i@\?‘gsq“ﬁg&‘mﬁ‘é%%kfg? f'?‘ﬁ?@dﬁgﬂ’éﬁg’t ﬁgésr’]%gﬁ%“aﬂﬁi%gd%e%
respor@e can be gﬁmeg.atsed,wpgrssiesmgm@@/a?a@aza,smx/@lsamam10412

i mmuni zation. Such mce_are SCri in r,exampl e, U S, Patent. S.
5478, 996 and 5. 698, €T G FGpdis descrived FRRRsh poBES AT B e | s
used to SFSC][i be t wiich @ blﬂ:_ igﬂitéﬂ ﬂf@i_ﬁ bﬂ'ir.]bﬁ§scﬂfce@ﬁhcbulﬂﬁigi agdffoniftiedibod bea human
responsi bl e for antigen-bhi nding. e ervari able regqi conprises amno
acid residues f rorrPﬁ%mc(ifﬁ?ﬂo tg’rplr‘mj%gf]% RSB ar’“@'@g%ﬁé]xaﬂpgpéﬂﬁ‘ (i.e.
residues 24-34 (LI tinsglfl £Bmblk-BrnadKINVERoRE® (MedardxDnk NRridde@RINTG Raich hasar | abl e

domain and 31-35 (H), 50-65 (112) and 95-102 (113) in_the heayy chain
vari abl e domai n; s&¥RHIFALY &wgwg?n@é\gaéﬁ@@gh i sheonsome kit Biogi cal

Interest, Sth Ed. Byh3d78), MeabhiusTombhass, @ tdn@RetA! Mstivedines g 06 sHealdih,
Bet hesda, MJ. (199 pervari abl e | oop”

1)) and/or those residues froma "h | oop
(i.e. residues 26- Q’)ES' CiP§:79%6.055.181: 5y 143P; 61159684 E‘EB@N\*?BP%J Kycheitapati ez al),
and HuMAb-Mouse® (Medarex, Inc.; described in, e.g., Taylor, L. e al. (1992) Nucleic
Acids Research 20:6287-6295; Chen, I. et al. (1993) International Immunology 5: 647-
656; Tuaillon et al. (1993) Proc. Natl. Acad. Sci. USA 90:3720-3724; Choi et al. (1993)
Nature Genetics 4:117-123; Chen, I. ef al. (1993) EMBO J. 12: 821-830; Tuaillon et al.
C (1994) J. Immunol. 152:2912-2920; Taylor, L. et al. (1994) International Immunology 6:
579-591; and Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-851, U.S. Patent
Nos. 5,545,806, 5,569,825; 5,625,126; 5,633,425, 5,789,650, 5,877,397, 5,661,016;
5,814 ,318; 5,874,299; and 5,770,429; 5,545,807; and PCT Publication Nos. WO
92/03918, WO 93/12227, WO 94/25585, WO 97/13852, WO 98/24884 and WO
99/45962, WO 01/14424 to Korman ef a/.). Human monoclonal antibodies of the

invention can also be prepared using SCID mice into which human immune cells have

been reconstituted such that a human antibody response can be generated upon



chain variabl e domain and 26-32 (111), 53-55 (112) and 96-101 (113) in the
heavy chain variable donmain; Chothia.and Lesk J. M. Biol. 196:901-917
(1987)). "Framework"” or C "FR' residues are those variable domain resi dues
ot her than the h\épervarr able region residues. As used herein, the te

"i munoadhesi n"VHe&4Hat’es anti body-1i ke nol ecul es  which PETNER Pr‘é“‘?%

"bi ndi ng domai n" of a heterol ogous “adhesin" protein (e.g. a receptor,
qodand of enzy e mbldillrbRESEh hEGHDL ok HREA LORS o) SHUAAGIA Y IGDog P! a1
domai n. Structur mrunoadhesi n conpri ses ‘a’fusion o esr n
am no acid sequérﬁ@wwttﬂ’ﬂ’ltsnleetdrésr red binding specificity whi ch [ s ot her
than the antrgen rec AN 9 I of
an antibody (i.e. Oﬁ% t%ljre“rlti)l og‘%g%&f Pe%ig 13%!5&1% ﬁ@s@ﬁﬂ%ﬁ%aﬁiﬁﬁ@%gﬁg@gﬁt&%ﬁm
sequence. The i rrmtﬂmgj'wlwlhamreemtbmibr ajmawbmdmgeq’ﬂrerhwwamablheegmmmmpaﬁhesi n
is preferably derr ved f.rom 2,. chai ns sr n, noadhesi ns
conprising these regra(%lﬁéesgzli%s e pur &%ﬁgﬁgte el|‘1'1r111'g,5?‘c"‘l qﬁ?IQE.%:‘;phy
(Li ndmark et al . yesiiues 24r34r{bl), 5(NE6(Lz)&ﬁ&B-WELQmﬁﬂ&)lightdhamyanﬁﬂHMarmdcan be

bi ndi ng. domai " PEPERAL Y G b e RERPIE P RS bt Bl S Snis ko8 on o

derivative thereefalt &éqamiasngPaiteiimadSImnﬁmqugbalIhaérbsteitﬂ Eganwxdﬁ{éaﬂh SgvinE, a

correspondi ng natj ve ceptor,. | peci fi.c i ceptor is
from apcel | - gsur Hﬁ %@F@b‘éﬁ?ﬁk{?@m\%ﬁﬁﬁm%dé}(m F)TEE'Q?“ ‘ﬁﬁ? ﬁmrrﬁ. chis
honol ogous \t/\ﬁ ahmmb@anabwfloargged fsaunewscmtu.1)05(ssr;{agm)gﬂrm -dequB) mthecnghef r |
receptors, ic r.e nog ers g per gene famly
but are nonet hel S2dn ¥iaRle o 'E%H‘Wig)%&'ﬂa SBW@R%W{:{@&H%@ g‘?"“eyf@t‘bpt ors

f2 8{) cyt 81; nesh?mmzaggadlagﬁ%lg cgﬂaaa atFLRRT. M4, Biol. hod: Wl@ﬂ@@iﬁh))ﬂ'ﬁaﬁnw%;m "

110277 P U 1041 act|vity (receptor tyrosine Kipases nmenper s
of the hemat opoieﬁﬁeﬂﬂ‘lfsf‘i‘é éemlr«ﬁomré\ ﬁtstﬁir"esrcé]éeéﬁ{;ﬁ PRy HE r?gécg', and
cel | adhesion m)lrﬁﬁméses e.g. (E-, L- and P-) selectins. The term "receptor
bi ndi ng domain" is used to desrtgnate any native ligand for a_ receptor,

i ncl udi ng cel | adhesi OhUSibheein s terp fimmpposdbesing e gnales apibedy-Jike @Ple%‘-ﬁ?,sh

native |igand r%ﬁih'&bxﬁ&n@ﬂae'“ﬁﬂ&h @orﬁﬂi@'dfhﬁ&th%%gﬁ&oﬁcﬂ{e%“ ﬁbféﬂi g ability of
a correspondi ng native T%n s definition, anmong other specifically

i ncl udes bi ndi ng r@éﬁ%h&ﬁ@é oF rvémw)rvrlgéhmffep@r funpeons BEATGIRRRPE SIE constBbt or s

An "anti body-i mypaadhSfichral}l MhdnuneATRdh &%%pr@es’%xﬁ&%ﬁhé’m&fh sRAbLOEs at
| east one binding domain of an anti body (as herein defined) with at | east
one i munoadhes FeAuERES with therflegjred pindinespecgiisity viitch angther thag ¥ aafigen recognition .
anti body- i mmnoa%@&h&rng &t ﬁﬂﬁ%ﬁ?coﬁ{bﬁuﬁéﬁtepdf%ﬂ%bfohf(1%*']&%19&&%%@@3{1

descri bed i n Berg et al
lmmunoglobulm constant domam sequence. The immunoglobulin constant domain

sequence in the immunoadhesin is preferably derived from y1, y2, or y4 heavy chains,
since immunoadhesins comprising these regions can be purified by Protein A
, chromatography (Lindmark et al., J. Iminunol. Meth. 62:1-13 (1983)). Immunoadhesing
C- can be purified according to methods of the present invention.

The term "ligand binding domain" refers to any native cell-surface receptor or
any region or derivative thereof retaining at least a qualitative ligand binding of a
corresponding native receptor. In a specific embodiment, the receptor is from a cell-
surface polypeptide having an extracellular domain which is homologous to a member
of the immunoglobulin super gene family. Other receptors, which are not members of
the immunogiobulin super gene family but are nonetheless specifically covered by this

definition, are receptors for cytokines, and in particular receptors with tyrosine kinase



d 88W - TO01) and Chanow et al .. J. lrnmunol . 153: 4268 (1994). As used

herein, a "m xture" conprises a polypeptide of interest (for which .
purification is desired) and one or nore contanminant, i.e., inpuriti es. The
m xture can be obtained directly froma host cell or organi smproducing the
pol ypepti de. W t¥oudos/iioprtzendi ng to be limting, exanpl es ofecmiustonsr@sdit hat
can be purified according to a nethod of the present i nvention include
harvested cell culture fluid, cell culture ernat ant and conditioned cell
cul ture super nat affVIAIPRERIPL PSR kinasess mﬁ@éﬁsw ¢ hereatqppietip gnd meresrovwls

al ready been subj gefopflcdp®ordufehhfiiRel A8 AMMhStERnol&ulls e ) B ﬁjiIn'd@'L)ts)ﬂectms
chromat ography, affinity chromatography, etc. A "condi t10oned m xture” is a

m xture, e.g., a cel |Thedrmresenier domain insediodier gnate a3y eptivedigatdder
chromat ography stgp. mﬂt&ﬁeﬂc}h&ln SNRALRA rifledule do‘erYﬁ@&tbfi’B‘r vaiRlo&lch RgivE he

m xture to one or re of fer exchange, | dtion t addition, pH
titration or filtHgandenaining griensta quelitgiive temmpbméma/abhty@éndmspmdtgg na"rlvfnge
and/ or buffer mat t

"conditioned m th%ﬁﬁd lg]ésﬁ& %ﬁlge Og%%t&g%gwf ﬂgsnlg "%gsﬁéu t ons onto t he

first chromat ogrh$ﬂn§5f9othaanV64mngm¢éwedeptoa m xture can be obt ai ned t hr ough
various separation sl d

separating dead and VI 'S““%dg“ﬁmtmf%m ort@ é?‘%:ocr?p H%ﬁ?ﬁeﬁ%m‘ %%Jtnﬁmcstatth
end of a bior eactbastlonmbmmng@nfam ¢fraatandbpdy (as mentdeﬁﬁulgarttlwﬂpasocneby
concentration and [ on.o the re. SyRer.Aat ant 4into
specific ranges o a%%ﬁguaét%ly\i/xf 3}“%’%\ mn) gp%népmga%gﬁg htra Dla%thes The
terms "inpurity” etnnierhs:amtlmrhspaanﬁd'CDMg{}gmmmmﬂesmaﬂedwamrgm ANBNAREURAY ; are

used i nt erchangea o) teri aI her tein of
intergst for whi cEé ¥¥2t3—4’7g';§1§9ﬁ|3§%ﬁgm?% MTISE :JJE‘WB:\}%S%? 4%%?91%@@0& tion
cont & ni ng the protei nAOfsed Indrehi eS'imxtuJ:'b(DcM@r&&&ﬁﬁolﬂ:@ﬁﬁdE oPEldrédBAO06H 1 0412
Cont am nants i ncl ud but. | im ted to any, bi ol o i.cal nol ecul e
such as host  cel Pugieareindessed gud oneReptere coBlamiing P BTt e NE FENE

protein of interebs obtﬁhlsmdﬁleﬁ]yr’ﬁdndshos( eelgor,or@%nqmﬁuahg\)h,e pbiypériide. Wlthout

sacchari des, endot oxins, cteria or m cr.oor S such as yeast,
medi a conponents, ’“é‘i‘i‘ﬂmﬁ E%F’éa“fﬂt%&o P§th‘§Ft b‘tﬂgg '&H%SF EI8&Y jn

chr omat ogr aphy \Ahhetnodraﬂtht prageh: hVnfoRinS AP h8vated ichlgewtiirearid, ogN ays, and the
like. The term"protein of interest" and "target protein" ar

sed |
i nt er changeabl y t §Pemaiapiangd gonditignedd cejl qulture sypediatapt, dymixgyg that lesgeen “paftially

anti body, for whi glified" hat aB&RY badal sBbjbQedidlal chibmalJpfih PstEd, %%Uh&taﬁ%ﬁidl ng to a
met hod of the present inventign. The term"host cell protein”, " HCP",

refers to any of EHEMEPEERYNETiRISGhyRRteEaRIY. §ih A Neondifiensddmrprs, tisr %m%i‘ﬁ’de
extra-cellular) of,t Q%m%cg@ﬂeﬁagﬁ%a@ﬁPB&ﬁ%?e%aﬁe@?orta%ﬁlgﬁltato agﬁj‘fﬁtéb used in

i ncluding any proteins e tlfzresse fromthe genone of
protei ns that are®methodofthe invention by subjecting the mixture to one or more of buffer exchange

dilution, salt addition, pH titration or filtration in order to set the pH and/or conductivity

range and/or buffer matrix to achieve a desired chromatography performance. A
C__ “conditioned mixture” can be used to standardize loading conditions onto the first

chromatography colummn. In general, a mixture can be obtained through various
separation means well known in the art, e.g., by physically separating dead and viable
cells from other components in the broth at the end of a bioreactor run using filtration or
centrifugation, or by concentration and/or diafiltration of the cell culture supernatant into
specific ranges of pH, conductivity and buffer species concentration.

The terms "impurity” and "contaminant", and grammatical variations thereof, are
used interchangeably to mean any material, other than the protein of interest for which it

is desirable to have removed from a composition containing the protein of interest.
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=58 I econbinant I"'y"e"xp'resseﬂ, ana Al ch are not considered the target protein.

The host cell can be any cell that is capable of expressing the target
protein, particularly mammalian (e.g., CHO and nurine rryeloma cell lines
such as NSO), insect bacterial, plant and yeast <cell lines. In a particular

enbodi rrent of t n, the HCP is a "Chinese hanster ppYadociRd:
protein", m?ié‘i’%&ﬂ‘f"%ﬁ refers to any of the host cell proteins ("HCP")

derived froma Chi nese hanmster ovary ("CHO') cell culture. The HCP is
present gener al | yCasarginartniptindef b'utiart @t helttd tomxlwmmuhmmledugesaﬁeas[h@a g.,

a harvested cell cul,ture nt ai ns r
I nterest. The am)ur%’[l pgfte‘?—f(égplggl J: F‘)gl'd \M&t H‘E)’lteluéogl teré:&pnﬁ%: i acldSf
i nterest provides (@gnEaduae RITAY, lipidd egickeided, emlsb[dxinﬁ, Hacteria drivehep mbd @i genisins

i nterest. Typicall the a nt of xture i xpressed in
parts per nillion %{‘gli' Reed T%J%%E‘Pgﬂﬁ%gn?“%&fwgﬁ’ @Fg\“gf E'rg?feal“r??seoféeg{usl T he
m xture. The termdhﬁ&ﬁdt@mpwm&lma@néac@mtd' @wﬁpleacrmy&eanﬁmgrwhmg&ahdey
herein to refer to asure of

> Aty of the protein o rest urlfled
by a method of the |nv 1N, pr‘i’?‘?é”ﬁfdﬁii‘%%t f)'ﬁlmtarrégrr‘“ef’b afﬁri’éc‘iaﬂg H@P in
nanograns/ m 1111 t@fer RAS prhteRt @Id@sc%ed z[bb% @, ah Bntibedy, fdr WhaKE( @uésirmhe topurify
where the proteins, are in solutjon 0%ﬁﬁdescrlbed In an Exanple infra,

HCP ppme( CHOP ng/ nﬁr‘)méﬂf‘%@ﬁm&?‘ngﬁﬁé‘i‘%}ﬁd PSSPt IMYRROB- t he proteins are

dried, such as by Iyophrhlsk&@t-'h&n@elmmlﬁefoerﬁcp'ore(f&ﬁa aldf thproteis derdled from
interest ng). The term"purif grammatical variations thereof, is used

to mean the renmovF mem@#ﬁ\e(mvé@ﬁ%maéaeyulw ofthe hoshqlhthat gxpreges thefasgetgypein,
inpurity froma m bRy aB9RbtRnNEpeesiddgrarPihy B @€ thd Rekt B&lForProt &Y Bat are

i mpurities, which there%y |rrproves the |l evel of purity of the pol ypeptide
in the_conposi ti onFegqmbinantly gxpaesesdeand winch arenel feus fe(iﬁ&rﬁ‘rg%ffpm‘@?lﬁ’p@i‘q 1105?{)‘%335)
in thg conposi ti 0Ngan LAGHPEMIRE islcBpdbtE FRE SR HMBR HkRein, pBHiéﬁIfaﬂ AbinMALdnS - 11
WD 20061110277 PCT/%SZ%%/0104%LSZGPperforﬁ§ 2 R E ok il |n|§;¥@ :
chromat ogr aphy st ef§- 440 prgl mwm@@wwthn@tsw@smo) Hﬁﬁqﬁb‘ﬂ:‘%ﬁlﬁ) t 39 ¢gasht
i nvention can puri fq ;e Iﬂr Lr‘ﬁbxﬂa:%fmbb %lﬁﬁl.e&tthctlgve?lﬁm ﬁx\é‘il@ ﬁégﬂﬁﬁﬁésﬁzh&%ﬂst&h' ch
contains |l ess than 100 CP and rably | ess ppm |ess than
80 ppm |less than q\@rspfgy rqtgs"smt Iﬁ'owbphref¢re@§nv héthc lmt mélmrotple%@Hpﬁa)n 40
ppm less than 30 g han 5
ppm HCP, as determ ned @ﬁ%@i@&%@g&s@m grﬁgfg@eﬂc&@n?g@ﬁ "T'so geE%rﬁ and
grammatical vari at g@n@lly aﬁeamempuntvafmeél cvburem@usepéﬂsm (o8, oharyestrdrcell bdtire
protein of i nteres | - Fa BBt

resin used to pur| he prgt%#ﬁp%{‘mﬁ?%?%{%g% Slsdfhn%r&aerlr‘ﬂeto ach‘:ﬁf%@gmﬂgma
hormogenous corrposmmnun pomlmsuig aqamtma pﬁmtetme;:rpwdtsew meagfre pithedegsde of purity for

substantially f I’eeth]:a Er% ettt gtn IhET yplcally, t'n%t o?ﬁcﬁnrga I%E){%  mi% SltS %}Ppcr Red

in parts per million relative to the amount of the protein of interest in the mixture.

The term "parts per million" or "ppm" are used interchangeably herein to refer to

a measure of purity of the protein of interest purified by a method of the invention. The

C units ppm refer to the amount of HCP in nanograms/milliliter per protein of interest in
milligrams/milliliter, where the proteins are in solution [i.e., as described in an Example
infra, HCP ppm=(CHOP ng/ml)/(protein of interest mg/ml)]. Where the proteins are
dned, such as by lyophilization, ppm refers to (HCP ng)/(protein of interest mg).

The term "purify"”, and grammatical variations thereof, is used to mean the
removal, whether completely or partially, of at least one impurity from a mixture
containing the polypeptide and one or more impurities, which thereby improves the level
of purity of the polypeptide in the composition (1.e., by decreasing the amount (ppm) of

impurity(ies) in the composition). According to the present invention, purification is
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The term "chromat ography” refers to the process by which a solute of
~interest, - e.g., a protein of interest, in a mxture is separated from ot her
solutes in the mxture by percolation of the mxture through an adsor bent,
whi ch adsorbs or retains a solute nore or less strongly 0 rties
of the solute, ¥O@MSAW2H|  hydrophobicity, size and  stru mﬁ{hﬁﬁf
particul ar buffering conditions of the process. An adsorbent is any solid
and fixed substa 488 ﬁ@@% face
by adhesi on by e?%ﬁoer&@%)?@ég‘t’@%oﬁt er a@tt&:h%%mw Hfﬁ%pssau?g%ﬁﬂg&g%ﬁﬁﬁlt g?%st or
interaction wt hntﬁéwé@ﬁthdsremmnvmﬂenammﬁse@e puoteithef ivfersgtdashieve Adsor bent s
that are useful RN, the art
and are readily avgé{tfog@%‘%Q@%nﬁfe%sgﬁn#g@ﬁ@? sour gg{a%r%@, leséét?% af’tp

chr omat ogr aphy" éasdth‘rnpﬁQ)pm,rlcsath‘an i@ pym,dess 8wa 66 gpragksy thaas€ ppusiess than 40

L erehangeatl s ool il e o PLRIELERRSISI AN LB BT S0

| i gand, usually dsteaningiditiLi&Ai on of spatl al conplenmentarity and one or nore

types of chem cal interactio | ect ostat]c for ges,

bondi ng, hydr ophobi c ‘fﬁ%Pseél'm?ht&?gFg lﬁhlatﬁ ‘{lgﬁlf'g'a §°I5 metr%gr%grﬁéo ng
site. These i nt eti@ctpaoadnal epMedqimealﬁ Oflhﬂﬁfbstgf&iﬁf?ﬁ(ﬂihoﬁdil@ﬂ&[dhbﬁ& of frdgohn e

nol ecul e such as isoelectric p0| nt ydro Cit ut.are a result
of Specifion i n GPABEGHRS S P HRREUER 8t BlerhinPsrie e ABTTESANE  such
as the hydr ophobicempsitionpwigiei aﬁtaﬁfs GHeQrateicl OfiteRest dubsthitiallpfred £dmi cohtanfifants,

anti body interactions, for Protein A is an exanple of an

exa
adsor bent, whi ch"B&Wt‘B%MHWBSrEpa‘éw%oI i d support, e.g., Sepharose, for
bi ndi ng nol ecul es t hathdwem Bihfbriat ghephy aefeRito IR L by MRh(LORR)of inferésyi de t 0
Pro n -12 WO 2006/ 110277 PCT/ US2006/ 010412 PUI‘I fication, t hods of
Enzﬁ| ogy 182: 3%7agvaiein gfinlerest i a REBED S seratpdIomesthersolutcy iyt ?@H%‘ge Prhits

entirety. Any |i geRelatsnobBe hb@ee tiRoupt hh hatoltes, WEISPRELLY 6r SRAE hkdiGteiopdi Ng
protein. Preferably, the bhiospecific |ligand is covalently attached to a

chr omat ogr aphi ¢ $5IEpiropHy due tREapeitiss Ofatmf%c secbes el bv@orth@bl&we si3f dei n of

interest (e.g. a@ﬁﬁ&ﬁglﬁndﬁ%ﬂﬁ@ﬁarmfmﬁf&%@ﬁl@ﬁso?'ﬁ@t @cBds. | N solution as the
sol ution contacts the chromatographic solid phase material. The protein of

interest retains its Apéwdserbent| Sﬁ@ﬁ'w@daﬂt firrdisybstagre eaprblaefsdsnshing mother | gand
(antigen, substr %l%tan@éjth@t@rsﬁface adﬂ?glmemthé%e&)ﬂ%&t% Wil thdolkBie of

chromat ogr aphi c steps, while other solut'es and/or proteins in the mxture do
not bind apprecwatbqegtoomtewéemt\fitbemouu@tharterelattga to U} afgerhentofAdsdtbenty ot ei n

of interest tot i r or
t ade WO i bRl | ﬁsad}‘ém% b Jﬁpﬂéé%i&?&&nﬂ tRRLG
protein inpuriti g%tg he |5assegLs ))F rough}ntﬁgﬁg omat ogr ap ?c me U%%V\:hl |l e
the protein of  intadipstailatdertirongh spewetiabmhitcys.
The term "affinity chromatography" and "protein affinity chromatography" are

used interchangeably to refer to a protein separation technique in which a protein of
interest is reversibly and specifically bound to a biospecific ligand, usually as a

(_, combination of spatial complementarity and one or more types of chemical interactions,
e.g., electrostatic forces, hydrogen bonding, hydrophebic forces, and/or van der Waals
forces at the binding site. These interactions are not due to the general properties of the
molecule such as isoelectric point, hydrophobicity or size but are a result of specific
interactions from the molecule of interest and the ligand such as the hydrophobic and
precise protein domain fit for protein A and antibody interactions, for example. Protein
A is an example of an adsorbent, which can be fixed to a solid support, e.g., Sepharose,

for binding molecules that contain an F¢ region. See Ostrove (1990) in Guide to Protein

-12-



ot T T T T T T =T Tie S0l ' d phase material . The

specifically bound protein is then renoved formthe i mobilized Iigand with
| ow pH, high pH, low salt, high salt, conpeting ligand, or the |ike, and
passes through the chromatographic colum wth the elution buffer.

Cont am nating proteins haV| ng a |ower relative concentratiy b pr otein
of interest, an‘HO&?[ﬁ"éF“Tf ypes of contam nants such as nucl el%gmg@?%@ e

endot oxi n, that were eariier allowed to pass through the colum, nmay aI so be

present. The ter PErifica@as MeliodObMEHzRGoloZNTR2Y RI7AHoNGhiSiPR Ghchipatated’ hﬂreﬂnﬂ’
grammatical variations thereof, describe the generally specific and
reversibl e inter BEPBAD IBOEEH a protein of interest and a |igand

requiring the conbi neghefdfEts Héfusﬁﬂab{nﬁ}f its E@éﬁ@in%@&ﬁi hhdin@ﬁroﬁfno'f ein and
ligand structures at a bhinding site coupled with one or nore pe. of

el ectrostatic foP&&gebly{hebinsasrificoligndis COY%FlbﬁtF?quddoﬁé?f@@émgféﬂﬂ? ?ﬂhdvan der
Waal s forces at hhge RhidiiRed Riab&ssidll® the praith oThautd (@@‘éﬁn&ﬁ? hedle ¥

nodi fiabl e groups (. which allowit to be attached to the matrix W thout
destroying its brasentergreien) pjselptionsdhe qut@aﬁ@pnéqq@ahqphrw@araphwav@ BWseaf finity

for the binding SuRAkeRG:bEn i fniBR MMl dpdhic ki MMrilly h68: okpliion. The

greater the spatial conplementari t¥ he stronger other forces at
t he bindi ng si t e ligauddangigern substraip, oo ab@l’tohbormpwmgx%mé@ﬂm%@? of a protein

for its respect 'cl\ﬁ“oamlat’og‘aﬂg%st%nwhﬂ%tﬂér Q&ut%g(%{?sblr ?I%te(?ﬂcsl ﬁ%%l;thfe BnBiRg

i ncl ude antibody-antig enzyne-s ate bi enzyne- cof act or
bi ndi ng, nmetal i @Wr@#ﬂélyatrlmlﬁ@mto theé mtﬁ@lwuﬁ@ thpmmnbfm&hrwgto theegul at ory

protei n-protein luglhgg']ﬁ{éﬁlhg?@auﬁ-ﬁgcént@ﬁm@tgx roldife o?@#o 111@3‘3&1@9&3 b@#l ed oo

chr omat ogr aphy"” an non- nrty puri |on a puri
st ep _whi ch does thooughdie chfdmatigraphishmestivet wgnlqphgrotyutofmaexh@remmupmaﬁv non- -

2006111027 BT, JARO0RLOIIAR o SRECHA PO ROTII AL Bt veen 2

solu e (e.g., pro?eln 0 SOF D
"non-specific bi mhtm@ihﬂwarmxddlﬁzamethmm@ﬁl%&hgmdmmhldmpﬁrlng}tpmmbﬁt vveen a

protein of interes d a l.igand .or n toas ase
et hrough S s8pgeTraee RRfard e HR LS SRR o e frrbaB s o

f orces, hydr ogen whthnigi ehgion blaffer Cohtabiatiigyrcems hmntyajbwmaalatﬂamomﬁﬂrmoﬁm ces

at an interactio S|te the structural rrent y that
enhances the. ef t dituotgh oflerosf G Percvis foptminat syrbi B fridend 0y ¢
(spec:cfi c%) bidndl ra@iotcﬁmtﬁaiﬁ&eeir%]?mnwed mg;mrnﬂ&guwtmmag maRalso b&prgseMI NoON-
speci fic binding, rat erta,na |n|t I N eio

chr omat ogr aphy (e. g. , LPedAPnfReHS g"ﬁ&‘&ﬁ%ﬁﬁ @tyaﬂ'ai]ﬁﬁ'i”ﬂﬁﬁ'obl ¢ charge
i nduction chr orratvsx@lhamﬁemoﬂ&sérﬂferm éu&amp@e@ﬁ@arﬁhwmw meitibiRbetween a

chr omat ogr aphy" (or " of m xed. npde chromat ographi ¢ process

HCl C') pe
in which the pr oPEtsin e,ffml‘ielﬁftélp@ gthginﬁl TequT the gpmbined effects of spatial

complementarity of protein and ligand structures at a binding site coupled with one or
more type of electrostatic forces, hydrogen bonding, hydrophobic forces, and/or van der
Waals forces at the binding site. The ligand should have chemically modifiable groups
C, which allow 1t to be attached to the matnx without destroying its binding activity. The
ligand shouid ideally have an affinity for the binding suBstance in the range 10™ to 10"
™M in free solution. The greater the spatial complementarity and the stronger the other
forces at the binding site, the greater will be the binding specificity of a protein for its
respective ligand. Non-limiting examples of specific binding include antibody-antigen
binding, enzyme-substrate binding, enzyme-cofactor binding, metal ion chelation, DNA
binding protein-DNA binding, regulatory protein-protein interactions, and the like.
The terms "non-affinity chromatography" and "non-affinity purification" refer to

a purification step which does not use affinity chromatography but rather requires a non-
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A BTOS To a qual node (e atnere 1s one mode for binding and another mode

for elution), 1ionizable ligand [see Boschetti et alL, 2000, Genetic

Engi neeri ng News 20(13)] through mld hydrophobic interactions in the
absence of added salts (e.g. a lyotropic salts). A "hydrophobic charge

i nduction chromatpgiapy,#esin” is a solid phase that contap@gydgeshid@and

whi ch has the conbi ned properties of thiophilic effect (i.e., utilizing the
properties of thiophilic chromatography), hydrophobicity and an ionizable
group for its sepsedficbindiogpddtackibh yetwddniaspluirie fiChiGteinadiimeras pahditie adsarmhod
of the invention contains a ligand that is ionizable and m|dly hydrophobic
at neutral (physi oﬁn?)tafc'cal) or slightly acidic pH, e.g., about pH5 to 10,
pre1;1 erabldy agogp SH 6 t’Rhe93115."ndﬁ;sp&ﬁﬁsb'ﬁﬂing'mﬁgﬁd_h]&ﬁﬁx, relfdrgR Nt iicn;&rapﬁ(ﬁﬁgeﬁmaﬁﬂé! y
uncharged an inds_a praotein of interest via m non-specifjc r ophobi c
interaction. As pH &gt 036‘3‘885,‘: a‘f%"elr‘]gai“ﬁ%ﬁheéﬁ‘lfﬁ?% b‘&‘?gf"g‘gs" ﬂcﬁl"ﬁﬁﬂﬁ%‘ﬁhobi c

bi ndi ng is di srupt&ebublynél-HedifiomterdctionC ARl GRupeanDEa HbRWA hiEoididosdhgdlt €
due to the pH C shift Ex%mpl es_ of suj tg})l e_ligands for, use in HCIC include
any i oni zabl e ar on9RPheic foFep.apder amder Wesls fordsr of ap dntgraction s bRRRKIG e
pyridine struct ur estrustdl cifplenenBifoN BRI RYED Fichs of Be ASH-ARBRENr@Y bicHane
and 4-anvnonet hyl pyri di.ne, 2- nercaptopyridi he, 4-nmercaptopyridine or

4- mer capt oet hyl pyr NGy (Resiahinsing Fxampiseofchomaiopraiorecesien gl opmnoyased,
mer capt onet hyl i m dgeak€vinding TRIGIRIQIPRRSE! REIGRZE64S exchilizh Sirehnb kAL gl dazol e,
hi stam ne, mercaptobenzi m dazol e, diethyl am nopr opyl am ne,

ami nopr opy! mor phol BRwc andsptiesisresphangstizadbsirephotinrheese aptugticn cheqeptography.

ni tr ohydr oxybenzoi ¢ _aCithe kiR pABRE kAR AAucRET L RRDBLAIOR BiCicr) is a type

ni trotyrosine/ et hanol amne, dichlorosalicylic acid, dibronotyram ne,

chl or ohydr oxypheny$fzeed modechrpmarpgrpbic\ppivessyi which the pestdiniof intgregirh Hhe mixture

t hi opl@nol, gl ut af;hj i a ; J: NG I I |

t hereot; see Burto%lngﬁggﬁggriglﬁ) %HQ%&?%%& lg%(&%?lrrﬂé%%ggap ‘gﬂﬂ o}gﬁ?ﬁd:r\élg‘??ng,l
(1998) and Boschet ionizabjpligand [seoBomhesti lnbali, 200, Gematk Biedishnng News 0et3hicbougo:
361-389 (2001), whj ' ce L.k hel
entireties), whi chhﬂgg%ﬁ)hgﬁi %ﬁ%%? %tféﬁ%ﬁﬁ?{]ﬁgﬁge %%éd?%gélg (g'%éﬁghﬁpyr@gg 'oAm on
the |inker arm andfhydrophapandharge inductionehromatogreplmpiegn oif 2 aelidiiBeE that sontainsrc| udes
VEP HYPERCEL ( Pal . |00, t. Hil AR ¥ 4 on-.exchange”
and "ion-exchange Eﬁ%%&g&gggﬁgﬂnﬁjﬁﬁdg éptcgl%%10%?%%%%%&5%%%&%2ct)lge ess in
whi ch an i oni zabl epspérigsef dhophiltc ehwatatogenphy), hydrophaiti@tyrand fn iohizttde gretp fonita

U e) | e et BRSSO S S s ol

appropri ate condi t ligand that is ienizable and mildly hydrophobic at neutral (physiological) or slightly
acidic pH, e.g., about pH S to 10, preferably about pH 6 to 9.5. At this pH range, the
ligand is predominantly uncharged and binds a protein of interest via mild non-specific
bydrophobic interaction. As pH is reduced, the ligand acquires charge and hydrophobic
binding is disrupted by electrostatic charge repulsion towards the solute due to the pH

C shift

heterocyclic structure (e.g. those having a pynidine structure, such as 2-

Examples of suitable ligands for use in HCIC include any tonizable aromatic or

aminomethylpyridine, 3-aminomethylpyridine and 4-aminemethylpyridine, 2-
mercaptopyridine, 4-mercaptopyridine or 4-mercaptoethylpyridine, mercaptoacids,
mercaptoalcohols, imidazolyl based, mercaptomethylimidazole, 2-
mercaptobenzimidazole, amninomethylbenzimidazole, histamine,
mercaptobenzimidazole, diethylaminopropylamine, aminopropylmorpholine,

aminopropylimidazole, aminocaproic acid, nifrohydroxybenzoic acid,
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.aC of pH and CORAUCTTVITY mcuch TharThe solute of int erest interacts

non-specifically wwth the charged conpound nore or |ess than the solute
inmpurities or contamnants in the mxture. The contam nating solutes in the
m xture can be washed froma columm of the ion exchange naterial or are

bound to or excl the resin, faster or slower than of
interest. "Il on- e%ﬁg‘)ﬁé&ﬁ?ﬁromt ogr aphy" specifically incl udgé{‘}@%ztﬁ%mx&ﬁz
exchange, anion exchange, and m xed node chromatographi es. The phrase "ion
exchange materi al "mﬁ@tﬁ;ﬁb&ﬁae/&tﬁau%la&%d gichbasaiciiltakid &bﬁ%q&mﬂlﬁéy charged (i.e
a cation exchange resin) positivel &L}ar ged E% . an ani.on_exchange
resin). In one enb rﬂ@’ﬁf"xy?lﬁ%yli‘ﬁﬁ? Eféf}/e ?tﬁé‘ﬂ‘db?’mﬁ’(“iea@l*ﬂpﬁﬂ"%ne or
nore charged |i gagng@tnidae, b@éﬂﬁ)ﬂét@%ﬂa 3yes liflchidie: &ﬂlvhtﬂrepmé‘x%ﬁf s HlrtoR ¥ndC @M@ gt
| i nki ng. Alternatlvel%ﬁ or in addition, the charge can be an inherent

property of the sof% ma(‘@ﬁ’hyéssmsglt&lél%%%éﬂf#%ﬁcﬁt# Pewmal ghBiopheteal an
overal | negat i ve clialsié iRk SSLRANGAI SRk wi B8 Sndsfofushl d phase

whi ch is negatively charged, d which has freee cations for exchange wth
cations in an aque@&ﬁe@ﬁlﬂdbwhvaﬁ,é@lwm@wh%tr?rcdmglﬁnﬁ i deasioing gulpm o8 orAny

negatively chargedgl| hﬁ@e’?%@&nﬁﬁa‘?ﬂ%ﬂd%@uc‘hﬂ@ ﬁéﬂaﬂag%%ﬁHﬁ@Hs?xo Gude@ M M the

cation exchange resin can use ) car xy ate, sul nate an

ot hlerzI asbdescrl beHYBERGﬁL(@Bmﬂan,I@ﬁS@H&Il\&BI e cation exchange resins
based gf oup (e g, Nonad e rib@excidler ATRRSxAGE AR AGE: BHTLOLS P

Fl ow', SP Sephar osecmwlgaﬁomhimmssdewhfch@mmabllesnhgtheém@resﬂ(ogopmtetm &P- 650S
and SP- OSON! {1 om Tagl AL FTERHE Al opf A Po i FPTARA o H R S

PCT/ US2006/ 010412 coRaleht a‘ﬂfsxhhnntb g selid phasaios exdhengelmydteribhaddr gypwppaté eorglitjons

o Sar ooyt busod Y bng =Pl dih At SR L0 Gl Y RLATR

Poros HS-20 and HSHafged campodppinbedr Bsobysthe sayte 1m1am$ﬂd dr@bmmbimmytk indhs ed gr oup

(e.g., (Fractogel fromE sul £ ox h bas ro
SE52. SE53 and Exprlvg |§h“§“‘f“?‘8‘ﬁ1wp’3ﬁ§3ﬁ‘rt%ﬁ‘}‘fh R sﬁ‘ﬁ@" 4 Soltyrndethe
(e.g., CM Sephar osien Emangélummnfar@mﬁuhdealot bahrded Erbtyxdhmshlfaﬁ»’lof glower than

Bi ochrom Labs I nc cro.Pre . am c risacryl
v OO T emoryl L B OF i o eHiet QoS T 3 e AL S0P and
C200 from MIIi pomha:@a/&&on%Rnge%ﬁ&umdnﬁemmemtogiame@ f r om What man,

Toyopear| CM 650S, CM 50 nd CM 650C from Tosoh); |.f onj ¢ .and car boxylic
aci d based groups L P st A e f s S B

car boxylic acid ba&ﬁﬁgeg(@upcau()ﬂeﬁhmgﬂ?es@&ﬁdsﬂ%l&cﬂ'ar&ﬂkﬁé an BOMEkcMige 3 from

Dow Li quid Separati ons,
restn). ' In one embodiment, the charge can be provided by attaching one or more

charged ligands (or adsorbents) to the solid phase, e.g. by covalent linking,
Alternatively, or in addition, the charge can be an inherent property of the solid phase
(e.g. as is the case for silica, which has an overall negative charge).

C A "cation exchange resin” refers to a solid phase which is negatively charged,
and which has free cations for exchange with cations in an agueous solution passed over
or through the solid phase. Any negatively charged ligand attached to the solid phase
suitable to form the cation exchange resin can be used, e.g., a carboxylate, sulfonate and
others as described below. Commercially available cation exchange resins include, but
are not limited to, for example, those having a sulfonate based group (e.g., MonoS,
MiniS, Source 158 and 30S, SP Sepharose Fast Flow™ Sp Sepharose High Performance
from GE Healthcare, Toyopearl SP-6508 and SP-650M from Tosoh, Macro-Prep High S
from BioRad, Ceramic HyperD S, Trisacryl M and LS SP and Spherodex LS SP from
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4 AmbérTite VWeak catlon E;EHanger S, m’( Weak Cation Exchanger, and D aion
Weak Cation Exchangers from Sigma- Al drich and Fractogel EMD COO from EI\/D)

a sulfonic acid based group (e. g., Hydrocell SP from Bi ochrom Labs 1 nc.
DOVNEX Fine Mesh Strong Acid Cation Resin from Dow Li quid Separations,
UNGsphere S, WP ng%‘{ﬁ@% ¢, fromJ. T. Baker, Sartobind S rrenpfﬁggmtg,{)gmz
Sartorius, Anberlite Strong Cation Exchangers DOVNEX Strong Cation and

Di aion Strong Cation Exchanger from Sigma-Aldrich); and a orthophosphate
based group (e.g. PalPTéchholopied/\hat sutfodthy! Based gohpee. @ﬁrhﬁc@bSE eﬁsahrEMDeRcemsS‘to a
solid phase w vch pvely.,c e ively
charged |igands atpg?:(ﬁggb%rﬁe A phe‘? r%’?/’%g%“s? %F‘\lj}éﬁw Egarsg'g Oﬁp(gggﬁ %ued to
the solid phase sﬁPﬂhbﬂ\chR-ﬁPWeﬁmlﬁbhﬂ‘oamh Boros HE8x2Ohwat HS jOefsmm&ppdm«hBtmeysmu,

7ecine i el uge. DEASTRURPEPLEHES sie eofc e e EVE SO aPa AR SHRAG, 5 50

from Applied Bi odystegrmmp (SarSEAY &Elﬁ@nﬂ Egpressdoi B fonsWhithan s cdvbaxyikthJour ce

Por of mance, QA PSEPARBEATI GHE PRSP S RHARRE T o B e O 0P P

\é\_P DEAM I_V\E QUlAT BﬁddammJLaBﬁ Iﬁa&gﬂao-ﬁéﬁl cmgﬁbﬂa ngﬁdé @ﬂdmiﬂ}mﬁ)@mgtM hsaby Dlgllf

i ochrom Labs nc r ] crQ-Pre a re rom
Bi orad, Ceramc %é’?’ﬁa@d Iggeé%mﬁé’%ﬂgrﬁ s M?P‘sé@\”\@ EE@‘%?

Spher odex LS DEAFMinfgVk, Spfver osmb, dng3 mxﬁa&en@ﬁsclﬁom Wﬂﬁ’crﬂwsﬂo?maxﬁifvf om
Pal I Technol ogi es, Fi ne I\/Esh Strong Base Type apnd Type Ani on

Resi ns and DONEX GW@W 005y %‘O%F%WW%%HFEB%YLFWBPS“ groups
Separations, Interg FBAI@RE@NW@M@JSJ:IWWm PETAASA0064rk9rd Zid PasEaRe,

Matrex Cellufine A2 0, A500, @00 fromMI|Ilipore, Fractoget EM
TMAE, Fract ogel ENE% DERﬂ%%éoﬁlaEP%élDﬁ@(M@¥¢WEW‘q%% afigng, weak

strorg ani on exch@ﬁmnaewea@cbumchin eWEWKMoﬁERQﬁQgc@%@D:amn
exchangers type | and |11, _Diaion weak and stron anl on exchangers type |

and 11, Duolite fr¥snk epmExchpegcrsdrpm Jigmagddrcay EYAn-ORY TsmENGR); 2

Toyopear| Super Q G5@Sic ac RPOMANARIE Dé@aqéewgomoammm GRS 650C
from Tosoh, QA52, DE23, DE32 ress-|on D and
Express-lon Q f roM%§Fﬂ%ﬁx01¢\oahﬁw%ﬂ?ml)?‘@rlvlcblxib%ﬁijéofrsewsp}?eé? 2r%¥Pto a
sol id phase whi Ch ORI | Bake!BHihirAY inkite O Sirforin@ MniRfife s/ OF
hydr ophobi ¢ noi eti es. anpl e m xed o I on exchange resins 1nclude
BAKERBOND ABX"' ( Jatiqn Emmers D@iWEX §ttm(@tmm\|@r)d Dla@ersanngzcmoa Eashpngea fiome

Y0 by 1L 7 SO MMM LB L Sl 0 NP

An "anion exchange resin" refers to a solid phase which is positively charged,

thus having one or more positively charged ligands attached thereto. Any positively
charged ligand attached to the solid phase suitable to form the anionic exchange resin
can be used, such as quaternary amino groups Commercially available anion exchange
resins include DEAE cellulose, Poros PI120, PI 50, HQ 10, HQ 20, HQ 50, D 50 from
C Applied Biosystems, Sartobind Q from Sartorius, MonoQ, Mini(QQ, Source 15Q and 30Q,
Q, DEAE and ANX Sepharose Fast Flow, Q Sepharose high Performance, QAE
SEPHADEX™ and FAST Q SEPHAROSE™ (GE Healthcare), WP PE], WP DEAM,
WP QUAT from J.T. Baker, Hydrocell DEAE and Hydrocell QA from Biochrom Labs
Inc., UNOsphere Q, Macro-Prep DEAE and Macro-Prep High Q from Biorad, Ceramic
HyperD Q, ceramic HyperD DEAE, Trisacryl M and LS DEAE, Spherodex LS DEAE,
QMA Spherosil LS, QMA Spherosil M and Mustang Q from Pall Technologies,
DOWEX Fine Mesh Strong Base Type I and Type I Anion Resins and DOWEX
MONOSPHER E 77, weak base anion from Dow Liquid Separations, Intercept Q
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The term"thiophilic" refers to the selectivity that proteins have for

sul fone groups that lie in close proximty.to thioether -groups (Porath et

al, 1985). "Thiophilic chromatography” al so known as "thiophilic adsorption
chromat ography”, is a type of non-affinity chromatography in which a protein
of interest, \WPaWs@WAt’ai ns thiophilic regions and ar omatFCEVEHPHYYEsi dues,
bind to a sul phur containing ligand for the isolation of the protein. A

thiophilic gel ¢ r UL inl Vi .

Sepharose 48 w P aneRERR el A8 g0 HaUoR R R ekl aphy
is based on el ecEMINTMddi EractgeGMD DEAEGpE Fracogel HMD IDMAE SoindidD fAvobperlite
chromat ography b n i.Cl j LalblC L onic
i nteractions do ﬁ% Sou%g%u?ﬂgtg\%)%ﬁlg?ggﬁs%%ﬁ@g%ﬁgﬁe%ﬁ%%%b %H&%@ﬁ@ﬁﬂgﬁ%fone
structures do notyppdssEsdiaipn srauadetiodyyadioo phdbiger typaolant dln Deoldh fwmges .

Fractogel EnD TASEE eibion R R pERERPN BN AL PR Mpa B8, 1 e e

(G ontech) and TéSBM afd%5C0; QAE-SHE ahe 6508, lB_BAE{ﬁSpMaﬁé'GS%CSﬁusG‘dsoﬂprHEB,n any
o ternatively 1 ReehdRBRsR kel rs ot e f BB AT SO Wontaae of o1

to the gel structure AQfmiked@fidsionERichabg resh"RbREEo £ adlidphakRshidiad dovilestBpabl e

of adhering |igan ipn.this manner, e, g., .a purificatign cqlumm,

di scont i nuous phaggﬁ%?W“ F?ﬁwﬁ%Emﬂ%9FP%8é§@“®hﬁ%HBW§W§;%fFW§§ﬁggﬁﬁgF“@Fc.
Exanpl es of nat efjdnakehahfidfesifinciige BARBRBOND aBXT™ e ikékiPhpsard, Ng), ude

pol ysacchari des (such as agarose and cellul ose) and other  nmechanically
stabl e matrices SHERCA¥IBryIpatlchpedandihspd Brqridg ydpyyagpide djioRads Herggips, ~
2006/ 110277 PCT/ Uﬁ%ﬁkﬁyb@ﬁ%&&mm}p&@t(Palecex?bﬁtiaxtf)ahenﬁﬁm). pol yacryl am de,
cergmc particles and derivatives of any of these. The present invention is
not +imted to any parkd teih Ahiopkilit’ GefeRAS e BAEMKitAihaf @bteinkl Bveifsy a

chromat ography step, and those .having ordinary skill in the a i1 be able
o aal oot “oonr ottt BB 1 rm SEe R b eh Gt b

invention. The teThvpHil @k@eNbgraphe’ BESkadoGmia®@RhiephiEdbdsb@tibioni ¢ and noni oni ¢
surfactants, which are useful for preventing a%)gre ation of proteins and to
prevent non-specF}FIPE‘a‘ioﬁ’iaBIi’%c‘tsiaéWe°(§P°’b”rfﬁ’éffyrF§)"Q5‘?a%?Pﬁléﬁﬁw}élﬁ%prf’@mﬂ{e protein

of interest, and;ifa8stBehiff &nefs tﬁi@plﬂl@f&?_&ﬁ an@ broinBh Sarkine esidiest Bifd Rraesent
invention, including sanitization, equilibration, |oading, post-_ |oad

wash(es), el uti ofplursentpining higamd fer th iolghnniof thepagtein b Suonbiistes! cambeiet er gent

is added to a vaaBa.bubf %Gucifg(éimbﬁﬁfoﬂg(cﬂﬁle%&&@éﬂh&ro&é"ﬁi) wifp-be used in the
invention include, but are not |limted to pol ysorbat eseé e. (i pol ysor bat es

20 or 80); pol oxaeeeptogtbangl Thisipbiliandsorptioggyemategreply,is Based emslebaecy| sul fate
(SDS); sodium | aHE@ok—aé&éHoﬁfn%inerﬁ%ﬁﬁg HEW from chromatography based on

hydrophobicity. Hydrophobic associations and ionic interactions do not occur

with thiophilic sorbents since thio-ethylsulfone structures do not possess
pronounced hydrophobicity or ionic charges, Examples of commercially

C’ available thiophilic chromatography resins include Fractogel EMD TA (Merck;
Rahway, NJ), Uniflow and Superflow resin (Clontech) and T-Gel (Pierce).

The term "solid phase” is used to mean any non-aqueous matrix to which one or
more ligands can adhere or alternatively, in the case of size exclusion chromatography, it
can refer to the gel structure of a resin. The solid phase can be any matrix capable of
adhering ligands in this manner, e.g,, a purification column, a discontinuous phase of
discrete particles, a membrane, filter, gel, etc. Examples of materials that can be used to
form the solid phase include polysaccharides (such as agarose and cellulose) and other

mechantcally stable matrices such as silica (e.g. controlled pore glass),
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.= Cglycosrde, rauryl-, nyh sf ol ey'I T or stear yl - sul f obet ai ne;

| auryl -, nyristyl- I|noIeyI or stearyl-sarc05|ne linoleyl-, nyristyl-
or cetyl -betaine; I aur oam dopropyl -, - cocam dopropyl -, |inol earni dopropyl -
nyri stam dopropyl -, pal m dopropyl - or i sost ear am dopr opyl - bet ai ne (e.qg.

| aur oam dopr opyl ),; z'f%? &t,ﬁm dopr opyI -, pal mdopropyl -, Or peywusoesoiosrz

i sost earam dopropoi yl am ne; sodi um net hyl cocoyl-, or I sodi um

met hyl ol eyl -taurate; MONAQUAT-rm series (Mna Industries, Inc., Paterson,
N.J.); lgepal CA- @30{stwtnedivinybenténe] miyaciBRindde, Ardnas p&BRY and@eriaiiods,of HFCAVEG,

LUBROL PX, MEGA, NP, THESIT, TOP U,

AW TTERGENT and cPSBgee: %&P%Téﬁﬂé}“ﬁ%‘f’“ Eéﬁﬁ%‘g%ﬁéﬂ’ Rapcy W?Fl‘g?ﬁ%@m&&ﬁqf%& and
can al so be incl udaedmlanhiohﬁtofg&@dy ae) i MbsRGatiNCordMbSGitlEn te aitvik bestle to

Det ergents can anount, Syl table for use in a protein

present
purification pr océ%lg‘"‘t a@rﬁp“ateﬁgﬁirghaé%’@ﬁt?“ﬁ PRI RIBEETHY8Bnd t ypi cal |y

fromabout 0.01%to abmteﬁx%det eﬂt"ﬁﬁﬁﬁsR@Mharmat@lﬁbﬁdhmﬁomeyﬁaﬁ@ahﬁhSO
is used in a wash buffer for CEXC. "buffer” used in the p %[? |nvent|on
g

is a solution thata“rl@sﬁ“%iospfé}ﬁ%ﬁ@wgr%awo SPtet“ﬁé‘“%H’cﬁfFYeBh“"(‘j‘fSP Brcidse by

the action of its @6indmP3seneRRhMBas 83 pfRIPONRE S, and\ah bOpteschtih hiious can be
enpl oyed in a nethod of the present invention depending on_the desired pH

of the buffer and buHers gedin bgpesend ingntion, ipgleding sapitization; aniliprager dudipg qost-

Buffers. A Quide ltfvéarwgsﬁ(@s) Pefllﬂ% ﬁﬂuﬁé?éi l{tjﬁﬁhmlarl%mbf)&'}rﬁnﬂsna BtePdeAGk Gfled
Systenms, Gueffroy, D., |oc em Corporation (1975)). Non-limting

exanmpl es of buffero ew&hvéﬁqx @mﬁales @%t\‘lf&?etslﬂ‘@ééﬁﬂtb@ ugedrin thslinvepéongnelydgeps
desirable for a mgthodyunt te:i!ag, yg&ﬁapés'@g Sﬂu%&%@s AL&B8Y, gomxeﬁhér{ @%Cpoloxamer

hi stidi ne, phosphate, ammoni ers as anmoni um acet ate, succl nate,
-18 WO 20061110277183’12T¢11932®0®m0®0m8ulfNE$3DW$m WBSUIWQMHEWES Tris,

and the like, as galclm&‘es a‘&Pﬁb gﬂét%lo'iﬁoﬁgl- of Qé‘a?g SR iR, Lo lﬁxﬁ%ﬁnﬂﬂm

mal eate, chl oroacétate €nzoa i onat e,
pi perazi ne, ADA, PinPlEg; Om}ésrl-smmemleﬂﬁmmmé,, 0b¢a§rl1betaln$AmgoaImtl¢m‘Pm’l am ne,
CI TES, CAPS, net hy

aci d, but aneandi oi ¢ aé?og‘mp& fr{(i);lﬁqu?aﬁ%gl}??gbg@n gtj“‘%a"g“’;‘??‘ 5%'??1@ %Sl aﬁtE:D(F:’SO,
i i dazol e, phe noI lsmmdosmpyiimtme (e. Q’Aﬂ@;an&dﬁpn@ybammﬁtamm yiy&ni ne,
R e e U (eI
needed, e.g., sal tdscdmm rhahyl siegl- taaratean](lMQUwf edecma Mdmngst Inc., Batebonas
sod um chiorl . S8, SRArEAcs NGRS R ABhLb el BRCRbeEES L s
urea), alcohols (<JUBROLPE! MEGH, NPn‘BHBS]IIQTOPng YERARS, CHARSODPDRAU, WRIGEDII ).
detergents (see SY &SRO Sl PndSud ! 2% TTAMN LY workBg bO2S"

and can also be included in the feed containing the molecuie of interest. Detergents can

be present in any amount suitable for use in a protein purification process, e.g., from

about 0.001% to about 20% and typically from about 0.01% to about 1%. In a particular

C embodiment, polysorbate 80 is used in a wash buffer for CEXC.
A "buffer" used in the present invention is a solution that resists changes in pH

by the addition of acid or base by the action of its acid-base conjugates components.

Various buffers can be employed in a method of the present invention depending on the

desired pH of the buffer and the particular step in the purification process {see Buffers.

A Guide for the Preparation and Use of Buffers in Biological Systems, Gueffroy, D., ed.

Calbiochem Corporation (1975)]. Non-limiting examples of buffer components that can

be used to control the pH range desirable for a method of the invention include acetate,

citrate, histidine, phosphate, ammonium buffers such as ammonium acetate, succinate,
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‘@ C trehal ose, glucose, ana fructose). The buffer conponents and additives,

and the concentrations used, can vary according to the type of

chromat ography practiced in the tinvention. The pH and conductivity of the
buffers can vary depending on which step in the purification process the
buffer is used. In CEXC the pH of the buffer can be between nd 10. nore
preferably from a‘Bgﬁ'fwﬂ)ﬂz"Z O to 8.0; conductivity can be frgﬁf"gglg?(}fmwjl to
40 nS/cm nore preferably fromabout conductivity 0.5 to 15nS/cm depending

on the purificati pmsseﬁmewoi:@%epéé qmaz@*rﬁyeed thk Iﬁké*@}. Gl moﬁlsinmon& be
buffers can be from about 3 t 0, nore preferab from about pH 4.0 to

9.0; conductivity ®hasf B%I&memaaedwﬂ majpa 191”0%98?3 v forpgte, bRRzediE.peepIongls. 90. 0

nS/cm nore preferﬁm 15 MW%A@P#E&%@E@ BEXSA®E) tridRP sH-nams) the
purification step dnd the buf f ér erg) oyed. Bufférs used thr oughout t he

purification procesbaglamigte SEESHeF ﬁle{eiwé’atl s Pigderiding, Otbetiogwid, 63 bevgdvidlactic
chromat ography St efg Burafal + BBLy IS0 OB, él&gfgl'}p:i EHbipsUAEepde, Cf ean

%ch%g;h
the resin by renmoving any ound cont’am nant s, ose of blo i cal
origin, prior to timidgole flicoel POPSGsuvmets, T%Wﬂ?ﬁﬁ@b‘ﬂ@zﬁmm@ﬁn@ 1@ be

used for this D iRy G %?grodh%nyll ﬁ@%é@%&nﬂet&ﬁﬁ :Bﬁolmg ISﬁQIar col umn

and resin sel ected acc e 1 nve erabl t he
pH of the saniti zacqmmnsraia (ﬂﬂtﬂlt)VBS) @nhc gﬂusenmngxbuffpd—hsx@edad eg,ealtselm;l bmle@to

preferably pH I gater erab 2. 0f ater;
alternatively, the ‘ﬁ'ﬁtg]fl lomsm ql? ojl'taSS ot oehsog‘éurﬁy%lﬂﬂaﬁeé%&e?s%ﬁ H 4 or
| ess, nore prefer abﬂltynqzt-hxﬂ cmhrer hcth;tﬂres $uch as mﬂxﬁo Wﬂ&%/ai@l@ﬂie?and histidine),

PCTI US2006/ 010412 ticul Cl C and, | u re

cl eaned using a sank?af’f‘%pésfr%ﬁ ass'%?a t*cnﬁoq? i "Isr“?!_| ogesml\f] X%—e!m? e“fgl

equi | Lbration buf flestol)i Setergeds (be@ saghp.pahd td’g&rs[ﬁdﬂcﬁmkucmmjmﬁmwl maltan‘e, t he
chrorréography colﬁqn Cﬁl’l r to Iﬁ’g{ n% rr e?%% um with thg g1xturﬁ}e

cont ai fi ng t he phelgses gucpse, MAdTFiopg, B‘hq T eoppnoprts adpfdinyes Bfer s t hat
can be used for thb@cﬂiﬂ‘aﬁ&&&tsﬁf&n%ﬁﬂdccdfmﬂm théltyp B16f dkdmatagraphy practivhd fthe

buffers described above and include any buffer at pH that is conpatible
with the selected PEEfMPused in the chromatography step for purifying the

protein of interest. Thiig ppddd@bndubtivity @ tte Quitera dart ey dBp¥iditig@n idlstep lif@ie t he
pol ypeptide of inter est The e$| | i bration buffer has confg_%lctl Vi t and/ or

pH such that the BYFSFBEMRBraRssohe byffenisased. il E&‘}ﬁaﬂf% F30 By PeGEM3 t hat

the protein of intgiest moteislerablh HRHHBHE £OLEM cMHul:@m@f&&a B frdiR ktédut 0.1 to
inmpurities bind to the colum. In_a preferred enbodi ment , equi li bration of

t he chromat ogr aphy 4@ 8¥S(fifh moge H@ﬁ%ﬁb’é{tﬁ@al dsuiroprdnstiply Gnle ’éﬂ@&w derending on ts e
within 0.2 and 0. §y4flaGsh 9ép dnll e @B kPt NG HUTCHES pH bREPEGTtMEH Ye from

about 3 to 10, more preferably from about pH 4.0 to 9.0; conductivity can be from about
0.0 (WFTI; water for injection) to 90.0 mS/cm, more preferably from about 0.1 to 9.0
mS/cm, depending on the purification step and the buffer employed. Buffers used

_ throughout the punification process are described in greater detail below for each

C chromatography step.
A "sanitization” solution is typically used to clean the resin by removing any

bound contaminants, e.g., those of biological origin, prior to the purification process.
Any desirable buffer could be used for this purpose provided it is compatible with the
particutar column and resin selected according to a method of the invention. Preferably,
the pH of the sanitization solution is high, e.g., pH 10 or greater, more preferably pH 11
or greater, and still more preferably pH 12 or greater; alternatively, the pH of the

sanitization solution can be low, e.g. pH 4 or less, more preferably pH 3 or less. Ina
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M ore prefterably winin 0.1 ahd 0.2 nt/ cm of thé equi librating buffer,

respectively. In preferred enbodinents, the equilibration buffer species
for CEXC and HCI C are sodi um phosphate based. In CEXC the pH of the '
equilibration buffer is fromabout 3 to about 9, nore preferably pH from

about 4.0 to 8.0 &R,@‘gggéi,vi ty fromabout 0.1 to about 40 gy, eReciRLIL
preferably fromabout 0.5 to 10.0 nS/cm In HCIC the pH of the

equilibration buffer is fromabout 5 to about 10, nore preferably pH from
about 6 to 9, conductlayehyodimenttE¥dOIC @d CEXOFbjuning alxtratedIQing Bsanizatior e

preferably conduct] yi.t I a 0,t0,9 nS/cm A "loading buffer" is
used to |l oad the ﬁoyﬁlﬁggag%%%?ﬁﬁn%gaoﬁ%gﬂmq& ein of interest onto the

colum. Any appropri at dsSehuilibrativndaffel & wssktd adysst thegpH addbmipetbudyfoéthe The

conductivity and of the.loading.buffer. in the present process.is . .selected
such that t%e C prIOC Oé’i'arﬁo%?phiyﬁ?]mgfmﬁﬂ%kﬂ%ﬂ%@efgu?"ﬁg’n?‘g}ée’l"PFQ i CBAYE K nant s
gr ]?f abl e tﬁ fIO\(/jv t;i_li_ﬁteiulgnlﬂiﬁé@a;t fcﬁ@{nuﬁﬁﬁff' tiod?rmft&:iﬁbifgers theheaﬂlsbatgécn@r thﬁfpﬁ@b;e?ﬁ@ 3e
uf f er exchanged. oadi uf fer .can _al so he epar room ere
it i dor tvog; imnioRRdy P ad dhnhet & brirah Iepiia dhterhed e A ik
buffer. Suitable huitfieéomdatible We® tiRSeldcttdradh R@d Bitht elrombtbitagnyQtep Greatither esi n
are well known in the art, e.qg., _such_as those descrjbed above. It shall be
appr eci at ed by tHB%E’OWHV?fH@mG?tdFH‘éPW%ﬁ‘}S?d‘Pﬁ"afiﬁ}é“a’l"f“rﬂ?&lp“ls‘&&e‘?ng buffers
for CEXC and HCl C godypepriie of ffdlesttThe 0@ aldh BuffirhadObonbitBvispdmor PH sadhcthat

conductivities as described ahove for the equilibration buffers for CEXC

and HCI C. -20 a Wohoptigmeptdpot mipest i operbig teprpun o suqhytbatths prateingf iferest flows » o

"post |oad wash”, @Rups@E 8 While b & motinBuiids bl to the @6luhf. 18k BleferRie Or
nore inpurities fromthe ion ,e_xcherllg)%e resin prior to eluti n% t he rotein of
f

intergst. The ter nTMaRduMnhGauilibmtengt fnshromatarraphy jolmmis cormerdnhen thepiiandd (o
descr @e the Passi Qdtiy)al RhRANI g+ Fashs Blof Gl LUTIHHR 0K et B

chromat ography resin. Conveniently, the wash, equi ation an

buf fers can be themg@peferbhly withinii$.liand hd2 mSéquofitbdequiliveatipg-budifed, resperdivelyi vi t y
of the buffer is ch fhat one or re .inpurities are.e d the resin
ohil o the resin'r el amsgria bl SuitbFRH bl Sl b CRKE MU BRR M vash
buf fer may cont ai nsodivtlegheggetetbaseds IdEROT ihe H odl@\equilibiatdn tsferis fipml apsanBhat e.

Any suitable buffer at.a pHc tiple wt h elected resin c be used
for purifying the ??Pgtts)ei“}?? re@%?@rptl'é‘g‘lﬁm %8{:4.‘;?%@&0%?\’ V?OBIE@SW?)EI@& a}é’l‘ﬂ"gve.
Sel ecti onf of pH az:juins/ﬁmdmeieipﬂféryblpﬁoﬁxheouw.ﬁho b@lﬁh@icn?rlﬁ}iﬂmtﬂidplﬁimftﬁ@r ]
renoval of HCPs an er .cagntam ngnts_w tho si gni fi cant el uti e
protein of inter es?q.uﬁ'tiar?émeBhfgm% ‘W%}’“&%@ a¥’?}ﬁti|§'d?|°rg8re*eé% cléhgmaﬂgﬂﬁ?ﬂq%i ned
or increased i n washdiuhitefsmUb&d 0l0TWIBRE SsuEIT mBRfImore preferably conductivity

from about 2.0 to 9 mS/cm.

A "loading buffer" is used to load the mixture contaming the protein of interest
onto the column. Any appropnate solution can be used as the loading buffer. The
conductivity and pH of the loading buffer in the present process is selected such that the

C protein of interest is bound to the resin while contaminants are able to flow through the
column. Preferably, the loading buffer can be buffer exchanged. The loading buffer can
also be prepared from a buffered mixture derived from a previous purification step, such
as the elution buffer. Suitable buffers for use as a loading buffer with the selected resin
are well known in the art, e.g., such as those described above. It shall be appreciated by
those having ordinary skill in the art that loading buffers for CEXC and HCIC can be
used at comparable (if not the same) pH and conductivities as described above for the
equilibration buffers for CEXC and HCIC.

-20-



steps tor e an chromat ography after |oading the mxture in
order to renove nore hydrophilic and nore acidic or basic contam nants than
that of the protein of interest ‘and to reduce the conductivity of the
systemprior to the elution step. In a particular enbodinment, only the

conductivity i d for the HC C chromatography, a 41984 washes
for CEXC do nofwgggqﬁgaﬁany change in either pH or conducr}t@lpr@lgt?@ﬁ olg

buffers used for equilibration, |oad and post-load wash. In a parti cuI ar
enbodi nent the wash bﬂfeftenmtmmﬁbﬁffer" wﬁti{@dmeﬁ“umprtbbqnhmtra“ertoﬂbefﬂpH of a
wash buffer used eg can _be fron]aﬁ rably pH

S € gneOr oli{'}th iotoczg}ﬁg orto lg 1§
from about 4.0 t & capout §°'0Q ARG SR TVIE ST %‘Hgﬂ{‘p’@ f Ut 40
nS/cm  nore preprteabdfyinterestd Tad tevth tyashingrasbmahmetidal vmaadsr@lﬂicrdoﬂ’rﬁisemo The
wash buffer used.in.HQ C can be a sui tab uffer to ac desjrabl e
o And conduct i vRFSSTPATE Bn SaaRpie e BT tBareher o5E G TR Bb oy
In a particular reemb@dnmhﬂy,mtbewd@mammtﬁﬁce.rm&mdmgraufﬂ@k €anib@ tigeQdinklBut
phosphate. The p buffer used | rom about 5 to

b
about 10, nore pfhéff‘éf“gfﬁf‘%}‘“ﬁfh e a“éﬁ%‘tﬁlfmt&”t@*&%gﬁ(?ﬂ&g@s Se"ﬁ%ﬂ‘%‘ﬂﬁc?ﬂ&‘ﬂevl ty from

about 0.0 (W) tfpudisedre &Qt@@hﬁﬂiltheﬂi@ﬁ@whﬂnﬁﬁé ﬁa@ﬁb&txmmegu%épwué ¥f ihteREn about
0.1 to about 9nS/cm_. The term "el uti on buf as used herein, refers to a

buf fer used to efgiralle. ke wish Brfsramaycontyp éri%tg&gelrwrﬁewee%@wﬂ SeohAsE (| .

chromat ogr aphy r gsiyélbatel ReytsBitdble tRlkt £ pH c@ﬂgatﬂﬂie?«mﬁﬁihb gﬁéctea%an%an@e §sed
thereof, refers to the remdoval of a nol ecul e, ypepti de

interest, from afRYRFGRDESPIRHIR ofintessst, ﬁ‘FChlﬂ?th&é’Pﬁ@TS éﬁ‘ﬁ?@?&rﬁp&‘tee Sé’@ﬁ!ﬂltf’fons
e.g., -21 WO 20084 LA ohdudnity Q%Q%%Q%%mpéh&ﬁrfér@&n&ﬁ?oﬂl@ﬁ!’scan&&dh@xngt h or

pH of the buffer surroundi ng the chromatography material, by addition of a

conpetitive nol eEeNtanNipgts wigouf slgaﬁmnﬂwutallgtt@mr?@mtqﬁ@tﬁ%r B‘rﬂf@Bﬁl‘@PY!fb’ @ the
mol gcul e or by chang| frefuctd SFhamtaifRl 9PREEY%ePn M&ﬁ bhirGeRdd (FsubeeqfARHAG) -

such™that the protein of interest Is unable to bind the resin and is
t heref ore el ut edstepsdpn the BCIE ppdopiaX © giramptgsraptyafiar loges the pyptwiglingrdator ef er s

to the effluent %tov&%rqu,h hcﬁ%@xjegélﬂ‘ig omemn:%tmﬁ.%es%n%t wm% i6igh When

the elution is applied onto e colum. Arter elution of epti de of
i nterest the col ahi etca*rﬂnﬁéoI’Cég@rihﬂrﬁml@w,lvlbfeﬂfﬁhqsz@@m@ndrtgﬁl@reédmna@ n@aded. The

pH and conducti VP c\gg:chlggdlﬁh&t&ﬁ? buf d§§‘i‘@&§"§c&§’%§-ﬁéﬁ%me‘d hat the protein

of interest is efuted from epa resirn used in the
process. Buff er shremptogbphey, ﬁrmlrpoaisleamasms fesl CEXOro betfifidwdeane cidegcinicltied above.

0,5 Bt culer SRy o ISy 08 o L SRIG AL ©

In a particular embodiment the wash buffer used for CEXC is sodium phosphate
The pH of a wash buffer used in CEXC can be from about 3 to about 9, more preferably
pH from about 4.0 to about 8.0; and conductivity from about 0.1 to about 40 mS/cm,
more preferably conductivity from about 0.5 to about 10mS/cm.

The wash buffer used in HCIC can be any suitable buffer to achieve a desirable

C pH and conductivity, and can be selected from a buffer as described above. Ina

particular embodiment, the wash buffer used in HCIC is sodium phosphate. The pH of a
wash buffer used in HCIC can be from about 5 to about 10, more preferably pH from
about 6 to about 9; and conductivity from about 0.0 (WFI) to about 90mS/cm, more
preferably conductivity from about 0.1 to about 9ImS/cm.

The term "elution buffer”, as used herein, refers to a buffer used to elute the
protein of interest from the solid phase (i.e, chromatography resin). The term “elute",

and grammatical variations thereof, refers to the removal of a molecule, e.g., polypeptide

of interest, from a chromatography material by using appropriate conditions, e.g.,
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The pH of the elution buffer used in CEXC can be from about 3.0 to about 10,
nore preferably pH fromabout 4 to about 8;. and conductivity from about 0.1
to about 40 nS/cm nore preferably conductivity fromabout 5 to about

| 55/ cm The pH of the elution buffer used in HCI C can be fromabout 3.0 to
about 7.0, nowe p¥ai@iably pH from about 4.0 to about 6.RETERAWEYMNAuctivity
fromabout 0.0 (WFI) to about 20 nS/cm, nore preferably conductivity from
about 0.1 to ab / r i L sed to
prepare the col gfre}%n %th@oéét}st%eh&tlg%?sh O%le bﬁﬂ'&sﬁﬁ nera "%poggagﬁﬁﬁgtgﬁa can be
used to "strip" bgaddmmmfecmmgﬁmnwmbhmddfordmdtgm hﬁﬂitesxng theriaydroptebigitmolised i n
the purificatio r yhi ca tion soluti

conductivity an%‘e%l]—?q%cﬁ%fof 8 aflglfl%a%}éenr%gla pro@% %ﬁftie?‘éqa?&e%margegnﬁ&maﬁg

i npurities and }ﬂreq:tnﬁénﬂobifnterastlenﬁﬂ;ne thibondh thdvesin esd in theAgore slattd iermaher, the term

"conductivity" ers tq t he abi qf , an, agueous t,0_conduct an
electric curremc ﬁ't j&'ﬁ& N ;BStP#ri‘ cﬁfﬁ%ﬁn Off&‘ﬁﬁ%l}”gf'ure A

current flows byoﬂtﬁmngﬁﬁlpswlmdt of iatkest Wit theldhtionfiOapplieddritditha toliums r &asi ng
anount of ions R ese in the equs sol uti on, he solution w || have a
i oher _conduct FURBYS! PR St BB Bhisden by Hemmrin tHE AR i o

at which purifiaahdedsdd. 1s typically perfornmed can be fromabout 4 to about
37C, nore preferably_frqom abo 15 to out 25C within the specified pH
ranges. The unit of P iadareny FYQ:fé‘FFo‘?E‘EPP\PP?Vaf“sSBWF‘FT’ ﬁ@&?@ﬁgpﬁﬁn
centineter (”B/oﬁﬁileresﬂq@dlufeaﬁroﬁﬁthgﬁﬁﬁélﬂﬁ(tm HOHEICTE AN 03H th HOPLEU&GS.T Vi ty
meter. The conductivit -22 WD 2006/ 110277 PCT/ US2006/ 010412 a sol ution
can be altered BpEwNaH héort%%%@wmbaff?r&rp dpperbgthaboypelignarticplgs  exanypl e,
the concentr at igpBoffed, Rsléifigdn Al n GRYL @hd SORTERMHhAbIhiQfs Bdisal t (e. 9.
Na@ or KCI) in the sol uti on may be altered in order to achieve the desired
conttuct i vity. PPErsEhaining sodie acgpresperity8ift ration is nodified to achieve the

d_GSI red conducti vi tYTl?cSpIrﬂ@ﬁEE shgsh Bu'ﬂ"elt REd inBRLS RSB Ubol 0 tothothﬁ
'isoelectric point” of pol ypeptide refers to the pH at which t

pol ypepti de's p@sqrwvf@rab}y Ibaﬁ’%ﬁ&é%ah‘)t“sg gedepniycavighipgaboutfid t‘b#‘boé'fan be
cal cul at ed - acCQbdisih, b/ FEl-eHS SRRKEDH 93 bodiES RAIRLOGSTm ©. 0, fTom the

net charge of the am no acid sidlic acid residues on the poI ypepti de

or by using isoetect ThapH @fdhmﬂn‘fgm M@fcweélmﬁé@@mb‘aﬁbmmtﬁﬁoﬁ@hwt fefers to
a decrease in t %r@?eﬁfagﬁ:[}ﬂ-ﬁtr&ﬁta@o WioGh bo‘EP@B %@%ﬁdﬂ&vﬂg?}o 19ch d @\hﬂ{ est,

where the pH decrea ess an ab han
about pH 4.0, mwémpt%)flefﬁt’a_bllyomesﬁcmﬁianoralp@mtymbwt Oalrid_ahm_ﬂmsmn_eferabl y
about pH 3.4 to aboufr ;3,84 1 AqiRbAS LothPor Gl BY Gsel bd Apard RE LANMAR kRPeukd -y - AL

| east a

example, a "regeneration solution" can be used to "strip" or remove tightly bound

contaminants fror a column used in the purification process. Typically, the

regeneration solution has a conductivity and pH sufficient to remove substantially any
] rernaining impurities and protein of interest from the resin.

C As used herein, the term "conductivity” refers to the ability of an aqueous
solution to conduct an electric current between two electrodes at a particular
temperature. A current flows by ion transport in solution. Therefore, with an increasing
amount of ions present in the aqueous solution, the solution will have a higher
conductivity. In a method of the present invention the temperature at which purification
is typically performed can be from about 4 to about 37°C, more preferably from about
15 to about 25°C within the specified pH ranges.

The unit of measurement for conductivity is miliiSiemens per centimeter

(mS/cm), and can be measured using a standard copductivity meter. The conductivity of
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— _ A
P |l og reduction in viral titer, nore preferably at |least a 3 | og reduction)
followed by an increase in pHin order to prepare the eluate for the second
chromat ography step or to bring the product to a matrix that provides
stability to the nolecular integrity of the product of interest. Any
suitabl e acid cawdseanplted to the eluate containing the ppeiedtvsofiing
interest to decrease the pH for the low pH hold, e.g., 1 N HC or glacial
acetic acid. Any suitable base can be applied to the eluate to return its
pH to nore neutrala sbmngxesmbeeltged byldﬂaﬂiﬁ@-thacodceshtr}im:sof 1&FiaﬁnekanwFpi—b)dmb1é the
typically resultfs in an.inc CtIVIt

the Tow pH hold & SRBEAEyieRar SRTEpng pestk FAE Sonmisich oigreab B Moot St e |
second chr omat ogr apdyshsion mal be ﬂaatdddmbmeﬁmabiaﬂ@ehe dbblfddrmﬁdngm\a@hmcfekmty the is

l'ikely that the increase in syi t.a e,
which is about 3. 2% EoRSHHRIHO rg‘ 510‘1‘&‘%? eaf’:é\'ﬁl’%,/\fhﬁ %gH n “Ct“”gy dgsmg?‘{‘?rrﬁ% | ow pH
hold takes pl ace Rhingl teloe. first chromat ography step and the second

chromat ography step is_ HCIC then the ingreas |n H will e wthin a
pH range suitable for He§ @ nise e‘"’t‘i‘%f"’é'ﬁoﬁf X r%fB’BEPtthf)P—é ‘leﬂbh

preferably about @Hl;@eﬁxde'ep@h%t:ha‘igé)oalaﬁb& ds@.\agalﬁbé &lﬁ}gé TESPI cah BOcalcale@dpl ace

after the second chromat ography but .in the nethod of_ invention has been

chosen to take pl &€Tipe I?e‘?ﬂ@@r?‘”&‘ﬁfl%‘?’f’&)c BEPAIRE S ST e 1Y cBABRPY thefRiag

conveni ence. |t shgidander aRMReAIraidRes dYiht P«ﬂ?&p{?@evdﬂﬁ uSthFisOdcMicSkddsingl n t he
art that a low pH hold step is not essen to ac ieve levels of purity

attai nabl e by a nethod Aéfusetdﬁ’érempﬁ dewpH hold/apfersdna df’CE’@SG ipgbePHOE a1 elypty which

PCT/ US2006/ 010412 contd@ 8 pidtéh of ih@Wst ivhirk ael pmem%se is tElfess fihn aoh PSS § lbow
filtration" refers to a filtration _process in which esgggle m xt ur e

cir c;t:t es acr oss Preferablyfesptban atoprpi éﬁemor\mrqf@ablrabﬁﬁ ‘h@beB‘Ft f-end Bgsles

cert sol utes a']ﬁef@m@ﬁilylab(;@bﬁ@l#l t6 Sbdul3 B%%r&epfo%ﬂgvet\li&%l mmﬁm{oﬂgfe ak Rast BF
typically, the solution flows parallel the filter nbr ane pressure

differential acrosslog FFé““r?’é’m aﬁéh@amprﬁfembhf Bél'FGStﬁli*ll?%TP%Fl@nH@‘IlQ?f{eéé’y@v\hose
mol ecul ar wei ght 'ﬁcréa@@in S 1no ? of %ﬁ%&él@ﬁeﬂfﬁﬂ? ﬁ@ct% QQ@%%%%EO#E SO,

such as gl obul ar protel rough t |s ca
conduct ed as a corhring dmpsﬁq‘uptde mptixcha grovgien sfabilitty do @9 mqtemdw 1ptega ot hd

repeatedly over t D?Eﬂﬁl%n] jlter
is continually dr Q)%&%W’lﬁ%g%@%sgﬂaﬁ?éed %:élhtr%gtﬁllgbt%d foﬂﬁféﬁé Fn g épl%tcﬂ

per f or mance t angemfiingéredt ItQ)dVCfEﬂsetthiatH ton Yhetidwe pHdboldy ag;el NHGwaglgead, acetivecef or e
using both size f I us
Pat ent Pub. No. - 2054 GEMEHSym DRl b PuaERAALACSIN AR RRE O
the buffer in whi cigtllNaNa(mi@tBﬂfi‘ris)thieribwerpHsltoldtsplwlymﬁnltamedmcrm.s:manot her
butfer that is morg sultabl<: £.OF 0 8RNIy pH hold takes place after the first

chromatography step and the second chromatography step is cationic exchange

chromatography then it is likely that the increase in pH will be to within a suitable pH
range, which is about 3.0 to about 9.0, preferably about 4.0 — 8.0; . If the low pH hold
C takes place after the first chromatography step and the second chromatography step is
HCIC then the increase in pH will likely be within a pH range suitable for HCIC, which
is about pH 5 to about pH 10.0, preferably about pH 6.0 to about 9.0. The low pH hold
can also take place after the second chromatography but in the method of invention has
been chosen to take place in between chromatography steps due to experimental
convenience. It shall be appreciated by those having ordinary skill in the art that a low
-pH hold step is not essentiat to achieve levels of purity attainable by a method of the

present invention,
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+# t he chromat ography resin prior to beginning a nethod of the present

i nvention. In other words, TFF can be used before the first chromatography
step, however, an in-process ‘TFF step (i.e., the TFF occurs between the two
chromat ography steps) is unnecessary since the buffers and resins used in

t he present rre_t hg,gq%gé@gmdlrect novenent fromone resin tPC'lt/@sez?oQ metc

used herein, refers to any net hodol ogy, step, operati
that is perforned after commencing the load step for the first

chromat ography col um, “Bitoentdf IV fiit@1i6e ok epftp"@H"&«ﬁssﬂ&wﬁﬁﬂaﬁéﬂ"Qérc@wﬁmu&nhe
second chromat ography colum in a nethod _of the present invention.

i n-process met hoddire§sF & aidithesamply ffﬁ&’iﬁl%‘“‘?lﬁesaa"?ﬂﬁ&%@ﬁﬁa MEOPFENG “(*%‘Gc h as

an in-process TFF)apBfied dresd@e Sanlfdlcertif &hittsant 8BM fnoleBuié 6 DAY BEmigh tlﬁu“ ty
(such as a pH and/or conductivity adjustnment where the result of the

adj ust ment does ngnembpneedr [I5F. dypiegBy, dhasobsiam fevs pargish orthe filter mephigpng A
desirable to achi gy&sde HHEF&HQ Ss B xﬁ%ﬁbr&ﬁ@é&ﬁéc@ rlQﬂdr ahd it DG uResTRbARD  Of

the invention, in which case a tlona steps we known 1n the art can be
optional ly errpl oy@@lettuaﬁra‘@iahbneem@ﬂevthmthamfémraml@a@apamhws flberwbwhas

adventitious and & ?ﬂ]ﬂag ?R)g ¥ fd él"?thg ﬁitexj lSQ%ﬂ%@&)ﬁ&l’l }/e%tag QDorRd, 'ffo@oj

filtrati on nethods specil rane filtration
vi ruses such as V@rﬁﬂmm@}hﬁolwn [9\152@564 ﬁabdtedlil'@@hmolrr@glb@w Whllmilheﬂmért@t

further described q@th i |1
met hod that uses Jtﬁmfr ‘éﬁéﬁ}é éﬁtgr {Paﬂry |f§:f§} a;éégﬁga%?g%dtugr iﬁ]zedi‘lsbfr(%{%J
design to retain g&rfbnmdnestaugmml tﬂoa fflhrdtnoa}thmtmbmne isc@géﬂﬂhmﬁﬁi@mzbﬁﬂl

PCT/ U820061010412 %giﬁd gl?a?%%offnlo L8k 8 S‘%)n(f%%%‘?h%ﬂiim{sﬁ&l gﬁlﬂay Pﬁfbi ﬂgd by the

depth, e.g. 10" mat rix ng capacity for
sol i g@: In a net hofd)OBfDZZSHéZ)pﬂécbarwale;’ﬂE'lémm@mseal tde)pihhngeﬁhelbm&brlualrhlc:behwsed to

i nproyve the viral c of. th tion_sch ovvev
is an optional st ep £ é) 1%?res?15 R&G fn}%‘sd into a.n%.héJ gxuff tlca%gs mqre suni glmfc*r bm%
t he present inventthe)chrmﬁktegxdlﬁqytrﬁmﬂpﬂoterbegmmmlammﬂloﬂefrth\z@tese:)amvmmushnbtm any

poi nt during the ur| ation s ut Js used after
first chromat ogra tf@g o ppse rﬁ%?ésggﬂr\%@@ﬁ%lg Y5 eh‘iwev?rh@] 't‘,‘d)é?ce%f t he
filter. Descripti oTFRﬁtept(he fhe TEE s uisbetwzen tie thochrathatb drephpsesd i unntvessatyi on

25 11111 as about ES=IHHERaR it SebmhErEen rdn B e Su Rorommar i erd
or greater. Additismesgalo tabhesmt ography steps are not needed to obtain this
nign evel of purtty. TS B Fnfodklh S8l S5 B aRo g dES dpi2idhl LMoot
cell's that have been 3 s 1o any gY step, op

is performed after commencing the load step for the first chromatography column, but

prior to collection of the elution peak of the second chromategraphy column in a method

of the present invention. An In-process methodology can directly result in a change in

purity {such as an in-process TFF) or it does not directly result in a change in purity

{such as a pH and/or conductivitSf adjustment where the result of the adjustment does not

C- directly cause any change in purity).

It may be desirabie to achieve a therapeutic grade protein purity using a method
of the invention, in which case additional steps well-known in the art can be optionally
employed to achieve a viral clearance capacity for both adventitious and endogenous
viruses, e.g., low pH inactivation and viral filtration methods (including specific charged
membrane filtration for viruses such as VR CUNO (CUNO) or DV20 (Pall
Technologies), which are further described below.

As used herein “depth filtration” is a filtration method that uses depth filters,
which are typically characterized by their design to retain particles within a filter matrix.
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genetically engineered to produce the protein. Methods of genetically

engi neering cells to produce proteins are well known in the art. See e..g.
Ausabel et al., eds. (1990), Current Protocols in Mlecular Biology (Wley,
New York) and U.S. Pat. Nos. 5,534,615 and 4, 816,567, each of which are
specifically wucnmogaoated herein by reference. Such netHIdsHoneltde

i ntroduci ng nucleic acids that encode and allow expression of the protein
into l'iving host cel These host cells_c e bacteri | 1s, _fungal
cells, or, pr e?lé'lﬁgﬁ‘?tt’/,%h%{rﬁ RBFOILE by e V&Wf'cgﬁygﬁldﬁﬂf SR é@iﬁé&! %flsth%@‘f’x cells
SUraing i nol uda LB 301 e po20, INI0S. KMBeL KNESE. MEI0. and any
strains include; : a, )29, : : 3 , and any
E. coli strain Hightaobgiuped tp H“PreYeéQ‘?/@m?BlFﬁi“ﬁﬁ CHRRALY qfﬁtﬁd’éﬁl\‘/g?ﬂ%’f SQEP%:s t hat can
be used i ncl udeowlvdr ita§ gh dpdiondi kieh bufihot Rquifed FAEHNAE PG RS eI6 6f SMétRddT, Pi chia
pastoris and Asger gillus cells. A few exanples of animal cell |ines that

can be used ar éhepiesentipysnfiomyEiedeptifiiter fppy1Ris rempayal qgppbgused sigay panigunRgsO and

W 138. New ani ngd mefchtidnlsBiRencCRR id3Re68h13 RbddSREAN S Bis\GrdiRiMOL 8y WE ith know by
those skilled in lt)he art (e. by tranSformation, viral infection, and/or

g,
sel ection). | n lpypracessivalumssrgaeiio t of thediisk. ot ei n of interest is produced
ina CHO cell (see, e.g., WO 94/11026). Various types of CHO cells are
known in-the art, e.g., CHO K, CHO DX4, CHO DXBI 1, CHO dhff and CHO S.

Preparation of Reserpiionobthe grocgssot ei n purification fromcellular debris

initially depends 3 ' L ; roteins

are caused to be gfgth%ﬁg{ggg?%g%eﬁg%@%@g%%%%Qéngiec??égt% di (rkgctly

fromthe cell itapwifylaergenobnegishlg aghidaphabenidiod ppsiiGRordeshand ashighet ns  are

retained intracgh r r i j , the
Coabd thgoréx!xé{u guﬁ:tg or. %rgzﬁg' NdafiGha %hﬁﬁagt?&%”@%hétegg ,51@%911 rk&ﬁeﬁ'icj y

ceC can be disrupt In of ‘a variety ods, such as nechani cal
shear, osnotic ctearcthjs hgrdvebnizymit. i ¢ treat nent. The disruption rel eases the
entire contents of | 4. t i i, 1o produces
subcel lul ar fr agrrenrtr[gg\‘/’\%?e(ll: Ofég%'%gecg‘r?%cn%%%gﬁw@negn@?& £ %ﬁ%@ﬁgﬁe dgrgrpby '
filtration. A sgemsticaily gnrolbstredriogrodiesthe piotdiro Ugttheds of gdneimbly ergteemtg, celld t h
directly secrete roteins. due t he. nat.ur al__ dea of .cell rel ease of
i ntracel | ul ar tﬂgéot%u%e r{)te%? ot é"ie}r@maﬂ]rlln% atﬂrﬁaége'%:(g)]' 'r‘gé"ga%ei ett "eed%r(o e?’n

producti on run.CifvanPru®icelg inrMclecibdr Bacio gyt (Slen) Nere¥ork) el (P8 daeNes.of | nt er est

can be produce J ac I in the periplasnmc s ,_or, directly
secreted into 35115;4%551{5%!3%%& %Slbop%lfla'[% sqew@gﬂfyi cﬁrpﬁgagegﬁﬁfﬁnti"yel y on any
particul ar net hefitdneg \Such mietidtsiaciad ihttddacing MlttdiSacids iy enteddund all@n be

enpl oyed by the skil.leci, ractitio agco h this. If the Clgrotein IS

produced i nt r acEPIEEFYYgHhe Biteig 1pip ?‘gi%‘g g‘?sébe, t elslf)g‘?sf pells Fagtbe badEal €Sk t her
host cells or fuygeeklkf@gireptably, Saalkels @iViadniniror Baxaaioet celyindlude,
centrifugation o @ iy B aiRetis” Examples of suitable E. coli strains include: HR101,
DH5a, GM2929, IM109, KW251, NMS538, NM539, and any E. coli strain that fails to
cleave foreign DNA. Fungal host cells that can be used include, but are not limited to,
(_, Saccharomyces cerevisiae, Pichia pastoris and Aspergillus cells. A few examples of
animal cell lines that can be used are CHO, VERO, DXB11, BHK, HeLa, Cos, MDCK,
293, 3T3, NSO and WI1138. New animal cell lines can be established using methods well
know by those skilled in the art (e.g., by transformation, viral infection, and/or
- selection). In particular embodiments, the protein of interest is produced in a CHO cell
(see, e.g., WO 94/11026). Various types of CHO cells are known m the art, e.g., CHO-
K1, CHO-DG44, CHO-DXB11, CHO/dhfr and CHO-S.
Preparation of a mixture for protein purification from cellular debris initially

depends on the manner of expression of the protein. Some proteins are caused to be
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order tO PTEPATE BT R O T T At T o 1T the protein is secreted into

the medium the reconbi nant host cells may be separated fromthe cell

. culture nediumby, e.g., tangential flow filtrati-on (TFF) or depth
filtration, in order to prepare a mxture for purification. According to
the present invention, once a mxture containing the protein of interest
has been obt ai T&Q200¢/t18273epar ati on from cont ami nants in t RCTHYGPE)2s
performed wusing a conbination of HCIC and CEXC chrorrat ographies in either

or de_r as desir edsecxfﬁégﬁlrgltlglﬁrogltﬂfgcclll‘ﬁ%i i Ca‘ﬁ{u 9&‘9'»&1:1 .?%Er p%?te scri bed

her ei nabove. No ot uri TFF,
are required to -'acmtaewémtmvélustrbf Fpnmcltgxotem‘s pmdm&imawumlmmu cafbet he

present | vent | ofl 00l Yo BB PULARIHIBORL SASLhORIED) (85, H8edads g weer

the two chronmat ogra h'or prep
purification in aﬂdenmumdeamhem (11 dm'aplmmrﬂ@saplwenuta"coﬂtembfﬁ]e:udllanto the

enbodi nent, the CI

resin is Poros 5 p?‘? 18 ltéowg‘s@ﬁ%s)k'{ﬁ%fh‘ggreﬂaéﬁ‘ﬁgﬁﬁ%bEﬂ{)ﬁ?ﬁcm‘?‘?gIﬁﬁl ques
separate m xtur e&nmifugaﬁmi @by Silteatioh.n & sixdiat Srobibm\asises oﬂtsoqghmqoeretmeesqtenn rdihudi ng
charge and hydro o icit | n.esse t hes aratlon nmet use

pr ot gl ns andy ‘ﬁéelg WF’S%GP@?‘TSdf ﬁ&/‘gé aﬁmfa‘ud??‘gr*’g P rEl2sE 8 héceﬁBﬁb col um

in order to aChIEiéﬁceﬂprc@ehﬂﬂuﬁlﬁtthse&ﬁﬁeadflﬂﬁrpr@&nbfwluﬁﬁhaﬁi al passes further
down t he col um. UndgE appropri at.e Eﬂdl tions as ngCI‘I bed her el ne%bove t he

chr omat ogr aphy st eps P08 fesemp) Piﬁ‘éﬁ“ igfes, thepsotgipob pERsgst 94529 produc

PCTI US2006/ 0104 1iAtradeini@iys i thé Perpthd@ic@pice, dridfedtylsebitied bl th&nailmwm&mher
material to pass through the colum The protein of interest

is
differentially e? %laveaf}mawﬁ BYHPRE PR any praptisplar mahedalogy e (rmoye oy l&bﬁ’e%

appropri ate condphy fbtfied dahBe eRloyRbyIROKAICD p?a@t!ihda& t8 @08 ?hﬁﬁhx‘b ' AfRe
inp@rities by adhering the inpurities to the colum, while the protein of

i nt 8rest passes PPKIEGRMN %Cﬁ‘éméré‘FeHH‘l‘iﬂYﬂaséﬁm tieR %Wéﬁé?lﬁcéﬁbqsn?‘%‘?"e@‘?t Gells
present in the " &hﬂée?hbw an Helrer8dV34 | o aRPIBI 5G] RhtA fhgRYont R GifRniod stey #li nary

skill in the art t a low pH hold can be incorporatéed i nto the present
net hod if desir affie to pygpare e;rr%twa for preBsatioe f the Peiein tesieted wio thegedismor y

agenci es for thewBrRemshid Ro®tells AR P Siphiated RIoRE BE A culnSFRdinilb3l e P at | east
two separate steps for viral inactivation and clearance, based on different

cheni cal nodes ofanggatisl aw{iiration 4FEF) oy fapdufilirgtion, inydepiq pielaes apltuge 7 r al
filtration step. m‘gggmlnow pH hold typically enploys pH shifts of the
purified sanple? g., see Exanple, infra.), and can be incorporated into
t he pH mani pul ati on n@@@rémaﬁwth@prepqnéwaﬁmﬁmm hmixtgeeantriningithe prtedyeiaphy

step. It shall b@f}e?é%%a@% to%&u@& m%ﬁ’f}” ti8h fr%%ﬂ’c artlin'the &thﬂﬁ g@xrﬁﬁnne&hat a

pH hol d bet ween e two chronmatogra steps can e acconpli usi ng any
using a combination of HCIC and CEXC chromatographies in either order as desired

{(see Figure 1), under appropriate conditions, as described hereinabove. No other in-
process purification steps, e.g., TFF or HPTFF, are required to achieve levels of purity
attainable by a method of the present invention. Only pH manipulations are performed

C as needed between the two chromatography steps in order to prepare the mixture for
purification in the second step of chromatography.

In a particular embodiment, the HCIC resin used is MEP HyperCel (Pall Corp.)
and the CEXC resin is Poros SOHS (Applied Biosystems). These chromatography
techniques separate mixtures of proteins on the basis of various properties, including
charge and hydrophobicity. In essence, these separation methods cause proteins and
other molecules to move at different rates down a long column in order to achieve a
physical separation as the material passes further down the column. Under appropriate

conditions as described hereinabove, the chromatography steps permit the protein of
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met hodol ogy known in the art to acconplish the viral clearance typically
achieved by a |low pH hold; provided that the m xture containing the protein
of interest is buffered appropriately prior to application on the second
col um. For exanple, without intending to be limting, a |ow pH hold

fol |l owi ng HCl Cwaupssee7acconpl i shed by using IN HCl or gl pciredzemoekizc aci d
to decrease the pH of the HC C eluate to a pH range of about 3.4 to 3.6
followed by 2M Tris pH 9.0 to |ncrease the pHto of the eluate to about

6.2; al ternati varsrest jogdhespiorthe ey, while pigwing othqr matesial topasthrengidhe) can be

used to decr easgolifAs ’Pﬁ'éﬁ?&teﬁ'&?m%ﬁs%éﬂ%ﬁ&r&rﬁaﬁy Nided %P%rd%fnat%lﬁ,ﬁffér 3.4 to
3.6 and 2M Tris pH 9.0 to increase the pH o He eluadate to about 7.0. A pH

hold will typi édemptivelssuder snproprale fenditpgs ﬂaﬁdearedm@asm o berpeparpteq fiom
conductivity. %‘Eﬁ\vﬁi{t1c§)5ﬁdddﬂ@ﬁ% t3kiphritidd 1 A8 cAidhn vvnhﬂe twataﬁloﬂneersst gasgw

conditions for step used in a met hod presen
i nvention. Typi &upugh, theapolusw peHth@n’rqtem@flrp@rpat@rm@anflwle ﬂOW'éhi%ltghébout 30

m nutes, preferably ﬁm%eé@n&aﬂé& os%fgrgﬂa&fsaﬁm }%mw&ﬁw@w&m@&

m nutes, and nost pre Fer abl about mnutes. In cert
purification scheinegppatedino the préest mathp@ifidesippblef Breoavitabsieapdscdol d for up to

5 hours depe”dkéﬁgué?ﬂenkgagg%ﬁ;fa%%f}e e{?ﬁés'}gr tﬂgéﬂoﬁﬁ ?Eln Bfth%;@&gﬁgg‘d&h% digde

protein formulation i1s en a second vira rance step can be
enpl oyed, e.g., musthienatisast twd separato stepst fepyirahlnadivaiian anfl olgerange, baset on diffgentred to

achi eve the | ev - i i nabl i -27 WO
20061110277 PCT?@%&E’%@%(?&%?%%@’Pgt ‘Qﬁgédggéﬁqﬁghdgﬁ"d%gﬁalbﬁ]“%‘s“é‘égp

met hod of the i r’ﬂe}wip}hhcad typisally enkieyspHi shiftsloétha ptrifiqdesagple (dk.1 sep Brfmple, VF
Grade DV20 or DV tron Pal.| Corpg@ration ast

Vi roeol ve (M 11 1Haremdsrd bbRasrginlo TRt BRI Ray ol b2, 7

Pl anova(r) (Asahecoiﬁhclmt)md?dsmxpmsteﬁ’l hsieNidbe Bppedatedby Mefoﬁbﬂlrﬁ'}mkﬂlmltliﬁ)aﬂ | n

order to renov ir nd ot her bhiological materials ferably with
pore sizes smal ﬁ?ya{’#gﬁﬁ bgWﬁﬁ?t%ﬁﬁYocﬁm “ﬁ‘%’%‘ﬁ%é‘&’s C&PIHJ GCPmE{éS% & %Y
chr omat ogr aphi c n&t]:ﬁﬁdog}fknbhrﬁ inl thy @mtd eomydizh be vcralrcnaaadcmtpwmy aamyvdﬂwhaam cal

means. Chromatogra rrled out in a y be run
weh or wht noufpPa e died 4 BinsftasonBistedf BP ot UL DUE The
direction of thapgrbmiatelriok kokipglidatiod bxethe dcufidicolByn. be reversed during the

chr omat ogr aphy process. Chroma may al so be caryi ut. u a batch
rocags Phount ch' ¢ heRE BITEPIo SUB0 R et e e 717 H ol eGSR ¢ o

| oad, wash, andcai waecdxﬁiﬁlslﬁaammuﬁn@mm or SladiklabdiR 6@ waacrdamhaﬁiﬂi Bgthgr avi t Y,

centrlfugatlon or fjltratign mat_ogr aph al so be carried out by
contacting the %P{é‘a’iﬁnt‘fﬁpﬁr@ﬁﬁ? gut3 ‘?‘Pér %H &B%?EESB[}{ 9 0dp iicrrase

the pH to of the eluate to about 6.2; alternatively, following CEXC, 1N HCI or glacial

acetic acid can be used to decrease the pH of the CEXC eluate to a pH range of about
3.4 to 3.6 and 2M Tris pH 9.0 to increase the pH of the eluate to about 7.0. A pH hold
. will typically result in an increase of at least 0.5mS/cm in conductivity.

(' One of ordinary skill in the art will appreciate timing conditions for a low pH
hold step used in a method of the present invention. Typically, a low pH hold is
performed for at least about 30 minutes, preferably about 45 minutes, more preferably
up to about 60 minutes, and most preferably up to about 90 minutes. In certain
purification schemes it may be desirable to perform a low pH hold for up to 5 hours
depending on the protein being purified

If therapeutic grade protein formulation is desirable, then a second viral
clearance step can be employed, e.g., a virus filtration step, which is, however, not

required to achieve the levels of purity attainable by a method of the invention.
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sonme nolecules in the sanple nore strongly than others, using the sane

chem cal principles as those described for a chromat ography resin. Although
steps in the preparation of colums used in the present invention can be
tailored to suit the individual needs of the practitioner, the follow ng
description is WPEWd as gui dance, and those. having ofGFVSIIUMIE|
the art will appreciate alterations can be nmade wi thout departing fromthe
Dt et o' THEAbORevi bR pBLEAR PAMES ARE AL A0k dchliown in e oy
manuf acturer's instructrons. Prior to purificatio urms are typically
sanitized usi ng @g 3 ptr®2&t GM@@WGDMBHSO mdé?ﬂﬁet@ﬂ"gétﬂPaimcm@lawnyﬁaM opi ¢

salt, e.g., 1 N‘.’ja t . gﬂ%j ;'gph%_i huffer.

Duri ng the sani tz ion gfrgsogbtwdh aﬁ% ﬁlﬂe P’?F‘Ra (9 , e.’gl\?%}ld?%réﬁbout 30
m nutes, prefer adeIvaaQbmm HashcﬁhamlaaPlamvaﬂiésismrﬂtufﬁaba}rbmm)SOIouibi on is
PP 20 00 Lo el AR L B AR NS RRD PRI AT AR ¢,
neutralizes the2(neswhidhytadteaplvapsliogirdisee saniti zation soI ut | on, e.g., in
CEXC, Nad can be us ram t he col um d i nt ai

Cosin | Tgand 1n cont st “BrorERR e PO o B B R H San i o Y e SteBiieth | o
charged, an equi medisaCliromatbgrapisr miybedaeidd b uequ:bllnhﬂr'aliae;ohﬁﬂiﬂnmﬂcummitm or der

to prepare the pH and conductiyity of the resin to bin rot

[t br o5t For - exBpEnt AR g ik ddhio BETesb el da B AN PR TN i s pH
andd conduct i v:c t yf fli®inwhé &thmOmiy w%vﬁeﬁhmmgahecmﬁhawl hytpagesgH and
conductivity o e i brati uffer, respectively, -2 Q061110277
PCT/ US2006/ 01041§B’°Ra1° L&HLW%H} 54 camio QU | aQ\%}‘i\t‘ EWC?%“’:Wg‘bg\OF@‘ a cell

cul ture super nat apport Rabparfieddis &R i ﬁaa@ledadsltba@uﬂssranwﬁtammaﬁple rbyamy
appiopriate buffered salt (i e. |oa buffe% | oad_m xture

contai ni ng the prbeRF meass: i“ﬁlt“@'t“égfa‘“l%lce IOBLFF tragigh Gromatogrart r“?d’j
derived from t hessEahicaant by @atac tﬁ@ltﬂxessmlelv@&ﬂadm%sd Slidr iRt SRS bixe@ined
colum (either CEXC or HCL.C) using a |oading buffer which optionally can be
the same as the SUREPPlPResin ﬁswl? wpre Slxgn&lsh%@wtkfr&r“@ns fsiame tewigh t he
solid phase of tpgncffids4Bthosd dBcritRh B @lchroftatokRbRY R8h. ARMug {@k i WPUri ties
(e.g., HCPs if the protein is produced in a cell) bind differentially
to the solid phaB@paratiosofpolumas wed i thyprespldpysntigheaade taercd tonlitke  and
contam nant s pas&dﬁvﬂfu%&@déd?%eﬁﬁ&oﬁﬂ&k?%%%xﬁghéé@ﬁbtm%&oxh&% Aplise has

been | oaded onto the columm an bound to the resin wash steps using a
wash buffer as demidhosphaving erdiseryiskillie thepg will epnreciaintligrtinagnes be witheut

col um. Pt 1 onal luperife bbhiShe WA GRcAifth, 26 ARHA TR Ao dril SR, {1 oW rate

than for the oth sh and ‘elution steps (but is necessary), e.g.,
using a flow rat @amfaqms:pomm@moP@,@\t@pmﬁcmtmu@célgnl(searfgtypw@lyﬁ@mmcdlyﬁlég}

residence time. Ealnmyatﬁ(ﬁlts‘aﬁmgﬂ,%en charged using a lyotropic salt, e.g., 1 M Na(l, and

equilibrated using an equilibration buffer. During the sanitization step, typically there is

a hold, e.g., for about 30 minutes, preferably for about 1 hour, after the sanitization

( solution is applied onto the column in order to clean the resin having any bound
contaminants, including contaminants of biological origin. The charge step neutralizes
the resin by displacing the sanitization solution, e.g., in CEXC, NaCl can be used to
remove NaOH from the colurmn and maintain the resin ligand in contact with positively
charged ions. After the column is charged, an equilibration buffer is used to equilibrate
the column in order to prepare the pH and conductivity of the resin to bind the protein of
interest. For example, the column can be considered equilibrated when its pH and
conductivity are within +0.1 and within $0.2 mS/cm of the pH and conductivity of the

equilibrating buffer, respectively.
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di scussed in greater detail infra. The pH and conductivity of the wash
buffer are inportant during the first wash, particularly for HQC

chromat ography, in order to maxim ze renoval -of HCPs. In the pr esent

met hod, the wash step in CEXC chronatography renoves nucleic acids and
remai ni ng HCPs woi2&/mevai ning the protein of interest. ThE/dseost1owEash step
in HC C chromat ography renoves HCPs whil e the second wash renoves nore
hydrophilic contam nants, e.g., HCICis very efficient for nucleic
aci d renoval because ftoadgaiK 1?19%64 hichds pipBly el palts BRcmatint thabsC | s
enpl oyed as the fhicehirstdd ddiBusfért@Ehafodi M fthppRPRats bdfersPal BR. REPHARSI The
further reduce |levels of any hydrophilic contam nants. To elute the protein
of interest fromi9adaizyrafin, coai ppipichtel Insereat fos i ishpuBRogtign 1s dewgd) as

described above, gty adaftnt RombiBkR hikt Odlls iNb&IE Shto 1R eﬁﬁl&@(at%@c&hrﬂﬁiteﬂﬁero” t he
colum. The type and concentration of buffer, salt, [or other compound in

the buffer conpésiXG etlGCevgngnlonding blzfﬁewmhméron@llmaé@e fhepeme asyld es)
differentially in ﬁlﬁﬂr@t‘id %P AdGe mB{tﬂ'E Rbds @Eou?ﬁ'@h@@&ﬁf ha%’g%‘?'&fé%lufnﬂethé’r otein

of interest is re alned relative to t urities roprla’[e pH and
conductivity rangexeif ofmtembhnudgvthemnh%sr(dgeﬂﬁﬁ dmemmtﬁen@rc@ned ibe GHEAdi | y

determ ned by thagg, ddlﬁ&e&faﬂt by ]sﬂlcﬁllc(l'pkl%e tBerdi) eﬁaﬁlk?.gldgﬁtapa%oﬁ %ﬁhé%&%' €

provi ded herein as QUI ance € pro |n 0 erest 1s recovered
during elution. ahdcontaggnantspasd thiomglzihe H@Eisatpgranﬂy@ol@hwat e containing the

tei f int t,
ol oyed. e g . ot oCRiee e harbiel Bhdha RRICORGR wfs Dya H 58
PC1/1JS2006/ 0104 msh stezsludmgeevash blcéfeo&s d2samberdidre psrfompedtopteaf mnalbiu}anmﬁtongr eat er
that 3 mnutes R dRASE SRy, TRIEYRASLELAN-YRAAESR L. 0AD 0t 5

resifdence tine. el n " Varedt %'s rermve romthe co
is cotlected baselt cﬂhtarhtashmﬂMomﬁteﬁs (pﬂakudtnmaswny%mrgg uAiBg e flovvoaté al | | ng A280
between 5 and 25% abov selin absor bance. ..The basel i ne

can be readily déPBrRI A é’@qﬁsevemgh%’?& EE ia hawmglk‘}/ef)lrem R T OB B ur i ng
the absorbance discudei mqwaterbﬂannﬁg Ehﬁﬁmmd&bmﬁﬁﬂw%ﬂthmh\bnffeeaﬂehe buf f er

passes through the olum. .In.order t e l.ection f HCPs to prepare
a purified conpoé?’??'gaﬁléj%ﬁfl%ﬁrh{ft%ﬁ?‘i?@% 16‘? OﬁHg_& TR ERP YI’PO% {9r eferred
t hat el uate cont ahdxiniige teh@villodHEPE. Bifthe préde@inesiiod] the 0ait stie ¢ENES or e 25% of

maxi num peak hei si nc HCPstendtoe e at, a r time | ower
T val vl rar e hahqmefe e gbY frmarss THEkEis f0ds TrEnSLBAFILER S AT I 1t e

present inventi onfGidse lenbtamsmate;smHacma&igraghife@fomtﬁcmvaﬁlemm a long

colum, achieving a ical C. separation that Incre t hey pass
further down the sew@ﬁ%ﬁl FRAPYSS TACRRLYSF PR foRjfuminants, €&, HUPs. HOIC is vy

efficient for nucleic acid removal because it mostly flows in the unbound fraction. If
HCIC 1s employed as the first column, then a third wash step can be employed to further
reduce levels of any hydrophilic contaminants,
To elute the protein of interest from the column, an appropriate elution buffer is
C" used, as described above, to cause the protein of interest to reverse binding off the
column. The type and concentration of buffer, salt, and/or other compound in the buffer
composition are snch that the buffer elutes impurity(ies) differentially in relation to the
protein of inferest, whereas the protein of interest is retained relative to the impuwities.
The appropriate pH and conductivity ranges for loading, wash, and elution buffers can
be readily determined by those having ordinary skill in the art, using the Example !
provided herein as guidance, such that the protein of interest is recovered during elufion.
In order to minimize HCPs in the eluate containing the protein of interest, a reduced

flow rate, described infi-a., can be employed, e.g., ngt greater than a corresponding
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5@ interest AdnNeres ToO TNe chronacograpny nedium and is then differentially
eluted depending on the buffer. In the present purification nethod, the
maxi mum.rate at which. a m xture noves down the colum (HCIC or CEXC) is not
greater than 30 mnutes residence tinme, preferably not greater than 10,
nore preferably not greater than 6 mnutes, still nore preferably not
greater than 3 mWeE110HAd nost preferably not greater thBGEVOSHE6EIMES. | n
a particul ar enbodi nent of the invention, the flowrate in the CEXC step

corresponds to a regd qg f {%mﬂ%% oré E\{e%éab%p ?%B? %atf%lmlmrﬁgs rgﬁdencenm;\{]

HCIC step it is not grea er owrate1s n
essential to achi ex¢mgrefagstily go grbameh@ I@bntamtcsalgdltbnwlmc rmsm@ﬂrotrﬁn ¢fligerest is

nventfon, rat es: 3 6o Rl Rl Ohe BHLARER Bls SHHRANGEr ChEy BN G QLAT narY

skill in the art wraeas nee erred
of protein purifi ciatfalhrrg Anzyu tetwprenSesd 256 albdvebgselﬁmentlucﬁsuréﬂ/lgnihsmbancs Thee

nmeasure of host cell rot r val .. The purjified protein i refer Iy a
honogenous conposet"t PdiRe g0 e‘ietreaidﬁgg%t?wléeg d 0 ?%\tj.oréﬂ?%i'glf“ﬁl %ﬁé‘éﬁﬁ&ﬁ’%‘}%

sanple at any staayaorbafnc@uﬁ*thé éqmﬁﬂ:i@ihgbﬁfﬁerbeasd%ehmmﬁﬂm\ﬁﬂaypasm tlﬁhxlg&the

met hod. Such net hods ar n.th t and include; 1) colorinetric
nmet hods such as th°é’ﬁf'5\7\ﬁ'§7 ‘ge%t&?e “f%@lle’é?oﬁﬂﬁ){ggs QeERge atpf'}ﬂg%‘}ﬁof‘g?oﬂg%f‘ay, and
t]pe col | oi dal ggl gl:oaﬁﬁmg ﬁllaﬁmmtdmﬁ&eutxtllspzermd tiaeeludtbloconbsofidhé pfgtepgaperti es
of proteins; an i sua tion based on stained. pr ands on

gel s relying on cd FH%MCW‘:E %F&S&“EWW&@WM%HH&%C%&?H?f"t";]/“t%f'fat he
same gel. See e.g. 1at§1tmﬁe:mlmo€a£&99@)valusmmwH@mﬂe@mof Protein, in Guide to
Protein Purification, Methods In Enzynol. 182: 50-68. Protein contam nation

of a honogenous - 30 V\D@W%i@?ﬁ“ﬁ@?ﬂ%ﬁ?@@@ﬁéﬂ?@ﬂﬂ?e“@bﬁﬁwﬂF%FP cont ai ni ng

the protein of intRh@EinaiR o MEvR ERTeRnPREs EM@TthélﬁmﬁE%Bﬁe\KM\bhyktﬂalt he art,
e.g. by enzyne- | i nked, i mmunosor bent assay (ELISA; see e.g.. Reen (1994),

Enzym=Li nked | nr rigPRseioniat inceasss gs ey p srHowa diecolpgy Bhile thepront| de

Protocols,  Met hoGgeMal adh&Qb the3Bronfbibrabh memh%dussthemazqeﬂ@ﬂiaay%ﬂteber ein by
reference inits entirety). The amunt o @3/@& present in_a
m

honogenous corrp05|@Pwng(%ﬁ}@ed?“ﬁﬁehgxnﬁh?é“??ﬂﬁﬁ’éﬂwab?n IPPFP SHAVR BB bichi ned

by any suitabl e mef{dye f8Ves d@%ﬁ%'c@lunﬁ’tﬁcf@& CSEC)BOnATPRANer tah b Aifdeks
pol ymerase chain reaction. DNA can reduced to 'l evel's that are | ower than

10 pg/ ng. The pr otmefigenehiige, rPEQf@@*éV e@r gxeater Bun & mane prefsepblsnod greater than 6
bi ophar maceut i cal | Q€ GERER glg‘?x%{ %E;ﬁé? 108 hifuths Qxﬂi 1{19{t8 db%'& eater

di agnostic, therapeutic or ot nown for suc ter
col l ection of the @Mmemtﬁanm mrtrcglat prabasimené b fthovéntiorrthefiow @wnﬁwd}ﬁé’i@ws

t hat step corresponds to a residence time not greater than about 2 minutes; in the HCIC step

it is not greater than 3 minutes. While the flow rafe is not essential to achieving purity
levels obtainable by a method of the invention, rates are provided for purposes of
guidance. One having ordinary skill in the art can modify the flow rate as needed.
The preferred measure of protein purification by a process of the present

(, invention is the measure of host cell protein removal. The purified protein is preferably a
hemogenous composition as it is defined supra. Protein concentration of a sample at
any stage of purification can be determined by any suitable method. Such methods are
well known in the art and inclede: 1) colorimetric methods such as the Lowry assay, the
Bradford assay, the Smith assay, and the colloidal gold assay; 2) methods utilizing the
UV absorption properties of proteins; and 3) visual estimation based on stained protein
bands on gels relying on comparison with protein standards of known quantity on the
same gel. See e.g. Stoschek (1990), Quantitation of Protein, in Guide to Protein
Purification, Methods in Enzymol. 182: 50-68. Protein contamination of a homogenous
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& may remain bound to the colum can be rel eased by stripping the

chromat ography . nediumusing a solution conprising the buffer or salt used
for chromatography, but at a higher nolarity or nodified pH The colum nay
then be regenerated using a solution (e.g., a regeneration solution) that
wi |l have the Eftvgucztom?uoz';‘?l easi ng nost or aII pr ot ei ns fropq}r; 006/010412
chromat ogr aphy nedi'um and reducing or elimnating any m crobia

contam nation that may occur in the chromatography nmedi um Subsequently, the
colum may be ri n%ﬁﬁp@dlﬁbnﬁi)ﬁlﬁi@ﬁlgiﬂ& proteifllof inkePedt daR B detbrEiid b FRSoud nhknak

growth. Such a sqlytion co sodi um hydr oxi b_ut ot ents
can al so be used, g\fﬁ“a"sg t‘?ﬂ%\%'lnﬁ@gﬂm}’ﬂ"é %’éassf)‘fe A3PEoh ee‘b{ Sﬁ
concentration of IBw@hepRinkeSRirhhosolbeat Agal (E/MISDQ), BRI PeotkiB afd Mldeplmfoecms
pur poses of dermnstratl ng .t he |nvent| on, . IS not mtendgd to. be

limting. EXAVPLE Metheds Meldpk S&4aHfPe W&‘&é‘d% ‘PBE%OT%*FFEh%ﬂP Py Feleence i 16
antibodi es using anpguehfication nethod of the present invention. Fully
human anti bodi es were prepared against an. activated T cell associ ated
antigen (CTLA-4) and a be praounbid AN thapmay, bg PrEwent i EhaD9EcnosiCAYPAERr ex' s
HUMAb Mbuse ' D. Trc@ﬂt%ﬁﬁ@t&"@@te%ﬁ" Rt L PAR USRI Rtidie nfe@lol SForCel |

cul ture was perfornmed using synthetic, serumfree, "defined nedium at neutral
PH (7 to 8) and cOHaRlEope £4n Use myRseay utiizing golymerags/chp repponpBNA exudecel | s
were grown to a q%ébégélgjcls%q)%@y&%q 5%@1 cells/m. Cell culture was
clarified by filtration -31 WO 2006/ 110277 C‘F/ U52006/ 010412 wusing a 60MXR2
CUNO filter (Meriden, @& protifethusaseaveresganchs)formpiatadin @ bisphasmangutigetly was
concentrated and r Jﬂ\ég: | MO SNAS Bt H 6. 2.
For experinents %}@%ﬁ&&é@)ﬁﬁ%@@% R\%é%d?‘@g odeX gﬂgatgt uéae resi ne‘?usfe e | oad
was ?usted t o keo®n ffiyr suihtmaleduleg t he concentrat ed and diafritered ceII
cul t e supernatant wi t) ]

either of the two anti 6\ %%ﬂ%ﬁg%ﬁfgéﬂﬁg lhggileg’ﬁoér I ?{eege'?'f a@lﬂ escrl bed
bel ow. Tables 1 anﬂayzremma\homdaormeegluum chinbe Ilelmeé bepepping the pupinbtograptiyon
process of the i oS i

material. In this process %%\OI oﬁg&ﬁﬁsﬁgtﬁg%}%@a r%&?ﬁ%eh?oe%&@gsw oﬁﬁ?g&ragabhy
step was cationic mg'chmngatyam um:t'd'lr:d)gHaﬁtqcolu@ﬁaiﬂyeheh)beerngatabum HOKBom esi n

Igr dgg?;ggg’ t];]gl lp a%bﬁvgenc thIl (9'!;{[!0119&181 wslf hrzlig %c etl_iq%v?].?a éa}%clﬁ Cpt%tems aci d
i ncrease the pH offrdrﬂn&xefchmmhmgnap}tmamm aﬂ'dmdnmmgamdlunmm@fahynndnyblslt ep was

HCI C (Tabl e 2 Ce t The, | h
ypical Ly reaul t od el AmROT HRRAEErS HRGHDmaRRREIH o B AR BI by B e

process was carri edlupimashetihsed and stored in a soluhon that discourages microbial growth Such

a solution may compnse sodium hydroxide, but other reagents can also be used, such as
ethanol, sodium azide, benzyl alcohol or high concentration of lyotropic salts.
The following Example is provided for purposes of demonstrating the invention,

and is not intended to be limiting.

EXAMPLE

The present Example describes the purification of antibodies using a purification
method of the present invention. Fully human antibodies were prepared against an
activated T cell associated antigen (CTLA-4) and a tumor associated antigen (CD30)
using Medarex's HuMAb Mouse®. Transfectomas were prepared using CHO DG44
cells. Cell culture was performed using synthetic, serum-free, defined medium at neutral
pH (7 to 8) and conductivity between 10 and 16 mS/cm. The DG44 CHO cells were
grown to a density of about 3 to 10x10° celis/ml. Cell culture was clarified by filtration
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equi libration, |oading, wash and elution buffers for the respective resin as
indicated in Tables 1 and 2. Neither purification step used an in-process
buf fer exchange step, i.e., the sanple proceeded from one chromat ography
step to the next with only pH manipulations as part of the |ow pH hold. An
al t ernat e procwe30ER)02t7or producti on of therapeutic grad@CBiUgioesHodtht eri al
was performed where the CEXC and HCI C chr omat ogr aphy steps were reversed,

i.e., the steps.in rst foII ste S |n

b e 1 The £ peits o GRMOZ DI filer B Rl Thi poubitasRaS et

HHyCIper Cel | resi In E@i’cetﬁﬁiﬁdl&ﬁtgdmﬁl&rcdiﬁ?ﬁfct b:g& 'ﬁomv?g atﬂlﬁnéhosﬁhdt@\yﬂmH ftm,td US|P ng IN
or g aci al acetic aci errorne t 0 _decrease.t 0

eluate to 3.4 tEXPSTIEeRtyhey ﬁﬁ@%@ hpgs gsed gpths captprs 'csf‘hgt‘é &% A u%‘?—‘i{vEf t he

fraction to 6.2t pineby atﬁatﬁtglﬂmbdcehwemhhmﬁrt@s&tellta:dlmres@amaaﬁmaﬁﬂvt of about

2nS/cmin conduct i vi th The second (CEXC) chronatography step wa%
usi ng Poros 50HY2PHs PRrifigstoned mixfres gontaaing sither pifhetworpntibashcs wes pepipgm cess

was carried outn dihbitfireEtSHAiak HEEBREBRow! 0adi ng, wash and el ution buffers for
the respective resin as indicated in the Tables. None of the purjfication

steps in the alternaf®lesdgedsshoy W@G@%ﬂ%ﬁi"%"r‘ii@p?wﬁ%ﬁf’tm"@i&fﬁﬁge st ep,

i.e., the sanpl ﬁmv%t&ﬁ?&%&hu@ﬁ&@f%ﬁpm&'&r H{n%la'irﬁﬂﬁ%na?t ﬁﬂhfsg HF’&Ic W th
only pH mani pul ati ons as part of | ow pH hol d. -32 WD 2006/ 1 0277

PCT/ US2006/ 0104 fizst noratfﬁ@MCEiéﬁtchreﬁate&remﬁ@ weh eBieaicsyehapgachfaRatogrphhody
capture or poli ghihpoy u%@ﬁ(%é’scﬂis 1384 Rk ca pﬂP@rf@ﬁdw%ﬂ% 2 8RY Bt held uﬁhgﬂmﬂ:x

capacity was constant at resin. ow rates” are expressed
correspondi ng r esgladal gestic |aﬁé§,0 @esrepﬁeélm pdbofitherdvatete et to dedrangd ZM T@)@i}b? Piay.

Wor ki ng t enper alidfdisos %I‘f%h?ﬁﬁé‘tﬁﬁtb A8 %e%é&n%h@rrﬁgﬁ!%ﬁrﬂsﬁi@ (?a%x%)“a”y

ta€ is a hold ofoxhom Starring fnmdie 12 N A
2 3t he sol uti onsingMEFFhipeecbiesin farleeptwrel Thelowiphi holdstypipallyessftetbin ano ¢l ean t he

resin from bo””%cﬁgfye&%@ﬂ%éﬁcwﬂﬁéﬂgg% ?‘lﬁk@ﬁ@ce@ué% oRridd bﬁﬁlhls‘ﬂg g ta, Nad

renoves NaOH fromt arge | NA- 90 2
3 2 and mai nt ai RQuigrative, loadjeg: ovag and kietioekiffers for ibgrmmtwmsxmihdicmﬁihum i ons.

- 3 for the =Co
and0. 2n/ cm of !tT Eﬁgseiq d(t?glﬂekth&éﬁ%&gp w&%;g%eg%m:b\g%?ﬁ%ffé'e&%aﬁ%ra i’on 35 or
35nM No? 62 - Z&cmmﬂpl@mmtemibd frothyne naingdddraphp gtep tethendxopah baippHo bi nd t ht

70mMWNaP 5. 8 formthe 1a{l S X-{ fﬁ%l ?i] m2| ng the binding of hostcell.
70m\Vgap pr ot ei ns.E'If"%)}l ?’ﬂ Jhe QERCS |on wi dt eut conpr om si ng

An altemate process (B) for production of therapeutic grade protein material was
performed where the CEXC and HCIC chromatography steps were reversed, i.e., the
steps in Table 2 were performed first followed by the steps in Table 1. The first non-
affimty chromatography step was HCIC using MEP HyperCel resin for capture, as
described in Table 2, A low pH hold using 1N HCI or glacial acetic acid was performed

, to decrease the pH of the MEP eluate to 3.4 to 3.6 followed by 2M Tris, pH 9.0 to
C, mcrease the pH of the fraction to 6.2. The low pH hold typically resulted in an increase
of about 2mS/cm in conductivity. The second {CEXC) chromatography step was
CEXC using Poros 50HS resin for polishing, as described in Table 1. The process was
carried out using equilibration, loading, wash and elution buffers for the respective resin
as indicated in the Tables. None .of the purification steps in the alternate process
included an in-process buffer exchange step, i.e., the sample proceeded from one

chromatography step to the next with only pH manipulations as part of the low pH hold.
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bind ce ec shoul dbe used. 1 for MEP abate C - 3 for the Load is cell

cul ture supernatant, concentrated and buffer 35nmM NaP exchanged i-n 35 or
70mMM Sodi um Phosphate, PH 6.2, in Load Product 6.2 load for anti- 2
accordance with the equilibration buffer, as CAPTURE. CD30 Ab Before
sterile filtrat'@ o’ﬂ?“"t“ﬁé product can be filtered through 7PEERPREIMBrbr ane.
Asa POLISH, load is MEP HyperCel - 5.8 for the eluate that undo went the
| ow pH hol dTabk0nivkidechatge etatorfiatageapy for a@iboddapiiore SndvlidhdE summary of major

Sl ower t | owr eperatidnphdstailsf Rindjagiegnasiiy wBs cowlayiad ’rSBlS/Féq;gw Flow.ratPyzee egpyesepdin -  \WAsh 1

wla Gl % 62‘;_ "?n \ d‘“‘“"é‘“%j ‘ﬁ@f ‘!{‘ﬂfr PreeieRtal QeabiiAY e lipg temReraie Wrigd £ i nal
putilled '

equi l i brat 5.8
272t 0. ar e
| nportant § cug . |1

proteins. | siboh3bmpdonNdR, ,4omy,Na Jofanti 4 ﬂtesn)momsappiiﬁﬁnnm NaPnﬁ%@thb IS
Elution - } n - dEI l'ect |t he }eV\il on [peak oni s BHSITET 21 APyt M Bs | 49
757dM 62 fpr 3S 5f- Z Y% agove Dbl [spiife?Do LCrcadvd RO 668 Be chigvh, i hgpuwang (jhe

mvNaP ... |9 .. | HEft qu%L b ~towelr ev el ity fgsns of e resh i comneyienift Nat 7;
. +f Lol k' [—izFey. 1, T ‘LQBTOT A A= ST o lmn Wlediblekd wivh 78 ol Bndde i G009 §£5 2
Renpves ti gmﬁlﬁ%ﬂpq Q,d cqgnt . af' ]g- .‘pl,x.ﬂg t ~. < |Jnd£Rps @)*#ehuimaqnnzbuw #Pecuvcwr-as 2
Simlar stppto sjg ok ke AL .. .58§ttm dage 0. 12N IR wﬁxmﬁd Jt hi s
sol ution dpes:: not al liow [m crno ‘%‘aj,,,ﬁﬁq,g owt h - NaOH butemsrmeatsmtcwcettraraiwrﬂwm@roqru@s| n i

binding capsiity should be used.

Lo Yo TN Ly Lol
ntegr t—y—T—33 ~1forMBP¢’/
eluate
~3 for the Load is celf culture supernatant, concentrated and buifer
C 35mM NaP exchanged in 35 or 70mM Sodivm Phosphate, pH 6.2, in
load for anti- accordance with the equilibration buffer, as CAPTURE.
Load Product 62 CD30 Ab 2 Before sterile filtration, the product can be filtered through
a CUNQ membrane. As a POLISH, load is MEP HyperCel
~ 5.8 for the efuate that underwent the low pH hold.
TomM NP
load for anti-
CTLM Ab /
- 35mMNaP R .. ¥ | Slower flow rate of the buffer containing Polysorbats'80%,
_gg:;ﬁad -] with 0% 6.2 3 S‘iﬁrﬂu;; >3  helps to reduce the DNA contcnt of the ﬁnalpu
oL Tweeh 80 s il product. - ¢ H !
Post Load Column is equﬂ:brated when pH and conductivity are £ 0.1
Wash 2 ASmMNaP | 3-58 57 2 + 0.2 m8/em of the equilibmting buffer. Conductivity and
’ ) PH ranges are important to bind the antibody, while
minimizng the binding of host cell proteins.
) -7 for 35 mM . e : A Ea
Coliect the elution. peak.fmxﬁ lsing Absm fo falltgg Absm

2" | 20% above bassline."Do NOT ¢ollect the wafling 6T the
. .peal( to msurc Ichr CHOP level i in elitiol .

N B BT

1 M NaCl N/A 69.1-95.9 z5 2 Removes tightly bound contaminants.

( cp LR Lanson w2 | wal, [PTas 07T 2 imilterstop wlsmitization; 5 R
Storage 01N 212 WA 23 2 Adkalinity of this solution does aot a!low m:crobm.\ gromh

NaOH but maintains resin integrity.
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WO 2006/ 110277 PCT/ US2006/ 010412 Table 2. MEP Hyper Cel chromat ography for
anti body capture or polishing: summary of mmjor details. Binding. capacity
was constant at 15nmg/m resin. Flow rates are expressed in correspondi ng
residence tinmes to provide w der experinmental flexibility. Wrking

t enper at ure var WEHRMEHERN 15 - 25C. NaP = sodi um hos bat BCT/Uksemiloloy12i s a
hold of we hour, starting fromthe Sanitization 1 N NaOH 212 VA 2 3 =3
tirnol he solution is applied onto Me colomn. This step intends to clean the
resin from heupt MEPEHYhaOd eaedisoghipEy foxChintitgdy dapt@s er @fishiap:Gh@mirg al n@jor détails. NaCl
renoves NaOHBifding rapedite wsbnsiamt at mmre@lﬁh @atgs afgletia@ed I/chrrespag@ngesfiience
neutraI|Z|ni ' e
sodi um i ong
condudi nty
equi librgti
C to capt urfe
and bufferf .}1, Sodi|
adj usted tq. 0,| as Load Prppduct 7.0 -
sterile fi|[l’a[IOTl The product cam 11

CUNO nenbr g As g 'Madt | {CTEA4 Ab®POLI SH, [l oad is mmmmw Rg‘;gﬂ&td“”"m‘“
underwent gtow pHhotd— 10— the—CEX etuate—usgd T _poiI'sim g, F2:-0S
Load W sh | Ezmrmw P %‘égp X 53 Optddgmal | Post - Load B N ;fwg;nvhugpﬂ u wzg'; 8 bH
Nal! . N W 1 er,
and conduct}i vi t"y of{t'hése biﬁfbrs YEre Yery. fcrugial «.3@53} S R SR A AN s
(CHOP) rent \/aJ ~Polsti'Loadl: | i GPmMNeR) 1/||("’1""i' ity effhebuffer r*phaqul\/hr e Wati S
' ~ 4 fi .
SmvNaP 7.0 |, ,' 5 3-| hyc(r ophdl paakt S, andreBycea the_, "conductive §f
thce-tan prlior to €l ution in capture for
anit-CB30 Ab Load is cell culture supematant, concentrated and
buffer exchanged in 35 or 70mM Sodium
~ 8 for the Phosphate, pH 6.2, and adjusted to pH 7.0, as
Load Product 70 70miv NaP used 3 CAPTURE. Before sterile filtration, the product can
in capture for be filtered through a CUNO membrane. As a
anti-CTLA4 Ab POLISH, load is CEXC eluate that underwent a low
pH hold,
~ 10 for the
CEX eluate used
_ ‘ in polishing 1 //
. :utlﬂad"':’::".-" e i _“- ‘x"’r‘ ! .._'r_ o "“‘-'.'5 . 3"" .
%;:ml Lo e | DT ag T e D e optionl
Post Load pH and conductivity of these buffers are very crucial
Wash 2 35mM NaP 78 ~4 23 3 for contaminants {CHOP) removal.
:Post Losd. ‘ EE I o ngcrcondusuﬂtyof ﬂwbuﬂ'errefmves:qore
Washid i) SmMNaP - [T 70 B <l a8 ) 3% _hyd_mphﬂlc ontargivants and Feduces the,.;
S ey i \ . g g “totiductivity of the systen, prios to clutisi,
Collect the clution peak from rising Aag to failing
10w Na Azag 20% above baseline. Do NOT collect the tailing
Elution Acetate 32 <1 ~3ts Jteé of the peak to ensure lower CHOP level in elution.
Slow flow rate minimizes the host cell profein in the
elution,
‘St B 00mb TS e s e ] o Rériotar v T SO y
swp 5 N e | 30 A T as 0 35 | péviodes tehtiybownd gpisminants”
C CIp 1 N NaOH 212 N/A 23 3 Similar step to sanitizalion.
o ® o osos JOUN - ] el T R A -Alkaﬁmtymfihtssnluuondoes'hotal ;nﬂcmpiﬁl
‘-‘S“."?‘_gL SR NeQHL 0 ) os 212 it N!A;* R 23 X 3 - ; mlrlimtma{ntmnsmsinm tylo?l

Using a standard ELISA assay to confirm CHOP levels, PCR to confirm DNA levels,
and HPLC-SEC to confirm the monomer purity of the antibody, each of the two purification
procedures A and B, achieved a homogenous composition, contai;ling less than 100 ppm host
cell protein (see Table 3 below), less than 10pg DNA/mg antibody and greater than 99%
monomer, which permits further processing and formulation of the purified material to a
therapeutic grade product. The contaminant concentration after the first step varied between
200 and 1500ng/mg for CHOPs and 95 to 100% monomer. The results for processes A and B

using two different fully human monoclonal antibodies are reported in Table 3.
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“#® Coll ect the elution peak fromrising Amto falling | OmMM Na Am 20% above

baseline. Do NOT collect the tailing Elution 5.2 <1 -3 to 5 3 to 6 of the
peak to ensure | ower CHOP l'evel in elution.” Acetate Slow flow rate
m nimzes the host cell protein in the elution. OOMI| Stn '..3:0 =4 "i5

. 3-~ Rerw ~i sM t hydbupfeLont arot nnots~ P ' NaG hate ~' . OH 212
WA - >3 3 Simlar step to sanitizalion. -77 OA$ w &rtaboclhd

- Al 1f a, pni tynft hi ssol uti ondoesfiotal ,nmcro45al NOOK, WA, .23 '". .1
.Wti'lltmabTtai rxsin in' ty Using a standard ELI SA assay to confirm CHOP
|l evel s, PCR tg glgng 2Nk o bl ERLG mononer
purity of the 3n t1 body eaco tem?lm nu’!rlg ug%alcaguﬁﬁ)%%%{:ﬁh&?%s A and B,

achi eved a horrﬁ'gmws Conmposi ti d‘nyamm ai n| ng | s(mtltﬂﬁ’ﬁhAllO’(b)ppmnhdeO Al
protein (s ET"J‘L) 3—bet-ow Fess—than—t+—Opg— rg—anRtbotdy—pho—greater
than 99%  rpRENGT ‘,:H%qugv%%ﬁ“%ego‘fﬂther procespi ng ar?ﬁ formuj ati on®of th
purified erial to a Fﬁ;hmmlegtgr@g)grade produfpt. Thg.gont anj nant44.2
concentratijon after the-frst-step-vari-ed-betwepn 200 and-15D0ORgL g f-or

CHOPS and 95 to 100% maﬁ’é‘ﬁ]é?NAfﬂ%“@esul ts for p*oces§b%00A and| B ﬁm?g t W

different fjully human ﬁglqu{ugﬁa(%mgdl PYHPES B E| T EPOAEEH 1 N TRDT € g3 .55-34
WO 2006/ 110277 _PCT/ US2006/ 010412 Table 3 Sumpry of contam hant rennval
usi ng suggesHEICGENG ¢ QvehRewkees. Process Par amat%’rg(antl CTLAI Ab)
(anti-CD30 jAb) CEXC - THCLG955k RH—Recovery I-r 68 T 3PD. 8
44.2 Final| DNA (pg/ngr@%q%%%%. 0 _Final Pulity (@ nonef _by LC— SEC

100. 00 99. 55 HCI C- CEXC| Ener A (;Fmg;)very 84.8 74]'5 ~ Fn@bo CHOP| ( ngF g0 69.
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CLAIMS 1. A method for purifying a target protein froma m xture conpri sing
the target protein and one or nore contam nants, wherein the contam nants
conprise host cell proteins and the nethod is a two-step non-affinity

chr omat ogr aphy net hod conprising (a) subjecting the mxture to a cation
exchange chromat ography step and a hydrophobi ¢ charge induction

chromat ography step, 1in either order, wherein there is no in-process
tangential flow filtration step and the hydrophobic charge induction
chromat ography step uses an elution buffer that elutes the host cel

pr ot ei ns &Eﬂﬂkﬂhntially inrelation to the target protein, and (b)
isolating the target protein to a purity of about 100 parts per mllion
(ppm or less of host cell proteins. 2. The nethod of claim1, wherein the
cati on exchRangeAchtenddoioyrifingp tereepraieieoma mixtureicomprisingfiiedargetpsateinindt es t he
host cel | BRokiGhdiSedilabhfih el o bhudnflallcOiipd 8 nbdl Eeif BEGRL aclitlfhiy 3. The
nmethod of claim 1l or 2, wherein the contaninants conprise nucleic acids, and
t he tar gets ajwetsisp pon @ﬁp@mhmwg&phhm@tboct\comrlsmg/(ab#ub&Mtthelr@xwtng or |ess
of nucleic ' whi ch
urther 1 ol s afbe chioelSE e ap Ll PR hiiE bR F el T

wher ei n t hén sjfhergrder, rrgerein there @moslt-arscqsgtawfnmahﬂpw Slmten signeapd th hydrpghohiet hod of

any one of cihe 19Ju€ﬁﬁx@h%a?d§fh‘p%stcﬁ"ﬁ§€sra‘ﬁ'eﬁn5$ﬁaﬂ%} fﬁBtLHtﬁes'ﬂ?e HBEt%Ql@fn%fim@r om a
cell cul ture Supernatant any one of e precedi ng cl ains,

wher ei n t hdiffegentially inselatigmgdhe tangetoritingpdivh jpolekngsbe tthFtrl%‘éfelaﬁﬁ aPYsiEy Hange from
3 to 10, obpdy: iyl o aﬁé‘ﬁ?nﬁl[l%ﬂm?ortl&s 8r st B prbitfyset hod of any one of the

precedi ng clai ns, wherein ar get proteln binds to a cation exchange
chr omat ogr aphy colunn (i) at pH3 to 9 and at a conductivity range fromO.1

to 40 nB/chy or Thémé&o@&fcmﬁ]ﬂ v@ncFte e &n@ﬁl&cﬁéng@dﬁaﬂabgiﬂhy gtwusfeg grerfiop to 10

nS/cm -36 9. The net hod ny one of the preceding clains, wherein the
target pr obéﬁfer‘i tl}aéelﬁé‘i}h%ih‘isbceilI@E"te“é%f’ﬂﬁf%wuélbtlﬁ&‘r‘u@’é’ EribeREEeLIPEBhY col urm and
the colum is washed u5|ng a wash buffer having: (i) a pHrange from3 to 9
and a conduct|V|ty e fromO0.1 to 40 nS/cm or (ii) a pHrange from4.0
to 8.0 and3a coﬁhmeetb qflaim h g2, hersingheoptgmipgntgsyepsise augleicpgds,gpd ted of any

one of theipiereringisshdd mm%&h?bﬁbbmo Bhddek 168 aBifc Bliast es from t he
cation exchange chromat ography co i) at a pHrange from3 to 10 and a

conductivity range fromO.1 to 40 ancn1 or (ii) at a pHrange from4.0 to
8.0 and a Qondu%éMéthdﬂ Jf@ﬂﬁ&eo’f@n@ﬁf&cédﬂlgjeﬁld?ﬁ%ﬁh furdhdr inchiiRs MGEANOd of any one

of the preceding clains wherein e cation exchange chromatography step
enpl oys a EE8fPisi®hange | i gand sel ected from sul fonate, carboxylic,

5. The method of claim 4, wherein the viral inactivation step is an in-process step.

6. The method of any one of the preceding claims, wherein the mixture is prepared from a

cell culture supernatant.

7. The method of any one of the preceding claims, wherein the cation exchange

chromatography is performed at a pH range from 3 to 10, or a pH range from 4.0 to 8.0.

8. The method of any one of the preceding claims, wherein the target protein binds to a
cation exchange chromatography column:

(i) at pH 3 to 9 and at a conductivity range from 0.1 to 40 mS/cm; or

(ii) at pH 4.0 to 8.0 and at a conductivity from 0.5 to 10 mS/cm.
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car boxymet hyl sul fonic acid, sulfoisobutyl, sulfoethyl, carboxyl,

sul phopropyl, sul phonyl, sul phoxyethyl and orthophosphate. 12. The net hod
of any one of clainms 1 to 7 wherein the cation exchange chromat ography step
is performed on a cation exchange resin selected froma nenbrane, Poros HS,
Poros S, carboxy-nethyl-cellul ose, BAKERBOND ABXTM sul phopropyl

i mobi li zed on agarose and sul phonyl imobilized on agarose, MnoS, M ni S,
Source 15S, 30S, SP sepharose, CM Sepharose, BAKERBOND Car boxy- Sul fon, WP
CBX, WP Sul fonic, Hydrocell CM Hydrocel SP, UNGsphere S, Macro-Prep High
S, Macro- PF)ep Clihe iGeth@inif enyHyneef (Be frecddaipatains, tigrein De téshét pfoesimisbounitypae D Z,

‘II_'rSi ;gf:ryl ofl'l xchbrg2 r| S ‘é?tf’%rﬁ%]“% Tri s({a[ﬁ%% hﬁgﬂggﬁfa Tr i Sacﬁ\)ﬁ"éhg%ﬁ(/gﬂ Spherodex

Cel | ufi ne C500, {ipvat rep(H Cake fitdrm Aeo T2OQ, cobduativity ganlge b 030340 mBicactogel EMD SE,

Fract ogel EMD E§§? erI ak and St Cat i Di ai on
Weak and Strong ti opﬁb %ﬁ%éﬁé‘%g‘o?@% E%tygﬁﬁ?%ﬂn%ﬁq@%ﬁ/% 5PW
Toyopear | Cl\/l(6508 650M 6500) Toyopearl SP (650S, 650M 650C), CM (23,
32, 52), SE(52, s-10 ress-lon S. 13. The. et hod
of any onelﬁéf t érﬂé%de%h??'g cl° gﬁ'ﬁgmﬁ%ﬁéf glr?f’ Y’E%gﬁ%ﬁ%ﬁﬁgﬁaén %‘F\tﬁsrféoén the
kndyctlou chmnﬁammgmdgmmmngmﬂEWBanEd at: (i) a pH range from3 }otﬁo or

ii) a pHrange.from n 0 e
precedi ng cl ai J whh? |9lm?gﬁsz“a3rt§z§an]afaoctogﬁbuﬁug%ﬁ%’?e SmOaI%f/lgF’%f) 168 ¢ char ge
i nduction chr onéi)ogr @phpy rege dirwn 4. io)8.0cdnd p Ebridudtizityt ingenfebna b toal SaaSiduct i vity
range fromO to 90 nS/cm or (ii) at pH 6 to 9 and conductivity range from
2 to 9 nS/cm 15. The nethod of any one of the preceding clains, wherein the
wash buf f el l.usefhd methduief alpyaie opthe piccedmnigalaings whedkircthe cation bwcbangt ogr aphy col um

step has acﬁ%ﬁrgﬁt?%ﬁﬁg tr%)?m 610%5 a C%tl andct{aﬂ%eﬁli%glgdj s%ltgcteci }rgt? sﬁ%‘aga%e Wﬁrgoxg? to 9

nS/cm 16. one i the wash
buf f er usedarboxymbtbyl shiywhicoptiofilfoisctiusyt, gelfqethdl,uc&rbaml schptmpmpyigsumhhxwl step is

sodi um pho 7. T od of any one of the preceding clainms, wherein
the el uti onlﬁﬂ%%%éhry}%nsdeo&hgphosfp%q hydr ophobi ¢ charge inducti on exchange

chromat ography step has a pH range from4.0 to 6. 0 and a conductivity range

from0.1 to,2. O',[‘lgrsréx%ifé@d o}%fény[c;rg%f mﬁggo ’Pwher?l on eﬁc gg%-%&recedl n]%lgd ai s,

wherei n colTection telrn rge
i nducti on sibmspufongech@iwcaumi mhangsrebamtedlﬁoﬁlarnmhhrm Rm’rosa{S;JEarbs Sfromrising

g)s(?n{l(r)n Lg‘laak oxg-mAe%l P cezilu 0se, BSLI&E%EBQ)%D Rﬁﬁﬁ»ﬁ sulphlogrog)cfi lnlm%gblﬁged%g ];é)ali‘oesc %%% of

sulphonyl immobilized on agarose, MonoS, MiniS, Source 158, 308, SP sepharose, CM
Sepharose, BAKERBOND Carboxy-Sulfon, WP CBX, WP Sulfonic, Hydrocell CM, Hydrocel
SP, UNOsphere S, Macro-Prep High S, Macro-Prep CM, Ceramic HyperD S, Ceramic HyperD
CM, Ceramic HyperD Z, Trisacryl M CM, Trisacryl LS CM, Trisacryl M SP, Trisacryl LS SP,
Spherodex LS SP, DOWEX Fine Mesh Strong Acid Cation Resin, DOWEX MAC-3, Matrex
Cellufine C500, Matrex Celiufine C200, Fractogel EMD SO3-, Fractogel EMD SE, Fractogel
EMD COO-, Amberlite Weak and Strong Cation Exchangers, Diaion Weak and Strong Cation
Exchangers, TSK Gel SP-5PW-HR, TSK Gel SP-SPW, Toyopearl CM (6508, 650M, 650C),
Toyopearl SP (6508, 650M, 650C), CM (23, 32, 52), SE(52, 53), P11, Express-lon C and

Express-Ion S.

13. The method of any one of the preceding claims, wherein the hydrophobic charge
induction chromatography is performed at:

{i) a pH range from 3 to 10; or

(i1) a pH range from 4.0 to 9.0,
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hei ght. 19. The nethod of any one of the preceding clains, wherein the

hydr ophobi ¢ charge i nduction chromatography enpl oys a hydrophobi c charge

i nducti on chromat ography |ligand conprising an ionizable aromatic or

het erocyclic structure which has an aliphatic chain and at |east one sul fur
atomon the linker armand/or |ligand structure. 20. The nethod of claim19,

wher ei n the hydrophobi ¢ charge induction chromatography |igand conprises a
group sel ected from 2-am nonet hyl pyri di ne, 3-am nonet hyl pyri dine and 4-

am nonet hyl pyri di ne, 2-nercaptopyridi ne, 4-nercaptopyridine or

4- mer capt oét-hy| Pye hethalef anynane ofithe pmcddite claimes, whgrtio dlecuha psotein bindkagol yl based,
nmer capt one b I.- - im dazol e, am nonet hyl benzi m dazol e,
histanine,Lﬂ%%%g%gg%%%ﬁ?w%gggﬁﬁgggﬁﬁP@?ﬁ&ﬁ%ﬁinopropylanine,

am nopr opy! nor pibl i n& pHafto 10 prdod ¢ kondinctiaitptapge foom H cWpon¥ers; caci d,

ni t rohydr oxybenzgQi c | i | ] di chlorosalicylic

aci d, dibronntyﬁ@ningﬁhq%ﬂPgééﬁ%gé%xbpEé%&ﬁggg%?ghg§?d, hydr oxyphenyl aceti c
acid, tyram ne, thiophenol, glutathione, -38 bisulphate, and dyes, or a

derivatives4 her @of ane : [ | l.ai s,
wherein théihyd?%ﬂ%%%ﬁé}c é&%%pggﬁﬁé??gﬁh C F@%%P?§P§€ﬁ53?§&%%§¥@ﬁned usi ng
MEP Hyper Chaydrephobic tharfeaptvetiinchmlnatogephyrdluoiisep hasagd] nangedm Gtodd amdahod of any

one of the_precedi i in the target protein is an antibody or
T AT

ant i body fragne of claim 22, wherein the antibody is a
nmonocl onal anti body. 24. The nethod of claim 22, wherein the antibody is a

fully humap ant i T f . I 4, wherein
the anti bog6y i shgece}ﬂée{%otdgozaﬁ%%ogﬁ% P’-%gc&%f&%%h??%gggheg\%%l %e?@sé)% ant i body.
26. The nebyisepholfic ehasgedniyctih chiomiatveraplly step iR®diumtpbosphate.t he anti body is

sel ected from single- chain antibody nol ecul es, diabodies, |inear v

anti bodi es, bispecific antibodies and nultispecific antibodies. 27. The
met hod of &hy ofke rofthaslof pnysong 2f the pReedinglelaimes, wheréin theehitiboblyffef vedinghe i s

sel eoted. 44 QAP M dupidieRRaded AMEapt?fhicp THEs SPHORC AL 4 3V 508 O
claims 1 tdﬁ@%% __%ré?n the tara °pr0€§¥ﬁp,s‘ﬁn ?éﬁ&h%a e§|n.'g§% The
met hod of asnrdentiwitpfangdfeonpd.éoedd m§/cel ai ns, further conprising the step of
formulating the isolated protein into a pharmaceutical conposition. -39

18. The method of any one of the preceding claims, wherein collection of the target protein

from the hydrophobic charge induction chromatography column is based on formation of a peak

from rising Aagp to falling Asgg and the target protein is collected before 25% of maximum peak

height.

19, The method of any one of the preceding claims, wherein the hydrophobic charge
induction chromatography employs a hydrophobic charge induction chromatography ligand
comprising an ionizable aromatic or heterocyclic structure which has an aliphatic chain and at

least one sulfur atom on the linker arm and/or ligand structure.

20. The method of claim 19, wherein the hydrophobic charge induction chromatography
ligand comprises a group selected from 2-aminomethylpyridine, 3-aminomethylpyridine and 4-
aminomethylpyridine, 2-mercaptopyridine, 4-mercaptopyridine or 4-mercaptoethylpyridine,
mercaptoacids, mercaptoalcohols, imidazolyl based, mercaptomethylimidazole, 2-
mercaptobenzimidazole, aminomethylbenzimidazole, histamine, mercaptobenzimidazole,
diethylaminopropylamine, aminopropylmorpholine, aminopropylimidazoie, aminocaproic acid,
nitrohydroxybenzoic acid, nitrotyrosine/ethanolamine, dichlorosalicylic acid, dibromotyramine,

chlorohydroxyphenylacetic acid, hydroxyphenylacetic acid, tyramine, thiophenol, glutathione,
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bisulphate, and dyes, or a derivative thereof,

21. The method of any one of the preceding claims, wherein the hydrophobic charge
induction chromatography is performed using MEP HyperCel as a hydrophobic charge induction

resin.

22, The method of any one of the preceding claims, wherein the target protein is an antibody
or antibody fragment.

23. The method of claim 22, wherein the antibody is a monoclonal antibody.

24. The method of claim 22, wherein the antibody is a fully human antibody.

25. The method of any one of claims 22 to 24, wherein the antibody is selected from anti-
CTLAA4 antibody and anti-CD30 antibody.

26. The method of any one of claims 22 to 25, wherein the antibody is selected from single-
chain antibody molecules, diabodies, linear antibodies, bispecific antibodies and multispecific

antibodies.

27. The method of any one of claims 22 to 25, wherein the antibody fragment is selected
from Fab, Fabl', F{ab"), and Fv.

28. The method of any one of claims 1 to 21, wherein the target protein is an

immunoadhesin.

29, The method of any one of the preceding claims, further comprising the step of

formulating the isolated protein into a pharmaceutical composition.
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