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METHODS OF PURI FYI NG Fc REG ON CONTAI NI NG PROTEI NS
RELATED APPLI CATI ONS This application clains priority

woOQo@riessssi onal patent application "METHODS OFPCT/US2006/023478

PURI FYI NG Fc REG ON CONTAI NI NG PROTEI NS", filed June

17, 2005 having serial nunber 60/691821. The entire
content of this application is incorporated herein.
BACKSRANODS-OFHFURNEWNGAN: REGION CONPAENING ROTEINS
conmponents of the imune system of many ani mal s and
especi al |y humans. Recent advances in reconbi nant

REER EQOQP’PH@’A?H@I\I@WM for the production of

anti bodi es against virtually any target, for exanple,
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culture that conprises a conplex m
am no acids, and growh factors, as well as various

R Gk SR Oo D SRS ENIII e & anc bodt es. 1rom cel I
by- praogibetfes aftthdwedrful L8mG ORe Wths irhiBuRe Hifdnl ¥ many animals and

sufficient for use in research or as therapeutics
eseeciallyhumsngi Beens advracessngecomttieans tachhology have ajfowteddor the

' | ially criitical if the .
RIS S5ubS SRS AL a8l b il L gt
and virusan Typitaiyli ani amtivbdypistprdiidyd peing & cel@tih®thasBRIRA

or trai n%gp of ten c% rise a_chromatography st e{g whi ch
BgPeeet L eipresiths mp ggy ehugh lavelso dyre spgiaesipd celbline is
. . e Lid phase .
S Ay LTSN AR B S
acislsuand growibaletdrs; as whi abvaitius prateing helnding forodx auemld, 8etHm

B T e B S B B ekt

cofPbAsit RN FUrity Beffifedt firMSe frlres¥afihtdriis ﬁlér% ?bé hdsedaoOn

a solid phase, followed by renoval of inpurities bound

forgnidiphle sleallenge hBleepwsification phithe tahbatyl heleplesis espacinlly critical if

' | yt e salvent. and.the . subsequent

B APBIP e BE SO T R BRI A BREr of
f r omTridticell botitpdy i ficeieyRhembd @S @-ame) SR ScodiRise a
imted in that the conditions used to preferential

CHTRAI PP Whish cxpionn 2 ability of thyapbedeimeatisty prefyerentially
t pindi . o S hodies. wi th

bﬁ%fgt?iéﬁg 'bg;i’h@%lfrdggx:a{%én@')r ?\chg]lgn:ﬁmed 8itd Ighagé) of a

chromatography column compared to the binding or retention of various impurities.

Schemes have been proposed or carried out to purify antibodies which first bind CH?2/
CH3 region-containing proteins to Protein A immobilized on a solid phase, followed by
removal of impurities bound to the solid phase by washing the solid phase with a
hydrophobic electrolyte solvent and the subsequent recovery of the CH2/ CH3 region-
containing proteins from the solid phase. However, these schemes are limited in that the
conditions used to preferentially bind the CH2/ CH3 region-containing proteins also
support binding of impurities (e.g., antibodies with incomplete CH2/CH3 regions). In

the development of human therapeutics, such impurities are highly undesirable.
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t he devel opnent of human t herapeutics, such inpurities
are highly undesirabl e. Accordingly, a need exists for

WO peasssaEnt s in the purification of proteins PCT/US2006/023478

pol ypepti des havi ng constant regions, in particular,

pr ot ei ns having Fc regions (e.g., antibodies),

prodg% (én cel | uIt fg SUMVARY OF THE | NVENTION I n
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froma source liquid conmprising the protein

aﬁﬁb@ilﬁi’dmmdwqeésncﬂhculm met hods of the invention, the

protein having an Fc region (the target protein) is

adsorbed to an Fc binding agent and then the Fc

bi ndi ng agent is washed with a buffer solution

containing a divalent cation salt to renove one or
Itein is then recovered from

t he i t n sol uti o
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a(bpdey salwidorDientaiting adistafiend satixin sakico peraswenineion weott ipurities. The
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oftiefifiventiof afd efiail ot aehil Cfoﬁ&ﬁﬁfvﬁig 1ﬁﬂ>uﬁ¥1€sps%cﬁ 30iRfon read
cont i nuous or, di scontinuous (e bat ch appr oac

thgpugh vasiamt species ARDD, wsten dlsulﬁdeévpnéﬁﬂsspewbs)dﬂlaﬁh msd/olt Tow
e | tr.ati on.st. e

PR St IR AR o0 MR Tk o B eRiBion also e

effeltiveiin removib@impurigies bech A@et callFbRIm, (H®F9| ah@DNIDV e

m crgﬂl al cont? nants.. I n various enbodi nents, the Fc
r egi ﬂj{i PSRN eRtONGOMNAISE gBMOIINATS dhgomatographic

sdpat-HRAREd g%n& fhr egiditlcﬁlrhaﬁ%Bh%ﬁgé{ oftd of &%qﬁ{}lméd“s% f"l)heor

an i nmunoadhesi n rece I munoadn es n) .
chromatogranhéc mmbxadoneﬂepsqpartbaeooﬁunumglcmmsemtrﬁ:bﬁs (¥g., a batch

9 n.is anilng Si on, rine antlbod a
iR ool 5Ot HR AR usceambadhm sty he methpds comprise
oid &f 6l @RI fir exhiple o feRGYVE erﬁ&gtc%heérﬂﬂtte%rﬁit §tfer the

i s.a human or humani zed anti- IL-13 anti body.
solpkiqa ?Fﬁltﬁlv@gﬁhe targehprotein.cand de ireraonespictdhaal F:onﬁaagnamus

C ont & u%ér&[}gdlﬁlé%nth%%%ega‘lgbggﬁtl i }g‘gt%QFNﬁ 4n apfigen-binding
pﬂﬁpeptidg Fe. gg pn bhiibiddly lod fragident tharedf) o24n iMbREbddhesin (e.g., a TNF
receptor immunoadhesin). In various embodiments, the Fc region containing protein is
an antibody fusion, a murine antibody, a chimeric antibody, or a humanized antibody. In
a preferred embodiment, the Fc region containing protein is a human or humanized anti-
IL-13 antibody. Alternatively, in other embodiments, the Fc region containing protein
can bind an antigen such as AB, CD3, CD52, VEGF, EGFR, CD33, CD20, HER-2,
TNFa, CD25, RSV, IgE, gp IIb/Illa, CD11a or o4 integrin

In various embodiments, the Fc region containing protein is recombinantly
produced. In various embodiments, the Fc region containing protein is recombinantly

produced in a Chinese Hamster Ovary (CHO) cell.

-
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In various enbodi nents, the Fc regi on containing
protein is reconbinantly produced. In various

weriedsssent s, the Fc regi on contai ni ng protei NPCEUS2006/023478

reconbi nantly produced in a Chinese Hanster Ovary

(CHO) cell.In various enbodi nents, the one or nore

i mpurjties conpri.se one or nore aof a host cell

pr ot H,angu%ggﬁocld@@ts ONe0IBPYC IHPUFILIFECPRRILE OC Opmore of a

HoBE@SI pro@is ReREEEIPNANS Al ahﬁ&{ 138h N Hdedifed sB I  of the
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pseschaving an Fowesgiondesi midursptherees. Bor ¢xaepe, bt earious

Vi Fc. regiqn conprd.ses one. or. nore of ~anti body
B e e o SRR Beali g o e P samigiagh one or
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t her eof _havi ng, an inproper disulfide |Iinkage,

o rqre antibasyshaigs of fragments therref baving an fimgtopecdisilfidellinkage, a
RO 5 s IR I S, oo o vy
cpaiesiamer omfvagmhénd thepeofi fy a protein having an Fc region

o RS Pl ter e ot by e £
réSol Fofi z{‘&)tg«%gfak%uid E&hf)l?é&??th@%rg@ﬁl%ﬁ%fe e ng)?% gﬂiqg{l%itpeg by first

agent with a_ fer so on-containing a
adsorbing theprotain ta amie/inding agentnbilowedpywashiag thelPebinding agent

b n . recovering,.the pratein fromthe Fc . .
RS Rblnlh SBRGie R i Enistiofarl o e Greprmepe impuritie,
and sesbiugitly recoveheihe ptdteidfrdrs F@Eiﬁgifng ggé}{t. ious

washi ng the Fc bi nding agent with a buf sol ution
cRBREEIAS dhestens\edledserbing theamotsi to, andfaebipding egerg dndivashing the

n bet ween abpu C to about
L PR U S O B et ool i gertormea
at temppratire iim terrangd Heewéen ddoill WoaB 1 2450 v&ESus embodiments,
ting the protein using an elution buffer having a

el

t‘kﬁél#? ChIREOYERAG e RrairbethoFobindingnggent @nwrispneluting the
MoAih Qo ARRAG SRR 6 L pdl

KA S AU hBf EBLE ML ROLBOB07 0o abgue ..
pr ef & vaibusdbduidimeents, theiee degionibiting ag@e émpSses one or more of

L T R

ifBgabitized bR hIsbid phdski This sBHdpRIsS bh B3 f
di val ent cati onps_asl t present I ’B?%é?d}te %%Bﬁgone or more

in the
of 3 bepds an geaspsenatrikesili¢an andupisiyeen thereof. conpri se, for

exa . ropi.c._sal.t. . Sui bl.e di valent cation,. ..
AT g BRI i R LTS P e
agent bardenmyivide, for exmople] d Hab@Epit Qalt. "BEIRDI kI QFibAl Salts for

cal cji.um fhl ori g% ni ckel chloride and m xtures
PEERARHGR of {hg Wash bgffer solution include, but are not limited to, magnesium

chloride, calcium chloride, nickel chloride and mixtures thereof. In various

embodiments, suitable divalent cation salts for preparation of the wash buffer solution
include, but are not iimited to, thiocyanate (SCN"), perchlorate (ClOy), nitrate (NOy),
chloride, and bromide salts of divalent group II (e.g., magnesium, calcium, barium, etc.)
cations, divalent transition metal (e.g., copper, nickel, manganese, etc.) cations, and
combinations of these salts.

In various embodiments, the buffer solution containing. the divalent cation salt

has a pH value in the range between about 4 to about 9, and in some embodiments,

3.
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enbodi ments, suitable divalent cation salts for
preparation of the wash buffer solution include, but

w@ae®@onstssi i mted to, thiocyanate (SCN ), perchPOr/E8m™06/023478

(A ), nitrate (NGB ), chloride, and bronide salts
of dival ent group Il (e.g., magnesium cal cium

b Bagh Boeibolabor &Rer el gudesis, SHOHE-P CF REERS bei o about
& Wﬁlﬁé&%ﬂ%&%ge@ ﬁnélﬁﬁ“eﬁean%k hﬁerrﬂeﬁla‘(% c}ﬂh’lst ehodi %@? 8% herein are

the buffer solution containing the diva ent ca
ags@untend@;l tq behvithih the scape tithe pregent hetenten E&moeﬂambld, the divalent

AT N e
7699 @Bﬁwe@n aBowm3ito dhoudaly Ulf&w@éiﬁaHoﬁf‘g ﬁsto hﬂ&,{t 402 §efh Ibout 4 to

i nternmedi ate V\Athlntheranges set forth heréin are

Ao, beitiermabouts abotits betwiehe alsat Hdo eboutiVe opbeweert about 8 to

ab tion. For exanple, the divalent cation salt has a
ﬂﬁvél ue between about 7.1 to about 7.9, between about

7 2 Morabwe rabges. vinetalws fecia @ Ubreth & dnQuppePstt lotrer limit are
en,about 7.4 to about 7.6, between about 4 to

I}} g be Btk tic saprsi ! the Prssenb Burenion. bt axarplatbedivelent cation
sh1IPhAROMY of at 18hst %&dﬁs&&h‘{}% dS .8 53 ghoyt; 9.5 Mbreover,

ranges having val ues reci hérel n as én dpper or
| owedn virigus carbedimens degbufter lselutnom hasa dﬂvaleﬁcmen Qhltt he

SR Db BT oL G
bEtV@en @bout 0% Mto abobt 3MI beétwed ab‘bﬁf { @lNI & H‘f‘)’&ﬂ BT Betweldf about

buffer solution has a di val ent cation sal

0GoM e abowt%- DML | Forrerramplen the divestlons eatuaﬂmffer @oaly déntpoise at least

SR S0 IR P2 LU SR Dl

rémgtsunetudad and/ofinferMetliateabihih ti Bndds EOfor @AM Gre di8Fintended
dbval cation _huffer nay conprise at |east 15 about
gyt %Wt@é@%s“&i’e of theéﬁg%en%@ﬁtlozlvl% exanple, the bierspolution has a

dRARME catith G SncelR ?1{ b Eer HRLES, P 'I\? gér {ﬁgo g 0%%9%ert\geen about

internedi ate wit eran es se ereln
081 Mdo abaus O, betvmn\abmtno:ﬁ M‘te aboaR9 M, Hebieddra®seid.5 M to 1.0

My BTt B C S NTEET BL Esitesh ebent cMoRreRekr 2 A eruees dyput 1.5
M ® a5 04, BetWberPBWEES M*@’(Qéﬁout 5 ol\ﬂ/[t O BN %o &/E l\g to about

bet ween about 0.5 Mto about O. bet ween
3Mto 1.0 0 M bet ween about O 5 Mto 2 M between

<boubicl gt el sl 15D AR bod & i
inberides enbewithin tBe Scdifetof tiRbReenBildvention. For example, the buffer
solution has a divalent cation salt concentration of at least about (or about) 0.6 M, 1 M,
1.5M,2M, 2.5M, or 3 M. In various embodiments, the buffer solution containing a
divalent cation salt has a temperature in the range between about 2°C to about 24°C.

In various embodiments, the step of recovering the protein from the Fc binding
agent comprises eluting the protein using an elution buffer having a pH in the range of
about 2.0 to about 6.5, preferably in the range of about 2.0 to about 4.0, more preferably
in the range of about 2.5 to about 3.5. Values and ranges included and/or intermediate

within the ranges set forth herein are also intended to be within the scope of the present
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Mor eover, ranges having values recited herein as an
upper or lower Iimt are intended to be within the

W@ ewpa3sss3 t he present invention. For exanple, PEEUS2006/023478

buffer 5 solution has a divalent cation salt
concentration of at |east about (or about) 0.6 M 1M
vari ous enbodi nents,

' 1.5 2M 2.5 M .or 3 hi
Py Fareeniol A o160 B foridas &M A eErRenGROThioont 3 or
HeBfech dbBRILIoabENE4.1 N t he range between about 2C to

about 24C. hi various enbodi ments, the step of

r ecovdptenyert tivgprlavaigvaluesmedited hEmnbasmii uppengevwer limit are

t%@lﬁ)eﬁlgg ?S a\#hilrh{}ie%gtn?ee Eg tB]feGIS%lt zrgvlga 0B erlteg(tmlgl%&z‘ tkt)ﬁjet@fhgt}on buffer

Has @ el ek Yeabtbblie(of ab@if) B2 430YLs 240 to about 4.0,
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5. Iyxpreus eathedimenisdhe r@@bmgﬂp@tﬂmsmamhwtsabmtetdm additional
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2 to about bet ween about 3 to about 4. Moreover,
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qmatqgraphy Hiadysis, affimity chomabgraplyy, Amnibniym SulpBate pesciphtation,

enbodi men d rotelns can be
eflam ek ST P F Bl FG DS RTCS Rbetasampe
utfdfratiod, dRA1AHOE! midrEltatol) A4 LBAIRIREY. In various embodiments,
chr omat ogr aphy step. For exarrpl €, exenplary P ﬁ

lb‘i}?q bipding jagent sheymatographucsicy isfollewes byoan ariion bxxdlangn

nﬁ%ﬁ% ﬁfam%tﬁ,gé%p ‘q%%?“gﬁ%lg’r%fqﬁg 3 {Ginatography steps are

fm’theo Iﬁﬁl@&gﬂ&@*@/\(lrdﬁ;yﬁifrﬁt@dimhb@ ahrﬂlﬂt%fﬂﬁ'ﬁtﬁcﬁﬂﬂlﬁﬂftﬁﬁﬁﬁ 9@p 2R1AYor a
rrg aﬁl} oxya atlte chromat ogr aphy, di al ysis,
?‘3}% l5gtiem#ter. ammoni um sul phat e

pr ecipphidddho Y phase

PPLCT | s BRL Ehgi%’ﬁ@%?r"al%’g‘?“gﬁ’ﬁ?wﬁ{i*‘&ﬁ?ﬂ Ssl1bt Ui A antibody
fngiradn impuaity-oontainingrsohitionrthdreah m&mdo@@mﬁddhmérﬂh ltﬁ@me‘[}fd)ds

var ts the Fc_bi ndj ng agent
AP SRRy L D roreings o Bq e il g oo
b AP R Yu ARk outidnContfifing ba

t he_chr omat ogrg phy steps 0arae ?urt 9#?0\%53?%%&&}6 one or
mpere papUritios,ram andl isppsequensly raepvering the proteln from the Fc b1nd1ng agent to

[ iafiltration step, and/or a m crobi al

plt:gg%é;%nk%&o\n@%#tq})t ?at ion step. hi one aspect, the

pr es&nvariony embbditepts) tedRei fidBlidiOsts cds bomtiued Wlﬂﬁg;uﬁj%ctmg the

antj body froman inpurity-containing solution thereof
fiSh clpat gL Lo GUSHFBRE hrom oA YGontacting an ion cXehange resin

with the first eluent pool such that the target protein does not adsorb to the resin and

recovering the flow-through target protein to produce a second eluent pool. In various
embodiments, the ion exchange chromatography step further comprises washing the ion
exchange resin with a buffered wash solution to recover at least a portion of any
adsorbed target protein.

In various embodiments, the purification process continues with subj ecting the
second eluent pool to hydrophobic interaction chromatography by adsorbing the target

protein to a hydrophobic interaction resin (e.g., a solid phase functionalized with

5.
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conprise first adsorbing the protein to an Fc bi ndi ng
agent, followed by washing the Fc binding agent with a
whedohas85sdl uti on contai ni ng a dival ent cati on BEl/US1006/023478
renmove one or nore inpurities, and subsequently
recovering the protein frontthe Fc binding agent to

r.od ooI hi various enbodi nents,
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et tein..ln various
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a@[ggré&eggmo?] tionalized w thhydrophobic |igands),
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ndoe not Stl% {?lall elute th target protein, and
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v&@ﬂﬁgilé’g‘hoﬁﬂldl tthe@&beﬁtié be6th¥ §d8s RRowR FirSud fn%EQﬁf%s I ow

enou esorb the target protein from

hydr grpmmt@ appactss tepiresant ipsention providgr reéthodsefdr purifying an Fe

EAPARARE el Mory 1500 Rn B3RERY R RE proliin s Srisgrgat-through

Vmﬁnmsh([RS“) feedofr abfeytuesilispedis, ah@Hodd dfihprashnt ﬁﬁileﬁtlon are used to
buf f prior to contact with the source Iiqui he

redyes edﬁ‘éeéseoﬁ %lemr BTO0EP HEIO}R rgadsthireirah \@aﬁmapgmngmaqmom

plle%‘boglt)}rlr{e%’f cé.m" "hé cg? um | g %%?J%) I? hglg‘;uli’gg@)eolqtme@ﬁ&]ﬁe

plzmelg rgcomeret frohwthd Fcbéaking @genp hayehyelIsEacichd hrough variants
vari ous enbodi nents, %1

h h I
X! nce%fﬂ?‘? @Fgﬁl%‘gﬁeﬁgt’%’gém&n repsthouaherariantsye fhet Somree
hqtiiﬁ Jﬁﬁl QbR A8 Ginkdhiat RBAT t@gﬁ&ltésgatawh@t%ﬁa%tfﬁttt@ read-

carrier and used for various diagnostic erapeu
thgguaht veeianigde thelsnuisa liguid. Joohriowd exvhddisents,rthy mtronusad-through

PR LU SHb FUTD R PR 325, T 8 S i

pmtdml tn tlhﬁ seRHbA botaiginignai Attt fec8ied #bMARe Fe binding agent.

read- t hr ough
In various aspects, the present invention provides methods for purifying an Fc

region containing protein from a solution containing the protein and low molecular
weight variants (LMW) thereof. In featured aspects, methods of the present invention
are used to reduce the levels of one or more low molecular weight variant species in a
protein preparation, for example, in an antibody preparation. In various embodiments,
the protein recovered from the Fec binding agent has a level of low molecular weight
variants that is at least 5 fold less than the level of low molecular weight variants in the
source liquid, and in some embodiments at least 10 fold less than the level of low

molecular weight variants in the source liquid. In various embodiments, the low

-6-
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variants (I RT) thereof. In featured aspects, nethods
of the present invention are used to reduce the levels
wW@R00on38563 nore intron read-through variant spRCT/ES20061023478
a protein preparation, for exanple, in an antibody
preparation. In various enbodi nents, the protein
recovered fromthe Fc .binding agent has a | evel of
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therspseiphehiaid arotdie axthe sglution eorteismgtshuliprotein teevedtredfrom the Fe
bl Rlgeul ar wei ght variants in the source liquid. In

vari/ous enbodi nents, the | owml ecul ar wei ght variants

conpin sethesspédiahe mpontiontpedinsGo B Fc Pegidh cehtAMNG protein

0.1% of the species of said protein in the solution

?%?%PW?%Q@C Biethodiof IpvegBO®r ed from the Fc bi ndi ng

agen ] g | hventd on

o ov AR TpERRRE! fnchiih HOTREL: sl ori ng
perfomngaty ofithe nsthads ithea comptisd ailewgt theetept of fishad@dthing the

variants thereof. In

der disulfide bond UDB
Pl Iy £ iR Pl R o B Do REcsige oW e uer

sol6®@sh éontdifhgGalit et B $1t2h rQRSvLond B rSork rﬁlﬂﬁﬁrities, and

di sul fi de bonded variant species in a prote
sqhsgqy@pﬁy reseyvening the peatgin drom thedic tandinpegsntpr epar at i on.
I n vari.oL i pents. t.he protein.recovered fromthe
Fo bl dtitier SERA B B ent iR rinAdts bR hore BB
perfurivmg snyt dithe fotlvids tRR6dmBrideal thak OB step@bf filiadseMihe the

of .under_dj syl fi de bonded variants in_the source
Proed Fan Bhpindinesgei. Oigwad hetashiag theBebindmigfagbat wigss buffer

sdtitdsh ddeaihiny &!diHler! BRI salt to remove one or more impurities, and

subsequently recovering the protein from the Fc binding agent.

The present invention also features, in various aspects, kits for use in performing
one or more of the methods of the present invention. In various embodiments, the kit
comprises at least one reagent and instructions for use of the kit. For example, a kit can
comprise one or more reagents such as an Fc binding agent, a divalent cation salt and
reagents for the preparation of buffer wash solution containing a divalent cation salt,

along with instructions for use of the kit.
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di sul fi de bonded variants in the source liquid. In
vari ous enbodi nents, the under disul fide bonded

WO 2006488583 conpri se | ess than about 20% 15% 1BO4/USHH6/023478

2% or 1% of the species of said protein in the

solution containing said protein recovered fromthe Fc

bi ndi ng agent. I n another aspect, the invention

pertains to an Fc region containing protein purified
BILATHI HHSTRIBETORI P Gl INVGTIoQn. | n anot her

aspect, the present 1nvention provides a system

sui t dhslos td Hrtherdésorihinggheainyemfont Henaydteltmtisfut foadn understanding

98038 Bl SRR gy et brteotathe. Tikelainons s
folile h&reintave ibBeh @apéd M bised rtticgbe SR Uhd ﬁate EPRLAb iR ation.

a divalent cation salt to renbve one Or nor
impurities, and subsequently recovering the protein

IerthHﬁggteE‘]‘Deﬁ: Eﬂ)ingg agent. In another aspects, the

provides a purification train for
per f dn namgusaisyectd, thidysrestat MOeidnbvidedmikinvas #r fuBiRihg an Fe
the steps. of first adsorbjng the protein to an Fc
eI PO B roteioiroy: fesglubipn fanirining tha erateinsind dinp gr more read-

;1| f i 0 i i i val.ent

IS8 i e S8, 5010 SO0 PO N AGRL i s
aspeistsegpgthotls pf the possent ingerttioa ape wieé itordducemticnevdieof one or more

.hi ndi ng_,agent e present inventi.on al so features, in
e s e e 1D P isien G5 P B premtiog, @<l i an
afRlyQPrepan@ione e Aemey “ihths REEEEIH VAERE» 984 “thffon read-through
various embodi ments, the kit conprises at [east one
VARHY EPRC1eEN @19 wed Anferchangsablyhereseanst refdrdo Kietprodfiat of a process
30] i onprise pne or nore.reagents such
TR o il T L £ on G i broliie PSR e aree
prateiglepdlgpdptide thein plciatia is @nRhat&ibri@to WA rHRbH bF #Boding
containing a_divalent catjon salt, along with
TeEht PY,R $1PB §ed9tbin the intron prige iacihe coitimaresgion. DEBORSHTIsANariant of

‘ PLi: ribing the .
USRS SRl Yy it Rpd b DAL SERAGR Bk frfore incomplete
ot sstgfdonmisse tSuchintrordehn vorithiomsore thaaesdeatdp dodoABestiBing in the

be. uIsed hecrggli n. The gggtj nitjons set forth herein have
PRSI .1t !roé BpErsScsgeeligrreneripa red-bravghaadanst by way
of | ITHE tedni ‘@RderAi QN BHO LRI Y Sl T RO, rﬁ gb d%tﬁ;%)?&igs where

aspects, the Er esent invention provides mne
atdgast pY¢ diguldide bend éghnissingohaimssntg diswfidé hodd amte either an

in?égg%{i% ?%Hgﬁgtb%hg 'o? gn Enr’greacl?arir? Ehes{lﬂid% [l]agn(? r011§ a (c):cr>m 1nrate10n of the two.

The term “low molecular weight species” or “LMW? species refers to variants of
the Fc region containing protein including a protein species that consists of free heavy
chain, free light chain, IRT species, half-molecule, and three-quarters-molecule, or
mixtures thereof.

Protein A is an about 42 kD cell wall protein found in most strains of
Staphylococcus aureas which binds with high affinity (about 10 M to human IgG) to
the Fc region of antibodies. As used herein, the term "Protein A" encompasses Protein
A recovered from a native source thereof, Protein A produced synthetically (e.g. by
peptide synthesis, by recombinant teéhniques, etc.), and variants thereof which retain the

ability to bind proteins which have a CH2/ CH3 region.

-8-
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variants thereof, such as, for exanple, intron
read-through variants. In featured aspects, nethods of

W0 b@ofpssssEnt i nvention are used to reduce the PEVEFR06623478

one or nore intron read-through (IRT) variant species

in a protein preparation, for exanple, in an anti body
preparation.. The terns "intron read-through variant,"

Bnd TACIEE i 8 el WA BERIAMERT, Srup &p SEFRCOTr ProisErC s a type TI
I . . e .
SASRICTRERH N, RS S5 R R i,
lgorantibediesy 4s usediharedd, therteemd'Btotéia @) encbmpassegPiotein G recovered

AT AN AL L g B P
s§Ateds, by rbéenbifddt MEhRIGues, eh), bEvARRt Herle6s 'vﬁﬂch( rl-Epazn the ability

result is a variant of the protein of Interest
ta hindpreighns "dueh havesudie regiohant) with one or nore

i nco Qr .- sS4 NgG.. domai Sych introns ca .
cont anilFﬂ i qér%} eg[nttlﬁlé%; oonrg 1%1{%180%@ il @%ﬁﬁ’iﬁl{lfeﬁﬂ*aflﬁeﬁg hgherein) refers
tpes antiicnitiyding proteid baving avavie fedr-sHlidepfidthdif b @Aure consisting
read-through varjants. The term "under_disulfide
o b BervyAnf Ayie light ohamsy said plgins heingsighiliprs: farexamplee byt
. _ . . : . D e h Cacin
R RS ety VR B, 18 oBHEP T B BRI afifgcmy ot heavy
abd hightoghans arefoldedhatordoniiasnd. f | de bond or a conbi nati on
of t two. . The.t.erm "| ow npl ecul ar i.ght species" or
" L MW S8R Somain effgéff tp %ﬁgyﬁ{ egipn ‘&eﬁéleﬁt‘,y Prelighy shain

i doh eptidaRopsd o | i
PO RGBT ULST NS, SRS D ERBORS R s
feqrsampls, byifHfleated sheat and/@nidirsdhnimedisnifidé bomsl. rdbmaink ere further
0 I xt.ures thereof . Protein A is an about 42 kD cell
Qe (SR o rSRGnT oresatatly  psed Carberelitg ekl aguence
vatsteaswithih ¢k dintdss ¥ daiols BRshEinBédk Yn RRAW oAl BnM18
human 19gG to the Fc region of antibodies. As used
dpeags, Ar &ﬁ@tf&aﬁﬁ vaprappr iwithit thedomapmad @sriGusatladsmednbers in the

cqve ) .nathve source .t hereof, Protein A
c%)S‘r%o0 \écél %@%t@é&@al ?flsfaél%gqorﬂynf)glﬂ) e&kghéﬁli‘ﬂ‘ﬂé’éﬁ@,few to
intechamiyeabipts Cigghchaiu Q_Snstﬁit@e%i_onﬁ’ neligh® thaAh tondidif d8Rhins”, “CL”
the ability to bind proteins which have a

\I\hl C h r“ ,i n [13 2 - .
TRELENS %@ﬁé@%ﬁlﬁbr deqstints dosnaingen thegavy ghain sieneferrodio
. i. i . .,S“ e.ll1 s 9
HRERHD S P B 5= B BRyh g e
“CH@’ir@i(ijﬁ orditiH birainadss). WapabsleT dothains oh €4S 1t chf aRSreferred to
.As pse erej.n, the term"Protejn G enconpasses . v e 2
SRR P PR P POTIS et e bl Age TP RcAomains”, “VL
rdgiSisr TVE” RoRERE R ¢ Pauriibetdonliddor Be ﬁeavtykg%)aﬂlezg% é&grred to

_synthesis, by reconbi nant techniques, etc.
inferehangeably etheary chdin vhriabde migionstéhabiyl dhinin variable domains”,

“VH” regions or “VH” domains).

The term “fragment” refers to a part or portion of an antibody or antibody chain
comprising fewer amino acid residues than an intact or complete antibody or antibody
chain. Fragments can be obtained via chemical or enzymatic treatment of an intact or
complete antibody or antibody chain. Fragments can also be obtained by recombinant
means. Exemplary fragments include Fab, Fab’, F(ab’)2, Fabc and/or Fv fragments.
The term “antigen-binding fragment” refers toa polypeptide fragment of an
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to bind proteins which have an Fc region. The term

"anti body" or "inmunogl obulin" (used interchangeably
wheeils8553 ef ers to an anti gen-bi ndi ng protei n PEIUSZPOE023478

basi ¢ four-pol ypeptide chain structure consisting of

two heavy and two |ight chains, said chains being

.stabiljze for. exa lnterchaln di sul fi de
“%‘HW&'Q?f‘@Nd%PF %’&é’(’@ih@pg‘bmfi? %‘}‘1&‘38 0% seimpetes withyhejingagt antibody

fi Waedh: thEPivBreRAVYd R dpddiad I e folded into
domai ns. The fern1 donarl)érﬁﬂl é?gggbﬂﬁhﬁgglobular region

of a Thederysgo lanﬂlb@b(tfus;hlapmt@n’l’ yipck Prtnititled e fusjomi’ $¢66 to a fusion

ppqecg%ll ﬁglu(ggg ﬁ 8? ag&%ﬁrﬁ}l ggg i f& c& éﬁt Ok %égtiolng%e;l%ggbody
protéihgfigdmordobtpeplidie F-i@ﬁﬂl is @&E@hl'l&sacﬁbﬁlphkﬁerdlﬁgf genguc en(%meerlng

referred to herein as "constant vari ab
ofthegrae eagosingaid preteinf Aé@é}eeal@éemahnamtdmdwfushmrpmtms

0 0 B YR B5RTOR hl OGRRRE 1By

td #léorlopaition oﬁﬁnoxmusouﬁﬂmmsummgml prdtélﬁ fe@%ﬁuﬂﬁle @ receptor
“tﬂrbéil abl domai n. "Constant” domains on the | ig
(Gei}as on sluble} erpogtien Hereaf, @rwﬁaﬂ@e@mo}vu%themo@w Ql.ilhﬂnﬂ or

pG%L@ttﬁéijeof e@i @Héq antlﬂogg %&&bé’x‘oﬂw@tﬂﬁ  con 1prgg iy 1510 regmﬁ of the

regi ons or
al@‘ﬂ@db’ dased to hndthergreteiredre lafse drefiorred b mrthdﬂ angs Hb Ki;elcaﬁprotelns

hea hai . onstant r.e n y. chai n const ant
domai %IS % %SICD (é dgrat ﬁi? a3 }llﬁgslat 18 Q}%Bap]gmf@mdmg to the

Fel egmbm6f :ﬁﬂaﬂtﬂb@dﬂ' (nght z!iht%ﬁyﬁﬁf;ﬁﬂfn dbﬁt(flot limited to, a
i nt erchangeably as "Ilg t chair variabl e regions

complgmen&watqm,\aa ﬂca@ﬂeetqy omraibasterial:dgrived pryiteinssuch ay Ptotein A or

[ N on_the he chaln are
rC?Z%iathayﬂl 'er%i'ng g’g Fi}rggmn 3@)9“% Pn vari abl e
r egl E[hs term’ ‘ﬁ%avglom:’ heifers ¥od CalehBin@0RBIoRST an T4 ant’il?cﬂl’yoﬂls
i ns The term "fragment” refers to part

P%chwalf tﬂilf’oﬁ-te?maﬂ region pbihy bsaviashae)af seiddiee a@@hpdy sAhlgpugh
[
D B 6 S o M Fe BB Al R e PRI Bgion
fyplcallyideﬁn@hds spanmmgfmmt dbout zlmmbmemitreﬁﬂuﬁﬂy;tma@ thedarboxyl-
; gggei @g%bbod ntlbody chai n. Fragnents can
egf“ oo ! Corrbl nant nmeans. Exenpl ary
fragnents incl ude Fab Fab', F(ab')2, Fabc and/or Fv

fragnents The term anti gen bi ndi ng fragment” refers
ChromzatogppiiciRelatgd Definifionst  of anlnnunoglobulln or

ant i h. ant | Cc e
i nt a?gg g ff?(g‘glcrln i eﬁ%‘? 'iﬁgq?% lll‘Wé ﬁoﬁtﬁlplng at least one
tasgee smlfsntancammlqham sdaightlio sk purified from other substances also present.

-

Source liquids can, for example, be aqueous solutions, organic solvent systems, or
aqueous/organic solvent mixtures or solutions. The source liquids are often complex
mixtures or solutions containing many biological molecules (such as proteins,
antibodies, hormones, and viruses), small molecules (such as salts, sugars, lipids, etc.)
and even particulate matter. While a typical source liquid of biological origin may begin
as an aqueous solution or suspension, it may also contain organic solvents used in earlier
separation steps such as solvent precipitations, extractions, and the like. Examples of
source liquids that may contain valuable biological substances amenable to the

purification by various embodiments the present invention include, but are not limited
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The ternms "anti body fusion protein” and "anti body
fusion" refers to a fusion protein including all or a
wW@bil1a8ssdf an anti body fused to at | east one PCT/US2006/023478
non- anti body protein portion or polypeptide. Fusion is
general ly acconplished by genetic engineering of the
ene.encodi n protein. Additional exenplary
‘gzrﬁ ?‘B‘B‘G@S‘Pﬁ&%&??ﬁf’%& npEeactap (& omaqasaized pell w&pwm plasma,

psifl dtipag, bh@mhikf an anti body (including the Fc
region) fused to all or a portion of another soluble

or cdhedtmn "teigst Bpstende” pr Gtaegat prdtein” eefanﬂie&natd the efé 6 more

SR 5 AR Sl B DI BB ol e
sﬁmsﬁ:ihca mayﬂwlbte:feﬁﬁin(lﬁe SRéEliqiRd hd 8 kuHRARbh SEinlsBRtbA.

regign of the antibody fused to another protein are
al so [hefem ampugties) refess tamaterdalsin the sowwe figailéhatsre dfferent

A8 e 9 D b TR L i Bl Sstnce
p(ceiugt(s) diypigGimntrities theludentllett R9ds, Broteiitindlhdihg &frdnread-

F
AR AL e O O i bonded species),
BRI éhaGiondialirhieS b GlhPLLIBkRY. {07 the Fo region of

an antlbod% The term"Fc region' refers to a
C- t eAsiused hereiy, the terin tolill giasiiréfomdy a non-oaedusardtak with which

o ety b Pl B Pt ﬁ%ﬁ%@ﬁ&@éﬁé%t@m

adtier@ nSllumGI&ﬁﬁM}ph@Mﬁeﬁﬁﬁ inchlde, Eﬁt' A hbtyl hélﬁ@ Qiica (e.g.,
is typically defined as spanning from a out a o’ acid

siliga ggl @m@i@nﬂ@ﬁ (eige adwlysesshatide matrire) suth avagagGe hedwsllulose,

t el at ed initjons, The term
of,gisé(ﬁ;ilj: ?{O?Tﬁ qui %P?s p%g,y a@&%mﬁ& %‘Ftﬁl lnlltglwa 03151 9 W&ne'
dnmmaamemagc@bunms such e frasxgiplSARBHEANE®! 18kth CRoinshercially

g rified fromother substances al so
rffom ana (hg@icahqo., Phtladsiphipl Rs,). Héleath‘éph@e can be
/ or
S%%‘%%“Jﬁ?‘"‘%“x%ﬁ AR Cu ¥l ORI o Qi 4P ARG 8F P Shange
ang¥ pgmapt@rqmieems nlhe whds)hase (Samlhtt fdil&ﬁampm’ @pmﬂlﬁ@tlﬁﬁ Q¥lumn, a
d% L.0Qi ul es s otelns ant i bodi
B EnaR o er SR el e S bigeii Rt 1 hgasolid phase can

béiélf pFousStGdnporouk thzﬁl§otere£1’fd dan®edo gﬁﬁ% ﬂﬁé %ﬂ 18#:%1‘8]'5 sgible. In

matter. Wiile a ty gl cal source i
vaiqug ebagiynesisythe selid ahasaqm pakynpicutdttr open sgEeemttte or

bl Tk Rl MRG0 e o B i azent Guch as
glgxdroBefor empla,l’td pidvent ndtSpedi@iiehcO bf impurities to the solid phase.
An Fe binding solid phase need only possess a chemistry or an associated ligand that
will permit Fc binding agent to adhere to the surface of the solid phase. Preferred solid
phase materials will be physically and chemically resilient to the conditions employed in
the purification process including pumping and cross-flow filtration, and temperatures,
pH, and other aspects of the liquids employed.

"Affinity ligand" refers to a moiety that binds selectively or preferentially to a
component of the source liquid through a specific interaction with a binding site of the

component. In the present invention, the affinity ligand (e.g., an Fc binding agent) is

typically immobilized to a solid phase such as a resin. Examples of affinity ligands that
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source liquids that may contai n val uabl e bi ol ogi ca
subst ances anenable to the purification by various

wendvedsssent s t he present invention include, buPCHUS200€023478

limtedto, a culture supernatant froma bioreactor, a
honogeni zed cel |l suspension, plasma, plasma fractions,
e term"target substance" or "target

i1k, T
%?‘gf’ Boppd ‘Pégféfe_é%%%f”ﬁ 1 BrovKie chrramapgpieregins el inghe process
JTeR SrBsenP Hvehtid e RIdO Kk B doP 1iRGtel %,'ﬁrbégx AT @ d their
bstance ‘may be p i

source liquid. The target subs resen

DRloss dtridesdlectively bisd to sprofanBe mgi@r. Matheds of biding Fftnity
R PR L8 B e B S e, e
réfeebnaé eexeesfinalyl Sé{)@ﬁaﬁbﬁ'é%‘ AP bR I'\B?rd‘abﬂ r_aEtz(fag %gproach Series),

subst ance product s& Typical inpurities in
FaukMstegtsguikdBditen olrlefma $997; and ddfimity Chitontategrepitt, FiechegiSchott,

%%gliﬁ%g}’%ﬂaﬁggg%' wei ght speci es and under

I su Cl'es), peptides, endotoxins,
Vi r us'adfiaitydctaombto graphe e¢sie'Sor "AFinityaesieFe@iri to & Blt%ﬁﬁﬁfo@aphy

"SOHQQ hase" refers to a _non-aqueous matrix W
TR %&)%ﬂsgéﬁ sQliph Bhask eB sybsirale avithsaffinity Higansisrtiond tet itsomurfaces.
or toryMu Walsl ent . G Wi tabl e .
Sol | o At ol Qe SHE" or (PR PARRET roshin 85 § g sona
syprestto vehith ave coralgnt]y bouniddigands that teat ¥ pesittas Kh@stive charge,

L R S NN R L -

- whidthiik 6 debiindeatan i9shtReldyst yr enedi vi nyl benzene

copol yners such as for exanple Amberlite(tm resin,
( conmerénsgRchangegesing| refers toranRoh exchakkeresidheith calalefitly bound

i i A The. sql i ase can be sel ecte ..
PRSI e B) i U5  EBEE SRR 2 5 8 o
agblukioh with visicth theaben gecoaRidtddO GaRi Wity SSdafisn eldhange resins
sqlid phase can be, - for exanple, a purification
AR, I 3‘%% 3%%&&%@ $hqsp 3dereit thgicoralently beundigrouss are
' ' . ..d: phase can be .of
oBoRIseTPTRARD iRl Rl A S5l

cdlhuld)ae;cﬁi’hSﬁpl%iiebTNe and Fast&r$epharosedyYo@hsBRESHv o mgsclsalnhﬂerciauy
| S 0 ric matrix or an agarose particle or
agaéggfe ﬁ%?gg‘?’%gﬁen‘oodi ments, the solid phase can be

coat eAlnivh tekciinks AGRRY rdSl¢H m??bn%lx}f?ﬁfgg L doin §Qh c%éﬁ%hgbound

to prevent nonspecific adherence of I"npurities 1o
PRBiiyely phraged srapps-sudhi asdjuatgrrsioy andinohmsepsn dduhumaicially available

w7 SE AR SRR e PR RITRCIBLEE, o Seppdier gna Fast O
Stpierae™ @hohasetw e esdmal el pllly GvRinATe BB Bli@hga | |

be physically and chem cally resilient to the
condff iu@ﬁgig-xeé%,| thg éamy ‘iwhaotropoic salt" refers to a salt which comprises one

or more jonic components that are low in the lyotropic series that are able to penetrate

protein hydration shells and bind directly to their surfaces. This disrupts cohydrative
association, favoring protein solubilization. Examples of chaotropic salts include, but
are not limited to, halide salts of the Group II elements (e.g., calcium chloride,
magnesium chloride, barium chloride, calcium bromide, magnesium bromide, barium

bromide, calcium iodide, magnesium iodide, barium 1odide).

-12-
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the purification process including punping and
cross-flow filtration, and tenperatures, pH, and other

w@speassssdf the |iquids enployed. "Affinity |iPemts2006/023478

refers to a noiety that binds selectively or
preferentially to a conponent of the source |liquid
i,hteractjon with a_ binding site of

th h i fi

t héog%ﬁb‘&%%p %{1 t’hﬁ‘f fAvalenbeations pal(sdnglidss but ave naf Kniied {p, salts of
! A 2 24 Pt A _

%@?&I ?ggg %o a’gcgl id phgge sﬁcc }éds,na? @?gfﬁl}%@gﬁﬁ:é@a‘ ),

1tratg {NOm),tohloridg 46tk and hrawide Br ) and dorhbinbiiensrthericsr

o1 oo dacelfin BB e RV B, i cmrtipte duselonhention (e
Mift €&, NBtor Bradhe iPPefé:re(f’élfhbﬁ:bﬁic@altsaﬁguEJ“ﬁi the ?é&ﬁiggctgﬁrgaessses are

which selectively bind to a protein Fc region.

MeChi Niingpd€aClai After thgedivalentcation salt washpstept theateei mbin is

I [ rification art. See, e.g., the

e?lgg%?[g}r?cﬂégé e1x§ ¥Cﬁ¥o$ﬁ?§r§p§éﬁg ions: A Practi cal
Appr datbuffeP! Bat substinApphieBMY ifesre®nte inRRU MRS G  amount

Ed.ltor?k,g. Pr: 1997; and Affinity Chromatography, _
oBaFIGF kel st usihs eddedie kiese unieliangs i T 95 butfered solution

e By : ny oar. "affini resin’
T LAY I ER et conflenlsghpob Sy "Buttered
selyitipas fon assewith binldital atazenistare gefnfefaﬂﬂiykﬁpdﬁl@ﬁﬂ@l&in@ﬁiﬁg a constant

gL e b BB o B G e B asotogica
ripec That@mCowasieisical Pav Rekelsitd ﬁﬁ%\?\%f}@ﬁﬁﬁ%@%ﬁ ggoogr(ié% ,7.38 or

g03| tive or negative charge, and
BRIt Dr itbAs2 Bhxolasicat vngeisdhem gbowtiZi htol Dé.s Traditional buffer

BB RAaLhk IRt BEERTOR 5l i o s,
Esrmphngibuffes for ust ihpaificatien bl diokpiadmdesates YELY protein

Hgﬁar ed. | j gands, and which thus has free cations for
_ geﬁ clyfe fheciieents Ar 2Gewl " UBuLEns. wee bwiticol ef lik (1966)
Bibschemiskrs 5945'7%@@(%#}1 ett%ﬁ%eg%% M@?Q el %gylnfoz @X&q a]é]xqe?nplary

resins are known e ar I exanp e

buffers éloindetbat eewmt Eintited th TESIMES) RIRE S} IHERES, DIQPE a0,
éﬁﬁ‘gat(ﬁ% Cﬁﬁi rcially avail abl e cati on exchange
Tﬁ an { "CMCcel | ul ose, SP- Sephadex(tm), and Fast
S- Sephar&ama(thon ButRrt BirtAlis b WRrERE i& g&:egiéﬂ:é ¥inding

avai | abl e from Pharnmaci a). "Anion exchang
rqagey 9lid phase, piobpthxdoh tradmgrafshasonidetiquid edreaining thotangkt

PR e AR OE0, B8 Braits el e gty s gt in e
range frodeaboir EtcaboutB 0 T8e "TbhMig b E" 36 R badeystdo 1088 the source
ligl?lﬁtcogaining the Fc region containing protein and impurities onto the solid phase to
which the Fe binding agent is immobilized. Often, the equilibration and loading buffers
are the same. The "elution buffer" is used to elute the Fc region-containing protein from
the immobilized Fc binding agent. Preferably the elution buffer has a low pH and
thereby disrupts interactions between the Fc binding agent and the protein of interest.
Preferably, the low pH elution buffer has a pH in the range from about 2 to about 5,
most preferably in the range from about 3 to about 4. Examples of buffers that will
control the pH within this range include glycine, phosphate, acetate, citrate and

ammonium buffers, as well as combinations of these. The preferred such buffers are
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Sepharose(tm (the latter two being commercially
avai |l abl e from Pharnacia). As used herein, the term
WO etvansssepoi ¢ salt” refers to a salt which conpCi/Bem06/023478
one or nore ionic conponents that are low in the
| yotropic series that are able to penetrate protein

%Qr atj on h@ll k%hand bind directly to their surfaces.
arbd @%t W&Pﬁf@a@é@eémm Gigpfe of acvﬁbvmragetate buffers.
Rh& it bR drl 2atb R lat@(lﬁgl’a%ﬂg'% hﬁé} IIS:IE %ﬁffé o@@%e}t}iaving apH

i ncl ude, but are not |n1 e e sa
of eupore) O@Ibeffeustcgm(pelsglg a @alwundor Bdmpdsitéon s-ma@ aeMgdn (2 mM)

d | b d
G ede pRRRATb e, cal ci um 1 odi do. nhoneei om
i odi dwash#ghid"bi BeksHduffsred¥nlses héi‘%msiﬂ Ite?ek? (i}j;@reﬂi 1?6%? ﬂéuld used

cations salts include, but are not limte
toyparnaway iNgpaLitiey fr@}Zhe ﬁlg?matc@@hyaﬁﬂin Ba®hichiig bound the target

S OHEEY IR Rl bl Bt Sl schvaPiathi Rt e

smdcessacﬁwashmquﬁfsﬁlavmge'ﬁfmﬁig ﬁi@p&ﬁms i Aipyp b@ﬁﬁucﬁ@ftﬂl QBlvent
alt conprises a divalent cation (e.g.,

C%Efmfﬂi%s‘ic Bepeed tpdisseripieand Femevedyrgng ésmes of mepurisies that
aﬂeﬁl&ts%e&ﬁé‘élﬂfa%goo%t%mgﬁe %ﬁ?%ﬁ’hg s% 2 and CaCl

After the di'val ent cati t he target
pr ot EEkutipe hellud'lf ed" diutiom Yufter'afefférn hergincto rtl@émme £t Yused to

A " buf IS a tance whi ch, i.ts
SRSl g b opes forh i S Baloga Y ittt hisbgersmashed
w&liﬂbilb lor frioad whdbSTiquid®s. 28HEHlutibn ﬁaﬁﬁﬁ%cfé b Hlsg_ih{i:{}g @rﬁe' #AroRFkubstance

A buffered solution resists changes in p
witheyiglengpring i imevessiblys d ypina] elgtiom hqmdpmemslmoauf ihehed

RS S5 e DL AR oBEAE R RSty g
amdxrgsemt othérisabstafcebiat pEeibté @ﬁ&&am ot tafg%ﬁstﬂﬁaﬁée BB the

solution is within a physiological range
chipaaeEPhY resH- ;ﬁlllthlb‘fcmdsthné" refss mr@ﬁemmtwmnmoeﬁﬂon the

tafge’c §ubsta¥1c€§019{d é?qg Etogr éily ]fe:;a Ltha fadlgs Sé% th-LFgarrget st\)stanc%efrom

f rom about i ona
thg glmﬁwgr@hynefsm,dmph lasitheadomtabtihig bf thie tﬁgettsﬁbstﬁ{cg%hﬁd
and % nor anl C szﬂl aci s and bases. Exenpl a
cHitipploRtpRYy Festigt ﬁnﬁmniop foud q;ﬁllgmnmuéfebgq rafluce such
disdocrpgivhes (e.g., protein nol ecul es) include the
zwitterionic or "CGood" Buffers, see e.g., Good et al.

( 1968} leminggnd o \glening busfed’ 16fosiharsin tb faquid BiE2)s used to
t 62. enmplary b fers i ncl ude but

w%@éﬁ% glir F"ﬂ@é?%?}ytr eSlq-Eéer t%gon;gﬁ‘%{gés P e pE! 1CW§rocess The
claoREOiquiRinal Nentainth @’dt@g%&ﬁ a Vs 1@@1‘1‘%’{1&1@ ra@&ﬂt o8 191%1@1’2195/ high

herein is a buffer use prepare the Fc bind
concentrations of salts, and may have a h1gher or lower pH than the hqulds used during
the purification process. Its purpose is to decontaminate the chromato graphy resin to
render it ready for reuse. Typical cleaning liquids are well-known in the
chromatography art.

"Storage liquid" or "storage buffer" refers herein to the liquid in which the

chromatography resin is suspended between uses. Storage liquids, in addition to

buffering ions, may also contain microbicides or other preservatives. Such storage

liquids are well known in the chromatography art.
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reagent, solid phase, or both, for |oading of the
source liquid containing the target protein. The

weouwehsdssati on buffer is preferably isotonic apdI/uS2006/023478

commonly has a pHin the range from about 6 to about
8. The "l oading buffer” is a buffer used to |oad the
sourg[?e1 li.qui d containing the Fc region containing

pr ot ePY2HALE 3REL-ithe eseah tyeptien Esfurep petheds fon pumfyistg a protein
Halbeiah 12 rogionr iR urk i T Bl e BrbfEfhy addlfhe o more
mpptiesopy dsprbémg’ the protsindo mfn Fe Iblin(hr;ng iigbnﬁg‘ollloweddby washing the Fc
Legi on-contai ni rofein fromt i.mobi.l i zed Fc
A et B it PR GortsiBime a AivepmsakipmfaltiagemoTegpe or
amputifiay bk ' ' i \tﬁéﬁag
Iﬁ?ﬁdi g age_ﬁl?yfand _uﬁgﬂ%rrég?gﬁ@g%é ?ﬁeeﬂr??sot ; rPtg?) gl}dg%gf ril/g,ent'
ble &g bindling agangrinplufls,dut argsop linkitei o, Preteinah gad Pradein G.

about st preferably, in the .ran from
about.Th% p%[gsea %ﬂ%ﬁu h t%%%rﬁf) B€°§ oS g‘ﬂ%ﬁf’%}i’%ﬂ Gagpn ﬁf f ¢ reglon
contafning probeing Forvixhible, brktiodiea N BReinPlakyp@ i SaYi6h Pfocesses include
citrate and amoni um buffers, as

h Igg,athg, acet at e, :
a&@&? € %Tﬁ'ﬁii:oﬁﬁ‘l’hb BispofThe plindty chirem@pgmply sep eandte continuous,
dRbhBIRDu R G dohbifitiBh O BGA! Fof ok r}cntlg,rtﬁe %ittygm%altgg_raphy step

preferabl’y sodiumcitrate or sodi Um’ace
ca heperforatedan atticbatimons provesy swahl B8] fd ek a6plut hicthprabess.

AL peSaBisadivig B Herrasohos b pasrrion mdaubsesyent
rédoCbry dfa thfdkt Eddfipdahnd tﬁ‘oﬁgzn% Hlé?r?%m%&i ﬂ%%fd 'T'ﬂis%’rggc{sF allows for the

"Wash |iquid" or "wash buffer”™ as us herei'n

highiespepidiceind efficienriourifigaticn afdbeltarget campyurslahe process requires

' he. chr fogra resin to which is. .
St ] S SRR P Yo P ot et hicw win
birginthé eargetebmyehGELENY e gloh Y onRirng pkdif) dehBrally with a

successive wash |iquids having varying properties such

dissoqigiioncomstark invhe singesef i ro 100nwaHe pemiitimg recavery under mild
i e - di [ ryi types of . .
CHRRHSRS ik igahd RYE B fy BRfhobADRY B ¥ HXd ATtk Grapix which
nalydedh thenfatro @f apblpmresicking oEbatchwikeladspiheon Mediug). ut i on
buf f r"r fefghs ({iwerei n ngt he | i%ui d that is used to
di ssOTgteEret hirding paent s %tteg]n‘ée ¥oteim A himds the Fe region of
HERUAGBSRAIRP PYotbIR A Bord{shess dit rddihs bﬁ@éﬁoﬂ%ﬁ&fgin}ﬁ'ggﬂ. Y ¥inds

or nmore wash liquids. The elution 17 quid ac
withdagratiingy thbuman tpgt, lelhsind dg@s, \wb tretius nebesalgG,l, TeGhif and

A i pl Tv.pi cal el ut.laon |i.quid r | known
1S PUGER] Bt YR Sl SRRl G563, Falh S0 o v
acmpeelgGat Aeng afinifAidand, Froren Afif iinb¥illzb@RNERia®k so that these
apnal ogs, or other substances that pronote dissociation

regrons e freg i9ehinds Pae mlesuierad ampiebilided Brettiogk aphlyind etlenst two
m}b%{c):gfsegé gf*%gnﬁ’.pﬁéﬁ%oﬁﬁ reddthisihaht YRR 68 BFotGQ Mk O Smilar
specificity for the Fc region of IgG. Recombinant Protein A (rProtein A) can be
engineered to include, for example, a C-terminal cysteine, and can be immobilized via
thioetser coupling to a solid phase matrix. Such coupling results in enhanced binding
capacity of the protein A.

An alternative binding agent is Protein G. Protein G is specific for IgG, binding
with high affinity for human IgG, IgG,, IgGs and IgGa, as well as mouse IgG; and IgGs.

Protein G PLUS has moderate affinity for human IgGy and mouse IgGa,, IgGyp and IgGs.
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target substance-bound chromat ography resin that
di ssoci ate the target substance fromthe

W@ booersgseyyr aphy resin, such as the contacti ng PET/UR®06/023478

target substance-bound chromat ography resin with an
eIution quuid or eIution buf f er to produce such
"cl eaning buffer”

I?e él? F Chganl n g ui d" g er"
PP rejsin CorPioteipGy e Rginopsd je deletedhoabhminbinding
186160 Bﬁﬂﬁgfaﬁp@ﬁroﬁﬁﬁ' Re@tfntﬂﬁﬁaﬁt eotEH lCSltl 915 95 F'é @%d{t{;ﬁ regions.

purifjcation process. The cleaning [ qui
a detAdt Ytamativg binding aganhistBrotein AdG. agamm AdG n; elgaiidtically-

t f hi gh
TR AR N T i O
GQrhies genel fuSiop @Ecﬂﬁ@ﬁ‘sdcﬁetédoﬁ(ﬁﬁ %%hﬁﬁfh@gén?c 8% of Bacillus. Protein

chromatography resin to render it ready for reuse
oginsciouRA¢ humdineipmainssiram Reoteinih angh two fiomeProtein G. Protein

d"
RO IO AP Bhenfibde as PRGHARu) blliitsr Ris i properties of
Pa:¢t¢mnthamﬂ;6aphy reS| n i s suspended between uses.
Stor [ ﬂ%“é ddltlonto buffering ions,
al so a{g@ § Botlehyean Jglo sibplapseprnasiaquarty snetgbleguuch
pﬁhﬁézﬁ!ﬁ)ﬁ df bg}ycfbilaﬁéﬁnﬁﬁ‘éélorﬁpf%?aﬁtﬁom‘ég wWilYs ?E‘iﬁ)tc £eeg y &¥ > 1ot been

art.In various aspects esent 1 nventl on

deisrhingd. flbfiddp'fmn, fiyhinds ta Iph oligl Igl\hi aud (ltg aalassEf:e){t&g) . Proteln

A AT G G B o
niyuseindgodl@e tantib&ditOREH 1 sﬁ‘@e‘iiﬂsé@ vJﬂl%uFi‘ﬁt fePé?xIcQ %om IgA, IsM

(gent with a buffer solution containing a divalen
RGIUGRe sFPR aloimindPes ege Stkemer @ 98Apdmen lBerzz‘echaﬂdb 7,42)

{ f {
AR S oke! SEEN ROt achh Rt et Hopt or e
chineria (PII'Otblnl rzMGet thahm? eﬁjti@ﬂ’ﬁbtaln& @ﬂHroPélﬁF' ([stG% ngmlasson et al.
ention features processes for
(ﬁﬁf'?%ﬁ% %ﬁmo? BA3L P Hn) cgnt ai ning proteins, for
Tl g PRALRSbEn, I SR Sl e K bR A B ARRRE 0 i

weshed ity diaplent szttmp sal solb‘eomtamennue Lrﬁpuﬁtiesc OipArfILEBS it has
For exa the affinity

bg n %é?/%gg gﬁjﬁyg@?sgrﬁblgéwp%tlﬁar? as g§es§1t of recombinant

aldibfod? Bk}bf@kb%&ﬁte@ﬁ&ﬁ@%c?s cadWelteRyed ﬁ’s"m§ 8ileGt clioR @%l? Qash step.
process. Affinit romat ography iIs process

bi os&hemethpds aﬁﬁ@rm@aenhnmog@bs egfumaﬂlynmiudeqrmfmﬁnm steps

and. .This
S N A TS
pyrifidafion step mamhcmhe ah &INGREhLQEERBtoMhto RS PIREF &ifor a
hycﬁgpliqoli)lc interaction chromatography (HIC) step. Subsequent chromatography steps

can be continuous, discontinuous (e.g., such as a batch process), or a combination of
both. Ion exchange chromatography separates molecules based on differences between
the overall charge of the proteins. The target protein must have a charge opposite that of
the functional group attached to the resin in order to bind. For example, antibodies,
which generally have an overall positive charge, will bind well to cation exchangers,
which contain negatively charged functional groups. Because this interaction is ionic,
binding must take place under low ionic conditions. Elution is achieved by increasing

the ionic strength to break up the ionic interaction, or by changing the pH of the protein.
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the utilization of an appropriately selective |igand
(e.g. , Fc binding agent) which will bind the target

W@ 0vpasesss (e. g., Fc region containing protein)PCT/US2006/023478

generally with a dissociation constant in the range of
10 to 10 , while permtting recovery undgr|n1lg

condi ti.ons. . The ligand is generally inmobilized on a
beaded’ SHES JIr Sishanga ghramaiagaphygjiepan the ehaeses of motdingto

SOl Mo 361 R oD iMBLEINh SRRy Wes T hop i ropertis

qﬂsng gprqteigf. oHy(hfoPhdvm igogips bulthegroteRt bindite hfdr@plgiﬁb g_fc?l s on the

Rl iR s ibfic medlein s GeDrapeh Hge, blabiosbp Kobigm. The
. LDt SHW AL .

1 Kt Ak RS By LD PN g i

apd low mplepylns avejghtprodust-alated fpeaies)y Eti;@anmnﬁ!;aubﬂ istepd\can

4 S, i tri hat t e.regions are

ihetudd AR rbin ¥l o Bl i v RSP e Bt s R 25

desoribbd herett. | east two nol ecul es of 1gG Native and

reconbi nant versions of Protein A share sinmlar

spec :I\Ei"elilw dirpents; the Beregionggontaiiing Reateintis arafntlbody or an
- | fsi Otel . ' d inclu

NG00 L3818 A0 BPRLOSEY L Rl U

bindiegiagentk €thevisa of itheomtffe solntog bomgining aadisalbhttanb@sat to wash

T N TR L
e B PRI Gl AERS e (AL Y
R SPRgEs), o4 thempieimef imtanest (4. gGhe dargdeti syB8anderintied soufse liquid).

inity for h | g&4 and .
st e B AR R it R cnRg ouf i Ol O aiomphic
sepration sepgenear slllifich el Riprish BnabMBicTRARNH f8ps BLMrating

P

of the native protein. Reconbinant Protein G contains
a»(%elpjlamnlg@pﬁ“ § TEEIgN 6ribe tanget prateinRafromaempimidésiy asgere htcjluld.

' [ ' ' 2net i cal | yengi neere
R O e 0 o ket S BTRE B S PSson o
rénategiarticilan detRisateithe like béfoleontagiinethb Wsien liRHACKHE the

f th ic formaof Bacillus.
o e R Ay R e ST e e S ——

inRFaREIRI1AH iR peliBlbRRMRREQ S L&B&d Eﬁﬁ%l‘;z' i&o%??glglﬁlrg Hedium. 1f

as pH dependent as Protein A, but ot W se he
thequpteinis prdoped intreeetivflar(3y, Etegiantiohlaie delGs, ittt dibst cAllEor lysed

o e P T AR 35BS e, i e
plogéin &vnetieadiin® e afdiiniRé AREABINIAMBSDNISREE Be separated from the
cell culture medium, for example, by tangential flow filtration.

In various embodiments, the source liquid containing the target protein is
contacted with an Fc binding agent (preferably immobilized on a solid phase and
equilibrated with a éuitable buffer) such that the target protein adsorbs to the Fe binding
agent (e.g., an immobilized Fc binding agent). The source liquid is contacted with the
Fc binding agent (e.g., an immobilized Fc binding agent) in a loading buffer which may
be the same as the equilibration buffer. As the impurity-containing source liquid flows
through the solid phase, the target protein is adsorbed to the Fc binding agent and

various other impurities (such as host cell proteins, where the target protein is produced
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determned. In addition, it binds to IgA 1gE |gM and
(to a lesser extent) I1gD. Protein A/G al so binds well

wao eooal1B8sabuse | gG subcl asses, particul arly suiPebiUs200€023478
purification of nouse nonocl onal antibodies fromlgG
subcl asses, wthout interference fromIgA |gM and

P S o ool it e diriveq e wakes v Hiswgh or bind
nREREIMAR fo He @ol'ftﬁfﬂﬁlsé‘ Bl VA8 brn@bliindtnts tHeWc ﬁlﬂ(ﬁng agent is

chimeric Protein A/ Gthan to either Profein A
Prptgined.nang, th¢ ggulibration bta‘.ifwapgs br 26 tmM] Tris{ 098 M thmm 17.5. Other

SR At LA el BB B AR o otogica
coacnadtims] for @xathyie] @htefaitionin 8/ rhnS il t@bott 6.8 VEind
brrpurl ties. In particular, it has been discovered that

P90 maM) (e g H9unls 28 @Mr %@nﬂ\é@tgk and pbmﬂpgl@al saltb
ORI ¢ SIS EXPREED, B L FH BR800 " rhe

nmet hdds solfid p]h&se mpis&mbly B]N egﬁrbSH(e(“gﬂYSepl@érbfﬁg %b:ﬁ(?/?r par'%lcle for
e affinity

|ncb cation ste S subsequent to
ﬂ&ﬂé‘ﬁs Fﬁl;b %ﬁevtal rferiens erahodipishis sthe golumn is coated with
£ 48N asRidefd1C@RIdeBrasd &Bﬂa Fnbrﬁgjsﬂﬂ@ aﬂﬁﬁéﬁ%ﬁ to the column.

exchange chronmat ography ste ydr op

In varéqug eribodinedmts thet Krghinging ageiit@ Pstteip A. SElhﬂﬁqimtem A
b t ntin
L e e

Bigictencdspis &@a@pmmmuaam PBSEBRNN cSIRRABE 8% TMER géu?id
based on di fferences between the overall charge o e

lagies. The target protein nust have a charge

7 ooy e R blifindtech'S i o8 Yk @itRaB B R litoh gepfiping o
dgfahaat edtion shht(eremwe peuteinl vafiest spesies bdimage thevyohh pRAdDhr Fe
whi ch contain negatively

to. c i on. exchapgers,
b"@”ﬁ @?ﬂl&ﬁgf lbﬁﬁw@n disgevaiadibatis Uspeidr dicalitcation sal
walétep c:ﬁi ReiRE arﬂg?ﬁﬂéaﬁ{‘ﬁnﬁ.lug gﬂ%@ﬁrﬁblgﬂ)ﬁ' ifsC Specifically, it has

conditions. Elution is ac |ncre S ng
b¢e@nh$pogcneé itlapt Fnttom rbacbﬁkomgh vdnmntsplmmmblebﬁaﬁwéigﬁﬂvarﬁﬁlts and

t.h rotei.n. v%ereas i on exchan
cr oI hpHE v B e ot xR BloReif GRLba e Bring abvalont
cdtﬁ)@ salt Svakhl eMordtyef, PBEQRI1 proteing "(ﬁ@i’b 2k BRACHES OH AP ¥noved

uses the hydrop hobi ¢ ﬁropertles some protelns.

usipg)thesheeri C@"I“Blﬁ?@ veasht e vaniasembodimahts, dilddldalel}ﬂmahon salt in
9sPHRSAlloh Bl HEfaontRR: I £ L ORNORL O A RIS B

ronger
instuelp, et ameves linfited tepcateils chiveigt (Catl,), mblv&ﬂ?onde (NiCl,) and
urities é&lﬁ' DNA and at her hi gh and | ow nol ecul ar
m&gﬁg Him phigride MeGlht dgleresingls )dlvahw g4iem ssliicptt be arasent in the

w§§l%?utﬁﬁ&[‘m various embodiments, two or more divalent cation salts can be used.

In various embodiments, wash solutions in addition to the divalent cation salt
containing wash solution are used to remove impurities. For example, in various
embodiments a 20 to 50 mM Tris, 0.75 to 2.0 M NaCl, pH 5.0-9.0 solution, and/or a 10
mM Tris, pH 7.5 solution are used to wash the Fc binding agent prior to, after, or both
prior to and after, washing Fc binding agent with the divalent cation salt containing wash

solution.
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include virus renoving steps as well as
ultrafiltration and/or diafiltration steps, as

waele®wensdsssl herein. hi vari ous enbodi nents, thePEDUS2006/023478

regi on containing protein is an antibody or an
anti body fusion protein having an Fc region that binds
Fc, bi ndi ng agent. The use of

t F { f ot
e BRPPEPSERIETHRI b v e on Soaeloeabiy sideqat &
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for exa centrifugation or ultrafiltratio
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fofloweld bydnranmmeeehun‘ge oo ab@iphs/ainkd.a I9IC QE@ € various
rocess-derived inpurities) flowthrough or bind

© gl £ the shiomagegraphy steps pee fyrheifolipwed by aoirss filtration step,
aﬁ@@ﬁhﬂiﬁaﬁ/ﬁlafﬂt@ﬁloﬁ%‘céﬂ AL DEhiae6a1 cdn%ammant filtration step. In

various embodiments, these additional purification steps may be conducted prior to the

p—

Fc binding agent chromatography step. In various aspects, the methods herein involve
purifying an Fc region-containing protein from impurities by Protein A chromatography.
In various embodiments, methods for purification of an Fc region containing
protein (the target protein) begin with adsorbing the target protein to an Fc binding agent
comprising Protein A immobilized on a solid phase, followed by washing the Fc binding

agent with a buffer solution containing a divalent cation salt to remove one or more
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Protein A, and the equilibration buffer can be 20 rnM
Tris, 0.15 MNad, pH 7.5. Oher suitable

weowsl13dssat i on buffers include, for exanple, BPE/US2006/023478

HEPES, etc., at physiol ogical concentrations, for
exanpl e, concentration in the range between about 0.5

lﬁlnanﬁd ab@f@g}%@fﬂm 3oV iR praisin e 1 e, ngte%d@pmd)uce a first

ichbpdtyl NaCl ), and at pH from5.0-9.0. The solid phase
IS preferably an agarose (e.g., Sepharose) bead or
par t il vari¢usy embndmmmts,zthmgunﬁmtlﬁn plicesh cogtiagentith fubjecting the

odi nment Ls.coated with g
P o T8 B Pk i ety ey S E0nEing i o exchange
resNwiBahd figst aiset I Such@hdt R paSfiss Risortb o Yl?erfegiﬂsw%e the target
enbodj nents, the Fc binding agent is Proteln

PEOpInMiogS @@tradAm@ée g igsin( Thys, thastarget puot¢ifn botegsovered from the

AL pRi0L) ALy 6P YA L SIESS L ion
ekttenge ahmmtb gﬂmﬂw fogh@scomphiged W addin}Elihe AnRERREhdnge resin with

Eh th a buffered wash solution containing a
“gfg’fe Y as “6‘Hn§%lret°°‘t’"6 2 leawh A option ef the adsarbest targsbprotsin,

W Wol18 thdrS Al @8k fseE&ldbélgéHttﬁ ?PQﬁE‘e‘r%aggel the first

articular, 1t has been discovere
elfientzpash may i contas e twittethh asibe pxdanges eemn/m sach a way that the
nount of. und Sif e i i.es.
Sy P} ORI ) g v iathaptiomly hilowed by
wasleifls biid Slugiig Viay AdReibed ahiyayol ecul ar wei ght variants
and under-di sul fide bonded variants of a target

pr ot & Veres epodinee dhaminfigationiproatssivontmtes ovittsabjecting the

<85 LR 93 by S ST 0B B A ption

rasa‘r (e@u,sa s&xhlthx’dnasmfmhstloﬂahﬁedhvﬂl@hﬁ[ﬁ) 23 ﬁ@arﬁl@ij livva'sliling lﬂfe
| es of

hV\% ol ution, contalnsachaotr0|c sal t
¥ PP&%Piﬂl‘émé?’f agtangissia vath 3 buffesed Waﬂl soligtiongwish ﬁl@tonnq sitengdh which
db&nof l 2)
é%no ngﬁg‘t%{egghl’ﬁ‘ﬁg#‘ Eﬁllliéo{rﬂlg dé{ga%%%m) ﬁﬁcﬁ{%ﬁ \ée‘f‘%ggfli% e pro einl (typically
u%ing/am elntiog hufferwghhn iganstieagihriesesmbuglintd deotdaB target protein
ous emhodi e two or npre dival ent

354 4 ¥ Diaphebi R rGEaD) vhe Durd e eABlod HERRLs Shdlstsecond
eladhtiPobPsy bb castdbibll MthitRe HIE cSiuMA! 1?1@501‘?5‘3}'32 Bhat B target protein

cont ai ning wash solution are used to renov
dpg¥pat pdsoes requyering theplosy-throngharigotisrotaim ecla thimnit cuent Bool.

tsgl 3?1 \FMO-II;E € oglrrZe%isoﬁvﬁfau%ﬁM t%a a o sgl 11?061?({9? pgq:] oryngre filtration
stgp;? Ebrtemamp&h td feeove virus] dbﬁc@ﬁfﬁ'&i arf’l tufdfer 1R sodbtidBl confining the
target protein, and to remove microbial contaminants.

In various embodiments, the present invention provides methods for the
purification of a protein having an Fc region from a source liquid comprising the protein
and one or more impurities where the impurities comprise one or more IRT variants. In
one embodiment, the methods provide for about a 2 to about a 20 fold reduction in IRT
variant levels from those in the source liquid. Preferably, IRT variant levels are reduced
by at least 5 fold, and more preferably IRT variant levels are reduced by at least 10 fold.
For example, in a source liquid (starting sample) having about 3-5% IRT antibody

variants (as a percentage of total species in the source liquid) IRT antibody variant
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prior to and after, washing Fc binding agent with the
di val ent cation salt containing wash solution.In

W 2006088558 nbodi nents, the dival ent cation sal tPCEUS2006/023478

preferably added at a concentration between about 0.5
M and about 2.5 Mto a pH buffered sol ution having a

H.ina&&er n fromabout 5 to gbout 9, and
Preipesanderediolte Abau - iaheuts . Bo@oY eEbedimentsgIRT
Rrightepedes £ ReRLL &: 'l&g $haf1 %hfesggl\éfg‘b%'% é&%t%fiﬁo ga} tIgss than

include, but are not Timted ¢
0 Yslgss éﬂﬂné) DU, rad/or fess thah0s Ybu Ppefsmblyn o the @urilfichiticr ¢f a source

ted to a ate buffer
1L P e e S Blei 3B et preGitusgiidenidmn g Tss
tRArEQE 9}, ledshBart G5 96,1ed2ItRARD.B %, Jeds IRAVED ©F) ahbRMLL®ED.1 % as 2
bi ndi ng ent. This is normall chi eved using a
PSTReRRBe @f&%ﬁpwsbﬂﬁhwmcﬁilﬂmérget pr ot e| n can, for

exa [ usi n I.on

buf ?g.{ri% aeli%neglllﬂébdﬁﬂeﬁtg éltégen? 1rhve fen proy egl?-ﬂ‘fjlfﬁ{ﬂle

puuﬁadiimmt ofta pﬁoteﬁfﬂ@hvﬂl{@ilﬁl? caﬂigibnl fforh B&o¥RB ﬁ@ufdr&mp?ﬁﬁigtthe protein
5 to about 3.5. In various enbodi ments, the target

"‘Bfl S8 PHIOFR FuSiEEs, Wheg theHumyeitics eomprsesenei gy iapre LMW variants,
IR BA¢ BRBEU AR ltﬁe)’m@t‘ﬁﬁ@fﬁr%p & 52oLES 2 ?(Egbotﬁncf S%Offgfd reduction in

various di agnosti c, erapeutic or usés
LMW varizint lewéle dwinethosd in the sowosliquithoBiafaably, LMW vatibtitdevels are

kb BT ot BBl e PP RheSEveh Mmgpoed by a

legera foldir omat ogr aphy step. For exanple, exenplary
further purification steps include, but are not
| i i £e8etaeplarin srsowsee lignedsietingrrampty) Apting abauti2ofs UDB

cﬁ rdgﬁg}t&gqr aé%%ﬁ—%@)%g@ydféo q%%?g%g?%{ Iﬁ‘?ﬂt’r‘g &%ﬂf antibody

vafiait gpécses cah b meduged tu sat 0@ ae Byout 29| MdﬂaﬁGus embodiments,

bi.lized. metal affinity chromatography), size
U Bt Spacin ety ey ehE) S0%tranom S Msafian 10%, less

e Ty SRPen DYC e B e P BT Surce tiquia

fetith¢ pieparatiomnf a protein,dUDB \}ahaﬂts |afmred1hcmd\tarlb§sttﬁan 20%, less than

o, the Fc di n nt chromat ography ste
15 RS B0 Bl Al bl R o eord e T LBl szt of total
spdcfes 1 € solfee YRGIdOUS embodi rrents t he chronmat ogr aphy

" steps are further followed by a virus filtration step,

an uFer efemple. an p seirde hfllllldt(ﬂalttmg samplephaving alouti3e§% MW

SRR (1R e B S SRR iy

vixiand spdcmstchlebe reduced to about 0.3 to about 0.5 %. In various embodiments,

LMW variant species are reduced to: less than 1 %, less than 0.8%, less than 0.5 %, less
than 0.3 %, less than 0.2 %, and/or less than 0.1 %. Preferably, in the purification of a
source liquid for the preparation of a protein, LMW variants are reduced to: less than 1
%, less than 0.8 %, less than 0.5 %, less than 0.3 %, less than 0.2 %, and/or less than 0.1
% as a percentage of total species in the source liquid.

In various embodiments, the present invention provides methods for the
purification of a protein having an Fc region from a source liquid comprising the protein
and one or more impurities where the impurities comprise one or more UDB variants.

In one embodiment, the methods provide for about a 2 to about a 20 fold reduction in
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Fc bi ndi ng agent chromat ography step. In various
aspects, the nethods herein involve purifying an Fc

WO e@h088560Nnt ai ni ng protein frominpurities by REDUSING/ER3478
chromat ography. In various enbodi ments, methods for
purification of an Fc region containing protein (the

P BRI 5  U d th A@iabGykterantys PSR emians Lovels ae
rediIBDbY bZREst 3ToR, A mbrdafFably DDEPYEhP YRS NG ct,ggleoy at

Fc binding agent with a buffer” solution containi ng
legst/H) 0. cation salt to remove one or noreinpurities,

d t. Ler ] th in f t
B ot S0h ERAHEC b4 shER kit Bieb el ine pRow b po DB
artifelyi viiahs (astd\Serédntigtiof athiOpeAEOLHARS sGREL fi@%ﬁ);trj]gg dhtibody

suybj ecting the first eluent pool to anion e

V%‘P@E [FRESTrap g reslicedsiorabott HYodm abﬂgﬁ abeo. efnoda_an_gssemb?;diments,
U8 453 AL P, A RS 7 T s

than hdessabam2%,Tdrusss thirel %aPyeferably) i:eihe padfic&tfon of a source liquid
fretﬁovered .fYOfn the flow through to produce a second

B iR RECP3HP of 3,Pipkin.d i Bairpas gisreducedrier lassithan 20%, less than
18%¢ RRO 8RN A0YQ TS BAH 3L Yol [ A L9 tot
the ani on exchange resin V\Aﬁéaﬂwjtﬁg’ %I{}%setﬁed %E%%g%&%?aggﬁftotal
spesiasde thesoure liquwlst a portion of the adsorbed target

pr ot g which woul d t hen. be ined with the second
o1 e ST ERp RO e it A ng Smale\ RiinEsbont rays UDB
aitébodg Vatigite ths\W defechia@e RidM] sBEGEANTRe §iPdiduid)TWBB Atibody

way that the antibody adsorbs, allowi ng any 1mpurities
VarEing FRERISS I5AB D Feduegst toghant 6,3 torhawhd %y Iveaiiusgniodiments,

' : ty .1 B} ,vario odj, mrent
VRV SR RAEDERa R0 o0 1 Obdd it oy BTG O, s
ther Och%h, Bssithah Op20%)| aridsorHkss thyn @490 Bidlerablyeintthé Petification of a
cE{SOte' n %ngéﬁl ﬁydrophobl Cc interaction resin (e.g., a
suigeq vt frdhs prsparpiomae’ Rigtein.t WD Ryarianh otsi redided dprdeys, than 1
YNESE G O ViC1dsi 0 LML h

o o s PSS AR O P RR TS YoThet B3 e Byt than 0.1
Yoksespanesmiaggiof tadaltspedibsyingheisaurtdqutidr get protein, and

recovering the target protein (typically using an

elution buffer wwth an ionic strength | ow enough to

PRBERS Porube i M BokifBHREIBHbEL z%@?mJaXz%Pf’hObi c
00

interaction resin) on a third eluen .
Al t eFhgprotein haviegian Eeraginh tolheanirifipd etcomding bethednvantiveds

it H B h h h
SRS U kel Wil g
intladgefbr prantpdé, Byathetic teblinigues!(si@shtasPERImbiltint ¥BhAGHSs and peptide

yﬁﬁ;%o.di ments, . the pfurifi cation process includes one or
S SIS Or pcpm@pbingfion of these techniques), or may be isolated from an endogenous

source of the protein. In certain embodiments of the invention, the protein having an Fc

region is an antigen-binding polypeptide, more preferably, an antibody. The antibody
can be, for example, a polyclonal antibody preparation, a monoclonal antibody, a
recombinant antibody, a chimeric antibody, a humanized antibody or a human antibody.
Techniques for the production of an antigen-binding polypeptide, and in particular,
antibodies, are described below. Alternatively, the protein having an Fc region can be a
modified form of an antibody, such as a bispecific antibody, an antibody conjugate or an

antibody fusion protein (e.g., an Fc fusion protein). Techniques for the production of
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steps, for exanple, to renobve viruses, concentrate and

buffer the solution containing the target protein, and
W@ 2006288552 M crobi al contam nants. hi vari ous PCT/US2006/023478

enbodi nents, the present invention provides nethods

for the purification of a protein having an Fc region

fr,om d..conpr the protein and one or
SO BBt P Eree WHLrUTHE whbody hies Teoinpe e sonderved
pee | RT variants. In one enbodi ment, the nethods

provi de for about a 2 to about a 20 fold reduction in

| RT variant |evels fromthose in the source |iquid.
PD??WE?Q Y, (}RT variant | evels are reduced by at | east

e preferably IRT variant |evels are
r edu®etldivhadimtiRart cdiPbé plefarcfBY nﬁﬁﬁﬁﬂﬂlﬁ%a klﬂtaﬁl%ﬂj’eﬁfawuh an
liquid (starting sanpl eL havi ng” about % | RT

PR, Tﬁ&‘rwh? dy titgsinghp Bnwunizad suljéct can bé mopiaied overtime by

sl b W LT T R EEAESBSH- S50 e R )

using atdmub[itzsd tdrgaf anagera f deghed) 8 aatiodyadsie@ted d;recteasd%amst the
th ag} 8°/tthessthan05% | ess tha
13589 Spficincal o splaed Fou the meppanal (Gasxemale, Gom ths blood) and
fiteiRt 9ﬁﬁﬁéd/ by WRllkhEwR ‘tkrchfﬂqﬁest sQ%fprgteﬁPM 'Sebih z{rbgelrjéehguf %tragraphy

the preparation of a protein variants- ar e
tq eptaindhe antibody.1fs exa@mle tIg@nfractBndHAd Mptdpalﬂte&nﬁe %ter

% han 0. 2. % d/ | t
Al P R et S5 Do
plodguiing cell$icande Mkﬁn&f@&ﬁ'tﬁ@zﬂﬂiect ﬁﬁ@u&ﬁgé BRbate M S 1

i

prow des nmet hods for the pur cation of "a " protein

apfEhadig barstandarddgetanaues.sirlnasbe mabndwlqmteohmqu@omgnml@z described
b%' ROhR: 9h& Mi1RGH (%) Rlni5 5. WD H%M%quy;ﬁrgwn eral (1981) J.

urirties conprise one or Trore

Iimn’bmﬂ HRsh639- 46;63mwhhwdls (pgwuﬁszdzom@b%ts 4938-830YaR e/
LMV vari ant | evels fromthose

(1% g}O ﬁ’]:%oocl g’d&i‘g 5@1 g;gg 02T 2} gnd Y plneddr (1882) e veCancer
2@69.178yl Wh@ﬁreﬁﬁrailm l'n':‘rgreﬁé golgéﬂ %lr%?lél <?16§ Sgefr %Pe hler et al.

LMV variant |evels are reduce
UFS)rPateXJaNplé420rhl3at source |iquid (st arting sanpl e)
havi ng about 20% UDB anti body variants (as a

08! (‘Yent e.of total species in the source |iquid) UDB
—gﬁ?—?—%%@&%zﬁ%t speci es can be reduced to about 10%
to apaylof 8¥min Riy '
speci eg are IFe u‘g‘gl ﬁ%@bﬁgﬁé%ﬁgﬁgﬁ%’@%ﬁ i%’aﬂ
imraeralized el tings dands appﬂami fovshel pesjsost Imﬁgelﬁi/atmgf a tesacclonal
refer t he n of a source
o888 56 o B P aife shl, P 7 ity A6 Sty Befimrat
Soaﬁc&‘zd €l Geﬂet.t, Qited 8HSa;eader 209k J1 BR% WhAited supra; Kenneth,

Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will

appreciate that there are many variations of such methods which also would be useful.
Typically, the immortal cell line (for example, a myeloma cell line) is derived from the
same mammalian species as the lymphocytes. For example, murine hybridomas can be
made by fusing Iymphocytes from a mouse immunized with an Immunogenic
preparation of the present invention with an immortalized mouse cell line. Preferred
immortal cell lines are mouse myeloma cell lines that are sensitive to culture medium

containing hypoxanthine, aminopterin and thymidine ("HAT medium"). Any ofa
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15% less than 10% |ess than 5% |ess than 2% or
| ess than 1% as a percentage of total species in the

W@ ownas8sh3 qui d. For exanple, in a source |iquiBCT/US2006/023478

(starting sanple) having about 3-5% LMW anti body
variants (as a percentage of total species in the
sog)rce i antl body  vari ant species can be

d
PEthgE abey UI 29817 Bescandedtsedips o fusion parines agepstimg to standard
téiﬂihﬁﬁlbm SxantMNAP3-811 /1SR @'16 g%féi/&ﬁe Sp%((a ,A?gﬁﬁ

than 1% |ess than 0.8% |eS§s f
nyeborg Tiness grhehgmyglomao,laneam/ayaﬂahés &otrhATCC. Tyfically, HAT-

h f | d f
P Aokl od Pl e Bisi o SPvimsplimp@es veips Pelueihulere
3@:01 ("eES". thbﬂd&’ma bﬁﬁ&eduhﬂ% i@orﬁ tf)(@ fulsfé)%%ré fiRA sgﬁéeg/ ‘Bsnig HAT

less than 0.3 % | ess than and/or less t

nggdium whigh Béh‘t@@@eé fing EnmdeGIYGfssqdnnYﬁema&aﬂs:@mﬁlsed

s, .t he. present t.i,on
R SO SRR A TE o e ot
phadncing aamorierlomg amboﬂiy ofith® iBwitioR ald dBiFedOPRIrbei}Ohe

rotejn and one or nore inpurities where the
hP’a%‘EfﬁW wﬁ@re& SHRsFRntHi9E artibadins dhatbmd ater gat estigenmsinge standard
m@g@gga? the nethods provide for about a 2 to about
d re

a 20 f duction inUDB variant |evels fromthose in
t he source I|qU| d. Preferably, UDB variant |evels are

b least 5 fold, and nore preferably UDB
e&%‘&%‘ i oy re reduced by at least 10 fold. For
exanplliernakife & Hroparaf hbsbél¢hal ﬁtﬁﬁi&l@%ﬁﬁi@hﬂ)ﬂd&ﬁl\% ng

about 20% UDB anti body variants (a$ a perctentage of

mogpelpnal gatibedy ¢a beridertidied ead isotptedd)y 1DBnig 4 frodiyibinant
cc‘frﬁf)ﬁl haﬁi‘ﬂﬁﬁiﬂ?osg glﬁ%r gfj ged | aq%g%{t b§g% flzégga{ﬁquay library)

n various e

wuthduia@dt :umgeh asﬂletdb&risoiaﬁe/qmjnﬁﬁ§glblhﬁﬁ1 1y ¥y ﬁl@lﬁﬁe& Iﬂﬁt@ bind the
10% l.ess 5% less than 2% or less than 1%

G PR t% fgﬁ@rfﬁmg. and serepRiRg phage @mlmcbbnangpﬁrd for
c&ﬁﬁefé’iﬁ%v@ﬂéﬂ@ B (RF cParRfIONfL P b ABhEnP g e

| ess t han Iess
stmyn Qfmlog 2s 2749400-0% andrthé ssstagdna IIS’uﬂ}%‘Iﬁ“@hﬂ?é DBz,
es,4.n the source [ i

CfpigaliE 24PREE! Sgically, qeefﬁlalpfeépémeﬂwg's sadkprAsy R Bwtiagarly
artﬂgl?glle f?r g%éi 13?%{1%@%1%@ thg SJ?‘%E‘h%r%bé@S%Qg 'il%ﬁdg% g%?be found i in,
foy gxamapie, Is?f@@r gl Betenfehiwem&,@% Baug eDa3PCT Ia‘(amahonal
ot B YR} D2 SoRETRY e dre el daiaogagp BBEZ e Wo
VIR Wlﬁ'EBS et al. PCT International Publication WO 92/20791; Markland et al.
PCT International Publication No. WO 92/15679; Breitling et al. PCT International
Publication WO 93/01288; McCafferty et al. PCT International Publication No. WO
92/01047; Garrard et al. PCT International Publication No. WO 92/09690; Ladner et al.
PCT International Publication No. WO 90/02809; Fuchs et al. (1991) Bio/Technology
9:1370-1372; Hay et al. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989)
Science 246:1275-1281; Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et al.
(1992) J. Mol. Biol. 226:889-896; Clarkson ef al. (1991) Nature 352:624-628; Gram et
al. (1992) Proc. Natl. Acad. Sci. USA 89:3576-3580; Garrad et al. (1991)
Bio/Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc. Acid Res. 19:4133-4137;
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than 0.3 % less than 0.2 % and/or less than 0.1 %
Preferably, in the purification of a source liquid for

w0 b@opssspar ati on of a protein, UDB variants arBCT/EM00€023478
to: less than 1 % less than 0.8 % less than 0.5 %
less than 0.3 % less than 0.2 % and/or less than 0.1

% Aas e,of total_.s ies in the source

Hii 4 R IR . uSelise” R ra e 3B: i MoCney et al
Mdrukd(@99m)\3a8t550555he protein having an Fc region to be
purified according to the invention as described

herein is prepared using techniques which are well

Cef’zsbtne Lcaﬁy%mlamzecl?ﬁmagt and include, for exanple,

SyTit technt gues h as reconbi nant techni ques

and p‘&hhh@iﬁll?yﬂéb(hﬁ&h&ntcﬁntlﬁo&i@ﬁ@hﬁﬁés‘ An&ic &R Enanized

technl ques%) may be isol at ed from an endogenous
H@% (COPPFising;bogehuradmansenelivmean Izprtwns; which can be

n Fc re
T N
igventibndy. The anti body can be, for exanple, a
pol yclonal antibody .preparation, a_ nonocl onal
ant | bd‘d’&& %‘é‘@&f?&fyiﬁ@m“naabbm;m AueiAnized prtibady! pefey fo an
1f nf ?’%ﬁbﬁlﬁgo@d}ﬁﬂbg@ﬁﬂlaﬁ’fmﬁld@é‘Eﬁgas@Eﬁé glﬂggniz%ﬁ% I%q)g dasbuhn or

roduction of an antigen I'ng polype
aaﬁbpdyrphpm(t e.coll laast onmhihanizatlighi oe hmcuhamd Thetedity.“humanized

el .1 he, protei an, Fc region can be
El? o o niinanized 6‘3&? YRR G uaRared |
nanilmbgldbuhrﬁhglﬁ RhAO gy IRt finiio ?Bbﬁﬁﬁ E&@gr chEﬁ&Sj fers to an
protein an_Fc fusion protein Tec ues

1%“[3%185‘&1& Qré\ntlbﬁ@u%}W1mﬁm,fa leght poheamy shalamesﬂmdvéy) bawhg a
d bed
VR RiLor Al B BG SR AR £ bty BBt o aman
llpnmpagleuulhyon anmmm;zan@oamﬂﬂhér&&ht@ dBtPineihg WeidhsIODRs) {for
.. The anptibqdy titer in the inmunized subje
e 65t 0 R OB v o preteseiiarae SDES)

S b A AR T R LT AR R s

COmpsany mglchmdt;ormamplﬂl gdeakt Dnaa‘:ctceﬂtaﬁ’gl&gmtortpbﬁldn&h&%bf in the case

d f (f |
of B e s <R e iaR® LB FHeq By shaouRe o
“h@aiifuRSsiable lﬂ@éioﬁs(f&r Slagiple, Ah@ﬁ%%@ﬁ@lé%ﬂ%lﬁ%%é ?E%R(%(n or

to obtain the antibody, for exanple raction
awafl@m Vmabéﬁ lteerorﬂ’)mrfms toed Vam,bla‘ egioaxthatpheydes a

d t
B e b e
c&npljemntaat}dddimﬂﬂmhg r@i@rtse((ﬁ)m @ﬂfslta(ﬁﬁﬁily from a non-human

immunoglobulin or antibody.

The phrase “substantially from a human immunoglobulin or antibody” or
“substantially human” means that, when aligned to a human immunoglobulin or
antibody amino sequence for comparison purposes, the region shares at least 80-90%,
90-95%, or 95-99% identity (i.e., local sequence identity) with the human framework or
constant region sequence, allowing, for example, for conservative substitutions,
consensus sequence substitutions, germline substitutions, backmutations, and the like.
The introduction of conservative substitutions, consensus sequence substitutions,

germline substitutions, backmutations, and the like, is often referred to as “optimization”
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anti bodi es by standard techni ques, such as the

hybri doma techni que originally described by Kohler and
workdostizssms (1975) Nat ure 256: 495-497) (see al soPCBUSMG/023478

et al. (1981) J. Inmunol. 127:539-46; Brown et al.

(1980) J Bi ol . Chem 255:4980-83; Yeh et al. (1976)

27-31; d Yeh et al
o a3y antfodgn diin 3@%@% g pppamatu
11@?111@16% tﬁllﬁopﬁi’c%%}mﬁl “sabd R g on-huft gxlfgdl? vn%t
a

ent No. 6,4 113. ona
ngmmpgloh’ahlyommbodonmemecat dn'asl 8!) BS%defemralﬂ}A Eat st 9|O 95d%,
iZe n e applie
r#%ngFlﬁgr%% f‘%éb? Jo':r%f Pt é)?/j Jél%g 1% n%ﬁ%wgamsm for

ekaaple, 4 Bon-BxdiPhamntal, Gal fre et al. (1977) Nat ur e
266: 55052;: Gefter et al. Somatic Cell CGenet, cited

supr d:ccputingly. allyagiengor mpighes oftschumagized dmsupogtobulin or

aJI%/K“t;;lgrﬁcaag,z/er %ﬁ% Aar q‘fn)? Qfsjo%}lﬁﬁ SEICI i a?é FH‘%"I ‘?X"ept the CDRs, are

sdmnaxmllmchenumw theepresoRdigygivad brkbsi@ng d¥fons % Hlore native
net hods whi c aI so woul d_be useful. T%/‘{)l cal | Y,
hP’i‘i‘ﬁB ppmuneglpulin sequqncgs. Thelepn e corge ipgEeeias Iorl pmgsmndmg
e
T N
Wﬂ?ﬁd’eowyplﬁsj&e sgme f(lma,rﬂquWaMt)fpasmoa asausgon BRLER1dne dn Wi firkk amino

a&ﬁ ©F %nf&%{%@?ﬁ% E:%e,p e i&%ﬁ sg épcﬁ sgco Sg’q%g]téqelé g%leggtlln?arhy aligned

fdrn‘j’ﬁﬁfﬁaﬁhomlﬁ,{rbosleg nes are nouse nyel oma cell |ines that
are sensitive to culture nmedi um contai ning

hypoti Qﬁ {9 signiirenioig ity means thiaywediolepeptifiTequences, when

oFERM lancf Mo DR ekl YA REBES T bl oS s weigis

shaee hl(riezqsm 69—60f/meq&am€ﬁxl@1t1t}t Ipee fB3b NSt Adaseit70% sequence identity,
P3- x6 8. 653 Sr2/ O Agl4 nmyeloma |ines. These
PRIy Aoisks - ShheFaauBRGs Ionsiy. AT prafombletigast 80-90%

sddﬁgﬁc%riaéﬂtity &vEPHRe 15%?6'1‘ aﬂ%laéts)()a%e/ § ! enr{t%y, and even
Q‘E& ene of

spl enocyt es usi ng pol yet
mebePIIC&@@hiy etledst 9P Bssalwénag identing mﬂlﬁoﬁet(ﬁor@ﬁarﬁpE o9 Requence

HAT“ ch kills unfused and
oS B ol 0L S e ieans vt et olypepide
seﬁﬁélﬁfwc\yﬁ@lsopﬁhﬁll?fal edS QY@ A&lbydRY B AP PBEFHAT vsing
not. transf or med) }—gﬁ doma céll s” producing a

d%lﬁbé@fb\*rﬁllghﬁrﬂharfoaﬂﬁa@f 8Q 8% seqeenck odentitye prbdtrettyed Idayt 90-95%

FEFETRRL. A PR bAPRI A 9 GOy S merntte

exﬁhipﬂ%\ 98%sseyuence identity or more). For sequence comparison, typically one

sequence acts as a reference sequence, to which test sequences are compared. When
using a sequence comparison algorithm, test and reference sequences are input into a
computer, subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculates
the percent sequence identity for the test sequence(s) relative to the reference sequence,
based on the designated program parameters.

Optimal alignment of sequences for comparison can be conducted, for example,
by the local homology algorithm of Smith & Waterman, Ady. Appl. Math. 2:482 (1981),
by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol, 48:443
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Reconbi nant Antibodies Al ternative to preparing
nmonocl onal anti body-secreting hybri domas, a nonocl onal

w@nioshsssys can be identified and isol ated by scPEEDRIVg6/@R3478

reconbi nant conbi natorial inmmunoglobulin |ibrary (for
exanpl e, an anti body phage display library) with a

(15 o, PR shAIE £ Simaehy Rethodcp ?g&g@é{%ﬂmgL% Nat't ghead. Sci.
1D 85 atisn g1 58RY) tﬁﬁdoﬁﬁﬁ'téi‘ﬁ]gg pﬁg@@hﬁab@%ﬂthg{? Eifl foAP,

connerC|aIIy avail abl e

Bieclgibi EéﬁTAthbBFASTAde}B ‘@S‘ls;:bnsm C@E‘actscﬂg)fhimre Package

B e S SIS PO peton o

g@%@ﬁ'ﬁj/ @\msﬁﬁel 275} Qﬁﬁreﬂﬂﬂroi&@EQHMolﬁé\ﬂﬁﬂ %lcﬁggg d?g%@x@l@ of

for,use in generating and screening antib

ajgogithp yhat iy suiable doindetermining perswatrasiesnce admtity and safuence

4 K
st R BRI Rasidnt Wi WesPbsf mmalshoreiad, Jol pio
245:40PCIOAONL Sofn\ahnedma;berfﬁlmlningCBLAsm abialysedGs Bubl \AgZda,ﬂable through

ter & t er natii onal Publication
‘&‘215} f GWGHHIQMG olggy Inbormptiere(nhliclymasessible through the

PSR 00 Do St By 8okt LBl Al g
parramel:z@rcamb@méttm perédrnfthb sequaht coconiymrisy) aﬂ)tﬁb@gﬁ%ﬁtomlzed

[ bl
P sBRbe ™ Pthetecd, FaT Shide Rl apenien SRaPLAGP reagprses as
délaulty\Owded1e280 oW) b g hiﬁl eé’thtlor{ ﬁ%%@l 0 Bélﬂil tE@ BRCHALY2 scoring

9: 1370- 1372; Hay et
Mt (sge Fsaikef! fs&-ybm orﬁf,.é’eocew ACC(deBQ)USQCSi%m%S(l%%)

542167 %Jf%ﬁg/? ﬁ?as%/ﬁé ‘:S)glh%nlfss\ivﬁm% 1%11@8:‘11%\/&9&31 conservative amino

adid GuBBButdAE, Fo purlises o tladdifyiglfPihd ablk Whktitutions as conservative
352:624-628; G amet al. (1992) Proc. Natl. Acad. ScL

O RNICBSEATeaaBIN0 agids AEsETapes ds f?li%fi) Gpyup/Ithydraphabiy
sﬁeé‘ﬁ’aﬁ% 43¢ fnet 2920140 [?Teeé]('%gl_ll ;ﬁle% %ﬁlﬂ:!ﬂ gaangg JCYs,

19: 4133- 4737: Barbas et al
seysvhr,%ro'ng TH(ag8i: subrcﬂiaﬂﬂbﬁaefsf),egltlyGﬁtupalV (bbldt side chdif9Ohsn, gln,

d H d Anti bodies
R T 6 D,V PeB s AR Blriea arieT e Froup VI
(RO afie T8O CEAAL) PR A, Bﬁ‘@l CERtehaadé @@ostlgﬁﬁgg b sggsttﬁutlons

human and non-human portions, which
beffvear aminor asidsiib itragameniass t N@nmoqmtwarsebmmttum cbllmmtute :

e)?c%gﬂgng ta ntugl?bér ¥ SR oto Wese classes for a member of another.

Preferably, humanized immunoglobulins or antibodies bind antigen with an

affinity that is within a factor of three, four, or five of that of the corresponding non-
humanized antibody. For example, if the nonhumanized antibody has a binding affinity
of 10 M, humanized antibodies will have a binding affinity of at least 3 x 10°M, 4 x
10° M, 5x 10°* M, or 10° M. An immunoglobulin chain s said to “direct antigen
binding” when it confers upon an intact immunoglobulin or antibody (or antigen binding
fragment thereof) a specific binding property or binding affinity. A mutation (for
example, a backmutation) is said to substantially affect the ability of a heavy or light

chain to direct antigen binding if it affects (for example, decreases) the binding affinity

of an intact immunoglobulin or antibody (or antigen binding fragment thereof)
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The term "humani zed i nmunogl obul i n* or "humani zed
anti body" refers to an i munogl obulin or antibody that

WO pwbaskss3 at | east one humani zed i rmunogl obul | PICDDS2006/023478

anti body chain {i.e., at |east one humani zed |ight or

heavy chain). The term "humani zed i nmunogl obul i n

chain! or.."humani zed anti body_ chai.n" {i.e., a )

o Rineeid PARIRGS 5L T ST PG AR CoBpased g iat o antibody
(ofaRtpRf btdid Madiféi Xh&rbist) E‘orh%l’ié?lfuf%r? e(&ﬂvaﬁéht chain lacking said

I mmunogl obul i n or antibody chain {i.&., a light or

Heaten. chanratione Kees notssbstinthrdlyiafifgcta( foranxianiples de@gisethe ability

incl iablg.f. k [ .
o ORbetf U B ondiher it ARG BT, dopreasee Bobipaing
m i ﬁ_ i i | . .l H . - .. -
exa :r}g I e, l_at l e asit]ﬁddg%ﬂﬁ‘ggrl?, r]g?lg :(2%%@@%@@@%&&%% thereof)
coFwrsing spid chpindy aibre Yacternfttans thedel or fornof thanefithhantiody (or

ah - ' ' ..and further includes . :
c og st a%!thﬁg gll gron s{ tP ?1% trbbgc g’ %S%,gqagteq}né’gﬁeflt hn %8%5 Sfif mutation.
regi dihegernptohimeric irensafloblin” bh ent@asl§ réferstolanGMinunoglobulin
chai..n ﬁ’g'? three _constant regions in the case of a

aRPIYTAIANG Varrehle fogions detikmAPRetlisshonesiss end egossrconstant
€3i6fis ®XREPoth a s ' lorshtCha :Tol ReTiN
roér1 "Shurmni z0 edal ﬁ?g\% @%gﬁg%h C\}%? %ré .@hﬁg&é@%@}ﬁ%s %@%@?039 8%68 can be
cansfaictedbfos exagploibytdenetid enginedesg, from imminheglbbuirbye kegments

LR R S o RGPl o umanived
TBHE) a0 Bidaal b ¥nédiagis o ARri Wihnb SRURAG @ Aitlibdlies, as

of. anti body. The phrase ™substantially froma human
dF”ﬁ‘iﬁi‘?FBﬁFlo bﬁ‘lhphglbhwamw%bmvnmmglobslhns omanttibatliey ateuoiiméric in their

BEANS t, ' a_ human i mmunogl.obul.in or .
Can't_l %%‘éfge'am"%ﬁgéﬁféﬁ’g‘g %'fotg?mg Brpar PROYPSITe %Sg@i?m)e fey include
addigipual fedtared. catvatiebls re@OnXMprRGrethor GDl@l%Sﬁﬁ%@ and acceptor

identity {i.e., local sequence identity) with the
fpmniork %aﬁaeémt g gn Shiheric iEgsagieh antibddiesnandgfined
hEkRin. exanpl e, for conservative substitutions, consensus
sequence substitutions, germine substitutions,
back fuchachioese anhbunheizéd taenocTérel bntitiodibsasah 08 pefduced by
cCOnsensus seqguence

canservative substitutions, o
e DN SR R R R it i ST HURE e oo feseribed in
Rabihséher dli eerndtonel ASSlica8bENoEPCTAISE/ 02851 Rzt 9N I]IEﬂIopean

a humani zed anti body ‘or chain. The phrase
PaigpiAprticetien 134.18% Manigwoh, MuféimopeamBatyit dipplicationr] 71,496;

Lhogdyr N iad |y nopns |n" . neans g an
e e one L A Bl 3 A ke e lorBo,
IngerafitinrabPyblizhtibe it WAD 86HY533TW6ilR #LENAB! VateR696. 4X1%567;

9 OI° or 1%9% identical to that of a non-human organi sm
Calylly ef al. European Patent Application 125,023; Better et al, (1988) Science
240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al.
(1987) J. Immunol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA
84:214-218; Nishimura et al. (1987) Canc. Res. 47:999-1005; Wood et al. (1985) Nature
314:446-449; and Shaw et al. (1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison, S.
L. (1985) Science 229:1202-1207; Oi et al. (1986) BioTechniques 4:214; Winter U.S.
Patent 5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyan et al. (1988)

Science 239:1534; and Beidler ez al. (1988) J. Immunol, 141:4053-4060.
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exanpl e, a non-human manmal . Accordingly, all regions
or residues of a humani zed i nmunogl obul i n or anti body,

w@eooefizsashunmani zed i nmunogl obul in or anti body PECEIUS2006/023478

except the CDRs, are substantially identical to the

nan Antibodies from lransgenic. A

ATHaN ANLLDOAIES | FAFIND s dn e ISP "
r ef er Sltdratpvelye 8119 oW pok§Bled | |
or nucleo?iggﬁséqugngg mhfcﬁggggS%Fégggﬁga%g#@9g§6%8?nﬂa
18i6) (ial an £gpaples Lpemimmuynizaticng bHproducing s ifidlizeperioize 61 shan

A [ nucl.eot.i de seguence, en the first and .

Bl e B R RO gl o s St i
I bpers@Scribedehdtehdhorfbeiohs 8aBiod S¥&RE hittbod B Igﬁ?ﬁ joining
two polypeptide sequences, when optimally aligred,
16gi0R (4 2BRE 10 BimgTsEnd e ToAmegnuIBESTIE Tesulls ingccdesileelithibition of

' I - 650% sequence identity, .
HAB B HHbods PR, BATIROC BR B R ERRF gt iiboobutin
gone heayin syclagerheiné mifend Alicseaultria ¢hd s188udtion.of Mafn antibodies
r ef er. abl ]igéﬂ | east _80-90% sequence identity, even
pr anfiseRrchalomes She. forssampls, B Paiatne &, 1 03R4 fy1144A8 and
Eymuyore preferably at |east 95% sequence identity or

more (for exanple, 99% sequence identity or nore). The
t er mFudlyibyman antibodieseranialsp bendedmsd frbmit phage-dizplayitpiriede

S, t mal Al . .such a y. the.
EBR AR el G VRV P 0D a0, Dyl B, 222591
SOMALe1Y. Ciemetic RUPAABENEE cd ' i
jegst g%-95@6segggﬁce i dentit ,ﬁgﬁgiﬁiﬁgmgﬁgﬁgﬁggkéeg%phy
11béa&’5@§(BSWJIL%GWnUeS-iP@@WNOWégO,m)e (for exanple, 99%
sequence identity or nore). For sequence conpari son,
typically one sequence acts as a reference sequence,
Bispeoificctnribedits aehdeiterly Gongucapiypar ed. When using a
sequepce conpari son algorithm test and reference
s equHtRES R ABbadicR (Hdbe) #re dBhkasihatdate bipderepecificities for at
1 : : eqguen .
e e O ptl Aol ol RO oy MU Do
og enfiledy éragmapia (fos eramplpdi(eh)Fhbispeeificaltibolirte Metheds for making

the test sequence

A NI RGN T T O

bekpetife ahtefbdik (0B ABY BA IR BIe’pRssiGPbf IR i ﬁrﬁ%g@)min QEavy chain-

sequences for conparison can be conduct ed,

Hihgineaigywhere thegeg) chiatnsdiaveydifferapo specifinitds (Shidlsteingr al.,
Néﬁh@,fs'b’é %’37%5 '(1%%. ' Bg{:%%ge' ot%hé1 ?a%dg&lga%élgrtment of immunoglobulin
heavy and light chains, these hybridomas (quadromas) produce a potential mixture of
different antibody molecules (see, WO 93/08829 and in Traunecker ez al., EMBOJ.,
10:3655-3659 (1991)).

Bispecific antibodies also include cross-linked or “heteroconjugate” antibodies. For

example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to
biotin or other payload. Heteroconjugate antibodies may be made using any convenient
cross-linking methods. Suitable cross-linking agents are well known in the art, and are
disclosed in U.S. Pat. No. 4,676,980, along with a number of cross-linking techniques.

In yet another embodiment, the antibody can beconjugated, chemically or

genetically, to a payload such as a reactive, detectable, or functional moiety, for
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by the honol ogy alignnment algorithm of Needl eman &
Winsch, J. Mol. Biol. 48:443(1970), by the search for

w@Rewch38553 y nmet hod of Pearson & Li pman, Proc. MNat/US1006/023478

Acad. Sd. USA 85:2444 (1988), by conputerized

i npl enment ati ons of these algorithns (GAP, BESTFIT,

EAST. and TFASTA in the Wscgnsin Genetics Softvvar

CPATR 17 &2 IEIHRGIPXL tBrAdYER A aptiigdy comysate Sucdepaloads include, for

empﬁoﬁnmﬂatom% cAYmYind leuﬁd’ésf’rgﬁltaﬂf%%of RS ISR Yre well-

Ausubel et al, Current P ot oco Lf I"ar
kBP‘eYInG@ﬂ)e ar@we exanple of algorithmthat is suitable
for determ ning percent sequence identity and sequence
simlarity is the BLAST algorithm which is described

Antibbli} Badioh PRiteind . J. Mdl. Biol. 215:403 (1990).
Software for perform ng BLAST analyses is publicly
avai |“hBrogeip havng an Fpeegipn aowsel icthetinyention can be a fusion protein

1SR A KRR 8t R oGBS R 2 o

psbmpmc)e, Foy pxavapleythe Befregion cat ©ofused foal 1agmt F6:5a f‘e@ébt&esuch that
E-‘?’B?ﬁ‘é‘{éer form.the sggaaznce conpari son, althoug

a5g 8 PRipiiv ersrted dhad ingapabls of binding th@recamohmch&aadhas Fc-

ré18RH FicRidns ?sﬁéh ﬁl-s%ﬁﬁ’ sf%ﬁﬂ P tdedpto @ﬁ%?ﬁﬁl@% 11%6)d t he

wor dl engt h an ex ect at | on
cOBtivEY, thedicireg) onram be( scbtp the ek tradellulfr Semiikeffh receptor such
89: 109

ScL
gk 35l eiop i FoLEd FAph.s HRPER OEPngithe i forine
r@hefnfo@ (theieb g erapstinatviivie R MaflPc ?&bﬂoﬁ g khdt Whd POPe1atb® Functions.

pur poses of classifying am no acids substitutions as
Akt Biting sxample afsheloprs Be QOmoteamsm@mznegs(Emted@) which

h
?&gﬂge%qlilé‘gkt{ g!el u@z\grflshgapg ??ulpqllil%&o ??gh}fel C o ’ﬁﬁg@c %Iecep or fused to
tﬁwmrmhbﬂl bﬁhmﬁﬂgmaImibodymloﬁgogea%f@so GRHE 1d ith {he art as Fe

(acidic side chains): asp, g basi c si
fusien preteins:pr g fusion priteins) cybe pregaretusiog Swndardsreaximdsnant DNA

t. Vi
IHENGAE CRRLNRARN RUAOR, 5k pcBhs 1S NG
53UB 9641 WIS Basnt Mo &, 255 Saﬂpsxs {Ritdn® N, BSBEBERN adTUMK Patent No.
5%%3? I*ﬁ thﬁ same c¢lass. Non-conservative
S Pralt orapoesheli t ut e exchangi ng a member of one of
t hese classes for a nenber of another. Preferably,
humani zed i munogl obulins or antibodies bind antigen

Amltlh-lé'nélnaﬂwqﬁmty that is within a factor of three,

four, or f.i Ve t.hat t he cqrrespondi ng
nonhh&RTESAEF aFm'%OGHH?P" '&8&’“&?& Veg anFCtrﬁ%OH to be purified

advORdihigaNihe afheamdd Redunhas. e Liddip gAﬁﬁ fIL”l' 3t p?m%%%

M hurani zed anti bodies will have a bi nding I nit
deseribgd Ind4 St Provisiongl Applicptipng Sergal MOSS60(5’1834’£B rmledoiunae 2004

atd 6551 575 @i?tel J%Bé' bb rbo?)ﬂaﬁ&h ed aAnt1E>odlesda{gtﬁl%% huallrrrlgnl ﬂ? P3 and
uses thereof.” The contents of these applications are incorporated by reference. A
preferred anti-IL-13 antibody may variously be referred to as “IMA” herein.
Antibc;dies thét are capable of binding to, neutralizing and/or inhibiting one or
more IL-13-associated activities, particularly the signaling activity of IL-13, are useful
for treating IL-13-mediated diseases, such as allergic asthma, nonallergic asthma, and

asthma-related pathologies, such as fibrosis, eosinophilia, and mucus production.
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bi ndi ng" when it confers upon an intact inmunogl obulin
or anti body (or antigen binding fragnent thereof) a

WG p@e6i188563 bi ndi ng property or binding affinityPCHUS2006/023478

nmut ati on (for exanple, a backnutation) is said to
substantially affect the ability of a heavy or [|ight

chai irect anti ndi n it affects (for
ex arrB[F ‘%‘é‘étnéz%%%tft SL g&mﬁtSn inojuding ayibodics end
dnﬂ'@éiﬂ@ﬁthﬁ%\lﬁ‘égﬂné?ﬁs ﬁi@ttebmgb’blﬁ@ ko gl“l% %aﬁicﬂﬂ'{ '}anan IL-13, with

fragnment ereof ) conpri sing sai st an’

hsghj@ﬁfinﬁy apé gpacificdty. &hmanb@d1¢mmrmlgai-bhﬂmgamgnm¢ymereof of

thbreSd WRBbsfiiet Pl KRS et iR fifbaiana
“ﬁdgﬁﬁnﬂé ThersafSteapuctinély y bbb diBEne HR MR ST - dﬁ 13?(??2&

t he ab|I|t¥ of a chain to direct antigen bin
oI

fragment thereg ffdélﬁese%@iﬁﬂhées a@b’mea.mmmeh at bam@nn@L 13-associated
T

ecchainrepitppeof IL- a3 f@dhmuerfafe witkDan in&l’r@cﬂmnoé gf, eitdi béthabn 11.-13
or a en bi ndi ng fragrrent thereof)

of tﬁe 3nt| body é’t N
2pd ap L-dP dgeertrragmpley Ht TSR B2t AERMppxcmprisingdLi Grreceptor
(Tine13ray1m aﬁ&‘t}ﬁ‘?ﬁﬂeﬂeﬁmqa&kﬂﬁ 4 JJhg\Mt]lQIEI Giis hﬁ&gyorraesfu%umt thereof

to an i mrunogl obul i n or 0sS€e vari a
(¢-ggillorisRaé or Vle-4Ropindavidualls). ”Elmsg thesndbeldivhasierapanstahtreof

N TR T N U —

ahigefk o) . LEBIRAnE, WRIEATEL 13 hd 10713 AR &%ﬂjﬂl "}r a subunit
gene segnents belonging to different speC|es

thegeofstherehprinirsiedng yith thsgioobatianof aofunttionahsipzaibg complex.
anti body" are not intended to enconpass chineric
i mmunogl obul i ns or antibodi es, as defined infra.

(Bheritrafpnr ddUTeeRe g el ComatnimgPriaeihé ns or anti bodies are
chimeric jn their construction {i.e., conprise regions
fro PspeyRe cwpedimest, e mptﬁtlehaﬂmg ath By reginel ta de purified

a@&gﬂlhlg andle ihR@tidh ?ssan(et % a}{ﬁ%ﬂr ‘%hé%%lﬂ%%ﬁ‘é‘ﬁf’%%r Igéscn Bed in

CDR resl dues an

Pﬁ:at Plfbdnuambn Nocwmmomezmﬂ@w @mﬂbtleﬁldam@ Moo SPAis8S1, both
Such chinmeric and humani zed

fined
“ﬂ%g@%ﬁ%e‘gmq t?ﬁ@%at EsgAepige peta amydaid mp&@é ohitsi qeatents of
0 in

TR RO M0 BRI s oy
vaypislyclat ieferreao aPCAABSS64 G22691” M%felha et al. European

Pat eﬁ):thA% Ifj cg{“_,on 184, 187;. Tani quchi, M, European

Pat ent"A B?F 6FFg1°711C°41§*6n1n8/thtt1§§>mc&deantlb@wsdb@tamve been

bedHt f

o oo ok Tl At 2 b S0V ARG B il tagt bina to
a gymongel anprgere antialiesah8 bendie & cytokine, antibodies that bind to a cytokine

receptor and antibodies that bind to an adhesion protein. Accordingly, in various

embodiments, an Fc region containing protein can be an antibody or an Fc fusion
proteins that bind an antigen selected from the group consisting of CD3 (e.g., OKT3),
CD52 (e.g., alemtuzumab; Campath®), VEGF (e.g., bevacizumab; Avastin®), EGFR
(e.g., cetuximab; Erbitux®), CD33 (e.g., gemtuzumab; Mylotarg®), CD20 (e.g.,
rituximab; Rituxan®; tositumomab; Bexxar®; ibritumomab; Zevalin®), HER-2 (e.g.,
trastuzumab; Herceptin®), TNFa (e.g., adalimumab; Humira®, infliximab; Remicade®;
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Cabilly et al. European Patent Application 125, 023;
Better et al. (1988) Science 240:1041-1043; Liu et al.

W@ 2®8/1385FF oc. Natl. Acad. ScL USA 84: 3439- 3443pCT/Us2006/023478

al. (1987) J Inmmunol. 139:3521-3526; Sun et al. (1987)
Proc. Natl. Acad. Sd. USA 84:214-218; N shinura et al.

dtrteds Solions Gt lesotulamens G fidopisimabmuee),
I(S%Pgeﬁ%e 229 120%%@@5% a(flha%ﬂglggjxglm ni q/l%%(eg’

albici2indab; Renpro®)| CB1 1964 g néfabziddh, Raptivaes oot 1n@gr1n (eg.,
n%é? ‘H%} N%t bfgé)il 552-525; Verhoeyan et al. (1988)

1Zhneb; - and Beidler et al. (1988) J.
| mmunol . 141: 4053-4060. Hunan Anti bodi es from
Transgeni ¢ Ani mal s and Phage Display Alternatively, it
i s nadiis poderstobé thad apy ofithe doregaing gelypeptite molesulés, alone or in
ex .6, nmce hat are capabl. e, upon i nmuni zat, on,
SRRl bl 1Bt pRbRf PR gl ORI BB araiting fopring to
tebiseaipnof endogenous i mmunogl obul i n producti on. For

exanpl e, it has been described that the honbzygous
del etion of the antibody heavy-chain joining region

(JH er tan

; esul\%gglﬁsh és% rr‘pIaH§ eﬁf%o rllrben% fgﬁeo?re%eﬁl %%argﬁﬁtl?% &§scr1bed
bpmrdwfthmffolloiﬁrgﬁiz&ﬂplesf TREEtunipes e bﬂ’efdd'b@r way of illustration and
I uno fulln gene array in such germline nutant
nm]&%WPg% datio-t he production of hunman anti bodi es

upon antigen challenge. See, for exanple, U S. Patent

Nos. 6,150,584; 6,114,598; and 5,770,429. Fully hunman
ExnAMBBESes can al so be derived from phage-di spl ay

RIS s e ™
Bxd9PM} hre febvidBd L16inp ¥ H@f@?ént ahbbierl %ﬁtlﬁ@(ﬁﬁ%é@l‘f@&to as AAB,

obt ai ned from phage display libraries (Buec
1gA] aphiMAY. Bight spaais exqasr)lmerss gmsinsmbpquhuquemuagd

o o R M b RE R Gheci 1 citros for al

| east two different epltopes Such anti bodi es can be

2eri,ved frgm full length antibodies or antibody
Sexanpl e F(ab)'2 bispecific antibodies).
Met hgg erlePl 1 -anti-bodi r own_in
e ekl ABERCOLERE AL A Bp B ROl
inslicaprele ¢driventaortal mnﬁmqaes of dhaméstirypmoldealae bidteuye sei:bﬁlrbn@ht DNA
chai nlight chain_pairs,

| h
R E SRR A e (o AN 2 QSRR GBE B ERBBo ok ) i Sppard

teRhnighes in electrophoresis. See, e.g., Sambrook, Fritsch and Maniatis, Molecular

Cloning: Cold Spring Harbor Laboratory Press (1989); Antibody Engineering Protocols
(Methods in Molecular Biology), 510, Paul, S., Humana Pr (1996); Antibody
Engineering: A Practical Approach (Practical Approach Series, 169), McCafferty, Ed.,
Irl Pr (1996); Antibodies: A Laboratory Manual, Harlow ef al., C.S.H.L. Press, Pub.
(1999); Current Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons
(1992). Bousse et al., Protein Sizing on a Microchip, Anal. Chem. 73, 1207-1212 (2001);
Knapp et al., Commercialized and Emerging Lab-on-a-Chip Applications; In:
Proceedings of the uTAS 2001 Symposium, Ramsey, J.M. & van den Berg, A., 7-10

(2001); and Mhatre et al., Strategies for locating disulfide bonds in a monoclonal
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Nat ure, 305:537-539 (1983)). Because of the random
assortnent of imunogl obulin heavy and |ight chains,
w0 bsa3dsybri domas (quadromas) produce a pot ent PEI/US2006/023478
m xture of different antibody nol ecul es (see, WO
93/ 08829 and in Traunecker et al. , EMBO L,
%5% {?5 3659 (1991%%y&$ eci fic antibodies al so
BYcE2 DRSS PP EoBry g gaeerorandi BAy208-2510
(f9g9)exanpl e, one of the antibodies in the
het eroconj ugate can be coupled to avidin, the other to
payl oad. Heteroconjugate anti bodi es
2 vaderge '.nazny conveni ent cross-1inking
e. cross-linking agents are well known
Nt g@ e 2 e PSS GBS modhea! bpsndaRbexpression methods,
ol Gﬁ&g%&&onﬁlﬁﬁgmﬂmhﬁhﬁl EAINBRIer®m B A§RndibMKiiRGe. Conditioned
technl EP et apot her enbodi ment, the anti body
]“B% é%/F CORIHYRE RPN frintgreplds B‘%mrﬂt%d n@gpreduction

bﬁ’cﬁh’dc&@dTﬁélféQulﬁl%g olEAG AR ’ha%gtg&ﬁtﬂf&eﬁ‘tﬁe‘a 1{h%gtab81%8hate

nnlety forexanp e, an Irmmunotoxin to
céﬁﬁ]ﬁipﬁmsﬁtep@nq:h@afog exz&;[dh, qtﬂagtl mianidiltratioh ladds() 2% pun filtration or

therapeutlcs and
Crgﬁeitgﬁgﬁ%dgtga tra ?lt ngls(l%ﬁ Hmﬁ LAMGe| | known in the art.

Ant i body Fu5| on Proteins A protein having an Fc region
igas used | the i nvention can be a fusion protein that
¢ he Fc portion of an antlbody fused

to aThe Bu@ﬁgahgﬂ’ g¥mp ’ta‘i’#e@ '11{63851019;3 Ia?{ emd: Hed %el%r{?

the Fc region can use or a
1%6& handiMAkconsibts bf eapturs pf)ﬂne pergst emcﬂlequb anrpeattiacA hffﬁity i s

|nd|n the tor apd t hat s Fcrel at ed
u n CP) oo oR S{I ({;}lﬁltsz &nglé tFllnl gephﬁEOS? g‘gf&t%?w Protem A
prHh(ddsBQ‘ RBF16R Sorl Mﬂ@elecﬂ’rb&ﬁl{]ﬁt ITHE keéin it Bifen Rosidagk ‘a@scnbed for

can be fused to the extracellular domain of a receptor
e therpxperimendy aid) the prodnes slugadonditesteddorimpatidetdiat i s
capabl e of binding the Iigand for the receptor
(thereby conpeting with the native receptor) and that
efnunct i ons. A non- I|n1t|ng exanpl e of

iﬁg Rt it PO QU Hbrchi 306 ocBimatigiedhs Agobat of IRT
petgeriin tefAAB Qndﬂdﬁ%aﬂ&ﬁﬁoﬂ? §e§ﬂ;§l@§ v&flﬁl%qiilo Lorphe IE& was

portion of human ? dy fusion proteins
emnplayed Edatemine Heleyels erSthFM@Dmplmabﬂmnbmiyo ISlzlegExclusmn

d
CHHnh @051 CECRMPEEN oS wBLAB ARt Bnfi A dhymonarperi
ptaten &mbnomsai G, lﬁgmmﬂébulirﬁlelg?ﬁ HMWand%\@ e W weight

Pat.ent 538, U. S Patent . 5,336, 603
(I;ﬁc@?)gpgmqugw 52]55C-HPLC analysis was camed out to determine the
relative amount of Under-Disulfide Bonded (UDB) species in samples. The levels of

HCP in the test samples were determined using an Enzyme-Linked immunosorbant
assay (ELISA).

Analytical Assays: IRT & UDB
Reversed-Phase HPLC (AAB IRT Analysis)
The RP-HPLC was conducted as follows. Disulfide reduction of each sample

was performed by incubation at 40 °C for 60 min in the presence of 2.5 mM DTT.
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5,428, 130, all by Capon et al. Anti I1L-13 Anti bodies
hi a preferred enbodi nent, the protein having an Fc

WO e@h08855D be purified according to the inventPORUSROEIR3478
anti-1L-13 antibody. Anti-IL-13 antibodies are
described in U S. Provisional Applications Serial Nos.
fgg/578’473’ filed Juyne 9, 2004 and 60/581, 375, filed

Hatiorb was beyformed by hubptien ataqemysupeiatuse the Praseiegf 5.5 mM

ibdeacdit R FRRWihNEIIEOon an rhgk)‘é%ne ?fl §alﬁ%1e§ Wil?bequenched with 5
applications are incorporated by réference.
Hhp&l & DI . e lithit of guamifichidety forthis ussay BLUES%. Repproximately 40 pg

referred to "AJVI " herejn. Antibodies that are
of St eucst B MaieR emple v peaier opiae BRBOSR 1/ BHRBERL G column
aﬁd‘%ﬂorﬁ@hﬁn'uhdértﬁéﬁﬁﬁ)%#gﬁfcﬁﬂi ivities, particularly

the signaling activity o , are useful for

t r eatGoligmn: Rorgs RbM BPdPLiCseases, such as allergic
ast hr{?) nogal I _eg(%j,(; ast hma, and ast hma-rel at ed

‘pat ho gﬂ?’% gy s fibrosis, eosinophilia, and nucus
pr oddgéHiPHabe A18.194 THA TG/ AIRRafert hat are I'L- 13

ant agoni sts, including anti bodi es and anti gen-bi ndi ng
frag%@ﬁ’hﬂ? Riaeg Bof- 1 YhBE A l6wvid e 85Yeacg®@nitiile; par ti cul ar
huma 43,1 A jgh affinity and specificity. The
ant i éda%g%ééh%n |mgen- bi ndi ng fragnents thereof of

t he Mretéinh: 2i7amh osure are al so referred to herein as
"ant &]IPL.R}lB,?&t .. bodi es” and "fragments thereof,"

r esped i VEEY /Y I%ee embodi nent, the anti-IL-13

anti it THhRORE f reduces, neutralizes,
and/ 2’?%??133% zesgg‘%d ng%fgc one | L-13-associ at ed

The gradidny tindes weexatisted, intTeBBBM - | L- 13 anti body or
fragnent thereof can bind to IL-13, e.g., an epitope
of IL-13, and interfere wwth an interaction, e.g.,

bi ndi ng, _ r conpl ex
("IL-13R @bﬁﬁigﬁ@t%é&xﬁgéﬁpyﬁgg&WQQB recept or

("1 L-13Hal "GradientTiend Nt £rl1 eutyg R- 4 r gcept op,  pha
chain ("[L= ") _or a sphunit theredf {e g LL-13Ral
or | L-4RKa, indi (Hldual | y)| Thus?5 the gnti bodiSes and

f r agmentjs—tirereogf—descripedtherern—ecgn—bhe—uset—+o

[ nterfer"; Wi t h ?e. g., inpibit, b1 ock |or ot h%q'vvvl se

reduce) fan intesaction, p.g., g nding, Dbetwggn TLC- 13

and an IfL=13 receptor cohplex, or a _dubunit thereoff,

thereby i nter 58ri-Hy with| t he f%rmatidn of a5functi ¢nal

si gnal i —PRrefer+ed—Fc i

Cont ai ning Proteins In another preferred enbodi ment,
p;(j}ginpquagm]m%m,@y},sgy region to be purified

according to the invention is an anti-Ab antibody.

Ant i ThbPearttin AoHPES wascatdscted befbllows. A total of 100 pg per injection

on POROS Pro A column at room temperature for 35 minutes was performed under the

following conditions:
Column: Poros Pro A 4.6 x 50 mm
Column Temp: ambient
Mobile Phase A: 50 mM Ammonium formate, pH 6.0
Mobile Phase B: 10 mM Ammonium formate, 0.8% formic acid
Flow rate: 2.0 mL/min

Detection: 280 nm
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W0 bab/18886Dgni ze beta anyl oi d pepti de. "

PCT Publication No. WO 2002/46237 and U.S. Publication

No. 20050118651, both titled "Humani zed anti bodi es

The conPENUS2006/023478

these applications are incorporated by reference.

Preferred anti-Ab anti bodies may variously be referred

to ag%"A@B" %ﬁd J12AI 1" herein. Oher preferred Fc

r egi onN"cOMAIrRINGH 5T ot ei ns i ncl ude anti bodi es t hat

have eutic use in humans. Such

ant i t@??@%ﬁmfz@ﬁg@%g??&g%ﬂg that bind to a tunor

Tdelgradaerntitipess, wernts listed astable@t bi nd to a cyt oki ne,

anti bodies that bind to a cytokine receptor and

anti bodies that bind to an adhesi on protein.

Accordi ngly, in various enbodi nents, an Fc region

containing protein can be an anti body or an Fc fusion

prot ei ns tkahle B} Gaadienthimesyfor Prel A colkaaf r om t he group

consi st i prg—ef—SE8—fe—g———0K3—C52-{e-g—

al ent uzufrab; Gradigat Hpe ) [VEGE YeAy., bdvaci z%nBb:
g

Avastin(fF)), EGFR< €. g, qetuxrmey,Erbittuxtr)—€b33
{e.qg., gemuzune :S{M/I otarq(r)),ngZO {e.Q., 0
rituxina r); togitunons®; Bexxar(r);45

i britunofe HER-2 {e g _ tflrastuzunmmb;
Her cept i adal ilRAmab; funira(®),

i nflixinab, Ti ¢ -

(e.g., daclizumab; Zenapax(r); basilixi mab;
dSECUWRLC (MMB, UPBMnaBs@) , palivizumab; 'Synagis(r)), IgE
(e.g., omalizumab; Xolair(r)), gp Ilb/pia (e.qg.,

abci HepaNringSEs-HPEC) wascondicted gsefofows.eThé pretmathyent of samples

' A in.(e. g. at al i zunab; .
G R T U S p—
of 20EggnilgoPeloyedE Bt MoGuantiRCHUE S2nd 300 REMOFris Bt 2 pH of 7.4. The

conmbi nation, are suitable for preparation as F% regl on

seppleavarerhyandat 80Hs fan @0 anidities while intiginigrimengh diversion. For this

ol R R BR& rBPef Bae R mc gy UM Tefels. Itemal
rdfalchaesiwith fovwednd 1gh 1788 o BRI \vess @68 a0Edilfced by way of

illustration and not by way of limtation. EXAMPLES
a . y y

FOPPOMFHipsexeanditions aees astoowst for illustrative
pur poses only. Exanples are provided using three
di ff erent nonocl onal anti bodies (referred to as AAB,
12Al Coluand TEgbiABioSep GFR008 Satlat e experinents are
descpi bed,, each, representing a conbi nation of anti body
and ??nPe‘ﬁ‘B\??%m

Mobile Phase: 3 M Guanidine HCI, 25 mM NaPO,, pH 6.8
Gradient: Isocratic

Flow rate: 0.5 mL/min

Detection: 280 nm

Run Time: 50 minutes

Injection: Triplicate 50 pL (10 pg)
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Material s and Methods In general, the practice of the
present invention enploys, unless otherw se indicated,
w@eoveasitssdbnal techni ques of chem stry, nol ecul BET/US2006/023478
bi ol ogy, reconbi nant DNA technol ogy, i mrunol ogy
(especially, e.g., inmmnoglobulin technol ogy), and

d t chnlques in ehectroohore5|s See,

2L 2 hersdtor Nl peno v Bhi ng:
CoI d Spr| ng Har bor Laboratory Press ( 1989); Anti body
Engi neeri ng Protocols (Methods in Ml ecular Biology),
Is ti0s e)FMmpIe, B, 1mﬂﬂmmiaid?rco@ﬂa§kﬁﬁg theAndndetuinl &itfbode AAM Gias

AL PSSR BB TR by

b%@f@ﬂ@dntalﬁﬂ@'e’i’cﬁ’e@@a@ﬁ 1\&%(3@ N‘a@l org{ @}F}genep éigcol( 1999)

Current Protocols in I écul ar Ausubel
et ah, John WI ey & Sons (1992). Bousse et ah, Protein

BB ISR AR Vi s B gt wing an
PriemOR Saplidtbde™APP| cofimid @SinL) Bomféuée %64 'd@ﬁe%hcta&eAKTA FPLC

Mr'AS 2001 Synposi um Ramsey, "J. M van Berg, A,
ciironmt¢gzapiy) systend Roradlrthe shp Hfotcln& Se;ﬂngse@" FBthromatography
LFB?tInE‘?lSUHIdeggngB lonalantlbod% Vi a

& §°CHBYY TR ERPen R, hgio @nw@aﬁt W5 (Bxeepbops are

néRd3n ARLAAHIRRDExpBnRatE iR @(gnsi_ar set Protein The

target Fc containing protelns can be produced by
st andard expreSS|on met hods, e.g., using a reconbi nant

d@% fln"i‘éhsf%" 6”1%;9{]? WI n suspension cul ture.

ronea i"ui con ing the Fc contai ning

Qpegdt@hil fdw rdié erésdteni/br generated in a production
bi greactor. The resultlg\&[ roduct ma be harvested and

Equibrationgl w2¢ I‘?’Mﬁ@ﬂsa ath pél &P |( celamoyplemes) such

| d 0.22 mm
F?L%Pt ra;{?l%@gg 1(E:Sgntrllft}ugz’ﬂ I'on, lééﬁ]ﬁ}‘k@mﬂ?&on and 0. 22
Washfli | Vadtble mSeeP]]ablé B):atceptrfoﬁﬁm&ne ehidhrteidaionvashel
ifi g no onal ant i bodi es
‘g% ?6?‘%@%’@ %E)ﬁ\%( Pe[%iél Sf cf%l’lé\‘)"“i@)onsi sts of

wmtstw@oﬁmtm ’7?&9&&\151@'&??'5?7981 dihfed) affinity
chr omat ogr aphy. Thi s can consi'st of rnp Pr tein A

Ebismar YoM lydast7SEnMNaCh pkéi h(6coBephapmes) m)  Fast

0 r o The resin jis then washed
Sﬁjép gveg@rm%@%%e Céelge %ﬁbn]h 8 ‘ﬁBWF@ and t he
Spi2luct Mabudnedine BT (2 sélesinfotuhdgpuri ty |evels.

Strip wash — 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)

Storage — 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

The rmp Protein A Sepahrose™ FF column runs were equilibrated with 5 column
volumes of 20 mM Tris, 150 mM NaCl, pH 7.5. The column was loaded at
approximately 10 mg product/mL resin. Loa;ding was followed by a 1 column volume
flush with equilibration buffer and 5 column volumes of wash 1 solution. All Wash 1
solutions tested are outlined in Table 3. Wésh 1 was included in all runs except for run

#1. Wash 1 was followed by 5 column volumes of 20 mM Tris, 1.0 M NaCl, pH 7.5 and
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Anal ysis of target protein Reversed-Phase HPLC

(RP-HPLC) was used to quantitate the ampunt of |RT
wEe@sasissi n t he AAB nonocl onal anti body sanpl eBCT/uki00€023478

Pro A HPLC net hod was enpl oyed to deternmine IRT | evels

for the I MA nonocl onal anti body. Size Excl usion

rormto SEC- HPLC was_used_to determ ne the

FRPEER BRSO 10 AVl 7 POE s b A anengeionahiagibody was

dik@ frdhfthe WeluSAtwit B AR 01}19"75%5&16‘{5)}1"’591 Ihe g}DWt pool

speci es. Denaturi ng SECG-HPLC dnal'ysi's Wa§ carri ed

was the equirahzedith &.3-81 awitly 2 Mﬁusan 835 Uhelesluiins weké d;en stnpped

N R M NN <

5 pooducBodls Rkedhe MERBIBTEANANt assay (ELI SA). Anal yti cal
Assays: | RT & UDB Reversed- PhaseHPLC (AAB | RT

Anal ysis) The RP-HPLC was conducted as foll ows.

P e ahEEATH B SR GBI RSPy fBcnce o 2.5

R |. Al kyl ati on wagopidigf ed Dy 1T nCUDATT ©f /aNrwW 0P8, IRT
tenperfature in the presence of 5.5 nM i odo cetlc acli d.

Foil o &goq y&ii@nyand al Kyrartorm, art—sgmpt WeTe
quenched v B VA A M DTT. The limit off & o 2.5

quéntli‘q%&mpo'ienéﬁlyctdi;}ﬂ—las"say is 0.5% Apploxiqmatelly 235

gf—epch—+educed—alkylated sanple was injected

on SBC%GREEH%%WW@I&&W%H%% flor 26md 1.5

I—\IIII

g SR s M %@‘%%E%“M%%JA; 1% THA 13

(wBv) [ihmMaAestate)bN &/ RmesiemBhiBxdpRrAs (W V)o.9 n 95708
1.0 mM/mn Detectlion: 217 Inm

Eﬂ?n%%@dlw&hlp@@ PHIDl i cat ¢f of 44D 25

| I stet—Hr—TABEE—-
Tabl e P‘H%%?gnm ?%@Cﬂﬁ)ﬁg I-ﬁ%ﬁ:smet hod L 1.4
8 |50 mM Tris, 2.5 M Calcium Chloride, pH 7.5 0.8 0.8

The results showed that the magnesium chloride and calcium chloride washes reduced
10 levels of IRT and LMW species, whereas the sodium chloride and propylene glycol
washes did not reduce IRT or LMW species.

EXAMPLE 2: Protein A Chromatography with CaCl, wash for IRT removal

15 In this example, a larger scale antibody purification was carried out using protein A

‘chromatography with a CaCl; wash to remove IRT species.
The culture containing the monoclonal antibody was purified at pilot scale using a
MabSelect Protein A column (2 .4 L) connected to a Millipore K-Prime 400

20  chromatography system. The two MabSelect runs were performed as described below.

Column dimensions — 13 cm x 18 cm
Operational flow rate — 150 cm/hr, 300 cm/hr
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Protein A HPLC (I MA I RT Analysis) The Protein A-HPLC
was conducted as follows. A total of 100 ng per

WO njoeasssen on POROS Pro A columm at room t enpeP@Er/USM06/023478

for 35 minutes was performed under the follow ng
conditions: Columm: Poros Pro A 4.6 x 50 nm Col um

Temn: anbje .l e Phase_A: 50 _nM Ammoni um f or mat e,
Fp‘ﬁ’rﬁ@?f t?%kur% %& 150 1M NACARRS iUk o By @umes)g o6
yoxjaqil ' I ; I t i OR: 280 nnRun
f{ll'i rre:Q%g%qrﬁigg%@%?%g%ﬁé%ﬂu@t‘@%%%o ng each
Whash br&@ineM: Tris, 284 Ca€lle pHS. 5 fortren #1 and ablwesR 1 fJedhen2:

i i - B UDB
WS 23D g 1RV i S el HOMHERSY ac
WeadH Dwg 0 nTiETrY, @6 mm}ﬁ,@hﬁ@r&hﬁ& tz&hnfegr»gl o miture

enaturing SEC assay involves a reagent/sa
Fj\lthn naf i elzeine. 25 reMsNaf], pHOS. ingd edlumh vohoes) n, 3M

[ 'mgﬂ—@] - an i, M Ir.i at a of 7.4. Th_e
sa lTI_gés Wer e ngef gé@%@@%&f‘%"mgg l e mixing
Stitip 8ughM Guetidine BICI FD colubinsvadetayy, two controls are

| o edgbo al |l ow a bracketi ri%go UDB | evel s. | nternal

g 49 mi H1s 590 B NaChipH 2vdb solmn mBumes)e used
nt I I | CAAssay conditions were as
S?%ﬁ%%v\é?%cﬁglhﬁ:(p%so Bi 0Sep” G3000 SWkI Col uim Tenp:
Rayrgpmperaiti2-8CPhase:  3M Guani di ne HO, 25 mM NaPO4,
pH 6.8 Gradient: Isocratic Flowrate: 0.5 nL/mn
Detection: 280 nm Run Tine: 50 m nutes

- The MabSelect Protein A column was equilibrated with 5 column volumes of 20 mM

Tris, 150 mM NaCl, pH 7.5. The columns were then loaded at approximately 10 mg
product/mL resin. This was followed by a 2 column volume flush with equilibration
buffer and 5 column volumes of wash 1 solution. This wash 1 solution consisted of 50
mM Tris, 2.0 M CaCl,, pH 7.5 for run 1, while it was left out entirely for run 2. Wash 1
was then followed by 5 column volumes of 50 mM Tris, 1.0 M NaCl, pH75and 5
column volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The monoclonal antibody was
eluted from the MabSelect Protein A column with 50 mM Glycine, 25 mM NaCl, pH
3.1. The product pool was then neutralized to 7.8-8.2 with 2 M Tris pH 8.5. The

columns were then stripped, washed and stored. The results are shown in Table 4.

Table 4: % IRT levels in pilot-scale runs with and without calcium chloride wash

Run # Wash 1 Buffer % IRT
1 ‘ 50 mM Tris, 2 M CaCl,, pH 7.5 0.8
2 Control (None) 1.9

The results showed that at pilot scale the calcium chloride wash removed IRT from the

product pool.
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Injection: Triplicate 50 nL (10 ng) EXAMPLE 1:
Conparison of Wash Buffers for IRT renoval (AAB) In
WO kios/188680pl e, an i nmpure sol ution contai ni ng tPET/US2006/023478
nonocl onal anti body AAB was purified by adsorption
onto a Protein A columm followed by a first wash with

& s containing either Cad , Myd 2, Nad or
Sis; \,..\,MOV | ture containing the
nDnocIonaI anti body was purified at small scal e using
an inp Protein A Sepharose(tm) FF colum (8.9 nil)

I this exaneplet apdiffeemt maba;ltmi retitGyAIVRL) Gozh tataseddn Exbyple 1

ste For t he. [ Sepharose(tm FF
IR s B At th o Seler | ot 1 1 he
fol I owi ng condl tions were used (Excepti ons are noted

| n the individual experinmental descriptions). Colum
iwElgiespataining tlledhff&rellt]:lnmcwinr@mtﬂxody GBVA) wasnpnrfiel at small

é%Q Yk AR ot Alegtonf QLS I fofpeetel e & GRgaare

A]?ém Explbrdt: dhr¢matogeipinBysvedh. UTES ridés il derfortidd 'a@@és%nﬁc%ﬂ?elow.
Tabl e 3) except for run #1, which had no wash 1 Wa

- 20 MM Tris, 1.0 MNad, pH 7.5 (5 colum volumss)

OWshn il H7.5 (7 colum
vol urrglsn)jenélp)l?WWI bﬁg 1%(%?% )075 nvi F\IaCI pH 3.1

P@r&tlohaﬂrﬂpwmtcméﬁp cBt/li p 1- 20 mM Sodi um Gi t r at e, pH

EfAticol AL G L0k NBSh P T Sokus HheRen. - pH
Wash 1(-520 elMMmiisy o tRe), pﬁ%w@omn&%ﬁh&?no' (5 colum

vol unes) Run terrperature 2-8C The rnp Protein A

VGshnr 6< ep¥ Ppdimm Asétateno. 6[M£3aﬂézr pHe@(3 cddumnemumsm 5

nm f pH 7.5. The

W%P?ms%ﬁyﬁ%%dggﬂ\é% % BJ?’IT()O e oduct / i
Wmmmnﬂmm Svasv N1 pRe . st(s cahﬂmp@dluﬁes vol ume flush
equi i bration buffer and 5 col umm vol umss of wash

EYI"H@& B GhyqinapgpMyNal, BH|3o<hé5 ¢aduma yobmeesput | i ned

T y;gesﬁ ' in all runs except for
Stlg)n gl%hg}v‘élslﬁl Cﬂ(%ﬁﬂﬁmgélﬂ%%g)s col um vol unes of 20
Striyl Washs 2QmOM Nirisal3q mMNiCE pEITHT (€ oblunm vodikeds of 10
S%/I%g'gr_l IQ'G%ﬁhnM(I\?col Volumes) The nonocl onal anti body

Run temperature: 18-24°C

MabSelect protein A column was equilibrated with 5 column volumes of 20 mM Tris, 1
M NaCl, pH 7.5. The column was loaded at approximately 45 mg product/mL resin.
The column was then washed as follows: 5 column volumes of 20 mM Tris, 1.0 M
NaCl, pH 7.5, 5 column volumes of 50 mM Sodium Acetate, 0.6 M CaCl, pH 5.0, 3
column volumes of 50 mM Tris,’5 mM NaCl, pH 7.5, and 5 column volumes of 10 mM
Tris, 5 mM NaCl, pH 7.5. The product was eluted from the MabSelect protein A
column with 50 mM Glycine, 5 mM NaCl, pH 3.0. The product pool was then
neutralized to 7.7 with 2 M Tris pH 8.0. The column was then stripped, washed and
stored. The results are shown in Table 5, which provides the levels of IRT species in the
load -and peak.
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eluted fromthe colum with 50 M d yci ne, 75 mwNad ,

pH 3.1. The product pool was then neutralized to
wWQa2®6838553M th 2 M Tris pH 8.5. The col utms wer BCT/082006/023478

stripped, washed and stored. Table 3 lists the levels

of the IRT species & LMWV present in the product pools

fromthe various runs. Table 3: I RT andLMAal ues for

Vari ousWash 1 Buffers The results showed that the

magnesi um chl ori de and cal ci um chl ori de washes reduced

| evel ] i U

il 5! TR0 G MY RRAGH A eakBF FER S AR

chl ori de and propyl ene glyc
| RT or |_|vwv \Jr\nr\4 ac EYAl\/D| I: 9 Pr otein A

Chr omad ogr aph§ IR M I9ad wash| for | B4 IRABEak| n ¢ hi
exanpl ¢, a larger scale antibpdy purification was
carried out usingsgrotern A Cfiromatograpfly W it a
CaCl 2 wash to remmve | RT specles. The culture

cont ai ni ng the nonocl onal anti body was purified at
pilot scale using a MabSel ect Protein A colum (2 .4

T resuitts clodveddi that the Md M Qe whstiovied 6 -lld RABLRGT &}HRT
system The two MabSel ect runs were perfornmed as

descri bed bel ow. Col um dinmensions - 13 cmx 18 cm
eratlonal fl ow rate - 150 cnf hr, 300

IPEH 4 ell & I 150 MM NaCl, pH 7.5
(5 col um vol urres) FI ush - 20 nM Tris, 150 nmvNad , pH
7.5 (2 colum volunes) Wash 1 - 50 MM Tris, 2M Cad 2,

Ip Hhi exenfyoe, tnmm#tylofaar@a@lgw\qam rémt)% hést eeﬂfgm V\EH%P% £0m a
mM Tris, 1.0 MNaC 5 (5 col um vol unes)

PiarAo comtaining DAl mospplvnaé aptEbagy| wasrexewinades)

Elution -50 MM dycine, 256 mMMNadl, pH 3.1 (6 colum .
vol unes) Strip 1 - 50 mM G yci ne, 0.5 M NaCl, pH 2.7
Ths cultire nnntamhng’rlhs mdsiociopalZmtib6dy waspirthisdent I963all (s@ale using a

MRS Rteb R e (Rl Q@inaéée s CEehatiwarsch ki FPLC
cEar Ny WESh. U e MeyR g)r tfung %Ve%)ﬁe g(h?n ﬁ%@ 8 EBEd below.

Protein A col um was equil ||
vol unes of 20 mM Tris, 150 mM NaCl, pH 7.5. The

ORI NS 6s  Aeh QS GRRY O Mt el y 10 g
Operational flow rate — 300 cm/hr

Equilibration 1 — 20 mM Tris, 150 mM NaCl, pH 7.5 (5.0 column volumes)
Wash 1 —20 mM Tris, 1 M NaCl, pH 7.5 (5 column volumes)

Wash 2 — 50 mM Sodium Acetate, 0.6 M CaCl,, pH 5.0 (5 column volumes; only for run
2)

Wash 3 — 50 mM Tris, 5 mM NaCl, pH 7.5 (2 column volumes)
Wash 4 — 10 mM Tris, 5 mM NaCl, pH 7.5 (5 column volumes)
Elution — 50 mM Glycine, 5 mM NaCl, pH 3.0 (5 column volumes)
Strip —~ 6 M Guanidine HCI (5 column volumes)

Strip wash — 20 mM Tris, 150 mM NaCl, pH 7.5 (6 column volumes)

Storage — 16% Ethanol (5 column volumes)

[72)

Run temperature: 18-24°C
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product/nL resin. This was followed by a 2 col umm
volunme flush with equilibration buffer and 5 col um

wo odoanssssdf wash 1 solution. This wash 1 sol ut PONUS2006/023478

consisted of 50 MM Tris, 2.0 MCad 2, pH 7.5 for run
1, while it was left out entirely for run 2. Wash 1

THEMA ekt Drosfih  SoTlig vo PR TS SobP o e of 20 mM
T, 150 MAENacRIT 5. THEOMRROGLONaheARLERRDI B Al o
um w

from the MabSel'ect Protein A co
PBdust/d, regiB. Mk KalGhn was Red wadlied witto§l dchimmoallumesoft 20eM Tris,

i 7.8-8.2 wi.th Tris.pH 8. 5. T
EMNACL BB Dt 2 b ationgliehbvigh S caliginagelimeeo 50 mb
Sodsith NS e@fee0 5N\ a1 ﬁfgﬁg@va@ -urs]@ Brfordo effibiTtnt SYGha W4k then

pilot-scale runs wt wi t hout cal ci um chloride
Washed WHB Srcebipnt volumenefi5@ maM Tais, HiMNaEtgite 75had 5 column

' L de r I frgmthe product
SRR B s AR R T 0 e ik iaie® Rlfp e e
MatiSebsce piotdin Acwlana withi0 BMIGFNdAS ivIQRAINEE 3us ethd lﬂoduct

Ex le 1 was _used in_a snall scale purification wt
Pao&{r% tiﬁ}ég trafiged tonH dr/ewith A DA Tais pEL g-ﬂe The £olapuxivas then

I ' y | | _scal e
e e &5} oy T MRS Bk FobiE's, DR g e tove
of 6lCP eciee ptesdnt dn theAkinoFxpland ¢he roh washédgith AT,
system The run was perfornmed as descri bed bel ow.
Col um dinensions - 1.1 cmx 18.2 cm (17.3 nl)

Tapdé 64 IDORIrefo®M with @nd WiPWR'T{C, vy | 1 bration 1 -20
raM Tris, 150 niMNaCd, pH 7.5 (5.1 col unm vol unes)

Wish 20T tMNaC——pH+5(5—coelumn
\%}DI#FES) Vash 2 - éﬂaﬁ?%dﬁﬁ%et ate, 0.6 M cit¢B(PPM)
pH5.Q (5 colum volunes) Wash 3 - 50 MM Tri ¢, 5 mM

NaCl , [pH 7.5 (3 col UNony@onies) V&sh 4 - 10 nM 1116125k
 MNadl — pH 7 5 (5 colum volunes) Flution -150 oM’

G 9cife, S0mMBumAsetitg QEMCRGPRSIUMES] Strih295.

o ™ andrme  HE (5 —cotum—vottes)—St++p—wash 20
nmM Tris, 150 MM NaCl, pH 7.5 (6 colum vol unes)

T8t ossatye showsdthEthaQall, (Wash prdiidedPioldBEhteRioval of HCP as

tenperatyre: 18-240C
compared to the control run.

EXAMPLE 5: DNA Removal (AAB)

In this example, the ability of a CaCl, wash to remove host cell DNA from a preparation

containing the AAB monoclonal antibody was examined.
The culture containing the monoclonal antibody was purified at small scale using a

MabSelect Protein A column (19 mL) connected to a GE Healthcare AKTA FPLC

chromatography system. The three MabSelect runs were performed as described below.
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MabSel ect protein A columm was equilibrated with 5
columm volunes of 20 MM Tris, 1 MNadl, pH 7.5. The
W@ oi0ar3859ms | oaded at approxi mately 45 ng pr odeCT/U§1006/023478
resin. The colum was then washed as follows: 5 colum
vol unes of 20 MM Tris, 1.0 MNad, pH 7.5, 5 colum
(\éﬁl umes of .50 Sodi Acetate, 0.6 M Cad 2, pH 5.0,
TR e 6 B 6 Tris, 5 M NaCl, pH 7.5, and

ot omN YR e 00fcr® ™™ Tris, 5 M Nad, pH 7.5. The
roduct was eluted fromthe MabSel ect protein A col um

uilibragomiv-C0yaMriksis, 55mMBGECL g7 3. @G .colinen polonies)t
| tralized 7.7 wWith 2 MTris pH 8.0.
HR A R TR L s Gl et or o The

5  Wasthil £ S0 BROMO MTaEaREl 25 (%61%%%95%% ad 3 only)

| evel s of | RT species inthe |I'oad and peak:

Wesk ~ROmpM Trisad-0M Nag8apd 1745 (Suaelwiin MolgasP(Rums h a5t 8 only)
t t 0. 2 wash i ded
VA G 0O, 1 B N e A Rl BRRREPY ' B G &1
BRetinn/a D 50 @Nﬁﬁlyﬁlﬁé,mtﬁnml I 01, 9{{ 3.066 %{F])i)nhgvbhﬁﬁes? Cad 2
was 0 Ve 0s ce rotel n roma
S&F%ﬁ_ébd’t‘%ﬁge@ﬁt %P M N&Calaﬁgi RS ﬁefmn wiamesdnt i body was
10 Sexawaged 20 Ther 1y § 40 £RACRIH 78 (5 NS LRI\ O5t308

anti body was purifie scal'e using a bSel ect
Stereget+ A6% Btbhnohis ¢diemmivohonesect ed to a GE Heal t hcare

KTA FPLC chr. ography system The two MabSel ect
RrAuﬁlr;[ngErrag:%ngf rﬁed as descri bed bel ow. Col um

di nensions-1.1 cmx 20.0 cm (19 nL) QOperational flow
rate - 300 cm hr Equilibration 1 - 20 nM Tris, 150
TheMahySelgstProtain Ascodura runsrwere bguwibbiatadasith 3 coluph vdlimes of 20

IS col um vol une S - 50
15 Ry b ENROR OH 735 e R ke 5 a3 i of
appronimeelyeiflnyg producttnL 29si\eShis Jvas (51w By 4 $ cornfiMolume flush
V%I]\r%d,. H7.5 (f2 col um volunes) Wash 4 - 10 MM Tris, 5
qqgé&,ratmq bufier. Borayps gand 81 tsesigp wagfollowed bg@ aeiimn volumes
Bhyish ol mﬂ%a%. : 53 <SthfidPws
OGM Guani di 1r?e glc%gﬁiﬁh% Céo u?r‘yeoggmg{%vgg%a%s HO%P l?gwwsed'
Aty 3 gins E5plopet NaGlymipibldms 66 Weash Brsolutioh U M6 inonoclonal antibody
20  was eluted off the MabSelect Protein A column with 50 mM Glycine, 75 mM NaCl, pH
3.0. The product pool was then neutralized to 7.5-8.0 with 2 M Tris pH 8.5. The

columns were then stripped, washed and stored. The results are shown in Table 7.

Table 7: DNA removal with calcium chloride wash.

Run # Wash 1 Wash 2 DNA | DNA
(ng/mL)| (ppm)
1 None (Control) 20 mM Tris, 1 M NaCl, pH 7.5| 3.6 0.37

2 |50 mM Tris, 2 M CaCl,, pH 7.5 None 0.9 0.09
3 |50 mM Tris, 2 M CaCly, pH 7.5/20 mM Tris, 1 M NaCl, pH 7.5| 0.3 0.03

25
The results showed that the addition of 50 mM Tris, 2.0 M calcium chloride, pH 7.5
provided 10 fold greater reduction of DNA compared to using NaCl in the wash

solution.
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Storage - 16% Et hanol (5 col umm vol unes) Run
tenperature: 18-240CThe MabSel ect protein A columm was

weowslsdssat ed with 5 col um vol unes of 20 nM TPCBHUSDBE023478

mWNaCl , pH 7.5. The colum was | gaded at approxi mately
45 nmg product/nmL resin. The colum was then washed
wth 5 colum volunes of 20 MM Tris; 1.0 M Nad, pH
7.5; for Run 2 an additi onal vvash with 5 col um

BroANMPEE Of 1B iyl Seeliy HM)Cad 2, pH 5.0

was used. Prior to elution, s then washed

wth 5 colum volunes of 50 MM Tris, 5 MM NaCl, pH 7.5
Iurres mV NaCl H7.5.

18 Rl BT 8 R lofo B, ot s bdet 3o pisafieatiags s in
vaaERIET OMs iasB Qo SAsWedrB Gosted BMhbBEG ity Rﬂ'eﬁchre HEF]IPTZ M

product pool was then neutralized to pH 7.
Tris pH 8.0. The col unm was then stri pped, vvashed and

0 BB B SR e e it
1dfmlmfy thie bestwashatohdiciongfor vasded ofnigurRCsdeh BkHCP - the

emoval _wWith and w thout CaC 2wash. The results
MRS o TER scieg stn prath exsipignts.sixginggns gerqentration, and pH

(5 8EBMR I EXAVPLE
e Dmh%g{%%ﬁi%n ne?sﬁlrggtggan%{mtl&qhe a%)HIWy of a

CéCIZ wash to renmove host cell DNA froma preparation
P TR B e B3 YOS QGO BRG.S and

16uded ti®hraduct iR bolsma! The ﬁ'ﬁ{fe Prfn%
col urrrl1 {9 urrL) co?mect ed ?%ﬂgw%%ﬁ@l—lgﬁﬁ% a‘rie &M&L of
resiiy Wﬁﬁdl@@foatﬂd;to syat well ofnB6 well ditehhlnfie| Bind resiuis ewhrveall was

T AT, T LN

oEHel dahbﬁ@éﬁc‘ﬁﬁeﬂt wasR Qolﬁ%ﬂ_é' 1h5f‘3 steglglég a4 3%9%@,7& %ﬁg'? byffer.

col um vol unes) Flush -
ﬁ@rﬁmmlwm@@semash wiB05 HM/I'I]Ensle&MNdGI‘,qﬂ 2.3 buffer

R T R R M ST e e &%@b&%ﬁmﬁhé resin
1ril3 %Qe@bf@'@bg%ué%ﬁh Egrtlonjspaﬁ@/i %('1 %meg; cg%lll\%g' and {%3‘93 for HCP

col um v
leNaEl pH 3.0 (6 coI um vol unes)

Resin Volume — 50 pL

Wash Excipients — Sodium Chloride, Calcium Chloride, Magnesium Chloride,

Excipient Concentrations — 100, 250, 500, 1000, 1500, and 2000 mM

Excipient pH - 6.0 & 7.5

Elution Buffers — 25 mM Hepes, 10 mM NaCl, pH 3.0, 25 mM Hepes, 100 mM NaCl,
pH 3.0, 50 mM Glycine, 10 mM NaCl, pH 3.0, 50 mM Glycine, 100
mM NaCl, pH 3.0 and 100 mM Arginine, 10 mM Naél, pH 3.0, 100
mM Arginine, 100 mM NaCl, pH 3.0

Run temperature: 18-24°C

The results are shown in Tables 8 and 9.
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Strip - 50 MM Gycine, 0.5 MNaCl, pH 2.7 (5 colum
volunmes) Strip wash 20 nM Tris, 150 MM NaCl, pH 7.5 (5
W@ 200a/r8855D1 unes) Storage -16% Et hanol (5 col unPCT/US2006/023478

vol umes) Run tenperature: 18-240C The MabSel ect
Protein A colum runs were equilibrated with 5 colum
volunmes of 20 mM Tris, 150 mWaCd , pH 7.5. The col umms
were then | oaded at a | oad of approxi mat el y 40ny

FpR e gt Ak LR

3, this step was co um unes of Wash

VI | oG palis

dto |dent|f_y t he best wash
AMabBeleetyiorin washed with sodimorhiogide, calcium

1 solution. For runs 1 and 3 5 col um voI umes of Wash
2 sol ution wasEmsied.| Al Iwask uns|enployed wi&R! jent
| umes. of W4s sql u he[TD naf_a ody
lgpmroffigjﬁi:@l. l\/B.btg!%jeﬁnetn-E )Le?ﬁgd/;-\f)umluu?d\gitu \j‘;u MgCl,
m\/l d yci ne, 75(%& ( O TEe product[{(pgoppmbas
attized lU_"_ i M-Trts—pH The

coI urmswclne then stiri ppgg 1ed4gﬁgost oreag SPHe | 30,800

%M HEBRES Shown in Tab|2907 Tho 85,500 UNA T RS 22,000

with calciumichl ori de_wash. The results s1ovved t hat ’

}enbbidrginies of 50 M Tr 589 2.0| M é@,%@ um chll@s7odle, | pH18,400
WSO ] 10 Wol gre Nug . DNA-corpat-ed

0 Usi ng N&d| in the wo?ol 2?5%& = 6121qggt 14,200

QslthvPHBPES N |( HCP ) ermvrﬂoo( UAI ) B’ﬂob@'s eXap 10,700

third nonoclgnal antlibody, 12Al was_used in ’

100mM Axgining |1 uns i whi 290var | )us4$»%@(h cpndi,8@ns 9,300

were tested—for—the—ab+-t+ty—tot+enroveHEPR—Ahi-gh

t hroughput screen (HTS) in a 96-well filter plate

t he MabSelcBloride; epmaghpsiu eatpBd.3 he wash
exci pi ents, exci p| ent concentratl on, and pHto
deternine thy gHigct SLIRCAT S 53] re! at-egd-Apuri-tH-es
such as HCP. ‘%F(Yéb%ek esi p-was—_equi Vagh Lxgipient
Elirtion Burtet Tri 2o | mVEREleient pd 7 NagGly | bad€aClith]  MgClL
product in a|cEPBfm. Th&Mmgsi n has then un @ﬁ’m
nixed and 50 !mm¥P fesikmM) dibtributed t0 €a el |
&P maMd@lyoie| (filter |plat éOO The resﬂ)%m eacthQO(l) wfas 21,800
gizHhbrated|i n sol f+oen 5—A-F-5 AM-NaCl H
?STE{MW%% washed w t?\S‘(}sa Df H@oQ/ar oué,6 ,600 ° 18,200
198ehNI RiniNash sol utTonssp@ 3 SfaggssoFachT Ush 8 0P  17.300
m_of wash bif f &0 : ’
50 mM Glycine 1000 30,100 14,500 17,700
25 mM HEPES 1500 35,300 12,000 12,500
100 mM Arginine 2000 41,700 8,200 11,700
10
The results showed that both calcium chloride and magnesium chloride reduced the level
of HCP in the MabSelect peak pool compared to sodium chloride at pH 6.0 (Table 8)
and pH 7.5 (Table 9) at all excipient concentrations.
15
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After the excipient wash, a second wash with 5 mv
Tris, 10 MM NaCl, pH 7.3 buffer was perforned in 4
waee@gaesssed 300 nmL each. The product was then ePCt/Es2006/023478
fromthe resin in 3 stages of 300 nL each. Elution
st ages 1 and 2 were conbined and tested for HCP
. V\ash EXCI plts - Sodi um

EXCI pi ent Concentrat| ons - 100 250 500 1000 1500,
and 2000 mM Excipient pH- 6.0 & 7.5 Elution Buffers -
Inshistekddapleshe diilit\NbECaChiwahAo réhoveMndendisylfid®Bomdéd species
H 3.0, .50 m\/IGch:lne 10 MM Nadl, pH 3.0, 50 nM
@%& WS X Na pH 3.0 and 100 mM Argi ni ne, 10
mM NaCl, pH 3.0, 100 mM Argi nine, 100 MM NaCl, pH 3.0
Run terrperature: 18- 240C The results are shown in
Tredtrap PBrteindy Sephatsise™gEF HOR wead perforfred ehdphtalyeat desashad in
wash dﬂ wi th sodi um chl ori de, cal ciumchloride, or
6 Ees"um chloride at pH 6.0 Table 9: HCP val ues for
MabSel ect resin washed with sodi umchloride, calcium

chl oride, or magnesiumchloride at pH 7.5. The results
GHeme dimensions ot 1) @ml%lhﬁvmhl ori de and magnesi um

(gj‘gr%{angleﬁlg gal{geqsgh | evel of HCP in the MabSel ect

are sodiumchloride at pH 6.0 (Table

HjuilivrakiqpH 726 n{M’abis;elﬂ) mM Naldl, (K 2S5 @Bkumn volumes
oncentratiaons. - Rerpoval of under-disul fide

etl @B’é?ﬂés”@w%)N@W PHiI %5 Ekegtpma volure)abi I i ty of
Wha £ash iehQ A CHPEECHE'S Pod Wb 1 ROBORAhn 2
wo rnp Protern

speci es (UDB) was exanl ned.
M%+6@a@ﬂrﬁisFFOMmepIé 7pﬁe(r5fcxolmmdv@1mm)ti ally as

R O L
Hiatidd 1 5o advt Q}]yclne 28 n@M‘ ﬂ{t@ls ijﬁp(é‘MIMﬁQvohﬁﬁs 5 (5

col um vol umes) Flu Tris, pH
St 1 ¢ 20 o muméilum; pH2 7 (5 column volumes)

Strip 2 — 6 M Guanidine HC] (2 column volumes)
Strip wash — 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Storage — 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

The rmp Protein A Sepharose FF columns were equilibrated with 5 column volumes of
20 mM Tris, 150 mM NaCl, pH 7.5. The columns were then loaded at a load of
approximately 10 mg product/mL resin. This was followed by a 1 column volume flush
with equilibration buffer and then 5 column volumes of wash 1 solution. This wash 1
solution consisted of 50 mM Acetate, 2.0 M CaCl,, pH 5.0 for run 1, while it was left
out entirely for run 2. Wash 1 was then followed by 5 column volumes of 20 mM Tris,
1.0 M NaCl, pH 7.5 and 7 column volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The
monoclonal antibody was eluted off the rmp Protein A Sepharose™ FF column with 50
mM Glycine, 75 mM NaCl, pH 3.1. The product pool was then neutralized to 7.8-8.2
with 2 M Tris pH 8.5. The columns were then stripped, washed and stored. The results

are shown in Table 10.
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Wash 1 - 50 mM Acetate, 2.0 MCal 2, pH 5.0 for Run 1,
None for Run 2 Wash 2 -20 MM Tris, 1.0 MNadl, pH 7.5
W@ 20060883565 vol umes) Wash 3 - 10 mM Tri s, 75 nmWwETE2000623478
ayufvlipreol um vol unes) Elution - 50 mM d ycine, 75 nV
NaCl, pH 3.1 (6 colum volunes) Strip 1 -20 nM Sodi um
Ctrate, pH 2.7 (5 colum volunes) Strip 2 - 6M
Guani dine HA (2 colum volunmes) Strip wash - 20 niV
Tris, 1 NaC| H7.5 (5 ¢colum yolunes) Storage -
Tablg 18; F’KZ&HW(@ wsh i VY)B‘F‘I]#&&E“‘HHH“!%‘&‘B@?‘HP $e: 2-8C

The rnp Protein A Sepharose FF columms were

e@uid # brlated with 5 col ®amplel unes of 20 nM Jri s, %1EDB
mM Nad ,| pH 7.5. The colums were then | oadefl at a

)
|l gl £

fol fowed by a o0 B3] MMFGorONE FI-GeRw Lh equl | i br athon

butper and then 5 col MBRe dCod#rgEs Of wash 1 so¢l utiono.8
This mazlh 1l solution consi(/(g% ed of 50 nM Acetate, 2.0 M

CaCl 2, pH5.0 for run 1, while it was left out
entirely for run 2. Wash 1 was then followed by 5
colum volunmes of 20 MM Tris, 1.0 MNaC, pH 7.5 and 7
ACRHMEReURBABSUDB 1&0c1§Mad bbservedforieaithat hid the addifibeal 50
nmonocl onal anti body was el uted off the rnp Protein A
nddprstaie & Q M Cafladi 0Waht h 50 nM d ycine, 75 nM
NaCl, pH 3.1. The product pool was then neutralized to
7.8-8.2 with 2 MTris pH 8.5. The colums were then
stripped, washed and stored. The results are shown in
Tabl e : . .

\ MBI

‘%rved for the run that had the additional 50 niV

ate, 2.0 MCad 2, pH 5.0 wash. EXAMPLE 8: Renoval

of HCP and IRT with Other Divalent Cation Salt Washes

I AABetamyilh) the ebilitypdfeyvashésecombrihing gitbér Ma€hes NiGhttaramowg

.ei ther Cl2 or NO2 to.repove,jnpurities froma .
P UBATFOIB  REGHESIOR ABIeARE R A Braeiosionet anibpdl Bos geagnined
exam ned. Two runs were perfornmed to evaluate the

ef fect of washes contai ning other divalent cationic

Toed tums swechperforiveditoceatitntodbelefectafovasbat eapkaining othge fivalent
c%ligr?lc ggl{sf s%{:ﬁrgsd Mn(ﬂzna%d NiCl,. Two control runs were also performed — one
using a 50 mM Tris, 1.0 M NaCl, pH 7.5 wash (no IRT or HCP removal expected) and
another using a 50 mM Tris, 2.0 M CaCl,, pH 7.5 wash.

The culture containing the monoclonal antibody was purified at small scale using a
MabSelect Protein A column (9 mL) connected to a GE Healthcare AKTA FPLC
chromatography system. The MabSelect runs were performed as described below. As
described below, all operational parameters were identical for the four runs except for

Wash 1, which was variable (Table 11).

Column dimensions — 1.0 cm x 11.5 cm (9 mL)

Operational flow rate — 300 cm/hr (Equilibration, Wash 2, Elution, Regeneration,
Storage)

Operational flow rate — 230 cm/hr (Load, Flush, Wash 1)
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using a 50 MM Tris, 1.0 MNad, pH 7.5 wash (no IRT or

HCP renoval expected) and another using a 50 nM Tri s,
wQ2@6M3838CI 2, pH 7.5 wash. The cul ture cont ai NnP@US1966/023478
appnecirenal anti body was purified at small scal e using

a MabSel ect Protein A colum (9 nlL) connected to a GE

Heal t hcare AKTA FPLC chr omat ography system The
Edtihisieties —riﬁmM\Ens; 156 miMdr¥icl, pH 7cfe 650 colonimbyelumes) As

descri_bed bel o erational paranmeters were
Wiagl A i Vagiab k&ﬁe?ﬁéﬁ%&?gr%ﬁ?"mﬁnt for Wash 1, which

Vaid ﬁﬁ%ﬂﬂi&@} p01 S csliRnahghs) - 1.0 cm x

erational flowrate - 300 cnt hr
EIqun H 50th Giywine/)\hg mMNagl,qu 319, GRelyereVeltings),

St or age Load,
Regepers! 102;\53%) ‘T@{Jiﬂ%ﬂ 1%%2?5 &%?%F%né{sfl‘g‘ﬁfs - 50 MM
Stbrige— 16°0 PIMNREI50 ikt Tridh 166 ndM ORICYHH 78 Breetmnbsitimés)-
Vari abl e (See Tabl'e 11 for conmposition) Wash 2 - 50 niV
Run tempet@urehl Bi@dfC pH 7.5 (5 col urm vol umes) El ution -
50 MM d ycine, 10 mWwWad , pH 3.0 (3 columm vol unes)
Regeneration - 50 mM NaO—L 0.5 MNa SO (5 colum

m@ Munsssl)acﬁh@te@gg coluibonat baritibratedGvitihVs Tolusin vbBignesf 50 mM
(5 col um vol unes)

Ty 00Tk Sc dBpFoRBR R IeoTel il eﬁﬁ@@&% B ed
pﬁﬂd&&/]ﬁ%%@élﬂ MpLY Pénlx’ﬂﬁ?% WadSPasTMshiéd Sut okt DR Fith Sddlumn

e col um was aded at approxi mately 40 ny
vpluats of 5V disn 150rmd Ne@hiphl hg. rr@a@om whsfbprewaghed with one

?Tfm : h%tl%ﬁ%aﬁ}?l‘lg‘e({ ’Jgabi hu :g]p%gé u{{lﬁ 8ﬁ sq'] 0 D%l—l% 'wsasheqiirgnh 5

St reabaé snandess riokert NaCi] gl B5.1The prddost was eluted from the
elution the colum was washed with 5 columm vol ums\jﬁ_)(e
M SelectiPiotsin Aocalmmmaah, SOQHMGSYCI% 0 s Vlel: Rk 3-Oc L pedgoduct

peb{itia e HBRTRRE . 7 Ry PETLNERL ;s Bl vas siipped

withs écﬂhﬂnﬁ%lﬂrﬁesrﬂﬂ IﬁNDNWQHb 03 MIN'arzS@4 fdnStdded thh Scnolmmm

was strlpped wth 5 col umm vqu gﬁw . h

VR EOR L A Bansex) WL RIS, 150 PR 5% 8 al€ shown in
@}g%gﬁ@m%ﬁ%?waﬁ%ﬁ ’TaﬂQQZm%M. 7.5. The results

Table 11: HCP removal with various wash solutions

Run # Wash 1 Condition HCP (PPM)
1 50 mM Tris, 1.0 M NaCl, pH 7.5 | 17,600
2 50 mM Sodium Acetate, 1.5 M MnCl,, pH 5.0* 10,600
3 ‘ 50 mM Sodium Acetate, 1.5 M NiCl,, pH 5.0* 4,700
4 50 mM Tris, 2.0 M CaCl,, pH 7.5 6,500

* pH 5.0 was chosen due to solubility of MnCl, and NiCl,
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Table 11 (HCP renoval ) and Table 12 (I RT renoval).

Table 11: HCP renoval w th various wash solutions * pH
WG 20®6ms855xhosen due to solubility O MhC 2 and PCT/US2006/023478
nNeCGh2iabl e 12: | RT Renoval with various wash sol utions

pH 5.0 was chosen due to solubility OFMiC and N d 2

Table 11 shows that the |level of HCPs present in runs
TabRI12MRE Raated with haralsuvashnohdainisai ni ng di val ent

cations had 1.5-3.5 fold | ess HCPs than the control

(1.0 MNad_ Wash). Table 12 shows that the runs that

Rantfal ned t he washa¥ashi t Kodditionent cationi ¢ kal t JRT (%)
soI ut ons al so provi de > 3.5 fold IRT renoval conpared

tre—r-urmwi ls I%P’ETﬁSIYl wgef’ﬁmgl ng Wash 2.78

so} ut f ons. Thus ese res enonstrated fhat salt
\Ancha h uu +h ot o4 eH &t U”L V‘V‘ JIA I’”i Vo I
orZNi ¢ )50@458@%&@{%&? ]ng‘[yﬁ‘@ll \é"g{ \?\Q?e e ect b\t}g

in r ving impurities ':m“ual—em—s—lhgse !larlin

the alt wh)mMeodynm Asetatss 15MANCh, pH 5a@cert i n usPAg

no nole than routine experinentation, many equivalents

to4t h¢ specifix® mvBds,EMVECaELiFe 7iSnvent i on| descr PB&d
her ei Such equivalents are intended to be

p@l@@ﬁﬂéé&ﬁ@én dye tdsoliisilityvfiMgC laad BECl,- 4ARWhat i
claimed is: 1. A method for purifying a protein having
an Fc region froma source |iquid conprising the

T%F)ﬁth' BoREthaP B 19661'5?%&?5:}9&%%1&1%3 tﬁWéﬂe%d@Ee& WEh solutions
of > ads e p

orbing t otein to an Fc bindin
cagtamlmg m:aihmtmgtlbmm'dcl Bi3ridiohdylessdQPs thanthecanifol £r.0 M NaCl

Bi0) of e 2 SRt ety Phiabin Ry 3k i TR ationi

sEl“:soéB‘l&tib%s Blzo ?wﬂa@g 3a0RINM IR Predtbval ednysied® tHe naiwitRa 1.0 M
The nmet hod of claim1l, wherein said one or nore

Na@ gpiteinng wash sobitions e Ths, Grese rrsuliy @ﬁmortstrﬁ@fl hat ﬁ@lt washes with
t
R R SO Rl g Lo wer

SFRLIGN in $8A6Vias ihbiMilies. 3. The method of claim 2,
wherein said one or nore inpurities is an IRT. 4. The

met hod of claim1, wherein the protein is an antibody.
]_)5%']\;2-1!] %l%tsrrel %'ll;h%?ﬁ ?ﬁlel&% ?iotg% drt W SERRiZE NS R RYcErin using no
more than routine experimentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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consi sting of: an anti body fusion, a nurine anti body,
a chineric antibody, a humani zed anti body, and a human

w@nioshsssys 6. The nethod of claimd4, wherein tPEI/US2006/023478

antibody is an anti-IL-13 antibody. 7. The nethod of
claim4, wherein the antibody binds to an antigen
sel ected fromthe group consisting of: CD3, CD52,

s clpigred is:CD33,  CD20, HER-2, TNFa CD25, RSV, IgE, gp
I[Ib/111a, CO la and a4 integrin . 8. The nethod of
claim1, wherein the protein having an Fc region is
1 econbmethiotl Ifyr parrifdingechrofin Havéngat oggdh fedniakodsce liquid
wherein the protein having an F¢c region is . .

r ecoRBIPREMNTE (heBteie &l 91 Of TE9TE HEB W IEsneqrapTishigthy steps of:
(CHO cell : ] Q] erein the Fc

bi ndi ng aag%o?blgg%ﬁggg)n%{%fﬁlﬁg%%ﬁmgr otein A and

Pr ot ei n GwatHling TieeF erizintiong agéntolith abdffensobrtioncohtamihga divalent
bi ndi ng agent is imobilized on.a soljd phase. 12. The

ot hSERBY SHBI10 FRae ORg RS TRGTR TR AR PrRYE I p Praled from
one @he FEbiRdiAL aBeht8Adn citiB8lsoluBiofn.eSi N, and a particle.

13. The method of claim 1, wherein the divalent cation
salt conprises a chaotropic salt. 14. The nethod of

N

cl ai in.th I val ent cation salt 1s select
from tChe e%‘)gﬁ? c(ﬁ:]a&}rl]]slle’s SRR 519 OfS, &F BLOofEpIItch @ezge%ﬁ%g from
m Xt whiegothessisting bﬁ.inﬁb@rm&m@d%mmﬂbﬂecibs (B! @hder

the buffer solution containing the divalent cation

sal t dsaifide bondedsneeiep mwaaﬁgowamﬂmam spegips (LMW).
about 8. 16. The nethod of claim1l, wherein the buffer
sol ution containing the divalent cation salt has a pH'
3val u€he methadanfgpéaitne?, waterneia baid tond obmivee ialponttied istan IRT.

The nethod of claim 1, wherein the buffer solution has

a divalent cation salt concentration in a range

4gbet waga nala ofQlaAmM, bihefhif Wle RMeinl -an-EﬁﬁbJﬂéﬂ hod of

claim17, wherein the buffer solution has a dival ent
cation salt concentration in a range between about 0.5

Mt o-abou M. 19. The nethod laim1 erein the
Sbut £ PSSR et ety O antbafe s clogie S the Broup
consisting of: an antibody fusion, a murine antibody, a chimeric antibody, a

humanized antibody, and a human antibody.
6. The method of claim 4, wherein the antibody is an anti-IL-13 antibody.
7. The method of claim 4, wherein the antibody binds to an antigen selected from

the group consisting of: CD3, CD52, VEGF, EGFR, CD33, CD20, HER-2,
TNFa, CD25, RSV, IgE, gp IIb/Ila, CD11a and o4 integrin .

8. The method of claim 1, wherein the protein having an Fc region is recombinantly
produced.
9. The method of claim 1, wherein the protein having an Fc region is recombinantly

produced in a Chinese Hamster Ovary (CHO) cell.
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salt conprises at |east about 0.6 M Cad 2. 20. The
met hod of claim 1, wherein the buffer sol ution

w@ewbassssng a di val ent cation salt conprises apCl/eszn6/023478

about 2 M MC 2.21. The nmethod of claim 1, wherein the
buffer solution containing a divalent cation salt
conprises at |east about 2 M CaCl 2. 22. The net hod of
H-ai nfhe mgihed of platmd. whersin the Fabinging asgnt erannsisss engonmore of
an FCPI%iEéﬂgiA d396fin @nd washing the Fc binding agent
are pertfornmed at a tenperature in a range between
about 2C to about 24C. 23. The nethod of claim1,

erejn th ne or re ippurities. conprise one, or )
Hor e bie 0ag Bt e T Beelihe k¢ isincasent isfonnoilgerion a solid
cul t uspsprotein, and mxtures thereof. 24. The nethod
of claim1l, wherein the one or nore inpurities
conprise an undesired species of the protein having an

region,..25. .The thod of, cl aim. 24, wherein the

1 des e bRRer i I, wESp R hEr it cpamsrs One e e of a
conpricaésa £ RENMBHE pzirtialét i body chains or fragnments
t hereof having intronic read through sequence, one or
nore anti body chains or fragments thereof having an

i Tpr ' i [ , -antib ar . .
R g mh34'ol 166 1, DARRS 2 allchf Aol 38 YorBrses o chaotropic
t her emlt, and a heavy chain dimer or fragment thereof.

26. The nethod of claiml , wherein the step of

recovering the protein fromthe Fc bindi ng agent
CONPITIRARBbYbF O8int NewR&SHnehE gﬂfﬁfeﬁgcagiﬁn ghiy Ls' s%{%c%ﬂ?o% the
having a pH in a range fromabout 2.0 to abou . b.

27. Theumeulsisting pf: €la&ilyMgCiniECE andtrhigtures theof. ur t her
conprises a chromat ography step selected fromthe

group consisting of: anion exchange chronmat ography,

1Gat | arheanethed LcIsi Ok & 8imaRYu fférEBRIBbh g RFin RS B divalent cation
affinity chromatography and hydrophobic interaction

chr orﬁﬂ%@ﬁf apHyvalus oy rapg betweenrabohibditoofbout &i m 1,
wherein the nmethod further conprises a chromat ography
step selected fromthe group consisting of:

Isy dr dByeanethod ef dhind hpviageianhybetfealsyhiisn caithinid the divalent cation
chronaf%_ragﬁy, anmmoni um sul phat e precipitation

et harfaft gfr% pretusin gAangediebyecn abRashS HProuE RP- HPLC) |

and chromat of ocusi ng.

17. The method of claim 1, wherein the buffer solution has a divalent cation salt

concentration in a range between about 0.1 M to about 5 M.

18. The method of claim 17, wherein the buffer solution has a divalent cation salt

concentration in a range between about 0.5 M to about 3 M.

19.  The method of claim 1, wherein the buffer solution containing a divalent cation

salt comprises at least about 0.6 M CaCl,.

20.  The method of claim 1, wherein the buffer solution containing a divalent cation

salt comprises at least about 2 M MgCl,.
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29. The nethod of claim 1, wherein the one or nore
inpurities conprise one or nore intron read-through

WO 200688583 of the protein and the el ution sol ut PONUS2006/023478

containing the protein has a level of intron

read-t hrough variants that is at least 5 fold | ess

than the level of intron read-through variants in the

Zlour cEhg mgihipd of glgim thwhersinbe b@fferoﬂog}twn@gnt%%g adiyalent cation
sol Utéaﬂ"koﬁ}%ﬁ%@éaﬁ'l tﬁﬁb‘ﬁ Eﬁ\fftﬁb recovered in the

elution so I on as a eveI i ntron read-through

varl ants that is at |east 10 foI d less than the | evel

d-thro gh varl nts in e sou ce |iquid.
§51 Thes MetAQ ar GeE g Whetemn e siees o %J% he profgido ai Fo
| mpu rl!)lh&lﬁ% 288QRh %4190 tl{échm'-iﬁﬁnF '&%&R Ard ﬁéi‘ﬁ)rﬁ‘ﬂ%& ‘Q{f‘gﬁemperature
vari ants the protern and ron read-throu
var i amtasraggaimtween dbous21tmbabb24°Cl% of a speci es of
said protein in the elution solution. 32. The net hod
of claim 31, wherein the intron read-through variants

ZRPI TESME@SE of Blafin AbaUéret: tBe ¥0Obr ﬁoﬁqﬁfﬁuﬁﬁeﬁéoﬁlﬁﬁﬂ one or
protein in the el ution solution. 33. nmet hod ‘of

cl ai ninge of\itwsiesell nrpiein, athostireldNAL cdhgﬂwgptmn,sand mixtures
conpr&%% ess than about 0.5 % of a species of said
protei'n i'n the elution solution. 34. The method of

claim 33, wherein the intron read-through variants
conprise | a %han abo t 0.2 %of a species of said

#t-ot efe mathed ot eletm il oW hersin e gpe omBoT TP URSEH BRRHSe an

e cinteclfORpELE: Lite BRiAhalRE S FERUELE' 00 TPy o0
proteiﬂ and t he agy/nnlecular MEIght speC|es cgnp;ise

0 [
W or T RePERPE gL, FhaBRdbe ButtSCineeRt St Belhrefbin fiving an

the |pyye %ﬁip@fsem&&tm&e%&: hifi$hodlQ ¥RAINS Br H@%ﬁeﬂt@ﬁf&reofhavmg
about 0.8 % of Ee0|es of said protein in

el ut i wfrorigread tbrpug seqth:@cmnh otimofe mtﬁvpdy giminsrcfiragnpents

aout (B bERGHE &l kPt RE EikalP T S5 53 of Hement

el ut i theresflalighothaiddimet e fiapibatherdcos; laad Bhdvy oMART &Ehier or
the | ow nol ecul ar wei ght species conprise |ess than
about fregmenyghsreot. species of said protein in the
elution solution. 39. The nmethod of claim1, wherein
the one or nore inpurities conprise one or nore
2mder Tk methbd déclaon dewherain the step of rdcheerprgnthe proteindronhthe Fc
under-.di.sul fide
binding agent comprises eluting the protein using an elution buffer having a pH

in a range from about 2.0 to about 6.5.

27.  The method of claim 1, wherein the method further comprises a chromatography
step selected from the group consisting of: anion exchange chromatography,
cation exchange chromatography, immobilized metal affinity chromatography

and hydrophobic interaction chromatography (HIC).

28.  The method of claim 1, wherein the method further comprises a chromatography
step selected from the group consisting of: hydroxyapatite chromatography,
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bonded variants conprise |less than about 15 % of a

speci

es of said protein in the elution solution. 40.

wab@etrstskod of cl aim 39, wherein the under-di seCT/US®06/023478
bonded variants conprise |l ess than about 10 % of a

speci

es of said protein in the elution solution. 4 1.

The nmet hod of c¢laim 40, wherein the under-disulfide
bondedfalyals; affiply chiopatemanhys gnlﬂwmwnhatsplﬁpwaaon ethanol

The: necrpie Rl st eyt HPLETRP S Tad P ioeiie

bonded varl ants conpri se Iess t han about 2 % of a

3

otel he elution. 43.. A protein

@83 PgF tlo™ ﬁré‘l £ RBE OHIOES Igiies gompriggeone or

pr ot eﬂnBreQBtrSﬁ ?éaﬁltﬂl%ug}‘i@%ﬁit@of e gﬂftah%h&‘ fheSelftlon §olut10n

ant i

body. kit Conprising reagents for puri

yrng

a pr o@cmtmnmg\thm@mmm hes 7 leyélod lritrcmneadrﬁuomgh ‘egjantsibatks at least 5

conpr j

consi
bi ndi

30.

31.

32.

33.

34.

35.

36.

' a reagent .sel ected.fro the o
o} s e R ot e O G ol fRspurce tquia
ng agent, and instructions for use.
The method of claim 29, wherein a solution containing the protein recovered in

the elution solution has a level of intron read-through variants that is at least 10

fold less than the level of intron read-through variants in the source liquid.

The method of claim 1, wherein the one or more impurities comprise one or
more intron read-through variants of the protein and the intron read-through
variants comprise less than about 1 % of a species of said protein in the elution

solution.

The method of claim 31, wherein the intron read-through variants comprise less

than about 0.8 % of a species of said protein in the elution solution.

The method of claim 32, wherein the intron read-through variants comprise less

than about 0.5 % of a species of said protein in the elution solution.

The method of claim 33, wherein the intron read-through variants comprise less

than about 0.2 % of a species of said protein in the elution solution.

The method of claim 1, wherein the one or more impurities comprise one or
more low molecular weight species of the protein and the low molecular weight
species comprise less than about 1 % of a species of said protein in the elution

solution.

The method of claim 35, wherein the low molecular weight species comprise less

than about 0.8 % of a species of said protein in the elution solution.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

The method of claim 36, wherein the low molecular weight species comprise less

than about 0.5 % of a species of said protein in the elution solution.

The method of claim 37, wherein the low molecular weight species comprise less

than about 0.2 % of a species of said protein in the elution solution.

The method of claim 1, wherein the one or more impurities comprise one or
more under-disulfide bonded variants of the protein and the under-disulfide
bonded variants comprise less than about 15 % of a species of said protein in the

elution solution.

The method of claim 39, wherein the under-disulfide bonded variants comprise

less than about 10 % of a species of said protein in the elution solution.

The method of claim 40, wherein the under-disulfide bonded variants comprise

less than about 5 % of a species of said protein in the elution solution.

The method of claim 41, wherein the under-disulfide bonded variants comprise

less than about 2 % of a species of said protein in the elution.
A protein purified according to the method of claim 1.
The protein of claim 43, wherein the protein is an antibody.
A kit comprising reagents for purifying a pfotein having an Fc region from
impurities, the kit comprising,
areagent selected from the group consisting of: a divalent cation salt, and

a Fc binding agent, and

instructions for use.
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