METHODS OF PURIFYING ANTI A BETA ANTIBODIES RELATED APPLICATIONS 5This application
claims priority to U.S. provisional patent application "METHODS OF PURIFYING Fe REGION
CONTAINING PROTEINS', filed June 17, 2005 having serial number 60/691821. The entire content of
this application is incorporated herein. 10 BACKGROUND OF THE INVENTION Alzheimer's
disease ("AD") is a neurodegenerative disorder charadterized by the occurrence of amyloid plaques,
neurofibrillary tangles and significant neuronal loss. p- Amyloid protein (also referred to as the AP
peptide), the main compapght ' implicated in the pathogenesis of
Alzheimer's disease (Sellcoe (lffg)géﬁ)1 %mﬁ{ﬁ@%ﬁ%ﬂ&fggmmm 20:154-159).
p-.A.myloid has been shown to be both directly toxic to cultured neurons (Lorenzo and Yanlmer (1996)
Ann. IVY AcadRSEATET8PEBI@ndindicectly toxic through various mediators (Koh et al. (1990) Brain
Research $33:315-320; Mattson et al. (1992) J. Neurosciences 12:376- 389). Additionally, in vivo
models, including the PBARBRHATse4Ma Briciithsdel haveviddinkestthamylaisitmlearing deficits,
altered cognitiV&MEREGIS AFPURBININGHORGARHK bip @ﬁk@éﬂ%{"%& et aﬁ,{ZOOO)
Nature 408:9750% ;&V\{lalssg %E al. é‘g Oogé/%{% ture 416:535-539). Therefore, a grea de ihterest has
focused on theraples‘{ Alter the i %ﬁﬂmgﬁgﬁeﬁmwlyﬂmmtmmrity or even
abrogate the dideaseritsdh@6@ne AD treatment strategy that has recently emerged in response to

successful studies in PDAPP mouse and rat experimental models, is that of passive immunization of
individuals to provide immunoglobtdins such as antibodies specific to p-amyloid. (See e.g., Bard et at

(2000) Na¥ Mt 6XFB YN RAFBAFE BNHEUO3Y Proc. Natl. Acad. Set. USA 100:2023-2028).

Recently, it has also hegrishewaithalAbg-reduction 30 b ssive immunization protects against the
progressive loss of synaptic degenerae?on in Z\transgeorﬁggfcr%g%é"?ndéﬁoé#grfmﬁ%ﬁ?ﬁé%W§é§se. (Buttini

et aL (2005) . °RIETIBSE 39006 Ripayes, nepefdaiiamvandes indreigaifibinantdreRnlogyphave

allowed for thesprgigtionst antibadies agal iftHally any target, for example, cancer cells, bacteria,
and viruses. Tg ically tIZ}r?ant%)od is produc%?jﬁgéﬁ'\r?g% g%ﬁﬁir?é%ﬁ%%%@@@@?%ﬂ@?ﬁ@é?ed to express

the antibody a tebrabeshwed i Beentineceesialoseduerithegraiiveain esebye badat

comprises f caapEaTIXsure 95SNqAS IR ARILS, And growt! tqrs, as well as various proteins,
including for eégggﬁg{%ﬂ?rum p,ré?gigrtls. HZwever, sepaogggtk%%'g?%géﬁ le é‘%ﬁﬁlgﬂ)‘a@%‘?ﬁ cell

by-products an R GHSHES tR5ie pusysatiesritolusenim restrnekror atirapeutics poses
a formidable challénglSTneTDLsiosliam of die-AIBORLRAIRE ISR IS SRsgiallycrfical f the antibodies
are to be used(fag',:g@ %'ucg f%r 10 agryggiit[?tion to humans. )
) Bratn Kesearch 535:315-320; Mattson et al, (1992) J. Neurosciences 12:376-
389). Additionally, in vivo models, including the PDAPP mouse and a rat model have

20  linked B-amyloid to learning deficits, altered co gnitive function, and inhibition of long-

term hippocampal potentiation (Chen et al. (2000) Nature 408:975-985; Walsh et al.

(2002) Nature 416:535-539). Therefore, a great deal of interest has focused on therapies

that alter the levels of B-amyloid to potentially reduce the severity or even abrogate the

disease itself,

25 One AD treatment strategy that has recently emerged in response to successful

studies in PDAPP mouse and rat experimental models, is that of passive immunization
of mdividuals to provide immunoglobulins such as antibodies specific to B-amyloid.
(See e.g., Bard et al. (2000) Nat. Med. 6:916-919 and Bard et al. (2003) Proc. Natl.
Acad. Sci. USA 100:2023-2028). Recently, it has also been shown that Abeta reduction
30 by passive immunization protects against the progressive loss of synaptic degeneration

in a transgenic mouse model of Alzheimer's disease. (Buttini et al. (2005) J. Neurosci.
25:9096-101).



Traditional antibody purification schemes (or trains) often comprise a chromatography step which
exploits an ability of the antibody molecule to preferentially bind or be retained by the solid phase (or
furictionalized solid phase) of a chromatography column compared to the binding or retention of
various impurities. 15 Schemes have been proposed qr carried out to purify antibodies which first bind
C1-12/ CH3 region-containing proteins to Protein A immMmobilized 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 subsBqeentdeenverinotthmiGiidt EHRckgpRsenINg BIIRIPS TRJesolid phase.
However, thes ljmited in that th conditions used to preferentially bind the CH2/ CH3
region-co ntain%lgﬁ %a%%%%%%%%% gg%gﬁéfﬁeg’c%g Impan %’s B Srtfo S it eBete
CH2/CH3 regidaB)cHitha gatierdprisano didedmeingherpbutitnt suchdepuriies aeerhighitgndesirable.
Accordingly, amnegg:gyi i e I Ification of. proteins or polypeptides having
constant regio s%ﬁgﬁiﬁg{gg}%ﬁgénsﬁﬁfv%g% %%%%%ﬁ? 6.0 lg%%uﬁé]g& .%%%WKEB &ih cell
culture. S M%%WWWE?WNWW pregenturivertols.feat gresvthdtoads, af palifyng
AS-binding protgiisss irqaiticulardéy findingabadias-i: Maligls.af dgiayenton are especially
suited for 30 pggific?t[ion gggéote' S (e.%. antibodies) developed for a miniStration to humans. In
particular, the fnventor Teatres e 56 ??é’é?l‘i?ﬂﬁﬁ)?@?e‘iﬁg‘ﬁﬁmp@@ﬁ%@m¢e39‘i@W§UWﬁpiantﬁcular,
proteins havingoFeseegionsatehgr antibagies]cppocticebitt@ibRUlNRNR. ThELVALAUSASRects, the

present inventigp fe Ures thods for separating an.At3 binding protein having an Pc region, such as
an anti-AP antibody?%ro ' %%%&rgélﬁﬁfﬁgcg%rﬁﬁﬁlsﬁé]{ﬁéﬁF{?f&ﬁ%ﬁoa{ﬁf@ BF HeBPesA SRS, In the
methods &f thefvaistioton e mysirsding protein is adsorbed to an Fe binding agent and then the Fe

binding agent is 5 waghgd; with & 844, wtign.containing a divalent cation salt to remove one or
more impurities, The protein is then gi(?{:%?\%red fro%ngﬁ%irenﬁg(%ﬁn&fﬁé?gétgﬁtcmné’ﬁl%qﬁtion solution. The

methods of thé FVBANGTERS Hap el sxpbefarortidiyov tip inpovitiessischlasiptedagadighrough
variant specie${iR &) bundeh dissyfide Rmadad srecigndiinB)a0d/e, olecular weight variant

species (LMWL The £1eth ds Olf the invention also 10 are effective In removing impurities such as host
cell proteins (I-Jl.l(rﬂ-I}}a BN AC e fmparigdhsy Rindnerretonten o6 astmphisentitiesor more
chromatogfaptiichsepatatiohstepmanddroadgiien £amoGRmBrisa e Qe dillrationsteps. The
chromatographig;separation steps can be continuous or discontinuous (e.g., a batch approach), or a
combination of both. %ﬁ%gﬁ%{% ermboc |r%1nesr(1% s%{é}ee%gt%ﬁ]g}i‘gﬁ?ﬂr@eafslﬁﬁ@‘é?%}@wmwn steps,
for example, t78RIGYeNinpYEEcs bnuedtatecantidnifies hewashitigmeestainngdRatasget protein, and,
to remove miciaRiRlERALNHPRM WEhVALIPHS odiments, the i-m tipody is a marine
antibody, a chimeric antibody, a Sr%oanized antibgl(g%/p%?%ae ‘ﬁﬁg}q@a/ﬁﬂ%\g : r}sgbﬁ%rgﬁﬁ%diments, the
anti-An antibod§H2ERPEREHSHEY e dhesskickmesindiowcupitdpsvwithimessicutniled ildh 3120 7,3-6,

13-23, 15204, L6radtick6Rdd wpzafe&%w@zﬁ&rﬂa&fcﬁzl%}ﬁ&%gi%@%?%ﬂiépo antibodies specifically
bind to an epitgpe writtgin resid#es 1-10 og AO, such as, for example, within residues i-s?, 1-5, 3-7, or

3-6 of AO. Othserpggemlﬁ)jl%iﬁg ShiiRgues (e.g., antibodies with incomplete CH2/CH3 regions). In
the development of human therapeutics, such impurities are highly undesirable.

Accordingly, a need exists for improvements in the purification of proteins or
polypeptides having constant regions, in particular, proteins having Fe regions (e.g.,

25  antibodies), produced in cell cuiture.

SUMMARY OF THE INVENTION
The present invention features methods of purifying AB-binding proteins, in
particular, AB-binding antibodies. The methods of the invention are especially suited for
30 purification of proteins (e.g., antibodies) developed for administration to humans. In
particular, the invention features the purification of proteins having constant regions, in

particular, proteins having Fc regions (e.g., antibodies), produced in cell culture.



antibodies specifically bind to an epitope within residues 13-28 of Afi, such as, for example, within
residues 16-21 or 19-22 of AS. Yet other exemplary anti AS antibodies 25 specifically bindto a C
terminal epitope of AO such as, for example, 33-40 or 33-42 of AO. In some embodiments, the anti Ap
antibody binds a discontinuous epitope which includes residues within 1-7 and within 13-28 of AS.
Other embodiments feature Fab, Fab'(2) or Fs/ fragménts of anti-An antibodies. In some such
embodiments, the antibody is bispecifie antibody or an antibody made by the process described in
International 30 Pateht PUbHEatper GhWOOB0 1078 0ion fedniseprateiad RMpsimant ihgantibody is a

hurnani-ed anti;AQ anji ' tain.embodiments, is an antji-A5 antibody selected from the
group consistiné of%rglg%iyfgg%ﬁé%§%%f£&fff ik d%ér%%t.]tﬁ?ék’(s&?ﬁeaé‘?% dftBody can be
Ig_M, 1gG|, IgGZBRIEaE [§Sarorerand ier phaemaneutically Botepiahidsaype indarelared

embodiments, fhet Is e n 1904 In various embodiments, the Af3
binding protein @é%g(%)gaiﬁy%p%rgﬁ%géﬁozr?rgﬁ/g}?%%%sl%%%%H%de ; fh%lf&lblﬁﬁﬁaﬂ‘@gi%ﬁin is

recombinantly Brdfdosiiia budhirsebiipmestenDyanfi(@rOpaith salt 18 vatigesMPogiRents, the one

Or more IMpuUriggs:GARIPHSE PRRD! 1918 A3 N0sh otein, a host cell DNA, a cell culture protein,
an undesired species of the %?ﬁ bindir;g protein, anggr’n%eré% tt?%lgé% ?%efl&%?ﬂﬁﬂé‘,“mlvarious

embodiments, THEMPE- uhkGrEp dpat § GV eEoRRIsipRiien wdyeireEdripTisen dng iafpmeresof antibody

chains or fragmestssther@ofcbavingusironreashtiovaR PEIUERCE;:Qne Qr more antibo ains or
fragments there%p(pﬁ\éinﬂ irg&r%ﬁ)er disulfide Iinkagg, e? haIf-anﬁ%gg%/%oﬁ%(?msgﬁ?% reof,’a light
;a

chain dimer orfragment tHarasf: Ahd R hEE A REFCEIHM ) frRbrrasibadereithe Bineohienadpect, the

t'there

methods &P theusrefenivinvention mgifyam#s hisdingeraeinRiefer aymn.antyantibody, from a
source liquid comprisjg the pratein.and one or more impurities by fu-st adsorbing the protein to an Fe
binding agent, followed by waé%i_ﬁgqlﬂ?é) =y ﬁtﬁa}’ﬁa SYeRPHTH SOBG e B RS ATBYAEIMRHG a divalent
cation salt to réFRBHGYEED? #era #rpiliotesnanthstbsequently recvelingsths preiein from the Fe 20

binding agent.dm&gg@gﬁmmws SIERS gg sorbing the protein tg an Pc binding agent and
washing the Fe binding agent with a buﬁ%lr;pS solution é%%lt%?ﬁfn% é%?\%f&}ﬂ"&ﬁ&%ﬁ-s%h?ta?e performed at

temperature irPHRECPIRG S etRERI AR othy dbbat ascmhodimicus, shehoetimenisnipesstep of
recovering theqproseindromithecneidiog A4RP1COMBRISSS lHiAg g Rrotein u iﬁgﬁa%géﬁ"““’” buffer

having a pH instoqlelzﬁ%g range .frgt about 2.0 to about 6.5.  In various em écl)tgliments, Fe region
binding agent Comprises ore or Mareest BrOtErP LA depiote mia oz qresferieahiembodiment, the Fe

binding agent is immbbitiredsombsdilit-phase.akhis sligRase g%ﬁggg{{fb%d§pg%ﬁl%neple, one or
more of a bead, an a arpse matrgagti%c . and mixtures thereof. 30The divalent cation sait present in
e

Na: idifg? Aibehipriaaores exhndiecniscihacutpic salt.

the buffer that is used’to Waéhn ee

Suitable divalefyb eatibeisaitsrientivepprtationat telyashibuffgsisaluiaminclin.bytarenat limited to,

MagnesIhy 7, 3-6, 13-28, 15-24, 16-24, 16-21, 19-22, 33-40, 33-42 of AB. Exemplary anti AB
antibodies specifically bind to an epitope within residues 1-10 of AR, such as, for
example, within residues 1-7, 1-5, 3-7, or 3-6 of AB. Other exemplary anti Af
antibodies specifically bind to an epitope within residues 13-28 of AR, such as, for
example, within residues 16-21 or 19-22 of AB. Yet other exemplary anti A antibodies

25 specifically bind to a C terminal epitope of Af such as, for example, 33-40 or 33-42 of

Af. In some embodiments, the anti AB antibody binds a discontinuous epitope which
mcludes residues within 1-7 and within 13-28 of AB. Other embodiments feature Fab,
Fab’(2) or Fv fragments of anti-AP antibodies. In some such embodiments, the antibody
is bispecific antibody or an antibody made by the process described in International

30  Patent Publication No. WO03/070760.

In a preferred embodiment, the antibody is a humanized anti-Ag antibody, and in

certain embodiments, is an anti-A8 antibody selected from the group consisting of 3D6,



5 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 limited to,
thiocyanate (SON), perchlorate (Clat), nitrate (NO3), chloride, and bromide salts of divalent group Il
(e.g., magnesium, calcium, barium, etc.) 5 cations, divalent transition metal (e.g., copper, nickel,
manganese, etc.) cations, and combinations of these Salts. In various embodiments, the buffer solution
containing die divalent cation salt has a pH value in the range between about 4 to about 9, and in
some embodim&hts, Beiiddhabol 2l foeab a6t 8 Thetiwmgpeadtatit 4BiteBRAH!HE- B haiyeen about 6
to about 10 8. Yalde @dl%@ggls ' g#g and/or inteititediate 'tlgin the ranges sot forth herein are
also intended to be V%l%thin the s_co%ﬁé;o. t%presen‘?}n\eae‘:i i(%ﬁ‘.:efgh ?(%?ﬁ’??ﬂ’@; tHePER{RaTERt cation salt has
a pH value betfERfERsIE. the isphmsis monaselp@enr dbouti7IgGe. about 7.9, between about 7.3 to
about 7.7, between abpowl i Astenaheih48; befwaan.ahout 4 10. . about 5, between about 5 to about 6,
between about 6 to about 7, or between a%out 8?0 1 gﬁgﬁ?%l 18 ISP %’?fl?’éﬁ@@écﬁ‘éviﬁg values
recited heréin TR UppRe Briee it ding moeditol besvdithiinthe s eenRr @fithe. RIEseRE invention.
For example, thﬁﬂgg@l%@@@@g@gi@i}gs a pH of at least about (or about) 4.5, 5, 5.5, 6, 6.5, 7, 7.5, or
8, In various embodiments, the buffer solution, has a divalent cation salt 20 concentration in the range
between about 0.1 MtbAHBHE godiRETiSsHInenemboYirmEneibtty eenmieuh b Mote abgut 3M,
between aboutsOditpraeailahddieeeinacy abouh QR about 2.5 M. For example, the divalent
cation buffer nli)e]l}édcomprise at least about 0.6 M CaC12, g/rllé%lllé%%% abstt %@ﬁc Bedtbeast about
2M CaC12. Vallssh i YisHy s iaintees drarsfifiermsaale, within ohe sahgdimeet faith herein are also
intended 28 toheasitbinspeiscongOhheipiesesbiByeaion kar exampk, the buifer sojution has a
divalent cation fg,aalt %opc%ntrat' n between about 0.5 M toﬁeﬁnoutO %?7 ]&.%eot%va@efrbloggﬁ B85 to about
0.8 M. between about 0-5T to ABB B RIBE fireeatasguenss Mt iGok, ansbadechant:0.5 M to 2
M, between abbagrichtMiteraifit %0 M ibetseediahedt 1&1'{1{2'1\%&\,@9%85{%%%8%& between about 1.5 M

to ab_out 3.0 Mt&?é&?}%‘,’ﬁ\gﬁkaﬁom d%r‘r?mM I'g about 30 3M, oreover, rang av%ae\%lues recited
herein as an upper or lower

imit are mtended 18 bR HtrAedeass drindinese tagusmtion. For
example, the baEeSolution has a divalent cation salt concentration of at least about (or about) 0.6 M,

1M, 61.5M,2M. 2% M3.M. dn yarious embodiments, the buffer solution containing a divalent
cation salt has a temperaﬁjrgg;% the ré?%geogsé v%}egg HOS e AbBtE DA AB bipdipgpatin,

embodiments, RISty ehretovdtimithe aritihodydoes thpile bindisn 2gentemprses lyting the

antibody using.gh lfionduffer Aaving apl-1.in the range of 5 about 2.0 to about 6.5, preferably in
the range of about 2 g to about 4.0, moor?eb%lr”e erabhy i ff?@r} PSS SHevamsbiir 3.5. Values and
ranges include2iasink hiadngaseihiithe vaffgesobetdorbnnanin adgwalse: iMended:te be within
the scope of themsesent @Vﬁﬁ?@ﬁnﬁﬁ&%ﬁéﬂ@I&bggaﬁ%ppegggg% Qa{ﬁe% PH of between about 2 to

about 3 o&@et\ge%n about 3 to about 4. ) - otein from the e
mding agent. In various embodiments, the steps of adsorbing the protein to an Fc

binding agent and washing the Fc binding agent with a buffer solution containing a
divalent cation salt, are performed at temperature in the range between about 2°C to
about 24°C. In various embodiments, the step of recovering the protein from the Fe
binding agent comprises eluting the protein using an elution buffer having a pH in the
25 range from about 2.0 to about 6.5.
In various embodiments, the Fc region binding agent comprises one or more of
Protein A and Protein G. In a preferred embodiment, the Fe binding agent is
immobilized on a solid phase. This solid phase can comprise, for example, one or more
of a bead, an agarose matrix, silica, and mixtures thereof,
30 The divalent cation salt present in the buffer that is used to wash the Fc binding
agent can comprise, for example, a chaotropic salt. Suitable divalent cation salts for

preparation of the wash buffer solution include, but are not limited to, magnesium



10Moreover, ranges having values recited herein as an upper or lower limit are intended to be within
the scope of the present invention, For example, the elution buffer has a pH of at least about (or about)
2,2.5,3,35o0r4. In various embodiments, the recovered proteins can be subjected to additional
purification steps either prior to, or after, the Fe binding agent chromatography step. For 15 example,
exempla/7 further purification steps include, but are not limited to: anion exchange chromatography,
cation exchange chromatography, immobilized metal affinity chromatography, hydrophobic interaction
chromatograp{1eNES ) caigiareejgriditearshird niatoigiaphy ndialysisthaffinitycheematography, ammonium
sulphate precigiiaignmethanglReciation fRverseRhase HELC (RE-FIPLE), chromatofocusing, 20
ultrafiltration, diafdtration, microfiltration, an%ilgel %trsa%?c])aﬁr Tﬁa@%%?%nu% élﬁﬁ%a& ,?Pr]é”#l%‘ binding
agent chromatB§HafP dtepriavoisietioyitpcarmote dREREN gechtortalataphyiang NI, step. in
various embodimerits, the shiamataasapayslensAefurther fallowed by a yirus filtration step, on
ultratiItratiogwicl{i%{iltratibﬁn Sﬁﬁ anchor a microbial con amtd!}n%ﬁt fi%%t%rﬁt%%?%hlbgﬂgﬁsﬁ% t, the
present invention providesH STRETCTR B Hifsify KPP BiFkrhgnersesissepeat rattiyranaadti-AP antibody,
from an impuritpssbntainisgsdiesioaitsereof. In various embodiments, the methods comprise first
adsorbing the protein to an Fe binding agent, followed by washing the Pc binding agent with a buffer
solution containing an]é%\ygpe%%sc%rﬂ%%&;% tnci(s:i f’%%gd\‘/%eﬁﬁ@%oﬁwﬁ?@ﬁ*ﬁﬁlﬁrfﬁé&lﬁiWEgﬁé@‘q@ﬁéﬁwtly 30
recovering theljfctai fvaie indtRebigedingvagetdatpt oslbeguadirstahieRhpalbodinlBparious
embodiments, ghg py{ificAIONPIREESS fRRyNUes with, subjectin tFe first eluent pool to ion exchange
chromatography gy contacting an ion exc a%%ﬁ?éﬁrﬁ v%\zl%% %ﬁ%uf%s SIREHY ORI toDeHe target
protein does nbt XdLeFh A @ sesinckiigd rndion sy tietfonitithr dughiasget praleitigmsaduce a

second eluentpaointendasiessLmpadinaen ] hromatogra ep, further comprises
{ 5%’6 ?&%ngn% O, rlqor eg;ﬁxgé%t ﬁlﬁ S}Y%FPE) f any

washing the ion exchg}?gé resin with a buffered wash solution to recover a

adsorbed targSt prottt B APLHEHLURRBIIMIEA, T Qb atibr prsassbonhTiauesiwith subjecting
the second eluBft pooktm hyduoabobiﬂoﬁﬁﬂaqﬂkéﬂx@éipm%@gT@W%Qﬂt%%ﬁ&ﬁh&% ggt protein to a
e

hydrophobic irgggagg sin (e.q., a.solid e functionalized with hydrophobic ligands), washing the
hydrophobic interactii;.ﬂﬁeigiseierll1 \(/%t%1 B%Sﬁlé?épﬁ%?é%wgm%ﬁt\ﬁifﬁ POV Rishelgan WhithSdioes not

substantidfly efl@tife target protein and 10 recovering the purified target protein (typically using an

elution buffer with anﬂ@éﬁéb%@?@ﬂ{g&é% %Kg%y 0 elesorb the target protein from the hydrophobic
interaction resi_n%. In preferred embodi e%%go %leée\glgalﬁroeﬁ%aﬁ e g%f’fﬂ@"?’ﬁ?/@ﬁ%ﬁ%’, the Fe

binding agent EFAASBHADE FBhatseRePpRastamhtsnsipreitabRoequitipraetuiRswiable buffer

prior to contacsanitiuihepsperaeiigiishohhesalidhpnasesissereferably g column 15 comprising agarose
immobilizing the Fe ?éu‘j%r%g agent. In various embodfm’ents’, the Cofurith Is ¢oated with a reagent, such
e

as glycerol, to decre %%HPW%%@Q%@gm@q@m@ éohlenhcation kalvarious embodiments,
the proteiR® pufiechbytimetnats :eh teeqpresanbivention ganhe Saymulatedin.a EH%E@""%%%‘S“CG‘”V
acceptable Ca‘i{é‘%‘&;@é}%’ﬂ%ﬁ?g@%? v%rioyMi%gnostic, therapeutic or other uses hown for such
olecules. . 0 abot » bEtween about 1.0 M to about 3 M or between about
0.6 M to about 2.5 M. For example, the divalent cation buffer may comprise at least
about 0.6 M CaCl,, or at least about 2M MgCl; or at least about 2M CaCl,. Values and
ranges included and/or intermediate within the ranges set forth herein are also intended
25 to be within the scope of the present invention. For example, the buffer solution has a
divalent cation salt concentration between about 0.5 M to about 0.75 M, between about
0.5 M to about 0.8 M, between about 0.5 M to about 0.9 M, between about 0.5 M to 1.0
M, between about 0.5 M to 2 M, between about 1.5 M to about 2.0 M, between about 1.5
M to about 2.5 M, between about 1.5 M to about 3.0 M, or between about 2.5 M to about
30 3M.
Moreover, ranges having values recited herein as an upper or lower limit are

intended to be within the scope of the present invention. For example, the buffer

solution has a divalent cation salt concentration of at least about (or about) 0.6 M, 1 M



In various aspects, the present invention provides methods for purifying an Af3 binding protein,
preferably an anti-AlS antibody, from a solution containing the protein and Piton read-through variants
([RD thereof In featured aspects, methods of the present invention are used to reduce the levels of one
or more intron read-through 25 variant species in a pr%tein preparation, for example, in an antibody
preparation. In various embodiments, the protein recovered from the Fe binding agent has a level of
intron read-through variants that is at least 5 fold less than the level of introit read-through variants in
the source liqdid,Mnd M. 36né entbistifevis ats|leabodBufold, | dashita Beartevetftiptiap 4ead-through

variants in thegseiEaediguitkinariods,shedime 0 the intron read:through variants comprise
less than about 1.0%, 0.8%, 0.5%, 0.20/5; or 0.1% g%t agggp%%‘f‘é%e%%%%%r%tﬁ%ﬁuﬂ%s%'lution
containing said proteih FetBeraBoRERe the Smdiftreysnns e anfibudyidtesnatspEetsitiigpresent

invention provigest aethasls tnpiy fying ek gl [ ly an.antj-AP antibody, from a
solution cc#ﬁtag%iglg Eh(ﬁ{@g)r%tein a%g low moIe%ifﬁ%e%?%ﬁgnﬂgéﬁ%%%ﬁ&eé JdIlr? fER%GEd aspects,
|

methods of thé prese Eiftiory SFEIERBY B thetrree s 1bouls Sriormd ot tbretloapmdtediiar weight 5

variant specie'mim@rpmgbeiﬁa[btmparﬁﬁ@ﬁbamhﬁ%%@@%%@é@%@&@aﬂﬁ/@ﬁ?&ﬁ@%g diments, the
protein recovq@%}; m the Feb%?gknﬁe? ent has a level of low molecular weight variants that is at
0

least 5 fold less than the 16vel of low moleclgrweigHTVAR SRS Witk S seerRqditheanesmtsome
embodiments &Y Ragist1 Gdtbia dewdettthe thaitevel fiflow nsHpetbarweighto@rants, i the,source liquid.
In various embedimanis, 9 1hglgy molecular weight variants comprise less than about 1.0%, 0.8%,
0.5%, 0.2% or 0.1% of the species of said protein in the solution containing said protein recovered
from the F2 binding A4ReVE VeSS agpectalueseqsteddrtsiventionppra\id esvaathedsdor purifying an
Ap binding praigsadgreteraliynanadtic Q,@@Kpﬂ;é’ ‘ tign containing the 15 protein and under
disulfide bondﬁd va%%%%s (UDE) thereof In featureaéggs?ev%ltﬁs?ér%e?%ggé%?%eéqg?e%étﬁ?’?hﬁ?ﬁon are
used to reduc8 ThaREVEIZ P hEPBP O aaHter disuffide S5Aded variant species in a protein

preparation, such aslan:aintised ptaparatian avariausmRdimRNS, e RISt fsgavered from the
Fe binding aggn H a Igvel of under disulfide bonded variants that is a% least 5 fold less than the level
guﬁ,d@b thet B %1

of 20 under di onaea vananEShthe %%%efcéhﬁcﬁﬁ&}%ﬁg?éﬁ%f@mﬁ@&ﬁpéﬁt@m |East 10 fold
less thanlthe Iex@Mpundemdisufidbdondddaaranissmtheisomnca-diguididivarons gmbodiments th-

under disulfid%}g&%gg@cmg ggﬁ lgg an about 20%, 5%_, 10%, 5%, 2% or 1% of the
species of said_protein in the S%II% i%gr?con(t)ainlgﬁg SAic %%%ﬁ%%a(%emm%@bﬁ%ﬁ@ agent.

25In another SSpUBERERITduRrmbehtonigrvite stanmwpmuyg BICichydpsefepalily an anti-AP

antibody, puritachaeesraing leiany QhitsmeRedRfataompy as steps of first adsorbing
the protein to ap Fc bindinﬁ agent, followed bﬁ\gvast%%g thé F?&]r% mgmé%e%ette\% Clglf)agfﬁg’r solution

containing a divaTantESHBHAERR-Fverse phase HPLC (RP-HPLC), chromatofocusing,
20  ultrafiltration, diafiltration, microfiltration, and gel filtration. In various embodiments

the Fc binding agent chromatography step is followed by an anion exchange
chromatography and a HIC step. In various embodiments, the chromatography steps are
further followed by a virus filtration step, an ultrafiltration/diafiltration step, and/or 2
microbial contaminant filtration step.

25 In one aspect, the present invention provides methods for purifying an AB
binding protein, preferably an anti-Ap antibody, from an impurity-containing solution
thereof. In various embodiments, the methods comprise first adsorbing the protein to an
Fe binding agent, followed by washing the Fc binding agent with a buffer solution
containing a divalent cation salt to remove one or more impurities, and subsequently

30 recovering the protein from the Fec binding agent to produce a first eluent pool.

In various embodiments, the purification process continues with subjecting the
first eluent pool to ion exchange chromatography by contacting an ion exchange resin

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



remove one or more impurities, and subsequently recovering the protein from the Fc 30 binding agent.
In various embodiments, the anti-AO antibody is a humanized anti-A6' antibody selected from the
group consisting of 3D6, 10D5, 12B4, 12A11, 15C11 and 266. . In various embodiments, the anti-AO
antibody is a humanized anti-AO antibody selected from the group consisting of 3D6, 10D5, 12B4, and
12A11. In another aspect, the present invention provides a system suitable for performing any of the
methods that comprise at least the steps of first adsorbing the .tV 5 binding protein that has an Fe
region, such disqricame-ie Bowibuyysb areFebinding modntcfolevad ysashingihefe,binding agent
with a buffer sglfi tainir i t cati It to remove one or more impurities, and
subsequently recoggrr%%%fﬁgyg%ag%%%%%t@@e%%g trX? a5 rﬁ“lfﬁeéﬁ PHSSE BRc i gHRe JBsent

invention proVitiEXFags tFNik stidnathaiised Teegestbimitng arep ofdhe: feathopisrtibatocamprise at least the
steps of first agiserbingatae: AR k{Rding protein, preferably an anti-Ap antibody, to an Fe binding agent,
followed bg washing_the Fe binding agent with a buffer solution containing a divalent cation salt to

remove orfe or more T AUPHRERANETBE: firanifiretiovarirrtheqnittots Wrohsthisfmpihding agent.

15The presen!;dcmemlﬂehaﬂm1f&aﬂyr<ﬁ5plﬁbyj@rigﬂéﬁ@¢$@§g§§®llgg§0t§%ﬁegg Redes %%}r? Qr more of the
|

methods of th RIS nt @/rtggé%)r;é.m.varlous embodiments, the kit comprises at [east ore reagent and

instructions for use of the'Kit. SARTHIE R SEL Sorh SPiE RE RS raFkzagemtt such as an Fe
binding agenthaddivaéit tatinls)sathsindg dagenitsdbsihepeeparat onalbuiferwashisglytion containing
a divalent cati , ith.] ions,for use of the kit, e.g, to purify an A13 binding protein,
e.g., anti-A an%%gg;% ‘g‘%ﬁ%@%ﬁﬁ%}éﬁ%ﬁh%ﬂ%@%&ﬁ&ﬂ@é e aggrb R teia plete amino
acid sequéhce&ceT i hamarifed BOB DB jeIsomRallueEik ) dnticd Guaitihegsfightiand heavy

chains, SEQ &R, AMAaER 1D NQ2, i 1 ai mplementarity determining
regions (CDR.),ei%a,ﬂéDRl, E%RZ, and 5%3%%%%&%&%%3%6 aﬁ%}gﬂ%%écp%%{%ﬁgnzrf_ , 55-61, and

94- 102 (upper panel} B FaRPLBRsHIe AdhRIARaE AsPoHING thsgiorest{GBR)¢ Fe. bi@RA, CDR2,

and CDRS3 areygrespeiaitislyliadd esidueiRDSien s AR »Or8an ANG 28301 ORL19WarRanel).
Predicted intr%rlrlwglg_agyllar disul 'd%\%ﬁ;?ﬁ are illuéstrated by connections of the cysteine residues
onni

S BB aiShfrpdif hase iy ergfadrine eolimanthe

. Or to contac
involved. Cysteines expecteé1 0
Connecti\A@/ ingfizetesdn JageaNse immobilizing the Fe binding agent. In various embodiments, the

column is coated with a reagent, such as glycerol, to decrease or prevent nonspecific
adherence to the column.

In various embodiments, the proteins purified by methods of the present
invention can be formulated in a pharmaceutically acceptable carrier and used for

20 various diagnostic, therapeutic or other uses known for such molecules.

In various aspects, the present invention provides methods for purifying an Ap
binding protein, preferably an anti-Ap antibody, from a solution containing the protein
and intron read-through variants (IRT) thereof. In featured aspects, methods of the
present invention are used to reduce the levels of one or more infron read-through

25  variant species in a protein preparation, for example, n an antibody preparation. In
various embodiments, the protein recovered from the Fc binding agent has a level of
intron read-through variants that is at least 5 fold less than the level of intron read-
through variants in the source liquid, and in some embodiments at least 10 fold less than
the level of intron read-through variants in the source liquid. In various embodiments,

30 the intron read-through variants comprise less than about 1.0%, 0.8%, 0.5%, 0.2% or

0.1% of'the species of said protein in the solution containing said protein recovered from

the Fe binding agent.



10 linked glycosylation consensus site of the antibody heavy chain is indicated in italics at residue
positions 299-301 (lower panel). The predicted heavy chain C-terminal lysine is shown in parenthesis.
DETAILED DESCRIPTION OF THE INVENTION Prior TO further describing the invention, it may
be helpful to an understanding thereof to set forth defipitions of certain terms to be used herein. The
definitions set forth herein have been grouped for ease of reference only and not by way of limitation.
10 Protein Related Definitions The present invention features methods of purifying AO-binding
proteins, in particulaf A@ipsdisnpentibodiesniripanticotarydhid davesiiar feathres e puLification of

proteins having,con fregions, inparticular, protein p ving Fe regions (e.g., .15 antibodies),
produced in cell culgﬁg {Iar%%\’/g%ﬁ)%gg%@paé}c%?tﬁg) %z%éeggg 1%?éﬁﬁﬁ9}ﬁmag‘§te?lﬂ%’é%ﬁgﬁ§wwurifying an
Af3 binding prér@ile thatodesiaine dehFearegie (L. BUBN temn fariti-félieatinpdyisianna &oltign containing

fir protein and,poe,ormere Jgadsthrough yarianpts thereof, such as, for example, intron read-through
variants. In feg%)ured aspects, methods 01? the pres%l\r%gn%% |o(r)1raﬁlgrﬁ SRy %Cd’éﬂfe“fﬁ’@]?évels of one or

more intron 20 #e4Y-SRFSIFE AN ECICHER AFPSISRS ivla asrateintibeharateniar examplasin an antibody
preparation. ThgHeime i tRe sRAC MR FHAN AR INEAD Jggﬁﬁg‘sf QudfLvariant species” are

used interchang;0 ably herein and, refer to the Eroduct of a process where, in e synﬁﬁesis of the A[3
binding proteif, 3%“[‘9 StFaEhE AR ghiiah Retbriniddsas shisr tes tevabefilstomoleandading region by a
stop codou in trégintratipnioitelheeadingld segiRrschhedasbiisAyar i%%%?ﬂéggeﬂﬂa% interest

(i.e., an mtrontﬁ%e}g‘;g%%g‘g varjan with. gne or more | complete or missing domains. Such inn-ons

can contain more than one stop coqon resulting Tete poSSBRfy SHiprdavarrysevbedisimerent intron
read-throligh Vesriertsnolecular e daimetiandeodistitdesb anaebyarian, e BBS) refersdo any

species 30 where aidgastape disylfide hond:issmissing. The missing disulfide bond can be either an
interchain disulfide bond or an intrachg)iln d]isﬁi@é %%ﬁ%ogrcg%%lr%’m%ﬂ RSty e84 FomThe term

"low moleculamgfgh‘ﬂ’éﬁé’c?@@br "LMW" species refers to variants of the Ap binding protein, e.g.,

anti-AP antibody, indiidiag a:pispein. sRecleaihaheansis's:offieseavy haln, e fight chain, &)
ro

species, half-m I§cul,e, and three-quarters-molecule, or mixtures thereof e IS"an about 42 IcD

cell wall protei‘ﬁ EREA A RIS PARHE A S pROEortiaosiir éeomehichibin denwithisigheaffinity (about

104lvi to heimaiolgia ki thaEcreginn ebAUibARiEs- ASHES S RRISIN LI, 1610 ,Protein A”

encompaSSeSnE’gt%toedgl of the present invention are used to reduce the levels of one or more under
disulfide bonded variant species in a protein preparation, such as an antibody
preparation. In various embodiments, the protein recovered from the Fe binding agent
has a level of under disulfide bonded variants that is at least 5 fold less than the level of

20 under disulfide bonded variants in the source liquid, and in some embodiments at least
10 fold less than the level of under disulfide bonded variants in the source liquid. In
various embodiments, the under disulfide bonded variants comprise less than about 20%,
15%, 10%, 5%, 2% or 1% of the species of said protein in the solution containing said
protein recovered from the Fc binding agent.

25 In another aspect, the present invention provides an AP binding protein,
preferably an anti-AP antibody, purified according to any of the methods that comprise
at least the steps of first adsorbing the protein to an Fo binding agent, followed by
washing the Fc binding agent with a buffer solution containing a divalent cation salt to
remove one or more impurities, and subsequently recovering the protein from the Fc

30 binding agent. In various embodiments, the anti-Af antibody is a humanized anti-Ag

antibody selected from the group consisting of 3D, 10D5, 12B4, 12A11, 15C11 and



A recovered from a. native source thereof, Protein A produced synthetically (e.g., by peptide synthesis,
by recombinant techniques, etc.), and variants thereof which retain the 10 ability to bind proteins which
have a 01-12/ CI-13 region. Protein G is a cell wall protein from group G streptococci. Protein G. is
a type lll Fe-receptor which binds with high affinity to the Fc region of antibodies, in particular, IgG
antibodies. As used herein, the term "Protein G" encompasses Protein 0 recovered from a native
source thereof, Protein G produced synthetically (e.g., by peptide 15 synthesis, by recombinant
techniques, eté0andivariznits dbreahomitie retain hetibitityito: hind-piesainsvhichnayg,a Pc region.
The terms "p- ' i, P le]] ide' " Iﬁlé% "Ap'" 3' "Ap peptide" are used
interchangeab?;1 ﬁffg?%eéﬁ%e%rgu’%\%%g mgggr%gtgfnﬁ)?ggée h%rr%ﬁf?%q tended to refer to a protein
20 capable of specifidAIfr¥RiAG t6-AD Pepritidis)otion epitopes(sysiithinzaldAQ peptide(s), or
having an appreis indingratiing emp| odiments,.the Ap hinding protein
contains an ch?g %ﬁggﬁﬂ?ﬁ’gﬁ?%ﬁ%ﬁﬁ%ﬁ%gﬁ%%ﬁ%ﬁﬁ%eﬁe osr%?r%r toaf}w%%‘}g%t 8§§f the
invention. The &R hb hararimsgionuireh(ased interdhamijealyyheraio)katess 25 to an
antigen-bindinggfateimhayi Qgﬂ% [ @% structure consisting of two heavy and
two light chain jgiaid chaingwge%w]g sta %ﬁggg%‘%{rﬁ g%%%{%, &3@1 i%‘f‘é‘lrc %SIPI? %Oﬂf’fﬁgqﬁlgﬁb@’s?which has the
ability to specié&%]ﬁ”ﬁﬁ‘?&‘%ﬁﬂém B0 heaf/ )T aRer fidrpekidicss anéshilste sntly dernednsg Pine tam
"antibody" or "prowinagiabuir: Rewdessagnoclonal antibodies (including full length monoclonal
antibodies), 30 polycé?gaaé tibodies, multispecific antibodies (for example, bispecific antibodies),
chimeric antibodies, 9gr3%t%sae§ﬁti%dﬁ SRURARY e Ristissarrusfieatandraibddies, and single
chain antib%di@s@suﬁh@.ﬁheﬁérmﬂ&ﬁmdmﬁ%mpﬂb@d@db%%Mf@ﬁlgpgysgg(gmgpg{pposition", as

used herein, refgrs. lation_of antibody molecules that contain only one species of an antigen
binding site capgb%{l%]?‘é@g)g%%i rge%lﬁ%)qgiﬁ%lar%l igg %ﬁﬁ% iRt arget dptiejrd for example,
an epitope(s) ofahmgtonbelonairgragendyitonipdsitienithise typisallydispliaysA singieshinding
specificity and 2finity f9t g-aRarticulastarget.antigen with which it irnmanoreacts, Non-human
antibodies can be {'humanirzed" by gec n%u%%as é’sgg%ee%f?}fg?céjfgﬂ?ﬁlé}%ﬁr@%pIﬁ%ﬁ??\l}%o. 5,225,539. hi
one method, theoHBI. REFABN CDRs are inserted into a human antibody or consensus antibody

framework sequencerfuhathandes AR hen.pe rodised pia the anibady framework to

modulate affinity or immunqgenicity. 10The term "anti-AP antibo ROee 716"%n antibody

, 11 P
_ . y'is intended to Fef
having binding S5&&TRIE £5 Bt ot R id IrevinsorphodEndie B Bp peptide is
also known in thenprisas hetasaonyleisbpepiidendn.aentideisanApRmaximalely 4 16D 114 infernal
fragment of 39-4{%19‘ ino_acids of APP I(lAp39, AP40, A41, f341, R42 Anti AR43, "

COMPIISC 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,

20  along with instructions for use of the kit, e. g, to purify an AP binding protein, e.g., anti-

AP antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure I shows the complete amino acid sequences of the humanized 3D6
25 version 2 (hu3D6.v2) anti AB antibody light and heavy chains, SEQ ID NO1 and SEQ
ID NO:2, respectively. Light chain complementarity determining regions (CDR), i.e.,
CDR1, CDR2, and CDR3 are, respectively, at residue positions 24-39, 55-61, and 94-
102 (upper panel). Heavy chain complementarity determining regions (CDR), i.e.,
CDR1, CDR2, and CDR3 are, respectively, at residue positions 40-44, 50-65 , and 9%-
30 108 (lower panel). Predicted intramolecular disulfide bonds are illustrated by
connections of the cysteine residues nvolved. Cysteines expected to form

intermolecular disulfide bonds are underlined and the connectivity indicated. The N-



respectively). The term "anti-A3 antibody" is intended to encompass antibodies having 15 binding
speciality for any of these forms of Ap peptide. Specific anti-AP antibodies of interest include; but are
not limited to, 3D6, 10D5, 12B4, 12411, 15C11 and 266, and humanized versions thereof Exerhplary
anti-AP-antibodies are described in U.S. Application S«grial No. 10/010,942, filed December 6, 2001
(U.S. Patent Publication No. 2003016549641; see alsd PCT Publication No. WO 2002/4623742); U.S.
Application 20 Serial No, 10/388,389, filed March 12, 2003 (U.S. Patent Publication No.

20040087777 ¥1kedalscayREMm Poirirationitd of WORIRDREMK 04 2in ik $ Avplication;Serial No.
10/388,214, filed: March.:1. 3 AN, blication.No. 20040082762A1; see also PCT
Publication Nclf.‘& W&géﬁ)%%%n%%%%)%aaé@{%%%%anoﬁ ee%%%@?i&éf@}@éf%@%ﬁ%@,1?004 (U.S.
Patent Publicatio#' N8 ZoasbeEiB651A1; 25 sec also PCT Publication No. WO 2004/10889542); and
U.S. Application Serial No. 11/304,986, filed December 15, 2005; see also PCDUS05/45515); the
entire contfnts of all of which are hereby incorporated by reference.  Additional exemplary anti-AP
antibodiesare described in U.S. Application Serial No. 10/226,435, filed February 26, 2001 (U.S.
Patent Publicaliai Ao F200480434 184,30 'sER alsorRGToRublication No. W001/062801A2), U.S.
Application Serial N%&8/48&%%6g]e%§u ust 14, 2002 éU.S. Patent Publication No 2004019289841,
see also PCT Publication No. 0} 95)IYeRIRN R RaY & BdpBl Koam erdTstasng] 3 filed April
26, 2002 (U.StireefitoReblicttidfih 60200500006 48A1 1o ReORGH PRl cREAMNG. ot
W002/088306A2): - [Gatl ri 0..10/497 475, filed April 26, 2002; (U.S. Patent Publication
No. 20050142%%%%@3%& 5%%8%% %S&?&ﬁc%l’ﬁgﬁsﬁl?). SATGBIGEaRaFABY! B oVeY Sf lpitkaRion Serial
No. 10/5(3@,313, filed February 20, 5 2003; (U.S. Patent Publication No. 20050169925; see also PCT
Publication NopM{eR3HeiARA694Rktions The term "antibody fragment” refers to apart or portion of an
antibody or antibody chain comprising fewer amino acid residues than an intact or complete antibody
or antibody chain. Frggﬁfgﬁstgnéélhvﬁétl{%’étmée%@%h%ﬁm@fmmﬁmimgmmmf an intact or

complete antihﬁd&@ﬁ@ﬁb@d}ﬁﬁ@&lﬁtiﬁéd&?ﬂeﬂi%&ﬁ@uﬁﬁ%@%ﬁlﬂﬁ%g%{&cﬁ@ﬁﬁ%%t R RS:
ods

Exemplary fra ments include Fag[b Fab., P(abFabc and/or Fv fragments. Meth or the construction

i SUBRSOBSRY ISeRRn &2 PRSSUED ATofTesdF SaR FescRises 75.1281). Other

of Fab fragments are desch

antibody fragmekite fies), bexdured iced byuteakniguesiknowp i Bt s Bing. UL RSk imited to: (i)
an F(ab")2 15 fragm r ed b sin.digestion of an antijbody molecule; (i) a Fab fragment:
generated by reduci%%%#g%ﬂﬁjg E‘ﬁgﬁgg%g gﬁoﬁg%ﬁ SPRLRRS AL fiRy esiosns shedfenerated by
the treatment gffhatintiyoliyrmosetuienvithpanastiandoeredueing: agentan. vty fagments. The

term "antigen-Rinding fr t" refers to a polypeptide fragment of an immtmoglobulin or antibody that
binds antigen or compe?égsg}vs%c%%’zgs iR a?é% {g’u%lg&? ??%%%Wi‘@h HiE e rndetived fspegsecific
antigen bindingzethodstid e pregohintiontiofe sctosadgiotudlae tagitnaf athea\or plolightehain

polypeptid@e cqeg@rigegggqgﬁg)evg}% @gxescg{g%pggggrﬁiﬁ 4 tide loo s? stabilized, for example,

pe
by ii-pleated sheet and/or intrachain disulfide bond. Domar %ma}g[gurcfﬁg}fa ple, In an antibody

preparation. The terms “intron read-through variant,” and “intron read-through variant
species” are used interchangeably berein and refer to the product of a process where, in
the synthesis of the AP binding protein, polypeptide chain elongation is terminated prior
to transcription of a coding region by a stop codon in the intron prior to the coding

25 region. The resultis a variant of the protein of interest (i.e., an intron read-through
variant) with one or more incomplete or missing domains. Such introns can contain
more than one stop codon resulting in the possibility of producing several different
intron read-through variants.

The term “under disulfide bonded variant” (or “UDB”) refers to any species
30  where at least one disulfide bond is missing. The missing disulfide bond can be either

an interchain disulfide bond or an intrachain disulfide bond or a combination of the two.



referred to herein as "constant” or "variable", based on the relative lack of sequence 25 variation within
the domains of various class members in the case of a "constant” domain, or the significant variation
within the domains of various class members in the case of a "variable” domain. "Constant" domains
on the light chain are referred to interchangeably as "light chain constant regions", "light chain constant
domains", "CL" regions or "CL" domains). "Constant" domains on the heavy chain are referred to 30
interchangeably as "heavy chain constant regions”, "heavy chain constant domains”, "CH" regions or
"CH" domains). "Varifitéergoiheinsiokethledighigbhspacise’ referemiito Jpterehangeablyasight chain
variable regions., Alight &£hai jable domains”, \'WU: regigns,or "VL" domains). "Variable" domains on
the heavy chari}rﬁ;eajilg5 %éﬁr?egc?{g{%ﬁ %h‘?é’rc gr%%%’l%oéig "'ﬁ@i@%ﬁﬁf@ﬁ%@%d@%omﬁéﬁw chain
variable domaftis*eorvieefiains Gre Vit dbataifky. specibhciermsregiRnacamalsgrefas o a part or
portion of an aptikedy chaikqh.RtRaAY,£hain domain (for example, a part or portion of a heavy or light
chain or aé?’art 5 or portion of a constant or variable domain, as defined herein), as well as more

discrete patts or porfi6HEiBrsdideramE b KBreminelFootsarfpte] lighiand-hieasy chains or light and

heavy chain vatigialesdespaing Relugei ceyRREREiai ‘?é/' EQ ' ions”.or "C " interspersed
among "frarne%ﬁg%lc reé%ions" or."FRs", as defined hggein. T e?r&ﬁl %cfgr?@?rtﬁ’a S rete?d %o the tertiary

structure of a protain BI°LS BN BatRte, Alkirhbendrdha it Bivaititd eysantibody Rhaiim, domain or

region thereof AFpe@xast fitentlae pivaseuiig il oo Heava:chainsapiaration, s to the tertiary
structure of a I&Bﬁ&gg (%gé/s){g %haigcvarjbable re%ion, and theaga?ase "agr?ﬂ::t&(?g;ag%[r?fzﬁﬁ?%}[ion" or

"antibody fragment conformatio FRTer SR8 HE TR AR Sfubind wrimta fiserh Phidkagtiarththereof
15The terlf "spiEfidbtringoistarmdndibbate mEHns et the@ntibody exhibits appreciable affinity for a

particular antigen or gpitqRe;and, ganesal es not exhibit significant cross-reactivity. In exemplary
embodiments,_the antibod%/‘, exhibits no crlc%{s‘é-%le%%%lvﬁ? ‘(%?Jlesxal%tﬁFé{cﬁloergﬁﬂfl&dééfﬁ%%mvith non-Afi

peptides or witfPFERTBIR Sérschmdspitsh aizbafRB), toxppieciaiet of prededied hipginguiacludes binding

with an 20affiriigrehatdeast 10s@sd@nbrat-thelQmMp R I0-A0 M. Affinities greatez than 10-7M,
preferably greater than.10-8M are more preferred. Values intgr}grﬁoﬁapa es‘c’g?%%ooesl@ SEFOMA Herein are

also intended 16 B Withif IREF S Bir8 S therfsia SepraAveastomtatcalbréferrés hindig affinity can be

indicated s ammmiaftazfﬁedﬂﬁ.mifmnemmiﬁ@eswt@)gcaﬂ(pvl_tr{\_gmggqgfgg@g Iy Qe 7404 [a\gﬂgpgre, . .
preferably le th]bQﬁ% IQ(IO Apan |t%%q}/ tréz%thoes not 25 exhibit significant cross-reactivity” i1s‘one that will
not appreciably bind‘to an un esiraple entcltrye%fSP'example, an undesirable protein, polypeptide; or

peptide). For exampIéf,leahqramrﬁbdmm@iﬁqmetaiﬁmaﬁ&-&mylsjmpeiymgtamaggﬁj@p&ybbigg,ﬁél% but will not

significantly reagct with. non-Ap proteins or peptides (for example, non-AP proteins or peptides included
in plaques). An aén\élt}g}% s?:;reecﬁ?:a(;grlltgr%%arrf%%gyEfﬁ%b‘be will, for 30 example, not significantly - -

cross-react with reméte trdiffesiebiefiito pes«dir tieisamerBroleiner RaREJE-SReCIis; inding can be
determineg according o Any-art-reco nized eanf:.flo determining such binding. Preferably, specific
binding is dete%%rined a&()grpgﬁn%l?o ggﬁgﬁgéﬁ% naw ?é%\%%?%?ﬁﬁgﬁ}i%ﬂﬁfh&mg%says.

peptide(s), or having an appreciable binding affinity for AB. In exemplary

embodiments, the AB binding protein contains an Fe region such that it can bind an Fo

binding agent according to the methods of the invention.

The term “antibody” or “immunoglobulin” (used interchangeably herein) refers

25 to an antigen-binding protein having a basic four-polypeptide chain structure consisting
of two heavy and two light chains, said chains being stabilized, for example, by
interchain disulfide bonds, which has the ability to specifically bind anti gen. Both heavy
and light chains are folded into domains. The term “antibody” or “immunoglobulin”
includes monoclonal antibodies (including full length monoclonal antibodies),
30 polyclonal antibodies, multispecific antibodies (for example, bispecific antibodies),

chimeric antibodies, CDR-grafted antibodies, humanized antibodies, human antibodies,

and single chain antibodies (scFvs). The term “monoclonal antibody” or “monoclonal



15 Other than "bispecific”" or "bifunctional” immunoglobulins or antibodies, an mmunoglobulin or
antibody is understood to have each of its binding sites identical. A "bispecific" or "bifiumtional
antibody" is an artificial hybrid antibody having two different heavy/light chain pairs and two different
binding sites. Bispecific antibodies 5 can be produced by a variety of methods including fusion of
hybridomas or linking of Fab' fragments. See, for exan¥le, Songsivilai & Lachmann, Clin. Exp.
hninunol. 79:315-321 (1990); Kostelny et al., I. Immunol. 148, 1547-1553 (1992). An "antigen" is a
molecule (for exdbrale conpredRinn DAY REALGE RERILS, rB e, or | mol%ecuLS ontaining an
antigenic determipant tcP vgrr]ich an 10 antibody ::%Eé%?cglili’/a %Hd&g{gk ﬁlé%trgé.'ofgﬂ %B ?83 gg}?atantigenic

determinant” refers 1o a Sit8 o aACAtiGBATSSHhRAdRE Slin GrrAbist ircoEmitioaaly (sndintigen binding
fragment thereafjspetifiepityinds. trpiiopegeandee farped Qpépi{(gggtgggpg%you%amrﬂ)i 0 acids or
noncontiguousa&mg}g, @8@9;&&%&%0 %ggg%;}ﬁrt?r folding of a protein. Epitopes formed from 15
contiguous amino acids are typically retaine oﬁé%ﬁﬁﬁ@% Qe apryiSisie aes, sffimiedorepitopes
formed by tertaP§tsidirigaesiypiamiygsvdrictr éaumentwithote nadkring, SOWRRISIAD SRilpe typically
includes at least 3, fhid: : 2 4 Or 15 ami ids in a unigue spatial
conformation. Methods of ﬁ%ﬁ%ﬁ%@%ﬁ%ﬁgﬁﬁgﬁ)%&éﬁéﬁ ’6?2&%%%%“%&1&@% orélatple, x-ray
crystallograph§areeBosotbrrendieman s magmeticines ohance. 58t fpb LxaBRI.EPiItope

Mapping Protesdisouy MeathadsinddolacularBi 5. B Morris, Ed, (1996). . In addition to
the anti-Ap an%jrbodies escribe é&t/:l)ove, othﬁ%%ﬁé%%%%o&%ﬁ%ﬁﬁ%%ﬁé%cgéjﬁ‘b(? 4 5GP Pioteins.
The terms "an .%&V?ﬁéi%ﬁlb%‘t W'aﬁmtya‘?ﬁi‘%ﬂméwl%fers to a fusion protein including all or a
portion ofl4n antibodyusathtaat 260least ane ReRraRikAEYALtEIN,RQHioN or pol gibe%%tf&'dﬁeg Fusion is
generally accosmé?}lish?déar%/ enetic ené;ineering of the gene encoding said B’ro ein. itiohal
exemplary antibody TUSio! ??? RS RI ST e pes eTchinelintp portidR B asfapsiamyi(including
the Fe region)diss&dderath ahaapostisaohapthersglible gr lar biological protein, for example a
receptor (,ceIIu.Ia,[r or spluble) or portion the?el@of,%agg%sir?ésoggggﬁﬁﬁﬁt%naq e%%%% enzyme or portion
thereof, etc. Iﬁllpﬁlﬁﬁésﬁﬁg?%ﬁ?fa‘?{ﬁfdﬁgl TSP FifstRin G A favekiionthat 48R eamppse the Fe region of

an antibody fusepktgieeRON Y RedY-RIQIR ﬁgﬁg&ﬁ' 01 PRIV, cie that is capaple of binding to M. 16
The term "Ee lgin ing agent” refers to a mgrecule that ?s calggﬁéooefnﬁ?r%?ﬁsgs ﬁggﬁg%?}?@iﬁg of an

antibody (8.9. "H RIS SheRdABeptifones [iritddretalcoppiéfnent RIpteifiani EegECeptor or

a bacterial-detivestqratide Shehuas B giein Ao NOte G, h i inity for the Fe region of an
antibody, e 0 raDIeeEbS; 1hakhaniioh flnity of the Fe

humanized versions thereof. Exemplary anti-Ap antibodies are described in U.S.
Application Serial No. 10/010,942, filed December 6, 2001 (U.S. Patent Publication No.
20030165496A1; see also PCT Publication No. WO 2002/46237A2); U.S. Application
20  Serial No. 10/388,389, filed March 12, 2003 (U.S. Patent Publication No.
20040087777 A1; see also PCT Publication No. WO 2004/080419A2); U.S. Application
Serial No. 10/388,214, filed March 12, 2003 (U.S. Patent Publication No.
20040082762 A1; see also PCT Publication No. WO 2003/077858A2); U.S. Application
Serial No. 10/858,855, filed June 1,2004 (U.S. Patent Publication No. 20050118651A1:
25 see also PCT Publication No. WO 2004/ 108895A2); and U.S. Application Serial No. |
11/304,986, filed December 15, 2003; see also PCT/US05/45515);

the entire contents of
all of which are hereby incorporated by reference.

Additional exemplary anti-AB antibodies are described in U.S. Application Serial
No. 10/226,435, filed February 26, 2001 (U.S. Patent Publication No. 2004004341 8AL;
30 see also PCT Publication No. WO01/062801A2), U.S. Aﬁplication Serial No.
10/487,322, filed August 14, 2002 (U.S. Patent Publication No. 20040192898A1; see
also PCT Publication No. WO03/016466A2); U.S. Application Serial No. 10/476,265,



5The term "Fc region" refers to a C-terminal region of an IgG antibody, in particular, the C-terminal
region of the heavy chain(s) of said IgG antibody. Although the boundaries of the Fe region of an IgG
heavy chain can vary slightly, a Fe region is typically defined as spanning from about amino acid
residue Cys226 to the carboxyltemainus of an IgG heavy chain(s). 10 Chromatoara_phy Related
Definitions The term "source liquid", as used herein, r fersto a liquid containing at least one target
substance which is sought to be purified from other substances also present. Source liquids can, for

example, be adlrbdssolatiddl; GidamicsoReblieystent. 0005H euIRIUI/ALARNIS, SQiMent mixtures or
solutions. The suiceliguigls ex,mixgures or solutions containing many biological
molecules (such as 3@%,%@%5, Eoriﬁ?ﬁ%’s‘,&%%o@ﬂﬂgégfa!mﬁllW&%Z}ﬁ?l%% et e salts,
sugars, lipids, &t JURd &8 rPatariduiblicatiatitio. MO MBIItAN setweRdigan ofbirlagigatorigin may

begin as an agqwesuS EBIGIDMOr SHIPENAION; AL A ntaj Ic.sojvents used in earlier 20
separation 55te2§ such as solvzntrt%r_eci_pit%ﬁé%%t%g%r@'ﬁgﬁg %Eé%%é&W%OUICO liquids

that may cantafil valtkatte Bist Grokicatipriaca0aRIG996 ks sethlsorR T Ratidiodnip i a¥tous embodiments
the present invé@iegidnchsda2put are not limited to, a culture supernatant from a bioreactor, a
homogenized cell suspension, plasma, plasma fractions, and milk. 25The term "target substance" or
"target protein” or "target antib Oﬁﬁéﬁgﬁmiﬁﬁeﬁéﬁ@ﬁ%@%ﬁéﬂ #plidgiog proteins, e.g.,

anti-An antibodig&adsbépuritiegismsesccediguiccTnaiarastEMbsiance mayRe piesent in the source
liquid as a suspgAsia in.salution. The temi "impurities” refers to materials in the source liquid that
are different 30 from hgt%%%@u%g%%r?cﬁga(éylgﬁ% 578 DR ShABI ke chzpitro AT eveTmalicarget
substancé brodetayIsisieariaapurivewinis edshudoleicaatisisynieteinsdpslusing.inienyeadthrough
species, low mgjegdaryeight.sRasiesand Isylfide bonded species), peptides, endotoxius,
viruses and smal mole?:\gtljles. 17 Tehe teﬁg%{}qé%#)(%g nelrﬁ%lﬁl e%‘%r?&%s re pﬁ'@ﬁ’u)c?t’sF Wich

detract, or dimMTTHE BRSO S¢nskafos thic orestehstisitio6 Fal érggorents arbkiesetvadhigh molecular

weight speciesixeelpils, EnReQteH]. CoIPexeswdial have pmoleghlar weight which is greater than the
desired protein PJ’cfQo% m%/e{wtiﬁ%. In 5 the case of an antib.ody;?for exaér;,){giga \rlwﬁn"b%‘%‘% b8y Such
aggregates aré greater than AB3UE 188 1RLf the art mcluding; but not limited to: (i) an F(ab')2

15

fragment produced by pepsin digestion of an antibody molecule; (ii) a Fab fragment
generated by reducing the disulfide, bridges of an F(ab")2 fragment; (iii) a Fab’ fragment
generated by the treatment of the antibody molecule with papain and a reducing agent
and (iv) Fv fragments. The term “anti gen-binding fragment” refers to a polypeptide
fragment of an immunoglobulin or antibody that binds antigen or competes with the

20  intact antibody from which they were derived for specific antigen binding.

The term “domain” refers to a globular region of a heavy or light chain
polypeptide comprising peptide loops (e.g., comprising 3 to 4 peptide loops) stabilized,
for example, by B-pleated sheet and/or intrachain disulfide bond. Domains are further
referred to herein as “constant” or “variable”, based on the relative lack of sequence

25 variation within the domains of various class members in the case of a “constant”
domain, or the significant variation within the domains of various class members in the
case of a “variable” domain. “Constant” domains on the light chain are referred to
interchangeably as “light chain constant regions”, “light chain constant domains”, “CL”
regions or “CL” domains). “Constant” domains on the heavy chain are referred to

30  interchangeably as “heavy chain constant regions”, “heavy chain constant domains”,
“CH” regions or “CH” domains). “Variable” domains on the light chain are referred to
interchangeably as “light chain variable regions”, “light chain variable domains”, “VL”

: {3 ” : b :
regions or “VL” domains). “Variable” domains on the heavy chain are referred to



The term "low molecular weight species" refers to proteins, for example, degradation products, which
have a molecular weight which is less than the desired protein of the invention. In the case of an
antibody, for example, an IgG antibody, such 10 degradation products are less than about 150 Ica As
used herein, the term "solid phase" refers to a non-aqlgeous matrix with ‘ch a target substance
interacts during purification or to which an Fe binding 4gent can adhere. Suitable solid phase materials
include, but are not limited to, glass, silica (e.g., silica gel), polysaccharides (e.g., a polysaccharide
matrix) such ad'EREssahtecialosehts ormmbie pafimesrsisal ssapolacmianids
methyimethacmger%'g%y@gﬁe%ﬁg}ﬂwlbenzene copolymers such as for example AmberliteTM
resin, (commercially available from Rohm & Haas Chemical Co., Philadelphia, Pa.). The solid phase
can be selected from&f{°8¥ (8RBl paTTre SIS dompatiy et oribédrasmiffinitycign exchange and ion
capture resinsankite SobkhRphRse ARSI Sx%a ification. column, a.70 discontinuous phase
of discretesparticlesggr a combinﬁaﬁ%n th,erelgf 2r%](-:-f}_ lggl(i% %br&lrgg%a%g%ﬁgv&%&%%%?‘%8%8%5
character, and’ légﬁrggnc%fr?\ﬁ?gwlgrd’@mﬁfﬁ?@é%@,q?ﬁ%@ib%@mb@@iﬁhb&stmdﬂ‘meimfkjephase is a
polymeric matﬂmroapca@amsﬁs@ﬂrtiﬁhen@robaaﬂ;alﬁs\/@f&@%a%{pi%?ﬂ%ﬁ%}‘i&ﬁ@%jﬁl%&hc%%? ﬁ?“ be
coated with a E%ﬁ%%% }g%%ckl]l as { cg{%l%, for .exglmp!‘e, to Frevent_nonspec[fi(_: erence 6f impurities
to the solid phase. 25 An Fe Binding SHIAPHRSE e P URlgHBLedssdeierainisayesionst associated
ligand that will &Rt Peehiprding ayent te-adkereitodtiensudacerel the saticbphase, Preferred solid
phase materials will ic - ically resilient to the conditions employed in the
purification process |?1%ﬁ%%{r? g‘ﬂﬁ%&%ﬁﬁd@gﬁﬁ?@% Fﬁﬁ%%ﬁ%%ﬂ“fe?ﬁﬁé’@f%gf pH, and other
aspects of theNRiYRER!E sishda. Doexsmiteligamdibetersitibady ety thahbinds selestively or
preferentially ih@e@mpeRenh eghges}g%g iguid thr, specific.interaction with a binding site of
the component.rjcg the resentgifnv_entlon, tﬁéh%%%g?yj %%?r%%e%ﬁcgﬁ E&lﬁ%née%%m)t typically

TARBHSTHITAEE Y rHehs Cordey i shatTasabicuteion. lryuils thatsdSansindde bound to the

immobilized to a
resin support pfoviddeahomatsaphs sesinsiseithit dhe Rracassief dhe fles ﬁu@{ailnvﬁna%on include,
but are not limjted; tégr cI)Drgtein At, Erl%te' G, and their analogs, which selectively bin foa protein Fe
region. Methods ofo Indi

in&%?ﬁ%lty |g§. ds to solid support materials are well known in the purification
art. See, £g., the 5 réferenué wxtsiAtinitinSeptaatianis & B@ﬁﬂ@ﬁéﬁ@@éﬁ%ﬁﬂf sagtical Approach
e

Series), Paul tsghu itor), 10 Pr: . and Affinity Chromatography, Herbert Schott, Marcel
Dekker, New g_ork,: 1957%&%@3}}1%&%%&%%%%%%%ﬁlilelpe%ﬁa B FAR T esiocs et
chromatograpP SRR EoRpGEs dselianasccobsdbstratetvtnabianeligandsdawad to its

surfaces. 10 "leRcexEhange,ehOR AN BBV EESIB QLR SXAFPAGi [ESIN. [efers to a solid support to
which are coitgls?ntly bound ligands that bear a poasitive or rllg(e%%at?v%%é %rﬁ%?vg R thus has free

counterions avaTABIGHSPRES HaNYe witPPISTEhiea Sontrferiosivindinicinthelmrbaxdoanis desin is
contacte@0"Cafitnigxdhainge: resinsl fefer§ twanion @w@ng@fﬁ%&gf@%@a@&@lﬁ%ﬁ Rpund 15

negatively chayged.|i r%gs a WE' §1§qus has free cations for exchange with:cations in a solution
with which th:f; resin@c ﬁ%’taeéggél? 6\jvi e VRIAGF AT IS o\anah Jucraiate of those set forth

herein are also intended to be within the scope of the present invention and a preferred

binding affinity can be indicated as a range of affinities, for example, 107 to 10710 M,

preferably 10”7 to 107" M, more preferably 10%10 107° M. An antibody that “does not

25  exhibit significant cross-reactivity” is one that will not appreciably bind to an
undesirable entity (for example, an undesirable protein, polypeptide, or peptide). For
example, an antibody that specifically binds to AB will appreciably bind AR but will not
significantly react with non-Ap proteins or peptides (for example, non-Ap proteins or
peptides included in plagues). An antibody specific for a particular epitope will, for

30. example, not significantly cross-react with remote or different epitopes on the same
protein or peptide. Specific binding can be determined according to any art-recognized
means for determining such binding. Preferably, specific binding is determined

according to Scatchard analysis and/or competitive binding assays.



are known in the art, for example, those wherein the covalently bound groups are carboxylate or
sulfonate. Commercially available cation exchange resins include CMCcellulose, SP-SephadexTm,
and Fast S_SepharoseTM (the latter two being commercially 20 available from Phatmacia). "Anion
exchange resins" refers to an ion exchange resin with covalently bound positively charged groups,
such as quaternary amino groups. Commercially available anion exchange resins include DEAF
cellulose, TMAE, QAE SephadexTm, and Fast Q SepharoseTM (the latter two being commercially

available from Pharntibia)thahAbisiseiioe @im edesm ehaatiapif5alhny %iearxﬁig%(%essalt which
comprises onelrgfn%%r%igu ic cog}g{%n nts th%t are low in the lyotropie series that are able to penetrate
[ e

protein hydration shelfs an ThE airSCHy TS HET W tHieck erasehEitidtindismsilieatidentissbociation,
favoring proteitPEntesbiit aticTvi Exatiopisufiehiadtcopia s dnakse Bitnaes peklimiied to, halide salts
of the Group llgements prerz1 (o] loride, 30 nesium chloride, barium chloride, calcium
bromide, magnesium brg(rﬁligref}%agﬁ%fgpé%rﬁ? e, 8a?é?§r%?g§?8g}%ﬁﬁ?f‘esfﬁjﬁ%%ﬁid@f@@ﬂm iodide). 19
Examples df stitableuivienbyaaionissatthvtiodeiiiding fostinied toidsalts of MRRE d¥i2* or Cu2+,
Mg2', Ca2+ arehiBa&agveith thieeyapatefnte!\éhy lo 101), nitrate (NO3-), chloride (Cr), and
bromide (Br"); rygi combinationsythiareoﬁn (’:ertaigr%31 I;eﬁr[nl1 é%%%a%&gf%e%f' SRS salt comprises a
divalent cation-%e o 5Mg2Y Vel iy et Bd2BnmretetfSd Lhietraiicisalts for use in the featured
processes are MgC12y Nigtigtaing Ealbleidtanthe-divalent catl wash step,. the target protein is
eluted from th%a%@gitxrgtre]romato%rapgg/ m§trit§F)A '{buf}ser“ is%a%%p’séfi g%vﬁ% ,egf)llél?s presence in
solution, increases the Amount oF ALTCEHEIIER DM A eREsifciP et tanibishamge in pH. A
buffered d8lutisrfibodresistiichlingasiin pH by the action of its acid-base conjugate components.
Buffered solutions foiuisg with biolagical.reagents are generally capable of maintaining a constant
concentration of h drogenl\%nsegsiﬁogjgtﬁét taﬁ%%) o ?ﬁ%%&ﬁﬁoﬁqgﬁﬁﬁﬁﬁ’ﬁgep?ﬁ@kﬂé@&?&lfﬂange. The
term "physiololeitA FHMFesertePwHE v 0t ean(maliatibiosid dirg; 4 38tarabayS H%iThs a
physiologic pHiangesis: ARV E21 65, Fraditional buffer 15 components include, but are not
limited to, organic andiﬁn%%gpanic salts, acidg éné%ga%gxg.‘%u Exemmpiany BUHEraIRaEg A% urification of
biological mol SRS LhTeRd Moletisesioidine oé amsotoitteFomoaiiGaadiduffers, see e.g.,
Good eta].5(1966)iBiocherisirychid 6/ and-@apdanddzang (1942) Metheds Enzyn2ol.. 24:62.
Exemplary bu rsrinsclulg but.are not Iimitedgt%qTES, MES,.PERgE)Cé)I\,@%HrIX:E@E'g‘? W@E@’MOPS, 20
TRICWTE and BIONE PSS RHdrHtss tiifer e femcally instrer isgtheotprighare the Fc binding

reagent, solid éﬁ@@eﬁmdgbtmmrﬁoaeiiﬁtgpaftﬂp&&gumad@gigtqgmlwmg’;g’@t%rg)?tlQr eip, The

b 2

equilibration buyffey g isetopic and commonly has a pH in the range from about & to about 8.
PSRl Shaliar Cél’%)gmianco}%}’fﬂ {IBiRging protein, e.g,

. 11 @ ungue
The "loading buffer" is a buffer used tpaloaoﬂ?he sourc ‘
ami-AP antibotRFHghePTHiSERties eheoithpes dlidyshake taanhith firkccbjedingagentis mmobilized.
Often, the@quﬂiﬁ@ﬁm@gﬂdg@@@gﬁgﬁ@;@sgﬁme gam OrThe "1 Flu jon buffer" is used to elute the AP

binding protein from, the immobilized Fc binding agent. retaraply the st S Brr& kel sotsw
n Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996).

In addition to the anti-A antibodies described above, other AP binding proteins

include antibody fusion proteins. The terms “antibody fusion protein” and “antibody

fusion” refers to a fusion protein including all or a portion of an antibody fused to at
25 least one non-antibody protein portion or polypeptide. Fusion is generally accomplished
by genetic engineering of the gene encoding said protein. Additional exemplary
antibody fusion proteins include the cell receptor binding portion of an antibody
(including the Fc region) fused to all or a portion of another soluble or cellular biolo gical
protein, for example a receptor (cellular or soluble) or portion thereof, a cytokine or
30 portion thereof, an enzyme or portion thereof, etc. In particular, an antibody fusion

protein of the invention that can comprise the Fc region of an antibody fused to a non-

antibody protein portion or polypeptide that is capable of binding to Ap.



pH mid thereby disrupts interactions between the Fc binding agent and the protein of 30 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
glycirte, phosphate, acetate, citrate and ammonium tf)#ﬁffers, as well as combinations of these. The
preferred such buffers are 20 citrate and acetate buffers, most preferably sodium citrate or sodium
acetate buffers. Other elution buffers are contemplated including high pH buffers (e.g., those having a
pH of 9 or more) or Blfiféesic Shurisitigzegortipefund oroeslpasiiontsuehas MaGLi% RNRfor eluting
the protein of it ¢ : 9&% r buffer". as used. herein all refer herein to the liquid used
to carry awaylijrgn%l%i%legf%arﬁ%?e C %%ih%g?gpwlrge%q@t%@v]ﬁg&%gi;b %&Yﬁ&“fﬂ?ﬁﬁy& substance. More
than one wasROFERIIICEH el Slo e deserjaeptiabactygqditlivthiepsatece ssiteawpshdiguids having
varying properiessushs Rk 16ondusHWY:SAVPBLSABRENUAURRSlg.. designed to dissociate and

remove vaﬁrying types of impurities that 10 are non-specifica y‘assoc%ted with the chromatography
resin. Elution ligtig I efiisispufrererete s Gréraiminel teeitin oitkthaGsuidedioidissociate the

target substaneetirala the ChiamalagapiyorsREe) HHaghes eay&ng,e?%,g\ggq}gn & QL. mere wash
liquids. The elt%]g%r(l) Ii%éircli ac tor?issociate the target substance without denatdring it irréversibly.
Typical elution fiquids are w. IRrswWREITRRE a5 ekt tothaBfyaresny shty. idlerhigpreis
concentrationtypicaBitsichieedaffinnntigantimonianalagmoieihessubstanoesdal Qremaje dissociation

of the target spuhstanses L &‘ﬁe% omatc raphy resin. "Elution conditions" refers to process
conditions imposed on the target substance-bound chromatography resin that dissociate the target

substancEfrom the chromatography resin, such as the contacting of the target substance-bound 20

chromatograpty-Eesith¥ithaRelwianiguid Qi elution buffer to produce such dissociation. "Cleaning
liquid" or "cleaning buffer” refers herein to the liquid that is used to wash the chromatography resin

after the completion B]F?ﬁ%‘TBJﬁﬂ%&?ﬂ%‘eé%?%&%ﬁﬂf@ﬂimﬁdimliailmmaihngmié&ewgmﬁ, a

virus-inactivatingagebsiacssiaiiely g2k soncemiEatinng ofhsalis,Andd ﬁ%’okka}-\égegthigher or lower
pii than the lig (i)%%ctejied.gggin %he gurifig{gﬁi}on process. Its purpose is to decontaminate the

chromatography resin-to rendert reaoy for FASEOYS Pl AectTRgRgaitearsiaisiorown in the
chromatol §raphycans/storage euidiionistaragedbutier mefessbe im0 the,iguid n yhich the 30

chromatograpfy fesin ds Sysh dc%gltg%\ﬁv(gerénusgsqc)St%g?gP%{L%wdsﬁin addition to buffering ions, may

also contain microbicides or other preservatives. Such's o B RRelkiown in the
chrom atograpﬁ}ﬁlh?éle& 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
20 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
to, a culture supernatant from a bioreactor, a homo genized cell suspension, plasma,
plasma fractions, and milk.
25 The term "target substance” or “target protein” or “target antibody” refers herein
to the one or more desired AB binding proteins, e.g., anti-Af antibodies, to be purified
from the source liquid. The target substance may be present in the source liquid as a
suspension or in solution.
The term “impurities” refers to materials in the source liquid that are different
30 from the target substance(s) and are desirably excluded from the final target substance
product(s). Typical impurities include nucleic acids, proteins (including intron-read-
through species, low molecular weight species and under disulfide bonded species),

peptides, endotoxins, viruses and small molecules.



21 In various aspects, the present invention features methods for purifying an AP binding protein,
preferably an anti-Ap antibody, from a source liquid comprising the protein and one or more impurities
by adsorbing the protein to an Fe binding agent, followed by washing the Fe binding agent with a
buffer solution containing a divalent 5 cation salt to remove one or more impurities, and subsequently
recovering the protein from the Fe binding agent. Suithble Fe binding agents include, but are not
limited to, Protein A and Protein G. The present invention features processes for the purification of
AP binding proteins, ifihpastiauiay-griddP gﬁt}i@@igﬁdéﬁ%m@&w@w}ﬁgﬂ n.processes.include an 10
affinity chroma#%ﬁgﬁga(p}?@ﬁlsgg%f%he affigitﬁ;‘I chromatography step can he cc%r?tt%ﬁqoﬁg, disB6Atinuous, or a
combination of both. For examp EPME% 'ﬂﬁﬁ"/“c?fcrglﬁé&ﬁﬁﬁ phy step can be performed as a
discontinuous procesEhsmmémgmmmmmwamm@@e%ﬁgﬂy&pqugg}g}gé@&g%ﬁs the process

of bioselective;adsorplia eguent recovery, of g target compound from an immobilized ligancl.
This process allows for t%é?l %ﬁ%ﬁﬁsﬁ%@cﬁi? g.%%rgﬁ?& %ﬁﬁﬁééﬁBW@Pfﬁhetat‘g@ttmnbbund. The

process requirl ffcriizaauibotaricagpropiateliselentivedigang Egredaebindingagent) which will
bind the targetssempayngh(e.g., anti-AP antibody) generally with a dissociation constant . in the range
of 10-4 to le, while permitting recovery under mild conditions. The ligand is generally immobilized on a
beaded and porous nxgﬁie\’i“iﬁi&ﬁ%@%ﬂﬁ treigbispefies 20 totumpraatiingostaatshwise adsorption

medium. Adpgefdrrtn biodig, agaol iR QeI &uRrtein A pinds. the Fe region. of immunoglobulins.
Protein A consist§ (l}ll‘gp%hrg ions, five of which bind IgG. It %in(‘jzmv%}ﬁsﬂ?& ga] |r§1%| f?fic?ﬁlﬁf an IgGi, 1gG2

and IgG4, as well as mouse 1§&5E, AP Sphetsifon Biatsisitn Axstlentitedffiniti to human
IgD, 1gM LiyA éestadsE erspiveth @S mas Imetise kGit Asgaemaffinity ligand, protein A is immobilized to a
matrix so that these regigns free to bingd. One molecule of immobilized protein A can bind at least
two molecules of IgG. Nativeﬁlg%(lfl ’rte%(?(;%r%rgllng% ‘%/8?@&%?5@6fStQWA"ngﬁmﬁéﬁétmbiv}l for the Fe

region of IgG. REEBThBIAYAsrBieiAck MRitginrifeaonhe fbngl'ﬂ@eﬁﬁd?&%iﬂﬁlﬁgﬁgéﬁf gxample, a

C-terminal cystging: agshesn Qﬁi'ﬁ"ﬁmp%‘?gi}ﬂ@ ioetser coupling to a solid phase matrix. Such
coupling results jn enhanced binding capacity oflﬁ%tlp?b é?tnar gy egﬁoaﬁ@%aﬁ\]ﬂéarﬁﬁ&mg‘agent is

Protein G. Protaifec8:SiuncohsFifge asindinglyvapchigtiatiintity fondiuamandgi a1gG2il3Q3 and 1904,

as well as fnousgatg&vpntigiasd Rpkeias RS Ragmaderaie affinity for human IgG4 and mouse
IgG2a, igG2b gnd :}g 3. Recomoginant praotein G (rbrotg%G) can%()%g%’naé%%ggr%s 5'elete the
e

albumin-binding 5 region of (e HAHVE proteth ‘R eEampinARbPIHE Gstoritanmtmime binding
regions.  Anvaliehafiverinting: agestUsRroteinA G RGN, .ﬁ%&?&lﬁ%ﬁﬁ‘i%‘%@%@eered
protein that cogghings 4he | Qﬁﬁgé%‘?o rgfg Isealf both Protein A and Protein G. [t is a gene fusion
product secreted from a nonpathogenic form o Ba ROy AT HIRRG S8 ¥ fonrerehmigding domains
from Protein ABARETFEINFESteiR1G. Pldipndla Geisoakas ikl depandan:asRiaiein A, but
otherwise2bas dReReiivE PRARESHBR QEie particles, or a combination thereof. The solid phase can

be of porous or nonporous character, and can be compressible’ or incompressible. In

various embodiments, the solid phase is a polymeric matrix or an agarose particle or

bead. In various embodiments, the solid phase can be coated with a reagent (such as

glycerol), for example, to prevent nonspecific adherence of impurities to the solid phase.

An Fe binding solid phase need only possess a chemistry or an associated 1i gand 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.

30 "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 Fec binding agent) is

typically immobilized to a solid phase such as a resin. Examples of affinity ligands that



Protein A and G. Protein A/G binds to all human IgG subclasses, particularly suitable for
purification of polyclonal or monoclonal IgG antibodies whose subclasses have not been determined.
In addition, it binds to IgA, IgE, DOA and (to a lesser extent) Ign. Protein 15 A/G also binds well to all
mouse IgG subclasses, particularly suitable for purification of mouse monoclonal antibodies from 1gG
subclasses, without interference from IgA, 104 and miftine serum albumin. (See e.g., Sikkema.
(1989)Amer. Biotech. Lab 7, 42.) Individual subclasses of mouse monoclonals can have a stronger

affinity for the emirhebouRrotetheAtGithanpiaraihes ReetiroA 265 E%}r}eging%ggf%% Eliasson et al. 20
e

. : ; ; . 1 1he. process
(1988) 1 Biol. Ghg! 4323:4327 ) In the present invention, t e immobiliz ehblﬁ(ﬂng agent
(e.g., Protein A) is%vpa%%%% Witgtgé ivaient &?‘l{())arr]esré% UBHIRO o TeleiBve iRipligHtiesand haiticular, it has

been discover@BAAgs (s ieieE Vrip it prodtded e gice st whsasombinant Anfihgdy expression

technologies cag-hésBraauedsising.adivalent cation salt wash step, 25The methods of the present
invention céan optionally includl(se%urification ste(p%))és%g?uP g&qnulgﬁ%ﬁ}j %Hﬂﬁ%hﬁ?ﬁaét&g?ﬁ%hy and

divalent caner \WAEH St SO ER G0 8 e garivies o Aretsios] dampinathd@antion 8xsharee gigmatography

step and/or a fydtophehichntersta) chramaiegranh tep. Subsequent chromatography steps
can be contimﬁu C u o ..such as a ba%ﬁﬁglrﬁ?%(ﬁ%?oﬁéﬁbﬁgﬁ%ﬁ 8F&hoth. on

als G?Be@?eti,g%o Isz(e.g. .
exchange chroma%ograp f eﬁ%\r R hdicules based on differences between the overall charge of

the proteins. The targétffnateihmomsioaenhaeiaras opaasiiedhat afihe funclional igrou attached to
the resin in onggﬁqﬁp&T%(glrseeg(g@O@Jﬁbgntibodi s, which gener.ally‘have an overa} gggl e charge,
will bind well to cation exchangers, WhicKct t%ﬁﬁt‘?ﬂ?& W@W%’Hﬁ% homet dm b grotapss. Because

this interation is ionidobirirmg eaubrealaqeiapkunsier lewiionis aerditiess Eltion s aghjeved by

increasing thedeRiestrensity brgak YRpithe jonic interaction, or by changing the pH of the protein.
Whereas ion exchange chromatography grgﬁog%%ﬁ%% 801%{aaéz;bee%ro‘i= PSRRI Es R ens; 5

hydrophobic irft&taEH5R BHf Siiatsg eqsmyetions aelnbidrbpkatherpropétiies of SORRREAIRHIS.

Hydrophobic grbimpstienishepieieis Rifd 19 ayerqphilic groups on the column. The more hydrophobic a
protein is, the stronge&1 will bi?‘d to the_ column. The HIC step removes, for example, host cell derived

impurities (e.g.. DNA and Other Al Eidfonr s Ectndeveigimsrodsit-welhted dpatiesyukurther

purificati stepsaarinchadeiigsnie, rmatng HePs.asuelas,y '%?fé%%ﬂgpge%ﬂ{%gé%@'”?‘“On steps,
as described hegition wifh %ri&u%gpgg%qlsments, the Fe region containing protein’is an arlﬁilbody or an
antibody fusion protein having an Fe reglonct?fét?% Sy Wﬁ%ﬁ@ﬁ&?ﬁ@ﬂtﬁ@@&ﬂmcﬁh@ agent. The

use of the bufféF SBRITBIT dentainfpyeaadivitetieatidrisalihe wasiilg Feuhinding,agent allows for

greater removed: bR s sk agforLexample, 1o read-through variants and constant region
containing fra%gents (including L MW" and 15@%5%%%885 P RECRBRS e RsTede (@C-thetarget

substance in t IEMFcéffrc?ﬁ}H’ﬁdeXTM> and Fast S-Sepharose™ (the latter two being commercially
20 available from Pharmacia).

i : 5 3
Anion exchange resins" refers to an ion exchange resin with covalently bound

positively charged groups, such as quaternary amino groups. Commercially available
anion exchange resins include DEAE cellulose, TMAE, QAE Sephadex™, and Fast Q
Sepharose™ (the latter two being commercially available from Pharmacia).

25 As used herein, the term "chaotropic salt” refers to a salt which comprises one or

more ionic 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

30 magnesium chloride, barium chloride, calcium bromide, magnesium bromide,’barium

bromide, calcium iodide, magnesium iodide, barium 10dide).



The methods of the present invention comprise one or more chromatographic separation steps and in
addition can comprise one or more filtration steps for separating an Af3 binding protein ("the target
protein") from impurities in a source liquid. 20For example, the source liquid may be filtered,
centrifuged or otherwise processed to remove particullgte debris and the like before contacting the
source liquid with the Fe binding agent. For example, Using recombinant techniques, proteins can be
produced inn-acellularly, in th;ﬂper_iplasmie space, or secreted directly into the culture medium. If the
protein is produced ifttaBRIeALyUHeblp dividekitentiohwisylaitheludest@uesalls amiysethfrggments, can be
removed, for @@ﬁﬁp}ﬁ?m@ﬁtgim gi@y@w&t@aﬁhr@,@t n Where th tein is secreted into the
medium, the recorgbé@n_ host Qegjcan be separate§ f%rOrlC¥ %ag%ﬁgjﬁ&’rgem@@ﬁ&fﬁ,(%péﬁample, by
tangential flow fiFSHON. 2 > TRICHTR(fe! dripd Brenaisie (Bva: sodreentigjuidicantaining the target protein is
contacted with an Fcihicuting agestineeteraliyiamnahilized o asolid phase and 30 equilibrated with a
suitable buffer uerbtahatlg%?targegﬁr teip adsorbs to the Fe bino(?l‘?r#)gg %%& 1(@81.1?8 {1 r{fo%ilized Fc
binding agent). Thé Souice iqUid 1s ContSeTsEEhrrFRrres BN dig smertbedaginad immabilized Fe
binding agent)?hs MEsdihGButiet GAGbh mayrhbe thie Sefme AR NG LA UPLaLC {ﬁ?{éﬁ{%@f hedhe

impurity-contajping: SPHICE &g_%%gwanm thr%égg( the solid phase, the target pro mpigsogé%orbed to

the Fe binding agent and various other i%%? 1SRV IRAES host cell proteins, where the target protein
is produced in a reco%‘&ﬁgﬁlt”h%tsééﬁ’eagﬁmﬁéfﬂpl‘@yﬁs@ﬂeﬁh@dﬂmufigﬁ,%&%‘é‘éé@fﬂy&ﬁﬁfnpind

nonspecificallptadizesalidiphase, & ¥axe iments, the Fe hinding agent is 5 Protein A, and
the equili%ation buffer can be 20 rriM Tris%%?%ﬂ é&ﬁ,%@%%?@%ﬂeéﬁﬂéﬁ?@ é‘%}Hﬂi‘HFation buffers

include, for exampres BIESHEPE 8Y die adioprRfsislejitarsoneengationsfataxarnpigseancentration in

the range betweletiabdot G5 wild 60 @b 4100 VL ( 0 niM, 50 mM, etc.), and
physiological %2 %gggggérg%ign é%g.,gaboutzl&%%S m. I%gaeg:a]li%a c?}%%teﬁﬁ r%lrrlr%%-gfd? FAk solid

phase is preferably an agarose OOH RO b ihaieatntionita mishitizinhytiel sedainding
agent. In vario@sasmbbelismeritshyse oglushpHe ecfate Wit AT sagesHEN s gl lcgrgl‘gté)ogecrease or

prevent nonspg,q,igpﬁ% SFENCE gh column. In various embodiments, the Fe binding agent is Protein
A. The mu) Protein A epharogﬁl\l/loe]ggls% oW (EF) COMRC ot refalifradisivabléwddm Amersham

15 Bioseiehce¥) TP RFBRARTBIEcoPet uitatsiérRitedein Aremlivandoidisania shesfeairesimpethodologies.

The Fc bindingagenbis ther-washed with.a:huffered wash. salution containing a divalent cation salt to
remove protein v. ri%nt sigfcies bound tc&i the solti% pﬁgls%o(%wﬁﬂe%? i Sa(ﬁé?rftﬂﬂt’fiﬁrticular, it has been
discovered thAtIEHEY DY fvaremYEistionis st Soadsh s camn rem e a sighificsa) amount of

undesirable inferittessSpediitatly dobasiernywiseoyelad.ihatinron read;through variants, low
e bon%qed V;%%%g&g?i ff%y gﬁ%ﬁgﬁ%&%ﬁﬂ?&% be removed

molecular wei riant d under-disulfi

using a divaleg?%glt%&ﬁ%%?\%%sﬁg? Wé%@g%ﬁ%%%&#@%mMB@M%mn be removed
using the’fivalehi@tomd BIGRER. In various embodiments, the divalent cation salt in 25 the wash
solution contains a cHACHGRIGALFARRPIER.ALSHIapIEhaciropic salts

er used to prepare the Fc binding
reagent, solid phase, or both, for loading of the source liquid containing the target
protein. The equilibration buffer is preferably isotonic and commonly has a pH in the

range from about 6 to about 8. The "loading buffer" is a buffer used to load the source

25 liquid containing the A binding protein, e, 8, anti~-Af antibody, 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 A binding
protein from the immobilized Fo binding agent. Preferably the elution buffer has a low
pH and thereby disrupts interactions between the Fe binding agent and the protein of

30 interest. Preferably, the low pH elution buffer hag 3 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



include, but are not limited to, calcium chloride (CaC12), nickel chloride (NiC12) and magnesium
chloride (MgC12). While a single divalent cation salt can be present in the wash solution, in various
embodiments, two or more divalent cation salts can be used. In various embodiments, wash solutions
in addition to the divalent cation salt 30 containing wash solution are used to remove impurities. For
example, in various embodiments a 20 to 50 mivl Iris,2(9.75 to 2.0 M NaC1, pH 5.0-9.0 solution, and/or
a 10 miM This, pH 7.5 solution are used to wash the Fe binding agent prior to, after, or both 25 prior
to and after, waSRingFetsiatiny doenmastpthierdiiglentisation sl cortaining. wash, gelution. In various

embodiments,dhg,diyalsntcatl ' ably added at a concentration between about 0.5 M and
about 2.5 M to a pH buﬁere%?%gglzjag%gdﬁg%ﬁfgﬁ :{f gl}éﬁ?ﬁ% ﬁ%&}%%@g%?‘éfrﬁré%ﬁb%%%‘ﬂﬂg 2and

preferably a pPHR IR TaRge) e brAistUtommrishaut Srireded edconeanisations of Mscdivalent cation

salt include, buthyededimiiesktarR:t Mr 2@:M:and 2.5 M. Suitable buffers for this purpose include,
but are no%limited to, lris or.acetate buffers in a concentration from 20 to 50 rnlVI. Following the

washing step(s), the t r@g&lﬁ%ir?‘ié?’éé%@?@if@d”f%rﬁsﬁ@ﬁ@imalbmﬂin@e&@em.ﬂ&lﬁqiﬁmﬁ@éﬁa'|y
achieved usint amsuitable ahienibufien Theckaraelpraip mple, be eluted from the
column using m&!}%gnﬁuffer having a low. pH, e.g., in th%%%%ig{eg rorr%é%ﬁ?ﬁﬁtglgé%g%.& and
preferably in the range from aBauf 5%%%3%\%%’[‘53"%“ k¢ GamdUCS AeBoeitivdnts, ghemidingat protein thus
recovered carﬁwﬁfﬁﬂiﬁﬁmuliqmlai&ﬁwﬁmmyﬁg@@b&@@%%ﬁmgp@gr&@{ﬂwegﬁ%r %/arious

diagnostic, theyaRewis;ar atherdis own for such molecules. . In various'em 'od1|1ments, the
eluted talrjg)re; protein prlepérati'i)n c%%%)ger% %\gbsjseog &d tac%lg[g?fﬂfﬁ’r‘?a‘f%ﬂﬂﬁéﬁﬂ%w&éﬁ%}lﬁﬂé&* thad Fe binding

agent chromafSyPapIip sidlsaitn peseainisibwitkeheplbryrfiattigempyrification steps include, but are not

limited to: anion 20 exghanossiioRatog ti xchan romatography, hydrophobic
interaction chré)matogr%g)h[y (ﬁ??;(% hydro)@%@C%&%&%@&gg%@gegfgwg?%%fﬁwcgmomatography
(including imniobiiZ&d me Eﬂgﬁffffﬁ}&?t@ﬁ% RibtheghipmsicermivlusionatieranatagaphystSEC),
ammonium suiptiatesprenipitadiash BHINRO! PIRERIAHOR eV .HPLC (RP-HPLCQ),
chromatofacugjng, ylirafiliration, diafiltration, and geigﬂ% filtr%%?qfﬁgs\%a%ﬁgﬁ? ST Eﬁ?g’,c?he Fe
binding agent chromatography Sta VS oNwad AL Alkina iewds aryedhkonvatog taphy and a HIC step.
In various-emBeigitmeesitine ahroratoghaphyi stepscae:rnalsfolowe dhy Qfﬂﬁﬁ?ﬁ%@&% step, an

ultrafiltration/digfilttation step«and,a.migrobial contaminant filtration step, In- vario s embodiments,
these additional pl%fica(t)ion ssteps r%’é% %%tgg%lgﬁ%e%és B Rr Re B rebinavigagSrtiromatography

step. I vatBUBMNEBHINENES, HtHousdodipunification ofizacan bindingRraigiRRE arably an
anti-Al3 antibmﬁggb@@maﬂ@m@qﬁgrm%épﬂgigg %' to.an Fe binding agent comprising Protein A
immobilized op a solid phase, followed by washing t%&e ll@é HiSSdcite the target dubstance from

1e chromatography resin, such as the contacting of the target substance-bound

20 chromatography resin with an elution liquid or elution buffer to produce such
dissociation.

"Cleaning liquid" or "cleaning buffer" refers herein to the fiquid that is used to
wash the chromatography resin after the completion of the purification process. The
cleaning liquid may contain a detergent, a virus-inactivating agent, or relatively high
concentrations of salts, and may have a higher or lower pH than the liquids used during
the purification process. Its purpose is to decontaminate the chromato graphy resin to

render it ready for reuse. Typical cleanin g liquids are well-known in the
chromatography art.

25

"Storage liquid" or "storage buffer” refers herein to the liguid in which the
30  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,



26 binding agent with a buffer solution containing a divalent cation salt to remove one or more
impurities, and subsequently recovering the protein from the Protein A to produce a first eluent pool. In
various embodiments, the purification process continues with subjecting the 5 first eluent pool to anion
exchange chromatography by contacting an anion exchange resin with the first eluent pool such that
impurities adsorb to the resin, while the target proteinzéloes not adsorb to the resin. Thus, the target
protein can be recovered from the flow- through to produce a second Went pool. In various

embodiments, the aniorvexeiasgechiematogiaphynstenHaiher SRMPISES %{i@ é‘ﬁ?‘ nion

exchange resirgi%th 10 a buffer%% ash solution to recover at least a portio orbed target

protein, which woult e erts LAVARITHE %Weﬁ%?ﬁ@@f@%h@rmmmmg first eluent pool

may be contagtedanitimthenanionex¢hangesesindscsushy %wg%ggatt%%tmgg% glc?%%rtbs; allowing any
impurities to fl XYI&K‘JQ&‘ hw% t;on?{llg/lgoléow d by washing and eluting the adsor 'ntlbody. 15-In
various embodiments, the putification prosess FERtNES R e sofebangmisiomdielant pool to HIC

by adsorbifg tR&itrget t@rmmgvmmuphhbmﬁﬁemmwm&&méﬁt@r@@@%ﬁﬁ@&g%tionaliied
T

with hydrophobig liagangs); i ic jnteraction resin with a buffered wash solution
with an ionic strength whi)g:lh do%gk%g?ﬁ}gg%%cﬁ%ﬁﬁé BeSR GEtI Fotih e EritrdriAg the target

protein (typicafijos0LiApdiidritiéh buffer with an ionic strength low enough to desorb the target
protein from the hydrephgRIGIRtatactien fesitiana third eluent pool. Alternatively, the second einem
pool may be contacted W?t% the HIC column in such Eév?/%g)ﬁ%% fﬁlél%ﬁﬁgt@flp?g%é*%wnot adsorb,
recovering the MBI R BLiRfitieieeptofdhrraiibadieid Blumpli o ol ssaious embadimrpats:athe

purificatiompr%ﬁmﬁpﬁwmeﬂgm %ﬁ@ggfb%)r# xa%gal%,t é??rgove virt_Jsles,
uti TS Sia

concentrate ang buffer the solution containing the target prot8in, an f
contaminants. tHSAHGHE S b 8GR HEIRS! AReop o nt aivesativheptoyidEsitnethonistter shieyprufication of

an AP binding qioteipeiisateail anaminiidapieady, femua squies liquid gamprising the protein and
one or more in%&lﬁg}'es Wher% the 'mpur'gies comprise 30 one or more IR T variants. TR one

embodiment, the m&hcgra%mpar&%rla% o dBoBEoS St e SisstissuTafs rativatoe imiRTuzatiant levels from

those in the sowrcedinuith RreferablyotiRd variantievelsiRred RIMREMTAY: 3igast A candmore

preferably RTyagiant level duced by at.leas JE‘Q fold. For example, in a source liquid (starting
27 sample) havi%%%%ut 3-%5% .Cé%ﬁgggé(@éﬂgr?{ét géaégﬁg?%}ﬂ%ﬁ@oﬁ&ﬁﬂ%‘ﬁéﬁé@%ﬁ%e source

liquid) un- antiBidtliarten sheerrercantielysdectretigaho(t.0. SRRt Qder) WhKBRAUS
embodiments, R g@r@g@g%%%ﬁﬁ?e@dHﬁt‘%‘.g\?%%%%&%age%egﬁl}!%sﬁhtg%n 0.8%, less than 0.5 A, less

than 0.3 %, less than 0.2 %, and/or jgess"’than ‘ 1ssociation constant
in the range of 10™ to 10™°, while permitting recovery under mild conditions. The ligand

is generally immobilized on a beaded and porous matrix which may be in the form of a
20 column packing or batchwise adsorption medium.

A preferred binding agent is Protein A. Protein A binds the Fc region of
immunoglobulins. Protein A consists of six regions, five of which bind IgG. It binds
with high affinity to human 1gGy, 1gG, and IgG., as well as mouse 1gGy,, IgGoyy, and
IgGs. Protein A binds with moderate affinity to human IgD, IgM, IgA and IgE as well

25 asmouse IgG;. As an affinity ligand, protein A is immobilized to a matrix so that these
regions are free to bind. One molecule of immobilized protein A can bind at least two
molecules of IgG. Native and recombinant versions of protein A share similar
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

30  thioetser coupling to a solid phase matrix. Such coupling results in enhanced binding

capacity of the protein A.



5 Preferably, in the purification of a source liquid for the preparation of a protein, 1RT variants are
reduced to: less than 1 A, less than 0 8 A, less than 0.5 %, less than 0.3 A, less than 0.2 94, and/or
less than 0.1 A as a percentage of total species in the source liquid. ha various embodiments, the
present invention provides methods for the 10 purification of an Ap binding protein, preferably an
anti-AP antibody, from a source liquid comprising thezﬁrotein and one or more impurities where the
impurities comprise one or more LMW variants. In one embodiment, the methods provide for about a 2
to about a 20 fold rediectibermativel Whiarizagciee B fiefn thoseisihe iSeyeeaibiayd Brefgrmbly, LMW
variant levels C st 5 , and more preferably 15 L MW variant levels 'are reduced
by at least 10 ?glﬁé{sl%i# éﬁg%é%?é}]%%g%%ﬁﬁgé’ﬁéﬁfgi éﬁ%%@g%g’ﬁﬁ Bfe")’?#ﬁ@?ﬁﬂ%ﬁ%l&%—ﬁ% lefww antibody
variants (as a Pereéhtageos lemsplsciesafiitity Souncediqlid) kMWhaniidedy, vari@ntspesies can be
reduced to abquy. QP80 i Iments, LMW variant species aye reduced to:
QrbiR-APAME (rﬂ&f@ﬂ@%mg%gg%%eg§%ﬁ d\é\fe% gle (%15153%1

less that) 1 A, less than 0 8%, less than 0.5 %, less { ess than Tandfdtfess than 20
0.1 %. Prefera5§omY¥hE RIS B RecortermguRidsinie prapmationfof wrdintaisgibddVST variants

are reduced to: less tharHdaalRssthan D:34% 11858 than A5 %@ol@é?&/f@’i‘s_%ge%%ﬁkeﬁﬁyﬁha” 0.2 %,

and/or less than 0.1 %?as %ggrrﬁentage of total species in the source liquid.In various embodiments,

the present inveRtON prov athombinss dhe 185 hintieameriiesef hrtheley prawdiRrasesferably an
anti-AP antibo6ly, frém gese trsierigrichcossprisiogrohe DIGHYRHKA0 8.6 BB JIpUrsigs.where the

impurities com e QrJno DB variants. In one embodiment, the methods provide for about a 2
to about a 20 f§{§ %%Eaéﬂ%go}ﬁ ﬁL l%r%aéﬁqlea\l/% s%?ﬁé}ifﬂ#%eﬁﬁ?ﬂé‘%%&% Reirin BrePaptairy, UDB
variant levéls dr&risdirted 15y deroads foRtosmd Anbre qiteferably:k HREBRRvakandevelsmare reduced
by at least 10 falglein A FRE example, in a source liquid (starting sample) having about 20% UDB
antibody variants (as_a percentage of total species in the source liquid) UDB antibody variant species
can be reduced to abdGicibdy Sobapisue 20bhwmoa frfa sweibsdimmmisui28 UbENadant species are

reduced to: lesmittfni2d%r fessthan sbHvdessdhand bvinasthanR N 8ss:0an 2%, qr less than
1%. Preferably, in the %J;gljcga ion of a source liquid Tor the preparation oli?a protein, l}l]B
9%, 1

/1 variants are
reduced to: less ft%a

QO8N BHES sl thAREL AOY! rask(tnaricsew, dstentiia® 2@rotritess than 1%
as a percéhtage/Gldetaiibépeeiesinlthe se1Tee dithilases, ASRIRN EXAMBIE (0 A SALLGS,lighid (starting

sample) having.about 3-5% UDB antibody varjants (as a percentage of total species in the source
liquid) UDE antibod;{%‘/%r‘?g?nsagé%‘%s‘“?aeﬁ %%%%%é&é“f&sé%oW@@?&%ﬁ&i{ﬁ@%ﬁﬁ/@m hedariels

embodiments, THDB e e spdeiosaréSeduge Sikictess than) Uiteemsanfsyo sess than 0.5 A,

less 10 than 03 ividessihamle Y andonssshan Q.1 ¥, Preferably, in.the purification of a source
liquid for the preparation of a protein, UDE variants area]rleléaa’geads gjo:q%es\{safﬁgﬁylp o,t &ss than 0.8%, less

than 0.5 %, leSSRERCTIYE MG RR tr 2itheaRusin dsatRenicdunls (SseeperBimtageeokiotal species in
the sourcediquitlo8s) J. Biol. Chem. 263, 4323-4327.)

In the present invention, the immobilized Fc binding agent (e.g., Protein A) is
washed with a divalent cation salt solution to remove impurities. In particular, it has
been discovered that undesirable impurities produced as a result of recombinant
antibody expression technologies can be removed using a divalent cation salt wash step.

| 25 The methods of the present mvention can optionally include purification steps
subsequent to the affinity chromato graphy and divalent cation wash step. Subsequent
purification steps can include an ion exchange chromato graphy step and/or a
hydrophobic interaction chromatography (HIC) step. Subsequent chromato graphy steps
can be continuous, discontinuous (e.g., such as a batch process), or a combination of

30  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,



154 03k 2dino- Proteins for use in the Purification Methods of the Invention The AB binding
proteins, e.g, anti-AP antibodies, to be purified according to the invention as described herein, can be
prepared using techniques which are well established in the art and include, for example, synthetic
techniques (such as recombinant techniques and peptide synthesis or a combination of these
techniques), or 20 maybe isolated fiorn an endogeno@é source of the protein. In various embodiments,
the antibody can be, for example, a polyclonal antibody preparation, a monoclonal antibody, a

recombinant aﬁﬂb@dy@maﬂniunﬁtb/almﬂm@edaﬁhwmmZ@ﬂ)@ﬁi@@é@e%Q%&ﬁgﬁ@ﬁ%g echniques
e

for the productigpqef antibadies are described. further below. In other embodiments, the Ap’ binding
protein can be an an%@o%s?%%cgr% ein %‘gtl%%fﬁ%’ﬁﬁé%és‘aﬁlﬁ“ﬁ%&%?bév@d?ﬁﬁlﬁ‘@rﬁﬁﬁé a portion of

a protein or po@ﬁé‘ﬁﬁéé&h@l‘s@&@@@@mﬂbihmmgnmﬁaiﬂgapawm%gm@gﬁwﬂﬁgg}&%eins is also

described furthgmbglpwePalvgignal ihadi lyclonal antibodies can be prepared by

immunizing a %uitable sﬁbject Wi%h g%%%ér?%lgﬁl%ﬁ% @n %oggf}r SEHETRT IS8 &fffect can be
ve

monitored YRRt ARsEt el RTINS sttty asew it Anceomhe brkedtsmiaaserbent assay

(ELISA) 29 uspnereinsnappizeshtagetaniaant sesiigdiine Anl .molecules directed against the
target antigen Egn be is I%?tfed fr%m the mammal (for ex:—xl%nplcéa,ﬁ};rtgr%%léctﬁ%oggf 3 %?é@lﬁuriﬁed by

&5, SERPAS Protem R Skptharsenarérmatographytio cbiain. teaHIDady, for

well known tec n?qrﬁes,
example, 1gG, frawtios, fat ammpimdmdaﬁellimﬁ\&faﬁh@imﬁ&!s'@é?ﬁ}@@i%ﬂ@ﬂgplﬁ[ﬁbﬂ’ﬂ?@lghe anti-antigen

antibody titers grg | - antibody-praducing cells can be obtained from the subject and used to
prepare monocIonaI{gi}‘;%‘tai%%@g§J %))gas/ éﬁ%%l?é Fﬁgﬁ]ﬁﬁjugéf@ﬁﬁﬁlﬁ@ﬂ?@%mlt@éwmwiginaIIy

described 'y KiEFIRYBAG M SEire{1B A8y Matmi 2 BEUSIUSTY {56R 50, Rrowrstakdt981) Immunol.

127:539-46; Brown ey at {4 ' 2#959:4980-83. Yeh ci at 10 (1976) Proc. Natl. Acad. Sc!.
USA 76:2927-31; and Yeh %%%%Eé%%ﬁ%ﬁ%ﬂ%%%%?ﬂégg%wrﬂjigrb%ﬁ%ﬁﬁﬂéﬂ@f%eric

polyclonal antiFUHEsy dBas reeteierherme endcegian g bend 2 Oy b FicMarpripopiAmibodies 15Any of

the many well kingiiviz protacoisusedfeiUsing Jmpl -and immortalized cell lines can be applied
for the purpos %fF%ebneiatin? §? mé?énocloenal antibody %}s%%?c %)1?% ér%‘ﬁ%?%?%gﬁg?ll&%f” 77) Nature

266:55052; Geller 6t at P Eesropies despial of dmmaritiesl swhBinlfoMedumpited supra;

Kenneth, Monaeidribtongtivediess sitedosspra)cMoseRyvelitig ﬁé%{ﬂé’xﬂb’(ﬁigﬂﬁ%xgﬂ will, 20,
appreciate thabtllj%rgpggge %@¥h\éarli81ttioglsfof tsuctg ethé?grs which also would b€ use ul.anl%/pically, the
immortal cell line (for exartiple, a yeellorﬁanéeeﬁeﬁn 3% RIESFFrORT e e Redrapiadizid)species as

the lymphocytes. For%@dﬁﬂ@h@ﬁﬁfﬁﬁh@mymumﬁioamdiﬁpﬂﬂadﬁlbyrfﬁﬁiﬂgcmﬂﬁ%ﬁﬁﬁiﬂom a mouse

immunized witkaa WURYRBISAIGH addition can comprise one or more filtration steps for separating
an AB binding protein (“the target protein”) from impurities in a source liquid.

20 For example, the source liquid may be filtered, centrifuged or otherwise
processed to remove particulate debris and the like before contacting the source liquid
with the Fec binding agént. For example, using recombinant techniques, proteins can be
produced intracellularly, in the periplasmic space, or secreted directly into the culture
medium. If the protein is produced intracellularly, the particulate debris, either host

25 celis or lysed fragments, can be removed, for example, by centrifugation or
ultrafiltration. Where the protein is secreted into the medium, the recombinant host cells
can be separated from the cell culture medium, for example, by tangential flow filtration.

In various embodiments, the source liquid containing the targst protein is
contacted with an Fc binding agent (preferably immobilized on a solid phase and

30 equilibrated with a suitable buffer) such that the target protein adsorbs to the Fc binding
agent (e.g., an immobilized Fc binding agent). The source liguid is contacted with the
Fe 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



preparation of the present invention with an immortalized mouse cell line. Preferred 25 immortal cell
lines are mouse myeloma cell lines that are sensitive to culture medium containing hypoxanthine,
aminopterni and thymidine ("HAT medium"). Any of a number of myeloma cell lines can be used as a
fusion partner according to standard tecimiquns, for example, the P3-NSI/1-Ag4-1, P3-x63-Ag8.653 or
Sp2/0-Agl4 myeloma lines. These myeloma lines are*4vailable from ATCC. Typically, HAT- 30
sensitive mouse myeloma cells are fused to mouse splenocytes using polyethylene glycol ("PEG").
Hybridoma celi&peshiiagdhidmitire. fisiom srepthemse | sbied ddsing HITHIMagdisRLyhigh Kills unfused

and unproductpely,fused m }iﬁlﬂﬂk’é ells (unfuse ienocytes die after several days because they are
not transfoimed). Hybridorna cells §O pféc%gﬁl(gﬁﬁglafrﬁ%)n%% onal an 5%%?%3?%%%‘#&% detected

by screening tHEAHETaBRMIdR cebuparistanos deor datibddiesuhatdindve fargehantigen using a

standard ELISAvagsaiicaiRasemkinanhAntibedies. rpative t ring monoclonal
antibody-sgcr%in%,hybrid?rﬁas, a mon%clonal aﬁ%ﬁyeﬁliﬁﬁg?&%hﬁh%%ﬁ%@ﬁﬂt6%, screening a

recombinant coffbifatofiXl HeREHGETaRemA wEraAptfor SkampRiinn ahli6odtChhage. disptay:library)

with a target antigite e thissebsisalaeimnuaogioylinjiky %ygmﬁiiﬁ,se@%’g@ the 10 target
antigen. Kits fgr %ggg%t(i)n Ond screﬁninﬁ phage, display libraries are ¢omrherci IFy avaiiable (for
example, the Pharmacia RecoribiRRnt SRAGE MRS jargrbh xeatotPNg, 27 mi0ed1: and the
Stratagem: Smbzmﬁﬁﬁrnm&gg.ujﬁmﬂﬂ,&m,@maom.e%p%@b}@ggjggﬁ%ﬂga@xamples of methods

and reagents E@ﬁg%@q&gr{%e _99&(3}195 JI%H@aﬁa@ﬁ% ang }g%%eﬁrgg antibody display library can be

found in, 15 for example, Ladner at al. 0.5, et al. PCT international

Publicatiotf?No. WO §2Fi8éigipsieristantROn heemeationalSRpinioationNpo MRk 1527 1; Winter at

al. PCT Internatignakiubligati @n%zg( 91 tal. PCT International Publication No. WO
92/15679; Breitiing e'gﬁ&%CT !ﬁﬁg\%ationaglggtu&c%%@%%%%%f%é%%@%@@a@ﬁé PER

International PLBESto P RIb2#Ecsty b iRsaerseRirPAsHeat ainRedifintetnetiooatRubkoatian No. WO
92/09690; Ladevaeibat RGIdlnternationa Eﬁu@l&gﬁé@&ld\ﬂé)ngﬁﬁfoﬁﬁé)ﬁhgg%‘{%-et l.(1991) =
Rio/TechnoIog%Q%‘m?Ofg[ Z%;]t;—lla‘)v/ @.&992) Hum. Antibod. Hybridomas 3:81-85; Huse a al. (1989)
Science 246:1275-1281; Ghfithe at al) (POYST ERIBRriripblypaifble femyiimecthat (1992) 1 Mal. Biol.
226:889-896; Blaskisopeatiahn(£88M)NaflreBERIERAGIBAGHME T i11892)Ring: Natl. Acad. &l.
USA 89:3576-%%@@{@9 at al. (1991) Rio/Technology 9:1373-1377; Hoogenboom at al. (1991) Nuc.

Acid Res. 19:4133-4137, Barbas et al. (1991) Proc. Nati. Acad. Sc!. USA 88:7978-7982; and
McCafferty et al. Nat&ifé Feounjiaa8esapissun3o:OhimeticaindittuinanizedifusibesiesniAdditionally,

recombinant aairerdiesisheRes FHBGEGAMLAMARIZRM MRQSIPNA| aTtRgdies, comprising both
human and non-human portions, which Can be
bmding agent. In particular, it has been discovered that the use of a divalent cation salt
20  wash step can remove a significant amount of undesirable impurities. Specifically, it has
been discovered that intron read-through variants, low molecular wei ght variants and
under-disulfide bonded variants of an anti-Ap antibody can be removed using a divalent
cation salt wash. Moreover, host cell proteins (HCP) and DNA also can be removed
using the divalent cation salt wash. In various embodiments, the divalent cation salt in
25  the wash solution contains a chaotropic salt. Examples of suitable chaotropic salts
include, but are not limited to, calcium chloride (CaCly), nickel chloride (NiClp) and
magnesium chloride (MgCly). While 2 single divalent cation salt can be present in the
wash solution, in various embodiments, two or more divalent cation salts can be used.
In various embodiments, wash solutions in addition to the divalent cation salt
30  containing wash solution are used to remove impurities. For example, in various
embodiments a 20 to 50 mM Tris, 0.75t0 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 Fe binding agent prior to, after, or both



31 made using standard recombinant DNA techniques, are within the scope of the invention. The
term "humanized immunoglobulin” or "humanized antibody" refers to an immunoglobulin or antibody
that includes at least one humanized immunoglobulin or 5 antibody chain (i.e., at least one humanized
light or heavy chain). The term "humanized immunoglobulin chain" or "humanized antibody chain” (i.e.,
a "humanized immunoglobulin light chain” or "humanized imrntnioglobulin heavy chain™) refers to an
irimunoglobulin or antibody chain (i.e., a light or heavy chain, respectively) having a variable region
that includes aW@m_éébmdmngwmmhmsgaig&ﬂtlwﬁ@m@b&ﬂi@ﬁf‘é@&ﬁ@lﬁ‘%ﬂ@%ﬁ%ﬂ oLantibody
and complemegyatjty, determining regions (Dias) (for example, at least one CDR, prefe agfiy wo CDRs,
more preferably three CDRs) substantially from a non-human immunoglobulin or antibody, and farther
includes constant regiidifes exhadsiesrs. Susiivnertonattaniegipreer aALtigRadhgreof, in the case of a

light chain, an@dﬁé%ﬁ%%é%@%%@ﬁﬁﬁﬁ%ﬁg& E%thgai The term 15 "humanized variable

region” (for, exaggple "humanizedlight chain variable region™ or i e ﬁ‘éﬁ*i}?l’cﬁ’l%ﬁﬁ‘%&riable
region") refersRo. FVaFHEEE fERjib APt Jrie e % vndiatrfframewdi kuragiomgsihstantially from a

human immunagiobihin oxeisedyReskeamalenEDATlARlEIINE fedions (CDRS) substantially
ubs y fro

from a non-human imm obolin or antibody. 20The phrase s antia HAS Fiman
immunoglobuIﬁng?egr%ﬁb%@gﬂ’ogﬁsvb@ﬂ&tﬁa% Hetiahle Ryt rahinmonakgnety Buburma

imrnunoglobuliingteditibbrityoaminatseqience fOfaeBMRAHSAT-BRBOSESOhS fegion shares at least
80-90%, 90-95%, or ggngg,%%l e%@ft S}(lifl’lel’sltggfés’t uence identity) with the human framework or
Pl folPEeh SENRIRVE TSapetrastitpm, th8 Bonsensus

constant region sequence, affowing, for exa
sequence!SubSidisragege niindssubstitiitioris shaticingtationsarehihe likeeT heaingradiction of

conservative sp@gmgggﬁ,&g@ﬁﬁgg%s&%g% bstitutions,.germline substitutions, backmutations,
and the like, is %{:n%n referred to as "’optimization%o %W&%nﬁlzs %t%ﬁ@&?@ﬁhﬁ?’%&ﬁf’ase

"substantially fonf& nBrHlsIAREs fammehoy R butboot @htibobytetribubstdntialsnetnhupean” means
having an 30 imsnnbgipbidin or antibody sequence at least 80-95%, preferably at least 90-95%, more
preferably, 96%, 970/fﬁ 98%, or 99% identical to that of a non-human organism, for example, a
non-human mammal.”> 33°% & SFH{HEW élﬁer@&%ﬁ%r%‘ie?éﬁﬂ@@é@@?@dﬁnmahéﬂemhmwm@obulin or

antibody, 6t ofrdrmvanizetliincemeiglobustiz:cmantbosy: @Eﬁiﬁbs%g@}s‘i'&?At%?%%ué‘é%%‘tﬁ%ta“ﬁalIy
identical to theugéyﬁgmqgmcrﬁ%gpe%ﬁresresldues of one or more native human immunog Sbulin
sequences. The term "corresponding region” or "corresponding 5 residue” refers to a region or residue

on a second amino didaiontclebYdissegLbRcnwhihersties he same, (8 pEQui)alegt) position as
a region or resd@@ﬁ@i&fil%ﬁﬁ%%@ﬂgt%@%?ér@}fé:i%oéiﬁﬁﬁg ue CC%,Iwhen the first and second sequences

are optimally aligned for comparison purposes. gent chromatography step. For
example, exemplary further purification steps include, but are not limited to: anion

20 exchange chromatography, cation exchange chromatography, hydrophobic interaction
chromatography (HIC), hydroxyapatite chromato graphy, dialysis, affinity
chromatography (including immobilized metal affinity chromatography), size exclusion
chromatography (SEC), ammonium sulphate precipitation, ethanol precipitation, reverse
phase HPLC (RP-HPLC), chromatofocusing, ultrafiltration, diafiltration, and gel

25 filtration. In various embodiments, the Fe binding agent chromatography step is
followed by an anion exchange chromato graphy and a HIC step. In various
embodiments, the chromatography steps are further followed by a virus filtration step,
an ultrafiltration/diafiltration step, and a microbial contaminant filtration step. In
various embodiments, these additional purification steps may be conducted prior to the

30 Fe binding agent chromatography step.

In various embodiments, methods for purification of an AP binding protein,
preferably an anti-Af antibody, begin with adsorbing the target protein to an Fe binding

agent comprising Protein A immobilized on a solid phase, followed by washing the Fc



The term "significant identity" means that two poiypeptide sequences, when 10 optimally aligned, such
as by the programs GAP or BESTFIT using default gan weights, share at least 30-60% sequence
identity, preferably at least 60-70% sequence identity, more preferably at least 70-80% sequence
identity, more preferably at least 80-90% sequence identity, even more preferably at least 90-95%
sequence identity, and even more preferably at least 8505 sequence identity or more (for example,
99% sequence 15 identity or more). The term "substantial identity" means that two polypeptide,

sequences, whiniogtigmaityalignbdifetaihaisyotheprogsamaiGAB.e5BER i Tekbiising default gap
weights, shar%trée}ggg‘ggr O%{% equence %'Flentit\//, ﬁ;gerably at least 90-95% sequence |(§entity, and
more preferably at least % sequencae .é‘e%ﬁ?ﬁ%? éhﬁéﬁﬁﬁmﬁbg%@@a@mermty or more).
For sequence £8Fipargsmoghically one 20 sequence acts as a reference sequence, to which test
sequences are compgregh Whenuising.a s nee comparison algarithm test and reference
sequences are_input into a computer, subé%e%eutéﬁlﬁc%%rcﬁﬁoﬁteesg Fagagigritheubirsiteedsary, and
sequence glgcﬁ{ﬁﬁﬁ‘“ﬁ%@’%t‘bémét@@m@mm@hmmqmgﬁpiﬁmr&@ﬁaﬂ@)rithm then
calculates the jpifcaith a6 BeRedR P (RENRISSiReAHEN elative to tI;%. reference sequence,
25 based on the glesi(?nated program%arameters. Optglm%géﬁg{]%m%msgf 2 Eé%&é@%? comparison
can be condulfSE Fot EXANRSEY thdforssimorhetolie Algesitieioh Smith Rodiatedtam Adv. App!.

Math. 2:482 (188¢%) thythie thomdiagy: abgrmentalgRidthmalNsgdleman, upsch,.J. Mol. Biol.
48:443 (1970), by the search for b SRR REd%cag. soi. 30

rgila&i}t thod of Pearson & Lipman, Proc.
USA 85:2444 (L988Y, by computenzed n%é%%%ﬁ?éﬂ%%%ﬁﬁ%%’é%%ﬁ%ﬁm@cm BEISTEIT, FASTA,
and TFASYA intowmrstesisie Giémetice SoftwateRackagRnGeNRIL FMPHIRT GEuUR, 575 Science
Dr., Madison, ¥k, v inspect enerally Ausubel et al., Current Protocols in Molecular
Biology). One examhqgl((;a%bg)(%c %%%{)rithm tr%%gis‘(ﬁéuiﬂe%fee TP USIETNIIAY PeicoAt e badEstentity and
sequence simf&Kty ROMEBL AeeprirgirtiilibichisndestribedriniAlischul atal Hatial. Biol. 215:403
(1990). SoftwargitetpetkrmBHNg B ' icly available.thr he National Center for
Biotechnology Inf. m?ati n (publicly a%ﬁ%%ﬁﬁ?ﬁ%ﬁﬁm |60%f?ﬁ§t§/?fgelo FiBYIth NCBI internet
server). Typicﬁ?ﬁﬁﬁ‘éfﬁﬂ% %%@% Poseahedertibedvbe used to perform the sequence comparison:
although tistomizediparsinetersheathRise ﬁ%ﬁﬁﬁﬁc&%ﬁéﬂi@%@%ﬁtﬁﬁ@s‘%&% the BLA STP program
Uses as defa"g@o%&\’q{f%l%&%m Wg a:sp eﬁﬁecgtion (E) of 10, and the BL @ﬁﬁ% scoring matrix
(see Henikoff & I'-|eni?<oﬁ1 roc. Nat. Acad: S JSA geA Foe s piogdyydnmbebiefatsactisidue positions
which are not T%ﬁéﬂ:ﬁﬁ@ﬁ@y%nﬁm@@ﬂﬁimWﬁl}aﬁj@ﬁi@iﬁﬁﬂlb‘ﬂi@&@déﬁ%&ﬂf&é’ﬁ% of classifying
amino acids sHRSWUMINS; rvative.: onservative, aming acids are grouped as follows:
Group | (hydro hobicgz?(fégﬁeg%@ﬁlé\él?%n%@{aﬁmg ; eW,aﬁg;sanﬁﬁ TR &P hSareshindisde chains):
cys, see, thr; GPEUPCHT R A s eialiitsyragproinn, Grbtpdvethbasie sidgchaiRs):(BsRcAin. 15 his,
lys, arg; GéoupsihgresiduasHidrpeing shaimoHRABHqR: - and Group ,V1 (aromatic side
chains): trp, ty, phe. onserva%ive substitutionﬁ%\%}\?gg%%ﬁ%%%fgn %%wt(égﬁaefﬁﬁ %eids in the same
class. Non-consentiye STRRRE PSR EERERR s eeha BT g anarmblerAdfaomsiofith dseselasses for a
mermber of andivet sRadfeaty.doumaeizestimeTOGMS OSATROMIES bigd.ADligen with an 20
affinity that is %E@iﬂo?ef&%[ r%(g@rggﬁfqﬂr,ﬁ)r five of that of the corresponding non-humanized
antibody. For example, if thé nonhuntanized antiso8 W&%ﬁ%ﬂﬁ%@saﬁhﬁw@@p@m; humanized
antibodies will have Hibirdng efidinuing, lbast8Hcat DB ¢y 04 1Mie ond O N5 LAOM. A
immunogtebulin,ehain is saisddas Wit antien BiRdingc.hen i anfers ypan an intact immunoglobulin
n

or antibody (or antigen bindi g ¢ solution containing the
target protein, and to remove microbial contaminants,

In various embodiments, the present invention provides methods for the
purification of an AP binding protein, preferably an anti-Ap antibody, from a source
liquid comprising the protein and one or more impurities where the impurities comprise

30  one or more IRT variants. In one embodiment, the methods provide for about 2 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
[=3



25 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) comprising said chain by at least an order of magnitude compared to
that of the antibody 30 (or antigen binding fragment tﬁgreof) comprising an equivalent chain lacking
said mutation. A mutation "does not substantially affect (for example, decrease) the ability of a chain to

direct antigen Bifwiley hifvivafibots 6P elRinpleh atbcresiaas) (the bincingaftnityaf dadrtast e
irnmunoglobulil gt 20the r.an |gghp binding fragment thereof). 34 comprising said chain by only a
factor of two, three, or ou?%ﬁhagﬁé the ;lr}gg]c%%/ctgsr %arﬁ?@%ﬁeﬁfﬁ%%ﬁ%%ﬁgg e%f‘iﬁ‘@%ﬁ'éo/ﬁ]prising an
equivalent chath YaERHEEwRHmeREIR ITHel ihspeshemesediwrdrioglabtliat branskodyrefers to an
immunoglobulingy, aatibedy whose:vatiahle segions, derive roma first species and whose constant 5

regions degivee]go a second species. Chimeric irnmunoglobuiins or antibodies c&h be constructed, for
example by genStit By ER AT HGH IR B BTen g dretbeprerams bretdagingdo,dRfErent species.

The terms "humaiaizedrirredunelobulie ion "Numreized AnkkedK. aie NeLiIBieRded 1o gncompass
chimeric immupo&géggﬂjggso/ora% ibidie%\ags efined infra. Althor;%h humanized immunaglobulins or

antibodies are chimeric in thét 10 CHREPATTIN (28 2 BETrpHRE RigrRimsresifsiotestsamcene species of

protein), they iHghide additional features (i.e., variable regions comprising donor CDR residues and

acceptor framework residues) nd in ghimeric immunoglobulins or antibodies, as defined herein.
Such chimeric and humanized%%%%gﬁg’l %ﬁt%%ﬁ%%%‘é%%@ﬁf%@@é&%@‘i@ faESHfbinant: DNA

techniqueXkn@Witieetive aftaraekadipierusivig, mretihods;deserbag imfRodingesmat abdrternational

Application Noy &Té&@@@{gg%@ IA{%@ A:éao ean Patent Application 184,187; Taniguchi, M.,
European Pater(igt) Applicationbl71?%86; Maorristnoér?%rr%ﬁ).orlfd?&ﬁggﬁgg%ﬁt&%gﬂegﬂgﬁsf??H@%ﬁ Neuberger

c/al. PCT InterftishasubNEA it aGs. inossroissenesbilly mrhotis SroRate firbo, 8 26656 7; 70

e R B e B e ot
al. (1987)Proc N?tl. CangSM’ USA 84:3439-3443; Liu et al. (1987) j Inzmunol. 9 :3521-3526; Sun
et al. (1987)Pror NAN A YERATIEES Joesks isrodus ellianagest i (108 ThCalies Reb]1 7:999-1005;

Wood et dis (1985yNatiset 8141446440 anpyShawset a5kOSELe Nk Cancer st 1§Q;4553-1559);

Morrison, S.. 2%%%%%81%} nce 22 1%925%%@\? et at (1986) 13|0T’ecizniques 4:214; Winter U.S.
Patent 5,225,539; Jones &tal, (1986) Natdre 42155238304y HHEa{t e ReTcraty Séiside 239:1534:;
and Beidler c/&RecieB®) thelmtmembiuld) I: 305340601 Human Hetibodies dreadsansgesic Animals and

Phage Display;3@@lteanadively it isnow.pessible. t uce transgenic animals (for example, mice)
that are capable, upon immunization, of produc%ﬁ%’%f ull rg%%r gls eeé?%%fﬁw%erg]%?ﬁ e i1%he absence

of endogenous1 i?/é Seap B presdibendns Holasxdhaple 3its, less than 0.2 %, and/or less than

20 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
25 purification of an AP binding protein, preferably an anti-AB antibody, 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 UDB variant levels from those in the source liquid.
Preferably, UDB variant levels are reduced by at least 5 fold, and more preferably UDB
30 variant levels are reduced by at least 10 fold.
For example, in a source liquid (starting sample) having about 20% UDB
antibody variants (as a percentage of total species in the source liquid) UDB antibody

variant species can be reduced to about 10% to about 2%. In various embodiments,



has been described that the homozygous deletion of the antibody heavy-chain :Mining 35 region (JH)
gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody
production. Transfer of the human germ-line immunoglobulin gene array in such genn-line mutant mice
results in the production of human antibodies upon antigen challenge. See, for example, U.S, Patent
Nos. 6,150,584; 6,114,598; and 5 5,770,429. Fully huthan antibodies can also be derived from
phage-display libraries (Boogenboom et at, 1 Mol. Biol., 227:381 (1991); Marks et at, J. Mo1.13iol.,
222:581- 597 9B 1yrietineties potyetbraliantivedipsmcnyaises ie:0ltsined am,Ahage display
libraries (Buechlgr @ . 13). 10 13ispecifie Antibodies and Antibody
Coniugates Biségg?%%ﬁ%é%%g%ggg s?%fe%ﬁ%%%’gyésﬁﬁbﬁwcﬁfmr‘?é SHBERTiisadfor at least
two different effitdpeBrBHaHo ol Eal BB deriows fromdutbiengthsnikogies orsantihody
fragments (foristanpleiia)i?, hispacikeaniiodl \ s.far making 15 bispecific antibodies are
known in tge qsrt. Traditional production of?ul%%%%tgﬁ)%g’é%m %g}l ibodhiés i) B%S&@%Fnoﬁ%t@oexpression
of two immunoa%beuslfﬁ Sﬁwr&?]gﬁwﬁ]ight chain pairs, where the two chains have different specificities
(Millstein et al., Naturels@(br 23739 (ﬂ%&%}ka@ﬂ@@i@@t%mﬁ m%ﬁgmg%%?gg%ﬁ%@pglobulin

0

S
heavy and lig ins, these hybridomas (qu dromas)'proauce apotent|§I mixturé different
antibody mo|é%‘ﬁle3§g§§é’%???§&%§/ﬁ%r§ %’%d’ﬁ{"ﬁéﬁﬁ?éaééﬁ Hietorreaiowd) 186888659 (1991)),

Bispecific antiBdRas saksisimete rerdossdinkeisbor (hatespeaniuoate hantibadiesJargxample, one of

the antibodiestimne b ' coupled to avidin, the other to biotin or othér payload.
Heterocoljljéugate antib?cﬁeg%gr%%éﬁée%na %&31%iﬁ%sﬁ%a%%on%elﬁ?éﬁ}fl%oc%/%slffﬁﬁlﬂﬁﬁ frefholgss Suitable

cross-linkig dEhts ate \isIfiadin e aricsniizre. tikcl@setiibly, S Batyi@idif76,080, along with

2 number ofceose-4niia fachSsugaody s ST STRSImeRt, the antlody can be conjugated.

chemically or g}erllgtic@a%, tg 2 hayload sucp as a reactive,

example, an immanotsxin to brsduLERA- a6 Tasnii e esubhyagibadadriaide ifar 89 example,
immunotox inS»ehemetherapeaiftion] 3pekiadipigptangs. alf94 which are well-known in the art. Antibody
Fusion Proteins ‘

15 4B Binding Protéins for use in the Purification Methods of the Invention

The AB binding proteins, e.g, anti-AP antibodies, to be purified according to the
mvention as described herein, can be prepared using techniques which are well
established in the art and include, for example, synthetic techniques (such as
recombinant techniques and peptide synthesis or a combination of these techniques), or

20 may be isolated from an endogenous source of the protein. In various embodiments, the
antibody can be, for example, a polyclonal antibody preparation, 2 monoclonal antibody,
a recombinant antibody, a chimeric antibody, a humanized antibody or a human
antibody. Techniques for the production of antibodies are described further below. In
other embodiments, the AP binding protein can be an antibody fusion protein that

25  comprises an antibody Fc region fused to a portion of a protein or polypeptide that is

capable of binding to AB. Preparation of antibody fusion proteins is also described
further below.

Polvclonal Antibodies

30 Polyclonal antibodies can be prepared by immunizing a suitable subject with an

mmmunogen. The antibody titer in the immunized subject can be monitored over time by

standard techniques, such as with an enzyme linked immunosorbent assay (ELISA)



36 An AP binding protein having an Fe region as used in the invention can be a fusion protein that
contains at least the Fc portion of an antibody fused to a non-antibody protein or polypeptide that is
capable of binding Ail Thus, a soluble fusion protein is created that is capable of binding Ap and that
has Pc-related. functions (such as serum 5 stability, Fe receptor binding and the like). Antibody fusion
proteins (also referred to in the art as Fe fusion proteﬁ’?s or Ig fusion proteins) can be prepared using
standard recombinant DNA techniques and have been described in the art, see for example U.S.
Patent No. 5, 11886mmy!glirdtandentz225]588itddStRatandio b 3361603800 S Ratent No.

5,428,130, all bydcapmnstal 10A0146Anthodies Generally, the antibodies of the present invention
include a variety of antibodies for1 Strea?ing e??gn?/]l%faogena?lgg%gg%@}?nf%féﬁléwﬁpzﬁ@imer's Disease,

by targeting A@Héﬁtm@ﬁﬁméw@#mwmmw,sﬂezmu&qma)antimgﬁhaf&é'amﬁaagr@yysed
interchangeably Siateinio #6{ebd9, an-anthady ihat R 0 Qne or more.epitopes or antigenic
determinargs of the human amyl%id recur%%): %%tgn ?éé’P&&%aS%?élﬁﬁ?Slilﬁbetﬁﬁﬁrxemplary epitopes
or antigenic deTETHIRAR AR B d"WﬁHiﬁ%@ﬂpj%'@g@ﬂ@@ﬁé@ﬁﬁtyrmaﬂigﬂﬁsinﬂhﬁﬁ&peptide of

APP. Multiple isofoeng oémlaﬁa%iabt&ﬁﬁea%ﬁm@ﬁ&fﬁ%uéﬁ?0751%#3 %&E@%ﬁmmo acids
within APP aredﬁ%solgneg numbher ac%)rdlng to the sequence of the’ A ISoform (see for example,
X

GenBank Accession No. Pt TERAHES Bt e kEgpEs e aichnalis desnsbety known to
exist in humarky drebiiveap03/iviaio @OTS polypeptiss Aasesad R iKans el 2l (19343 f\ature

325:733-736 whigh.i igRated. "ng y  the 751 amino acid olypeptide described by
Pante et al, (m%%@?ﬁ%%%%%%%&ﬁgﬁ a%fﬁp aﬁ%‘??e ?’(ﬁéé@)“%ﬁé 331 828-530; and the
770-amind acitl PO p&ptidiarHelnadh Sob Dy i BGRAHI-81; ahd H988) NAIULE 834530532, As a result of

proteolytic progessng nf ARRRYLAIFGeRL SRHEIRSSE, es Jn vivo or in situ, AP._is found in both a
"short form", 48§n%ino acids in ?g’%ﬂ;h’ and a "long fgﬁr)%g%ﬁl&fnagn?\r%’ Fo S RIRTRG 65 in length.
30"

The short form;, ﬁﬁlﬁé\{c’cgn‘ggté residues 672-711 of APP. The long form, for example, A1342 or
A1343, consists of residues 672-713 or 672-714, respectively. Part of the hydrophobic domain of APP
is found at theMdardubonnbaatidbdps and may account for the ability of Mto 37 aggregate, particularly in
the case gfthe long fpr Oﬁﬁeggﬁ%de AN be found in, or Purified from, the body fluids of humans and
other mammals, for ex mpfe cere r%vsepir%?ﬁﬂiar,olwgﬂ}ﬁl?ﬁ?ﬁ%&hfﬁﬁﬂﬁmqwt@@ﬁnd individuals
suffering from Eraypdidicekrit ﬂMrmbﬁﬁﬁwMﬂ&%ﬁM@@@éﬁ&@&ﬁhg'ﬁ’iﬁéﬂx@gggeptide",
"P-arnyloid", "R &f3peptide’ ar, inter ly herein. AP peptide (for example, Ap39,
AP40, A4l., A%%aa{ir‘%sﬁsﬁs) is g@%%ﬁ%%ﬁ%?‘?&%gy @ﬁ/“ﬁ@%éﬁ%ﬁg &g Br%&PP. Ap40, for
example, cons18R8f (edidiaeis @t mpta PRIand Alp 42 Bionsiets. ofitesidies; &&anéd3 of APP. AO

peptides includa-pepsdesiesdiiod Ham Ser16EIRAYA8E TARPL willed worker will
20 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 lymphocytes from a mouse immunized with an immunogenic
preparation of the present invention with an immortalized mouse cell ine. Preferred
25  immortal cell lines are mouse myeloma cell lines that are sensitive to culture medium
containing hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a
number of myeloma cell lines can be used as a fusion partner according to standard
techniques, for example, the P3-NS1/ 1-Ag4-1, P3-x63-Ag8.653 or Sp2/0-Agl4
myeloma lines. These myeloma lines are available from ATCC. Typically, HAT-
30 sensitive mouse myeloma cells are fused to mouse splenocytes using polyethylene
glycol ("PEG"). Hybridoma cells resulting from the fusion are then selected using HAT
medium, which kills unfused and unproductively fused myeloma cells (unfused

splenocytes die after several days because they are not transformed). Hybridoma cells



10 and synthetic peptides having the same or essentially the same sequence as the cleavage
products. A43 peptides can be derived from a variety of sources, for example, tissues, cell lines, or
body fluids (for example sera or cerebrospinal fluid). For example, an Ap can be derived from
APP-expressing cells such as Chinese hamster ovary (CHO) cells stably transfected. with APPniv- p,
as described, for example, in Walsh et al., (2002), 15 ¥ature, 416, pp 535-539. An AP preparation can
be derived fiom tissue sources using methods previously described (see, for example, Johnson-Wood
etal., (1997), Procigth iAcadtiGeil MER8E R0 AlteInativelkiALI p}epéigs@ ; be synthesized
using method i re well known to thase in.the art, See, for example, Fields et al., Synthetic
Peptides: A U%ﬁ%&(%g?%g? &ran %ﬁ]}j? ErauiRaries &gt huete iRt aveeoiog2 sapdirHence,
peptides can Eé&%ﬁﬁt@ﬁééked using the automated Merrifield techniques of solid phase synthesis with
the c&amino group protected by either t-Boc or F-moc chemistry using side chain protected amino
acids on, for example, an Applied Biosysterns Peptide Synthesizer Model 430A or 431. Longer peptide
antigens can £ ell known recombinant DNA techniques. For example, a

polynucleotide encommgmt%mm&%eamo ghesi%%j ar molecularly cloned and
gou

RS.3
inserted in a suitablgogéoression vector for the transfection fndy ??e?él 4] %né%laession by a suitable

host cell. Ap pepi JPERIL G herklgiih Serdbiselasath Ay resertrg ameenutiitians in the AP region
of the normal genkenExeirifiatyu@piRPeEOERMHIEMHG mi% : ' . AP antibody binds can
30 be found \A@Qﬁ'uat hyarrljl 1neach}/l[(gid recursor protein ;API?),Q_éiEI'}5 %ﬁ%ﬁ%ﬁ%ﬁ%%%%@r\%hin the AP
peptide of APP. Exemplary &pitopes of é’ﬁﬁé&ﬁi%‘f@ﬁ*ﬁ B smy membess| Sedteindiithin the
N-termind$, cé¥erel velegon, 8r€ ferpirusiof Apl sreiNnersninal dRBIEPItORE].:isan epitope or antigenic
determinant logated wishi | | Ntendinus of the AP peptide. Exemplary N-terminal
epitopes include residue? ﬁﬁ%ggr%%éggﬁ%fei- Br%{rmfzﬁﬁ%af eﬁ?’ﬁ%@f@’féﬁfiﬂﬁ’bﬁﬁz Sdues 1-3, 1-4,
1-5, 1-6, 1-7, 188 25le2 B F7c1RpA; Othibr Sitrmglany SAEHPNEPRRIODSS SiakAL residues 1-3

and 5 end at resiflogsvé: b 1&551«&&‘@&%%%%&13@@5%%&;&?&“% %gggﬁ%%gu e residues 2-4, 5,

6, 7 or 8 of AP reSigtéﬁﬁs 3-5,6,7,80r9 of A, or residues 4- 9'or Rtral epitopes”

are epitopes or antigenic detefAeietop TR s rptbsdctetwitnimthendantahdrimid-portion of
the Ap pdptiddoezemplarycirtral epitnpasineivde f{,@@ﬂ,ﬁ@f};\ftﬂ%@e@mi%?ﬁgg 13}3{.28 of AP,

10112,

preferably fro Si 4- - 0.16-25, 17-24, 18-23, or 19-22 of Al er exemplary
central epitoprepgﬁﬁ(:%%%sﬁgéigﬁgs]ggﬁf%&arﬁ? @ D65 dntegnanoneEPabliawion Neg WO 19-21, 19-22,

19-23, or 19-24GAH; Eintenvinal R{itbpesivantipericarieminants ase Iogated,wishin or including
the C-terminup©f the.AR i i | ithin amino acids 33-40, 33-41, or 33-42 of
AP. "C-terminal er itopt)%eist"ﬁ)aq}geI ggﬁ%ﬁ%&ﬁ%@ﬁ%@i@%ﬁ%%ﬁ%%rﬂlpﬁgﬁd%mégfa@és located
within the C-terRIFGESE e AT bestiddcGefiekanipie RUThintabottairinblagids 30:4@or 30-42 of AS.
Additional@xegpplry7Ccierninal apitePes.RLARNISNM MiRants,| sidues 1340 or 33-42 of
A6. When B ﬁﬂﬁbod%/. is said to bind to an e%%%rgg gﬁﬁé\%@@i&@?é@%@&ﬂ%ﬁ%@ Hp 3-7, what
is meant is thatet & antipo 1%83#@&% Bitid¥ °8/98 A5 ptrglscr mialhf®g ) B aliespedified residues
(La, AP 3-7 in&ri Sarkipleyr BLCHOBE) anHb OBy BALRBH HB5RS SAHREORIAC Sver 1g%§hdue within

Ap 3-7. Nor dges,evey, 5 'Q > amino. acid substitytion or deletion within Af3 3-7 necessarily
significantly affect bin in’sé a9 in%g%h%%ﬁ%%%%@b@gﬁﬁé%%ﬁw‘%Tﬁ%ﬁg"@ﬁﬁsﬁé@éific. As used

herein, the teftP98nd-dfelcifiol.réfer§ 0 206 0ititady whittispasifiealy bindsiosthe Neerrginal or
C-terminak254egidyes 9famAR j ( | ecognize the same residues when present
in a longer AP, sgecigz comﬁ?n%ﬁ?%gwgsgggﬁgggéhg%ﬁ? 8411@88%ents, an AP antibody is
"C-terminus-sp&rcmRLZsEd B dif] theqegprb@nennimud 2918 dific teeake thattirs antipody
specifically reBaginizes:a {1ee G-tepninys. of a0 AR ige. r s of, C terminus-specific AP
antibodies incf{%e th@g 0%1 é:%ﬁco%nize an All 30 gggf%c%e% jr?ﬁﬁlrg%? ?3%?0%%%8’&?’56??0t recognize an
AP peptide end‘fnuﬁea e85| 58 ,2" >4,

30 Chimeric and Humanized Antibodies

Additionally, recombinant antibodies, such as chimeric and humanized

monoclonal antibodies, comprising both human and non-human portions, which can be



39 42, and/or 43; recognize an Al3 peptide ending at residue 42 but do not recognize an Ap peptide
ending at residue 40, 41, and/or 43; etc. In one embodiment, the AO antibody may be a 3D6 antibody
or variant thereof, or a 10D5 antibody or variant thereof, both of which are described in U.S. Patent 5
Publication No. 20030165496A1, U.S. Patent Publication No. 20040087777A1, International Patent
Publication No. W002/46237A3 and International Patent Publication No. W004/080419A2. Description
of 3D6 and 10D5 antibodies can also be found, for example, in International Patent Publication No.
W002/08830682¢misintetinadorabratbint RUDNGatierhiNgu i QABE38FA2.Adsitipnal 3D6 antibodies
are 10 describggdpidS- Patent Application No. 111303,478 and International Application No.
PCDU505/45614. 3D6 is a monoclonal antibody (mAb) that specifically binds to an N-terminal epitope
located in the human(BeaFRg ol papaebispasifigaibylgsidfbeabzBY comRarisen:dQI%is a mAb that
specifically bingsitarays digrmy ' ' Q}uma 0-arnyloid peptide, specifically,
residues 3:6. A c Iglrﬁfe prom?r?{ t%?g%%ﬁg@l%%rﬁg%%%%@naa 31}1% %18'31/“6 @;Eu \Was deposited

with the AmeraIPIhEIETITfe & S8R umenied lishhss heaWAIROD0S Hd S riAprih8e2003 under

the terms of thieBudapistreabi:ond hamepasivadhstRTA-513q A gl ine;producing the 1005
deposited with the ATCC on April 8, 2003 under the

monoclonal anjibody (RB44 .19.21) was _ ‘
terms of the Bq&‘é‘é%lely%%lf)%é‘éﬁlpé%?‘g ﬁ%ﬁ?débo%}??&ﬂw&éﬁwmsalzbu@g@mpwmmtm antibodies
are those havignforogkamipleyrautitmanidaihligh, elaiftcoMARSIRG YA l?cﬁ%gi%?h?f%@%add

a

sequences setfort;as EQ4R NO:3 or SEQ ID NO:5 and a humanized heavy chain comprising
variable region amino g%d sequ%lrg]?gggssae%’%%?l %@%W?N@&%%%@W@lm 51 ErEBxemplary

variant 3D arftiBBRes abe it oseriioitigaidcexmisplenayrimeaizeddighiehain@wrepRsid sequence

25 set forth a%%@@&lgézt@ﬁg@jmrﬁ@@g E&igh@%’& in amino acid sequence_set forth as SEQ ED
NO:S. Exenlg%llar variant 10D5 antibodies are those Sa%rs,pfgre&%% ?eammzed light chain
|

comprising vaFiaBTETEaS iR B4y aar irtEe Sebrimrnengroy Rl Gifier SERH NO: 11 and a
humanized heawysehaigionpfisiag:valiaala JagGN aBHRAAC 30 Seauences setforth as SEQ ID

] ) . &EL0L 11 the case
NO:10 or SE%%%#%tlc%égthe ?em[glaré\{arlant 10D5 antibodies are those having q‘%r example, a

humanized i PRYHSE GORFHRR SRRtk esey 9haNerIRchatia Fin@nized heavy chain

amind aci
amino acid Sea’@m@@w‘feliﬂfbhﬂffgﬁﬁf’lﬂoN&ﬁﬂpﬁqume&-ﬁ@Hb&Q%%%ﬁwﬂé%[oﬂe%P”b‘?d in
ibo

W002/0883074AR1140i7cd 103 gm mbadiment, the antibody may be a 12B4 antibody or variant
thereof, as described inu.s. gateﬁ{\%ﬁlb%%% ﬁ%%oﬁlé. rf%ﬁ&b%% SO Hateietas P atent

Publication NG/ A0S frrresekzedopbstantinly thamspieificatly-hingglioam Nrigmmad) gritope,
located in the Wwp@tgﬁﬂg_g}% %E%WRE?%&%E‘%% 3-7. bExem gg;%/ variant 12B4
mp ) _

antibodies are. those having, for example, a humanized lig tc%%llx (?rrlﬁfj'ﬁi ‘fﬂ}a@omprising variable
region amino &EIF&‘%%%% BRI A as SEQ ID NO: 15 or SEQ 1D NO: 17 and a humanized heavy

chain cor¥prising vartBieliegioraminagidoniaass sehaeR.AF G IRNG:H8,SEQ 1D NO:18 or
QillNO: 19“substantia11y 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,

25  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”
of a humanized antibody or chain. The phrase “substantially from a non-human
immunoglobulin or antibody” or “substantially non-human” means having an

30 immunoglobulin or antibody sequence at least 80-95%, preferably at least 90-95%,

more preferably, 96%, 97%, 98%, or 99% identical to that of a non-human organism, for

example, a non-human mammal.



10In yet another embodiment, the antibody may be a 12A1l antibody or a variant thereof, as described
in U.S. Patent Publication No. 20050118651A1, U.S. Patent Application Serial No. 11/303,478,
International Patent Publication No. W004/108895A2, and International Patent Application Serial No.
PCT/US05/45614. 12A11 is a mAb that specifically binds to an N-terminal epitope located in the
human $- 15 amyloid peptide, specifically, residues 3%7. A cell line producing the I2A11. monoclonal
antibody was deposited wijth Ehe ﬁTC,C on December 13, 2005 under the terms of the Budapest Treaty
and has deposit num Cg?réﬁlﬁ\-}? 37 TeBONEQR TS AR dnmEnigad drpeeietobréitivose having, for
example, a hanidoidgdtight bhameehphisingieouanab i ieeian-amNe.acid sRaHsRse, et forth as

SEQ 20 NO:2Qand, nanized. heavy chain camprising variable region amino acid sequences set
forth as SEQ ID NO:%@,kJ lfﬂpﬁcﬁ?ﬁg"g%

7178 RTS8 LT FEIINES: Oh OEOTOrAIBDS, SEQ ID
NO:26, SEQ IR@: ImnSRQiNO2Be8E rmu@nﬁgxaﬁ@uadﬁ@:%(gﬁ@f@dﬂ%g&ﬁ? ID
:37,

140:32, SEQ JRiNQ: | 34 S ).140:35. SEQ ID 140:36, SEQ ID EQ ID
NO:38, SEQ |DRN%%§,%§%Z%D%%%§%%§§?QS d T‘B"?ﬁ@?ﬂ? a‘ﬂﬁl VP UHERHES sstbdaiment, the

antibody may " HE% 8eEAFR B AFNOf e v afidielts) eoite desorbad ior WSaRaiertApRligation No.

11/305,899 aadidrdernakonal ApptcatiomNoy 45860. 606 is a inAb. that specifically binds to
oo i T A TR Op*%rlg%al UELESE A 30 cell

an N-terminalfeﬁci;too e, located in the human IS-amyloid peptide, specﬁiggily,
line producingot e ﬁﬁB&%pé‘@%OW% deposited on November 1, 2005, with the ATCC under the terms

of the Budapest Tre?memﬁ@gﬁe@a@a&a@ﬁﬁ&ﬁ&hﬁ&%&g&fﬂ%ﬂé seqSh¥&! gRofner
embodimgnt,gpmﬂpg éga%l%a% 113 antibody as described in U.S. Pgtent Application Nc.
11/305,899 and International Application f&l%f%ﬁﬂ%%b%?ﬁ%%l@%@ﬁmﬁtmgﬁsmﬁcalIy binds
to an N-termifBiesitdgset [eafSe seqthen deuidvanit3paniytoig peptisiessposificalivnsesighes 2-7, 5In yet

another embag tell I 1é antibody as described in U.S. Patent Application No.
11/305,899 andﬂﬁge}rrﬁ_afpﬁ’aﬁgﬁ%%%%Q%F?’%gﬁ%%ﬁ@?&%h%’éﬁP?i%“i%qé{ AikBstiQ Wecifically binds to

an N-terminalPEBifBi5e eiideirrriadia rraferibingl didspepade; specificalismesiduasay. - Cell

lines producingdiseaniiapglies bl 3sandeafhRaying: ccessign 10 numbers PTA-7267 and
PTA-72€1% resigectivel , were deposited oén Deccembemézgcl)%(éfun%ﬁearr?ﬁee ’térg °ss%?1fﬂ1§eBudapest

Treaty. Inyet aRthe? SR dinferitTthe SHRBIBHY Hatsd mese thetimibodiywiddant thereof, as

described in adduBndRatentApplicationiie-d]14304:086 andbpemations! fagst-ARnlisation No. .
PCT/USOS/4%E%¥%@%@%nlzeglAn |l%§(gj§% that 15 Recognize Beta Aruyloid LIgeﬁitlde:" 15C11lis
S |

a inAb that specifica {08 central &p HEHEEA R humiaiovinbieepetiassspecifically,

residues 19-ZZdAceedliipeiproadairgipec1Saifs sneasclonalantihass was,deRasitegwith the ATCC on

December 13@1?&1%%)5@999‘%% Sdermstibe B est Treaty and has deposit number PTA-7270. In yet
another §5nbodiment, the agztlibody meaylrlt?e a‘%%%?arﬁt%éa%ug%caégﬁm%a 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,
25  based on the designated program barameters.
Optimal alignment of sequences for comparison can be conducted, for example,
by the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981),
by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443
(1970), by the search for similarity method of Pearson & Lipman, Proc. Nai’l. Acad. Sci.
30 US4 85:2444 (1988), by computerized mplementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, WT), or by visual nspection (see

generally Ausubel et al., Current Protocols in Molecular Biology). One example of



20 U.S. Patent Publication No. 20050249725A1, and International Patent Publication No.
WO001/62801A2. 266 is a mADb that specifically binds to a central epitope located in the human
0-amyloid peptide, specifically, residues 16-24. A cell line producing the 266 monoclonal antibody was
deposited with the A.TCC on July 20, 2004 under the terms of the Budapest Treaty and has deposit
number PTA-6123. 25Exemplary variant 266 antibodiek are those having, for example, a humanized
light chain comprising variable region amino acid sequences set forth as SEQ ID NO:42 or SEQ ID
NO:44 and a hlgesflizetis éawitehiidorceiprisinga/asiabie degiencamainmacidseguenses set forth as

SEQ ID NO:43,05i8EQ; : .exemplary. variant 266 antibodies are those having, for
example, a humahiz%%l%%ét\%é%%%@gdVs}%lc%sngeés SEifortisglss e @ie N@/aBighd a

humanized hedvy thihPaRlingcaciarsdquprdersatd G ASE SEQy B NQuiTicBush vaiankantibodies are

further describgd iukbs PateatBrplicationN 49725A1, and Internatjonal Patent Publication
No. W001/§280 A2. 42 In yet another embog?n%ggggééogn |88§§%1%§%51@%T%i@8dy, or a variant

thereof, as'de ?’Hf’é’ﬂliﬁlsé@%s. qfﬁ@ﬁ]ﬁlkyﬂ%ﬁ&ﬁnﬂﬁequO@mahd deterhatignat:Patent Application
No. PCT/US05:4b@66 eniitlechih » piibodies.f0kk58.d émﬁgwg&,%ﬁggﬁg&rg.sgoﬁ% eli_a mAla that
specifically blndasr toe%ecentra epltog%(léocated in the 5 human'S-amyloid p |d]e, Spécitically, residues
19-23. In yet ahother ambod -ah T H MG e R e R b Biv, Gripvegiamt theveof, as
described in a {81l atentdiplicHONoRD. dh1d3Rot896hang d@tﬁy,nﬁ{jpmlﬁ%gwgg&g@% No.
PCT/U805/45§]§(}Q’.&Q' led ihedies for. Use jn Improving Cognition". 1C2 is a mAb that
specifically binds to g%iﬁﬁ?ﬁ@%ﬂ%&% ocoa%g%%c’t gt{no’?ﬁ%n ﬁl‘Bl-éJrﬁ)?féﬁe%éﬁi?j%‘?)épecificalIy,
residues 18-23.  IFytrablotheridnatsditiventythehantinotly endy-DeaiarQaR antinady:arauariant

thereof, as desgribagdidasP @ licatan Ne..11/304.986. and International Patent Application
No, PCT/US05/45515. 908 is a iﬁg) tgaj[ specificsa?ﬁ)}i]fj%r?alsngg et f%étﬁﬂ%%aﬁ)mﬁt&‘ﬁe human

S-amyloid pepttSSHRERENKS: AR asidsrizrameshisifedo weodbicing Lie dntiboslies 2B1, 1C2 and

908 were depasitetaomNevenhesi4 200kaith thed THG-URderhe ferms.of the Budapest Treaty and
‘ﬁlgggnd P1J;A-7é%]{[,Ej rsé%%%c%éy?’%’ Antibodies

were assignedsgcgl%_safon n%gberﬁéPTAJZQZ. PTA
that specifically Bind’ t3 ¢ Xenniral SpOpELABERaTPie I FAEgPI afbaAisid feptides) forsuselin the
present irventigs Tnslede Cootake (neti dimeitedlienda b, SR asaearrBRd in My @%R%‘WO

5,786,180, en ',gg,gﬂ"%osrq@ec@lg@ Ipody 369.213 specific for B A4 peptide.” Further description of
antibodies fortt{Jse in the presentsﬁll'rr}\%/%h%g gg’n e 10 ﬁmﬁ,S%FB%W@‘B)MB?@’@#@!}S(Am. S.

Pathol. 165 (3)@)7@95%11110 acids in the same class. Non-conservative substitutions constitute
: -exchanging 2 member of one of these classes for a member of another,
Preferably, humanized immunoglobulins or antibodies bind antigen with an

20 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, 4x
108 M, 5% 10°® M,or 10°M. A immunoglobulin chain is said to “direct antigen
binding” when it confers upon an intact immunoglobulin or antibody (or antigen binding

25  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 infact immunoglobulin or antibody (or antigen binding fragment thereof)
comprising said chain by at least an order of magnitude compared to that of the antibody

30 (or antigen binding fragment thereof) comprising an equivalent chain lacking said
mutation. A mutation “does not substantially affect (for example, decrease) the ability
of a 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)



(2004)) Bard et al. (PNAS 100(4):2023-8 (2003)), Kajkowski et al. 0. Biol. Chem. 276(22):18748-56
(2001)), Games et al. (Ann NY Acad. Sci. 920:274-84 (2000)), Bard 25 et al. (Nat. Med. 6(8):916-9
(2000)), and in International Patent Application No. W003015691A2 entitled "Effecting rapid
improvement of cognition in a subject having Alzheimer's disease, Down's syndrome, cerebral amyloid
angiopathy, or mild cognitive impairment, comprises administering anti-A beta antibody". Further
description of antibody fragments for use in the present invention can be found in, for example, Bales
30 et al. (Abstr@mzma:i@g&ipageiﬁsgznpreganbe@W@%&é@ﬁ%%@ﬁaﬁ‘ﬁ@e%%@gfgd Therapeutic

Strategies-Th%%H%qn%%%?@ies Q\r{ﬁgloi -Based) and Zameer et al. (AbstractaBi %rage 3593,

presented at Poster Sessio A erapeuticSBRAS A Setalet shegidacnarspe miv Swategies,
Amyloid-Based). 43 The isptiishimstiormseninghpiasentinteaicsma, he ﬁ‘ﬁﬁﬂ{}}@é@@&}%or

synthetically psedugeshFohLEXAMR ihody may be produced by a recombinant cell culture
process, using, for exar}r_lepIe, CHO%:%éﬁgﬁlﬁi%yg%}{ggﬁéb%%%%ﬁf@éIargfjN’@@%@PI%S,WERO cells, chick

embryo fibroblESISIOABIvE S HBIRSIFPRdaMeiss aflibodiss iwitBoplinatinkedifigatiqnsthat fetain the

primary functieoaitpieietmohinding A RaRUAS ALE lated by the present invention. In a
particular embodiment, the. %ntibody ig%% humanlgzed an |’I£>§(§nn§é%ﬁndlél iBO St hectively

binds A$ peptide- Mote SPECHERISPHE h ImisHRY Anmatzpe pridens Db aritibosy imdesigsed to
specifically birﬂdﬁb@m’mimﬁﬁmabew@@@ﬁgﬁ@@ﬁ?ﬁéﬁcméﬁ&ﬁ Fiyes %BSO,dIi%gated in the 10
human S-ainy@%ﬁgﬁé.lﬁ%gg% . X

iﬁle foun(éizn plaque deposits in"the brain (?'Sr examp%, in patients
suffering from Alzheiner's disease).  AK GHipIEPs Rbrhas iveEbpias ave phides mmiibtieir is
humanized 3D6RAERGE A {3 CBURYST reicosmetearni AcieseaMaNsESakihe ARDGYR light and

heavy chains piggisiad framdhe DNA-sgauences of the.corresponding expression vectors are shown
15 in Figure 1 (where the resid§es’ are nurtr%%%l%l SPATRREARPRRE (pforestdums rad prigrrtand heavy

chains as resid@E At HpESSHER BEG D@ e cimh SEQ I NN rasnsivelys Jhglast amino acid
residue encodedey the heavy chain DNA sequence, Lys449, has not been observed in the mature,
secreted folui of h3D, vzﬂja d, without wishing to be bound to any particular theory, is presumably

removed during intracel ?&?ﬁﬁ@@e&%ﬁ@%@@ﬁﬂhﬁ%@é@se&nwm@mdmﬁ COOH-terminus
of the h3DBv2réreavyichainlisioptnm gty Qyé48n @R QH-ter iy ' ocessing has been observed
in recombinang and.plasm g) rivgd anltijg%%ies .zfllnd does no%yék% ei:}?r{%lg%ﬁnﬁgg@%%%s ?&r‘?g i6h (Harris
(1995)J. Chromatogr. A. 70 :ﬁ%-?%. ﬁ&ﬁ%?ﬁ?@é@%@m@mw mioHifredeby addition of
N-linked glycafrféei tiephenpionticis.o8 FistaniRBhtHelin BuvsbaisHeRaVALIN CANIAINR single
N-glycos-ylatigheonsensHSSI -l lation, site, displays three major compléx biantennary
neutral oligosaccharicle strﬂﬁ%{%%%ﬁ%%ﬁ%&%eg %ﬁ%eﬂ%ﬁé% ﬂf-—ém}gosylation site of

mammalian 1g8'Freiamel Publicatigritise MR S61PIS3Ah Gatdhized ANLISASepapide AQi is humanized
B103EY;
306 30 vetsionabilluiaRe Bk buing e seqiRnge: LRI FIGLe 1 YL f9ra,DA Y substitution a
position 1 of tagd.'g&if*fgg{}a 3.84 A sybstitution at position 75 of the
: - s Lia ez al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al.
(1987) J. Immunol. 139:3521-3526; Sun e 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 ef al. (1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison, S.
25 L. (1985) Science 229:1202-1207; Oi ez al. (1986) BioTechnigues 4:214; Winter U.S.
Patent 5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyan ez al. (1988)

Science 239:1534; and Beidler ef al. (1988) J. Immunol. 141:4053-4060,

Human Antibodies from Transgenic Animals and Phage Display

30 Alternatively,

it is now possible to produce transgenic animals (for example,
mice) that are capable, upon immunization, of producing a full repertoire of human
antibodies in the absence of endogenous immunoglobulin production. For example, it

has been described that the homozygous deletion of the antibody heavy-chain joining



heavy chain (position 74 by Rabat numbering), a T4 S substitution at position 78 of the 44 heavy
chain (position 77 by Kabat numbering), and a V-) L substitution at position 93 of the heavy chain
Cnosition 89 by Kabat numbering), Various aspects and embodiments of the present invention are
further described 5 by way of the following Examples. The Examples are offered by way of illustration
and not by way of limitation. EXAMPLES The foIIowinéSexamples are offered for illustrative pmposes
only. 10 Examples are provided using two different anti-AP monoclonal antibodies. Six separate
experiments areztesCiibeeheachitepitsentipe-a-¢oRbinationef antiady r%&g%{ﬁggmfal.

‘Materials and%b&g&yllﬂ&%ner%l' 1;[ e g}ra{ctic?ﬁf the present invention ¢ ys, un e85 0therwise
indicated, conventional teacIILlnlquy ot chemistig™ ?ﬂ@éﬁﬁﬁ@%&@?ﬁ%&%bﬁm’n@N@tmhnology,

immunology (€5peératy iesyshigmmuiing oudin tecenelagy nandpstandasd BeRIAHES0dics

electrophoresig; , Fritsch an iatis, lecular Cloning: Cold Spring Harbor
Laboratory, Prelz%sj@%% %Kﬁﬁbo 5 %%egjiﬁ%egr}fﬁgléj?gﬁgoﬁ%%h%&&QMb[%éiﬂ‘a?%i@l@by), 510,

Paul, S., Hum 996); Antibody Engineering: A Practical Approach (Practical Approach Series,

169), McCafferty, EdruliR(298%kyatiRadiesiA IB-@QQ alar Manual, Harlow eta?,, C.S.H.L. Press,
Pub. (1999); Current Protocols in Molecular Biology. eés.g %%gﬁ PSR HRVARS & Sons (1992).

Bousse et al., PrOY8TREME Gh-d NMietoRHb; 2aaPEhdan173iade 2412 (R0 RS Kiragm £t al.,
Commercializé67a(r1@£ﬁmecgiﬁtgeb;ialir&9cm€am%Mi@@@&{‘ﬁs&%é’&&%&%‘éﬂ%%s Of}tghe /i'{l‘sgAn 2001
eql

. ] phage ,
Symposium, Ramsey,J.M. & van rg, A, 7-1%&@)0&% and Mbatre etlgl., a < for locating
disulfide bonds In a%n%%‘gg}g‘ﬁ%ftfnt?b?dsg§ @%%%‘sﬁs it 1eny, Rapid Conzmun.Mass Spectrom, 13
(24) 25032510 (1999). 30 Production of Target Antibody

Bispecific Antibodies and Antibodv Conjugates

Bispecific.antibodies (BsAbs) are antibodies that have binding specificities for at
least two different epitopes. Such antibodies can be derived from full length antibodies
‘or antibody fragments (for example F(ab)’2 bispecific antibodies). Methods for making
15 bispecific antibodies are known in the art. Traditional production of full length
bispecific antibodies is based on the coexpression of two immunoglobutin heavy chain-
light chain pairs, where the two chains have different specificities (Millstein e al.,
Nature, 305:537-539 (1983)). Because of the random assortment of immunoglobulin
heavy and light chains, these hybridomas (quadromas) produce a potential mixture of
20  different antibody molecules (see, WO 93/08829 and in Traunecker ez al., EMBO ],
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

25 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 be conjugated, chemically or
genetically, to a payload such as a reactive, detectable, or functional moiety, for
example, an immunotoxin to produce an antibody conjugate. Such payloads include, for

30 example, immunotoxins, chemotherapeutics, and radioisotopes, all of which are well-
known in the art.

Antibody Fusion Proteing




The target antibody can be produced, e.g., using a recombinant mammalian cell line grown in
suspension culture. Conditioned medium containing the antibody of 45 interest is generated in a
production bioreactor. The resulting product may be harvested and clarified with any appropriate
clarification step such as, for example, either microfiltration and 0.22 um filtration Or centrifugation, or
pad filtration and 0.22 um filtration. 5 Purification Craﬁ:@et Antibody The purification of the target
monoclonal antibodies exemplified herein (AAB or 12A11) consists of capture of the target molecule

on protein A affinity chroffabogtaghytoteil his/Gamnemsistiof E@%E&%ﬁ%%%ﬁﬁgr%q%@ Fast Flow,
s

Protein A Sepl}gggjsﬁ 'I;gg t Flow, 10 or.MapSelect Protein A. The resin is then washed as described
for each of the expe?lame?%@%ﬁ%%%%r%ﬁ%f%ﬁﬁfﬁ ROTH R St o tiRoduirfpseve s namatyisdof Target

Antibod ReveiZetriphasel iR HRlaGibiast baetro gpiamtitate he@mount of ART, 15 present in

the AAB mono ibod mples. Size Exclusion Chromatography (SEC-HPLC) was used to
cong A c?é%%o&nz’ﬁ]c B’r%fé%ﬁ%é?%ﬁ?éﬁeﬁ@%@ﬁ%méwah weightm(IIMW), and

determine the percentage o
low molecular @\?é?éﬁw(Ewwpmweﬁn@ﬂmwmgﬁm&yﬁww§wg%%r{g?&ggg 1o determine

the relative amgunt.of Woder-Risulfide Bonded (UDB) species in samples. The levels of HCP in the
test 20 samples were de:temi(i)r%la%%l l%quﬁsg Oefr?%?rl\l%%rrﬁgfgfﬁggocﬁﬁ#ﬁﬂ@%?ﬁ%ﬁﬁlagwwlSA). Analytical

Assays: IRT &EATBOREVPSEb trihambeuriRIng MB HRT Analiteis )T he REJRLE, wassandugted as
follows. DisuIfiggtéggjlugtigrp1@{@@{9@@@%€§&/§§ e incybation at 40 C for 60 min in the
presence of 2.5 niM &I%TT. AIk){Iation was performédﬁ) g%&%%t%%%%ﬁ%ré%ﬁﬁ%&m@ﬁﬁ the presence
of 5.5 roM iod6&c8lid Qcit o I%Q/vﬂbl}fé&?éﬁér%ﬁ%d alkylation, all samples were quenched with 5 gl of
1 M DTT.IPhe limit of quantification for this assay is 0.5%. Approximately 40 jig of each reduced,

alkylated samp:igt}/vgﬁ i@"ﬁ%@' onto a POROS RI/H RP-HPLC column 30 and run for 70 rain under the
following conditions: - Poros RI/El RP-HPLC Column Temp: 50C;

Generally, the antibodies of the present invention mclude a variety of antibodies
for treating amyloidogenic diseases, in particular, Alzheimer’s Disease, by targeting Af
peptide.

15 The terms “Ap antibody”; “anti AP antibody” and “anti AP” are used
interchangeably herein to refer to an antibody that binds to one or more epitopes or
antigenic determinants of the human amyloid precursor protein (APP), AB protein, or
both. Exemplary epitopes or antigenic determinants can be found within APP, but are
preferably found within the AP peptide of APP. Multiple isoforms of APP exist, for

20 example APP®”, APP™! and APP™™, Amino acids within APP are assi gned numbers
according to the sequence of the APP"” isoform (see for example, GenBank Accession
No. P05067). Examples of specific isotypes of APP which are currently known to exist
in humans are the 695 amino acid polypeptide described by Kang et. al. (1987) Nature
325:733-736 which is designated as the “normal” APP; the 751 amino acid polypeptide

25 described by Ponte ef al. (1988) Nature 331:525-527 (1988) and Tanzi er al. (1988)
Nature 331:528-530; and the 770-amino acid polypeptide described by Kitaguchi et. al.
(1988) Nature 331:530-532. As aresult of proteolytic processing of APP by different
secretase enzymes in vivo or in situ, AP is found in both 2 “short form”, 40 amino acids
in length, and a “long form”, ranging from 42-43 amino acids in length. The short form,

30 APuao, consists of residues 672-711 of APP. The long form, for example, APy or AP,
consists of residues 672-713 or 672-714, respectively. Part of the hydrophobic domain
of APP is found at the carboxy end of AB, and may account for the ability of Af to



46 Mobile Phase A: 0.1% TFA (w/v) in water; Mobile Phase B: 0.1% TETA (w_/v)_ in 95% ace'Fonltrlle;
Flow rate: 1.0 mL/min Detection: 217 tun 5Run Time: 70 minutes Inj_ection: Triplicate of 40 gig each
The gradient times were as listed in TABLE 1. 10Table 1: Gradient times for RP-ITPLC method
Gradient Time % A % B 0-1 955 2 70 30 54 60 40 55317-70

aggregate, particularly in the case of the long form. AP peptide can be found in, or
purified from, the body fluids of humans and other mammals, for example cerebrospinal
fluid, including both normal individuals and individuals suffering from amyloidogenic
disorders.

5 The terms “B-amyloid protein”, “B-amyloid peptide”, “B-amyloid”, “AB” and
“Ap peptide” are used interchangeably herein. A peptide (for example, AB39, AB40,
AP41, AB42 and AB43) is a ~4-kDa internal fragment of 39-43 amino acids of APP.
ARA40, for example, consists of residues 672-711 of APP and AR42 consists of residues
672-713 of APP. Ap peptides include peptides resulting from secretase cleavage of APP

10 and synthetic peptides having the same or eséentially the same sequence as thp cleavage
products. AP peptides can be derived from a variety of sources, for example, tissues,
cell lines, or body fluids (for example sera or cerebrospmal ﬂuld) For example, an AP
can be derived from APP- ~expressing cells such as Chinese hamster ovary (CHO) cells
stably transfected with APP7;7v. g, as described, for example, in Walsh et al., (2002),

15 Nazfure; 416, pp 535-539. AJ‘lVAB preparaﬁén cah be derived from tissue sources using

| methods previously described (See, for eﬁ{ample, Johnson-Wood et al., (1997), Proc.
Natl. Acad. Sci. USA 94:1550). Alternatively, AB peptides can be synthesized using
methods which are well known to those in the art. See, for example, Fields et al.,
Synthetic Peptides: A User’s Guide, ed. Grant, W.H. Freeman & Co., New York, NY,

20 1992,p 77). Hence, peptides can be synthesized using the automated Merrifield
techniques of solid phase synthesis with the a~-amino group protected by either t-Boc or
F-moc chemistry using side chain protected amino acids on, for example, an Applied
Biosystemns Peptide Synthesizer Model 430A or 431. Longer peptide antigens can be
synthesized using well known recombinant DNA techniques. For example, a

25  polynucleotide encoding the peptide or fusion peptide can be synthesized or molecularly
cloned and inserted in a suitable expression vector for the transfection and heterolo gous
expression by a suitable host cell. AP peptids also refers to related AB sequences that
results from mutations in the AB region of the normal gene.

Exemplary epitopes or antigenic determinants to which an Ap antibody binds can

30  be found within the human amyloid precursor protein (APP), but are preferably found
within the AB peptide of APP. Exemplary epitopes or antigenic determinants within AS

are located within the N-terminus, central region, or C-terminus of AB. An “N-terminal



955 dSEC-HPLC (21.4B UDE Analysis)  Denaturing SEC-HPLC was conducted as follOws. The
pretreatment of samples for the denaturing SEC assay involves a reagent/sample mixture at final
concentrations 15 of 200 ugimL, of protein, 34 Guanidine HO, and 100 nill/1 Tris, at a pH of 7.4. The
samples were heated at 80C for 20 minutes while mixing through inversion. For this assay, two
controls are employed to allow a bracketing of UDB Iéi#els. internal references with low and high levels
of UDB were used as controls. 20Chromatographic/Assay conS re as follows: Column: Tosoh BioSep
G3000 SWx1 @atemah iﬁmmepw&%wgébi@d&%ﬁﬁﬁi%%%%%kﬂ&'é&%}z Nyl N&E’O4_, pH 6.8
Gradient: 'SOCEQ'“C- Flowfrﬁée'E.S mL/mip Detection: 280 nna 47 Ru_n ime: 50 imutss Injection:
Triplicate 50 'IL (10'Rg} B RANIF: © X e arSdniemwakppBerferntoriMEsidme vaithithis example,
an impure solationccanifaining she-anti# poRgeiandl apHiRady AAR was,p %ﬁ d by adsorption onto a
Protein A columg_féalloxﬁ{epa?y a first washmwith a wasﬁ%%%ﬁtg%\{ﬁg%ﬁ" eiéaéé,%éu, NaC1l or
propylene glycor. o fhe’ UittPé-coRtamiremdandndetoratkenibpdy smaspruifingat.small scale using
an imp PrdteireiAl SephidmwseTiv &A@lmt(&glgﬁgﬁ&g;&eﬁtg to a GE1 Healthcare ikKTA FPLC

; ] ! topes .
chromatography, system. For all the imp Protein A Sephayose %r&maﬁﬁ?ﬁlﬁﬁﬁsﬁéﬁ% described
in experimentg,4 th%/é (%b Ié’\?\/?n%fa Jrifieivsre de§. qEXeBpfions meilis Aategl dhedingividual

experimental dgBEXipt@ssdal epitopes” are epitopes or antigenic determinants comprising residues
located within the central or mid-portion of the AS peptide. Exemplary central epitopes
include residues within amino acids 13-28 of AB, preferably from residues 14-27 , 15-26,
10 16-25,17-24, 18-23, or 19-22 of AB. Other exemplary central epitopes include residues
within amino acids 16-24, 16-23, 16-22, 16-21, 18-21, 19-21, 19.~22, 19-23, or 19-24 of
AB. “C-terminal” epitopes or antigenic determinants are located within or including the
C-terminus of the AP peptide and include residues within amino acids 3 3-40, 33-41, or
33-42 of AB. “C-terminal epitopes” are epitopes or antigenic determinants comprising
15 residues located within the C-terminus of 'the\AB pepﬁde (for example, within about
amino acids 30-40 or 30-42 of AB. Additional exemplary C-terminal epitopes or
antigenic determinants include residues 33-40 or 33-42 of AB.
When an antibody is said to bind to an epitope within specified residues, such as
AP 3-7, what is meant is that the antibody specifically binds to a polypeptide containing
20  the specified residues (i.c., AP 3-7 in this an example). Such an antibody does not
necessarily contact every residue within AB 3-7. Nor does every single amino acid
substitution or deletion within AB 3-7 necessarily significantly affect binding affinity.
In various embodiments, an AP antibody is end-specific. As used herein, the term “end-
specific” refers to an antibody which specifically binds to the N-terminal or C-terminal
25  residues of an AR peptide but that does not recognize the same residues when present in
alonger AP species comprising the residues or in APP. In various embodiments, an AR
antibody is “C-terminus-specific.” As used herein, the term “C terminus-specific”
means that the antibody specifically reco gnizes a free C-terminus of an AP peptide.
Examples of C terminus-specific AP antibodies include those that: recognize an A

30 peptide ending at residue 40 but do not reco gnize an AP peptide ending at residue 41



Column dimensions -1.0 cm x 11.4 cm Operational flow rate - 150 cmigr EI%lIJillilbrg'iiorr:Hl?-ZSO(rlnl(\:/IOIILrjlrsﬁn
[ lush - 20 mM Tris, 150 m acCl, : lumn
150 in1M NacCl, pH 7.5 (5 column volumes) 20 F I [ Coommn
[ t for run #1, which had no wash 1 Was :
volume) Wash 1 - Variable (See Table 2) excep ' wash2 - 20
3-10mM Iris, 75 mM NaC1, pH 7.5 (7 c
1.0 M NaC1, pH 7.5 (5 column volumes) Wash 5 (7 conmn
‘ i [ 6 column volumes) 25 Strip
es) Elution - 50 m.M Glycine, 75 mM NaC_:I, pH 371 ( ur ]
\é(())lgirl?m %:itrate, H 2.7 (5 column volumes) Strip 2 - 6 M Guanidine HCI (2 column volumes) Strip

wash - 20 mM fris 2240 AM a1 7sH7 AP (Peptitt BANMIUNRS)ISIIR98:-L6%, Ee%b%%?zle(gncf?gjmn

- 2-8C Protein A SepahroseTm FF column™uns wer
volumes) Run iR %?&1&“&1&@%{“ o e loaded at
equilibrated with'5 column %/olumes of 20 rﬁléljniirls, %%C?%M NaCl, pH 7.5. The column w

approximately 10 mo ot dﬁ@fﬁx o %;é/g;%r\m};c; i0 mash 1 sg&ia/%gsﬁ?g%zﬁlgfg (\;vlittnned
ibration b o gﬂm ?
?nq%:l?lgtzlc,)glvggﬁg I?VIa% ?rﬁ%%%&é}(rj& %Qa&ﬁgr}gr?g excép%ﬁé? Fun %Yl A SSRGS iSwReBY 5 column

volumes of 20 |nwjﬁf?fé?lll.\6°l\ﬁW§@:1ﬁsﬂﬁﬁ?ﬁ5 &% 7 asotuRvblioltione oD 04wmid Frisa 75 rtM NaCl, pH

- . i Glycine, 75 in.M NaC1, pH
7.5. The monobitmtrammﬂ»@dwmmﬁlséﬁ&ﬁﬁ@W@@%%@%ﬁ@@%ﬁrﬁé\{@%ﬁg‘g&hmn < Were ther
3.1. The produgg

stripped, washe Qﬁr‘? l i\'/sgf%?rqegg %Qéﬁ?‘zéﬁéeé?ﬁ é@gﬁém&%@ﬁ gpé_di@@&ahﬁbdﬂi&@&&@@fﬂ Elélle gﬁﬁ#ﬁ
pools from the fpandusreeagnesismahinsideepceslcium.CRIQTdR Y ?ggggﬁ%&&f evels
and LIMW spesifsnafbla i B bR on Ne. W88 e h e Attt 3Dg ot 4o

10 described in U.S. Patent Application No. 11/303,478 and International Application No.
PCT/US05/45614. 3D6 is a monoclonal antibody (mAb) that specifically binds to an N-
terminal epitope located in the human f-amyloid peptide, specifically, residues 1-5. By
comparison, 10D5 is a mAb that speciﬁcally binds to an N-terminal epitope located in
the human S-amyloid peptide, specifically, residues 3-6. A cell line producing the 3D6

15 monoclonal antibody (RB96 3D6.32.2.4) was deposiied Wi;ch the American Type Culture
Collection (ATCC), Manassas, VA 20108, USA on Apﬁl 8, 2003 under the terms of the
Budapest Treaty and has deposit number PTA-5130. A cell line producing the 10D5
monoclonal antibody (RB44 10D5.19.21) was déposited with the ATCC on April 8,
2003 under the terms of the Budapest Treaty and has deposit number PTA-5129,

20 Exemplary variant 3D6 antibodies are those having, for example, a humanized
light chain comprising variable region amino acid sequences set forth as SEQ ID NO:3
or SEQ ID NO:5 and a humanized heavy chain comprising variable region amino acid
sequences set forth as SEQ ID NO:4 or SEQ ID NO:6. Other exemplary variant 3D6
antibodies are those having, for example, a humanized light chain amino acid sequence

25 set forth as SEQ ID NO:7 and a humanized heavy chain amino acid sequence set forth as
SEQ ID NO:8.

Exemplary variant 10D35 antibodies are those having, for example, a humanized
light chain comprising variable region amino acid sequences set forth as SEQ ID NO:9
or SEQ ID NO:11 and a humanized heavy chain comprising variable region amino acid

30 sequences set forth as SEQ ID NO:10 or SEQ ID NO:12. Other exemplary variant 10D3
antibodies are those having, for example, a humanized light chain amino acid sequence
set forth as SEQ ID NO:13 and a humanized heavy chain amino acid sequence set forth
as SEQ ID NO:14. Such variant antibodies are further described in WO02/088307A2.



Run # Condition “)/i, IRT % L 1 Control (No Wash 1) 4.4 25 2 20% Propylene Glycol, pH 7.5 4.7 9:5
3 50 mM Tris, 2.0 M Magnesium Chloride, pH 7.51.6 1.5 4
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In another embodiment, the antibody may be a 12B4 antibody or variant thereof,
as described in U.S. Patent Publication No, 20040082762A1 and International Patent
Publication No. WO03/077858A2. 12B4 is a mAb that specifically binds to an N-
terminal epitope located in the human S-amyloid peptide, specifically, residues 3-7.

Exemplary variant 12B4 antibodies are those having, for example, a humanized
light chain (or light chain) comprising variable region amino acid sequences set forth as
SEQ ID NO:15 or SEQ ID NO:17 and a humanized heavy chain comprising variable
region amino acid sequences set forth as SEQ ID NO:16, SEQ ID NO:18 or SEQ ID
NO:19.

In yet another embodiment, the antibody may be a 12A11 antibody or a variant
thereof, as described in U.S. Patent Publication No. 20050118651A1, U.S. Patent
Application Serial No. 11/303,478, International Patent Publication No.
WO04/108895A2, and International Patent Application Serial No. PCT/US05/45614.
12A11 is amADb that specifically binds to an N-terminal epitope located in the human S-

_ amyloid peptide, specifically, residues 3-7. A cell line producing the 12A11 monoclonal

antibody was deposited with the ATCC on December 13, 2005 under the terms of the
Budapest Treaty and has deposit number PTA-7271.

Exemplary variant 12A11 antibodies are those having, for example, a humanized
light chain comprising the variable region amino acid sequence set forth as SEQ ID
NO:20 and a humanized heavy chain comprising variable region amino acid sequences
set forth as SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SBQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40, or SEQ ID NO:41.

In yet another embodiment, the antibody may be a 6C6 antibody, or a variant
thereof, as described in U.S. Patent Application No. 11/305,899 and International
Application No. PCT/US05/45860. 6C6 is a mAb that specifically binds to an N-
terminal epitope located in the human B-amyloid peptide, specifically, residues 3-7. A
cell line producing the antibody 6C6 was deposited on November 1, 2005, with the

ATCC under the terms of the Budapest Treaty and assigned accession number PTA-
7200.
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In yet another embodiment, the antibody may be a 2H3 antibody as described in
U.S. Patent Application No. 11/305,899 and International Application No.
PCT/US05/45860. 2H3 is a mAD that specifically binds to an N-terminal epitope
located in the human B-amyloid peptide, specifically, residues 2-7,

5 In yet another embodiment, the antibody may be a 3A3 antibody as described in
U.S. Patent Application No. 11/305,899 and International Application No.
PCT/US05/45860. 3A3 is a mAb that specifically binds to an N-terminal epitope
located in the human B-amyloid peptide, specifically, residues 3-7.

Cell lines producing the antibodies 2H3 and 3A3, having the ATCC accession

10 numbers PTA-7267 and PTA-7269 respectively, were deposited on December 13, 2005
under the terms of the Budapest Treaty.

In yet another embodiment, the antibody may be a 15C11 antibody or variant
thereof, -as described in a U.S. Patent Application No. 11/ 304,986 and International
Patent Application No. PCT/US05/45515 entitled “Humanized Antibodies that

15 Recognize Beta Amyloid Peptide.” 15C11 is amAb that speéiﬁoaﬂy binds to a central ‘.
epitope located in the human B-amyloid peptide, specifically, residues 19-22. A cell line
producing the 15C11 monoclonal antibody was deposited with the ATCC on December
13, 2005 under the terms of the Budapest Treaty and has deposit number PTA-7270.

In yet another embodiment, the antibody may be a 266 antibody as described in

20 U.S. Patent Publication No. 20050249725A1, and International Patent Publication No.
WOO01/62801A2. 266 is a mAD that specifically binds to a central epitope located in the
human S-amyloid peptide, specifically, residues 16-24. A cell line producing the 266
monoclonal antibody was deposited with the ATCC on July 20, 2004 under the terms of
the Budapest Treaty and has deposit number PTA-6123.

25 Exemplary variant 266 antibodies are those having, for example, a humanized
light chain comprising variable region amino acid sequences set forth as SEQ ID NO:42
or SEQ ID NO:44 and a humanized heavy chain comprising variable region amino acid
sequences set forth as SEQ ID NO:43 or SEQ ID NO:45, Other exemplary variant 266
antibodies are those having, for example, a humanized light chain amino acid sequence

30 set forth as SEQ ID NO:46 and a humanized heavy chain amino acid sequence set forth
as SEQ ID NO:47. Such variant antibodies are further described in U.S. Patent
Publication No. 20050249725A1, and International Patent Publication No.
WO01/62801A2.



The results showed that the magnesium chloride and calcium chloride washes reduced levels of EU
and LMIAT species, whereas the sodium chloride and propylene glycol washes did not reduce IRT or
LMW species. EXAMPLE 2. Protein A Chromatography with CaCl2 wash for IRT removal 20 In this
example, a larger scale antibody purification was carr'gd out using Protein A chromatogaphy with a
Cad', wash to remove IRT species. 49 The culture cofitaining the monoclonal antibody was purified at
pilot scale using a MabSelect Protein A column (2 .4 L) connected to a Millipore IC-Prime 400
chromatography systersiEnetheodmabSelet timsuibodpedotredBs deseiles:helgmascolumn
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10 buman -amyloid peptide, specifically, residues 16-23.

In yet another embodiment, the antibody may be a 9G8 antibody, or a variant
thereof, as described in U.S. Patent Application No. 11/3 04,986 and International Patent
Application No. PCT/US05/45515. 9G8 is a mAb that specifically binds to a central
epitope located in the human S-amyloid peptide, specifically, residues 16-21.

15 Cell lines producing the antibodies 2B1, 1C2 and 9GS were deposited on
* . November 1, 2005, with the ATCC under the terms of the Budapest Treaty and were
assigned accession numbers PTA-7202, PTA-7199 and PTA-7201, respectively.

Antibodies that specifically bind to C-terminal epitopes located in human- B-
amyloid peptide, for use in the present invention include, but are not limited to, 369.2B,

20 as described in U.S. Patent No. 5,786,180, entitled “Monoclonal antibody 369.2B
specific for B A4 peptide.” Further description of antibodies for use in the present
invention can be found in, for example, Bussiere et al., (Am. I. Pathol. 165(3):987-95
(2004)) Bard et al. (PNAS 100(4):2023-8 (2003)), Kajkowski et al. (J. Biol. Chem.
276(22):18748-56 (2001)), Games et al. (Ann. NY Acad. Sci. 920:274-84 (2000)), Bard

25 etal. (Nat. Med. 6(8):916-9 (2000)), and in International Patent Application No.
WO03015691A2 entitled “Effecting rapid improvement of cognition in a subject having
Alzheimer's disease, Down's syndrome, cerebral amyloid angiopathy, or mild cognitive
impairment, comprises administering anti-A beta antibody”. Further description of
antibody fragments for use in the present invention can be found in, for example, Bales

30 etal (Abstract P4-396, page S587, presented at Poster Session P4 Therapeutics and
Therapeutic Strategies-Therapeutic Strategies, Amyloid-Based) and Zameer et al.
(Abstract P4-420, page S593, presented at Poster Session P4: Therapeutics and
Therapeutic Strategies-Therapeutic Strategies, Amyloid-Based).



was then followed by 5 column volumes of 50 mM Tris, 1.0 M NaC1, pH 7.5 and 5 column volumes of
10 mM Tris, 75 m/vINaC1, pH 7.5. The monoclonal antibody was 25 eluted from the MabSelect
Protein A column with 50 mil4 Glycine, 25 niM 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 3. Table 3: % IRT levels in pilot-scale%ns with and without calcium chloride wash Run
# Wash | Buffer % IRT 1 50 raM iris, 2 M CaC12, pH 7.5 0.8 2 Control (None) 1.9 50 The results
showed that at pilot SCARPRHSEAE R BrlisrRiesomashveaoy e P ramtbagiagyet pool. 5 EXAMPLE

3: DNA RemovghttidittalBxaialesdheaiiiynpfa: - h_to.remoye host cell DNA from a
preparation cop ﬁigint% the AAB monoclonal gnti%%?ﬂ%ﬂ\}\}%g\g%%%ine .O%(ﬁcfﬁj%ﬁﬁ?ﬁ@%ﬁ%ﬁning the
o S oS e HoHSs 0% PEaRieu SHE 2 lla DSBS Fucite) PEROOSER1{L NEE)

monoclonal antibo

connected to #SE NERhcelie AKIAerftCHORPRAOS 2IRY SYSIER), %‘;o%ea%t S Sele,%\;luns iy
Eﬁ]r:lgrrmed s deserhedibelow. th%t‘%'é{%?tﬂénﬁrel?nsé}oynfsuﬁétliéiaclrgrgp%?tyc gbmdingeiﬁﬂ %Izé e =
g AfS peptide
are contemplated by the present invention. In a particular embodiment, the antibody is a
humanized anti AB peptide 3D6 antibody that selectively binds AB peptide. More
specifically, the humanized anti AB peptide 3D6 antibody is designed to specifically
bind to an NH,-terminal epitope, for example, amino acid residues 1-5, located in the
10 human S-amyloid 1-40 or 1-42 peptide found in plaque deposits in the brain (for
example, in patients suffering from Alzheimer’s disease).
An exemplary humanized anti AB peptide antibody is humanized 3D6 version 2
(h3D6v2). The complete amino acid sequences of the h3D6v2 light and heavy chains .
predicted from the DNA sequences of the corresponding expression vectors are shown
15 inFigure 1 (where the residues are numbered starting with the NH,-terminus of light and -
heavy chains as residue number 1) and in SEQ ID NO: 1 and SEQ ID NO:2,
respectively. The last amino acid residue encoded by the heavy chain DNA sequence
Lys**, has not been observed in the mature, secreted form of h3D6v2 and, without |
wishing to be bound to any particular theory, ig presumably removed during intracellular
20 processing by CHO celtular proteases. Therefore, the COOH-terminus of the h3D6v2
heavy chain is optionally Gy, COOH-terminal lysine processing has been observed
in recombinant and plasma-derived antibodies and does not appear to impact their
function (Harris (1995) J. Chromatogr. A. 705:129-134). Purified h3D6v?2 is post-
translationally modified by addition of N-linked glycans to the Fe portion of heavy
25  chain, which is known to contain a single N-glycosylation consensus site. The N-
glycosylation site displays three major complex biantennary neutral oligosaccharide
structures commonly observed at the analo gous N-glycosylation site of mammalian 1gG
proteins.
Another exemplary humanized anti AP peptide antibody is humanized 3D6
30  wversion 1 (hu3D6v1) having the sequence set forth in Figure 1 but fora D> v
substitution at position 1 of the light chain, & S A substitution at position 75 of the
heavy chain (position 74 by Kabat numbering), a T=> S substitution at position 78 of the



Equilibration 1 - 20 mM lIris, 150 mM Nadi, pH 7.5 (5 column volumes) Flush - 20 raM lIris, 150 inM
NaC1, pH 7.5 (2 cohunn volumes) Wash | - 50 inWITris, 2.0 M CaC12, pH 7.5 (5 column volumes)
(Runs 2 and 3 only) Wash 2 - 20 mM Iris, 1.0 M NaC1, pH 7.5 (5 column volumes) (Runs 1 and 3 only)
20 Wash 3 - 10 mM lIris, 75 niNI NaCl, pH 7.5 (7 column volumes) Elution - 50 mM Glycine, 75 inM

NaC1, pH 3.0 (6 column volumes) Strip - 50 inM Glycie, 0.5 M NaC1, pH 2.7 (5 column volumes)

Strip wash - ' T 7.5 (5 column yolumes) Storage - 16% Ethanol (5 column
volumes) 25%%%%&2%@8-?4@ ?%inﬁ%%é&gitaﬁroatyr# Ec%‘l Hhomatwesdieydtiorated with 5
column volufMeg&orsE Y sl spasiiomRA Nakahap Buaberting,columns were then loaded at a load of
approximately 40 mg product/mL resin. This was followed by a 2 column volume flush 30 with
equilibration buffer. For runs 2 and 3, this step was followed by 5 colurrm volumes of Wash 1 solution.

For runs 1 and 3, 5 COIRRAAEY srrsim s silitisrpirssnt secinatGra s bmplayet e column

volumes df WashiB«flitionokhesmenasienarrntipady was-laied off.1he Mabselect Protein A column
with 50 mM G ine 75@%%?C1, pH 51 3.0. Thgﬁgéoduct pool Wag?rﬁ nonéu‘frsgﬁ%lga% .5-8.0 with

2 M Iris pH 8.5. hgago?umns wele then stripped, washed and stored. The results are shown hi Table
4. Table 4: DNA removal with calcium chloride wash. Run 1,1 Wash 1 Wash 2 DNA (ng/mL) DNA 1

(ppm) 1 NonextGRmrel
The following examples are offered for illustrative purposes only.
10 Examples are provided using two different anti-Af monoclonal antibodies. Six separate

experiments are described each representing a combination of antibody and impurity
removal.

‘Materials and Methods

15° . - In general, the practice:of the present invention employs, unless otherwise
indicated, conventional techniques of chemistry, molecular biology, recombinant DNA.
technology, immunology (especially, e.g.; mmunoglobulin technology), and standard
techniques in electrophoresis. - See, e.g., Sambrook, Fritsch and Maniatis, Molecular
Cloning: Cold Spring Harbor Laboratory Press (1989); Antibody Engineering Protocols

20 (Methods in Molecular Biology), 510, Paul, S., Humana Pr (1996); Antibody
Engineering: A Practical Approach (Practical Approach Series, 169), McCafferty, Ed.,
Il Pr (1996); Antibodies: A Laboratory Mammal, Harlow ef al., C.S.H.L. Press, Pub.
(1999); Current Protocols in Molecular Biology, eds. Ausubel ez al., John Wiley & Sons
(1992). Bousse et al., Protein Sizing on a Microchip, Anal. Chem. 73, 1207-1212 (2001);

25  Knapp ef al., Commercialized and Emerging Lab-on-a-Chip Applications; In:
Proceedings of the 1TAS 2001 Symposium, Ramsey, JM. & van den Berg, A., 7-10
(2001); and Mhatre ef al., Strategies for locating disulfide bonds in a monoclonal

antibody via mass spectrometry, Rapid Commun. Mass Spectrom, 13 (24) 2503-2510
(1999).

30
Production of Tareer Antibody

The target antibody can be produced, e, 8., using a recombinant mammalian cell

Iine grown in suspension culture. Conditioned medium containing the antibody of
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Purification of Tareet Antibody

The purification of the target monoclonal antibodies exemplified herein (AAB or
12A11) consists of capture of the target molecule on protein A affinity chromatography.
This can consist of rmp Protein A Sepharose™ Fagt Flow, Protein A Sepharose™ Fast Flow,

10 or MabSelect Protein A. The resin is then washed as described for each of the experiments

and the product eluted and tested for impurity levels.

dnalysis of Target Antibody

Reversed-Phase HPLC (RP-HPLC) was used to quantitate the amount of IRT
15 present in the AAB monoclonal antibody. samples. Size Exclusion Chromatography
(SEC-HPLC) was used to determine the percentage of monomeric protein (monomeric
IgG), high molecular weight (HMW), and low molecular weight (LMW) species.
Denaturing SEC-HPLC analysis was carried out to determine the relative amount of
Under-Disulfide Bonded (UDB) species in samples. The levels of HCP in the test

20  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
25 was performed by incubation at 40 °C for 60 min in the presence of 2.5 mM DTT.
Alkylation was performed by incubation at room temperature in the presence of 5.5 mM
1odoacetic acid. Following reduction and alkylation, all samples were quenched with 5
plof 1 M DTT. The limit of quantification for this assay is 0.5%. Approximately 40 ng

of each reduced, alkylated sample was mnjected onto a POROS R1/H RP-HPLC column
30  and run for 70 min under the following conditions:

Column: Poros R1/H RP-HPLC
Column Temp: 50 °C;



20 The MabSelect resin was equilibrated using 5 JIM Iris, 10 noM NaC1, pH 7.3 and loaded with
product in a column. The resin was then unpacked, mixed and 50 tiL of resin was distributed to each
well of a 96 well filter plate. The resin in each well was equilibrated in solution of 5 triM Iris, 10 mM
NaC1l, pH 7.3, and then washed with each 25 of the \ﬁ%rious excipient wash solutions in 3 stages, each
using 300 !'AL of wash buffer. After the excinient wash, a second wash with 5 mM Tris, 10 mM NacCl,
pH 7.3 buffer was performed in 4 stages of 300 uL each. The product was then eluted from the resin
52 in 3 stages of 300VRbilsddsEhitton sthiasw/Ehir2vaiete combined and tested for HCP levels.
Resin Volume - 50 !Mo‘@inﬁg‘sggpm'[@@@F@gg}gg%@@l%r;ggbog&@lﬁgjm Chloride, Magnesium Chloride,
Excipient Concentrations -100, 250, 500, 1000, 1500, and 2000 inM Excipient pH - 6.0 &7.5 Elution
Buffers -25 in_M Ho% L eI REEFpH 3.0, 25 mM Repos, 100 inM NaCl, pH 3.0, 50
mM Glycine, 10 mM INacCiqp13.8:50 mM Glycine, 100 10mlvi NaC1, pH 3.0 and 100 mM Arginine,
10 niM Nag:l, pH 3.31111n0é9.m|\/l70\r inine, 100 niM NaC1, pH 3.0 Rim temperature: 18-24C The results
are shown’'in Table 5 ahd Table & TAbe 5: HCP values for MabSelect resin washed with sodium
chloride, calcium chlbrjdejor Magnesividohkeriderat pH 6.0 Elution Buffer Elution NaCl Conc.
I((MAN)

The gradient times were as listed in TABLE 1.

10 Table 1: Gradient times for RP-HPLC method
Gradient Time % A , % B
0-1 05 5
2 - 70 30
54 60 40
55170 | %5 T3

dSEC-HPLC (AAB UDB Analysis)
Denaturing SEC-HPLC was conducted as follows. The pretreatment of samples
for the denaturing SEC assay involves a reagent/sample mixture at final concentrations
15 0f200 pg/mL of protein, 3 M Guanidine HCI, and 100 mM Tris, at a pHof7.4. The
samples were heated at 80°C for 20 minutes while mixing through inversion. For this
assay, two controls are employed to allow a bracketing of UDB levels. Internal

references with low and high levels of UDB were used as controls.
20 Chromatographic/Assay conditions were as follows:

Column: Tosoh BioSep G3000 SWxl
Column Temp: Ambient
Mobile Phase: 3 M Guanidine HCI, 25 mM NaPQy, pH 6.8

25 Gradient: Isocratic
Flow rate: 0.5 mL/min

Detection: 280 nm



Wash Excipient Conc. (trifH) WashExcipien NaCl CaC12 M CI2 HCP (ppm) 50 niM Giycine 10 100
46,80028,500 30,800 25 raM HEPES

47

Run Time: 50 minutes

Injection: Triplicate 50 uL (10 ng)

5 EXAMPLE I: Comparison of Wash Buffers for IRT removal

In this example, an impure solution containing the anti-AfB monoclonal antibody AAB
was purified by adsorption onto a Protein A column followed by a first wash with a
wash buffer containing either CaCl,, MgCly, NaCl or propylene glycol.

10
The culture containing the monoclonal antibody was purified at small scale using an rmp
Protein A Sepharose™ FF column (8.9 mL) connected to a GE Healthcare AKTA FPLC
chromatography system. For all the rmp Protein A Sepharose™ FF chromatography

steps described in experiment 1, the following conditions were used. (Exceptions are

15 noted in the individual experimental descriptions).

Column dimensions — 1.0 cm x 11.4 om
Operational flow rate — 150 cm/hr
Equilibration 1 ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
20 Flush - 20 mM Tris, 150 mM NaCl, pH 7.5 (1 column volume)
Wash 1 - Variable (See Table 2) except for run #1, which had no wash 1
Wash 2 —~ 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)
Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)
Elution — 50 mM Glycine, 75 mM NaCl, pH 3.1 (6 column volumes)
25 Strip 1 - 20 mM Sodium Citrate, pH 2.7 (5 column volumes)
Strip 2 ~ 6 M Guanidine HCI (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
30

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. Loading was followed by a 1 column volume



250 35,300 17,900 22,000 100 mM Arg,mine, 500 40,900 17,700 18,400 50 mM Glycine 1000 34,300
12,600 14,200 25 mM REPES 1500 37,000

10

15

20
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flush with equilibration buffer and 5 colwmn volumes of wash 1 solution. All Wash 1
solutions tested are outlined in Table 2. Wash 1 was included in al] 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
7 column volumes of 10 mM Tris, 75 mM NaCl], pH 7.5. The monoclonal antibody was
eluted from the column with 50 mM Glycine, 75 mM NaCl, pH 3.1. The product pool
was then neutralized to 7.9-8.1 with 2 M Tris pH 8.5. The columns were then stripped,
washed and stored. Table 2 lists the levels of the IRT species & LMW present in the

product pools from the various runs. Magnesium chioride and calcium chloride washes
reduced levels of IRT and LMW species.

Table 2: IRT and LMW Values for Various Wash 1 Buffers

Run # | Condition 1 % LMW | % IRT
1 |Control (No Wash 1) T 44 23
2 |20% Propylene Glycol, pH7.5 | 4.7 25
3 50 mM Tris, 2.0 M Magnesium Chloride, pH 7.5 } 1.6 1.5
4 50 mM Tris, 2.5 M Magnesium Chloride, pH 7.5 1.5 1.3
5 50 mM Acetate, 2.0 M Magnesium Chloride, pH 4.5 0.9 0.8
6 |50 mM Tris, 4.0 M Sodium Chloride, pH 7.5 4.4 2.5
7 50 mM Tris, 2.0 M Calcium Chloride, pH 7.5 1.8 1.4
8 |50 mM Tris, 2.5 M Calcium Chloride, pH7.5 0.8 0.8

The results showed that the magnesium chloride and calcium chloride washes reduced

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

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

chromatography with a CaCl, wash to remove IRT species.



7,800 10,700 100 m_M Arginine 2000 43,900 5.800 9,300 53 Table 6:H_CP values for MabSeIect
résin washed with sodium chloride, calcium chloride, or magnesium chloride at pH 7.5. Elution Buffer
(mM) Elution NaCl Conc. Wash Excipient Conc. (mM)
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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
chromatography system. The two MabSelect runs were performed as described below.
Column dimensions — 13 cm x 18 cm
5 Operational flow rate — 150 cm/hr, 300 cr/hr

Equilibration 1 — 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tris, 150 mM NaCl, PH 7.5 (2 column volumes)
Wash 1 — 50 mM Tris, 2 M CaCly, pH 7.5 for run #1 and no wash 1 for run #2
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 columu volumes)

10 Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (5 column volumes)
Elution — 50 mM Glycine, 25 mM NaCl, PH 3.1 (6 column volumes)
Strip 1 - 50 mM Glycine, 0.5 M NaCl, pH 2.7 (5 column volumes)
Strip 2 — 6 M Guanidine HC1 (2 column volumes)..
Strip wash — 20 mM Tris, 150 mM NaCl, PH 7.5 (5 column volumes)

15 Storage — 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

The MabSelect Protein A column was equiﬁbratea with 5 column volumes of 20 mM
Trié, 150 mM NaCl, pH 7.5. The columns were then loaded at approximately 10 mg

20 product/mL resin. This was followed by a 2 column volume fiush with equilibration
buffer and 5 column volumes of wash 1 solution. This wash 1 solution consisted of 50
mM Tris, 2.0 M CaCly, 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, pH 7.5 and 5
column volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The monoclonal antibody was

25 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 3.

Table 3: % IRT levels in pilot-scale runs with and without calcium chloride wash

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




Wash Exeipient Cad, MgC12 NaCl HCP (ppm) 50 mivl Glycine 100 100 27,900 17,900 21,800
25 inM HERBS

50

The results showed that at pilot scale the caleium chloride wash removed IRT from the
product pool.

5 EXAMPLE3: DNA Removal

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

containing the AAB monoclonal antibody was examined,

10 The culture containing the monoclonal antibody was purified at small scale using a
MabSelect Protein A columm (19 mL) connected to a GE Healthcare AKTA FPLC

chromatography system. The three MabSelect runs were performed as described below.

Column dimensions — 1.1 cm x 20 cm
15 Operational flow rate — 300 om/hr
Equilibration 1 ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tris, 150 mM NaCl, pH 7.5 (2 column volumes)
Wash 1 — 50 mM Tris, 2.0 M CaCly, pH 7.5 (5 colurm volumeé) (Runs 2 and 3 only)
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes) (Runs 1 and 3 only)
20 Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)
Elution — 50 mM Glycine, 75 mM NaCl, pH 3.0 (6 column volumes)
Strip — 50 mM Glycine, 0.5 M NaCl, pH 2.7 (5 column volumes)
Strip wash ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Storage — 16% Ethanol (5 column volumes)
25 Run temperature: 18-24°C

The MabSelect Protein A column runs 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 40 mg product/mL resin. This was followed by a 2 column volume flush
30  with equilibration buffer. For runs 2 and 3, this step was followed by 5 column volumes
of Wash 1 solution. For runs 1 and 3, 5 column volumes of Wash 2 solution was used.
All 3 runs employed 7 column volumes of Wash 3 solution. The monoclonal antibody

was eluted off the MabSelect Protein A column with 50 mM Glycine, 75 mM NaCl, pH



250 24,700 16,600 18,200 100 mIVI Arginine 500 26,500 14,000 17,300 50 m/vl Glycine 1000 30,100
14,500 17,700 25 mM FIEPES 1500 35,300
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3.0. The product pool was then neutralized to 7.5-8.0 with 2 M Tris PH .5, The

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

Table 4: 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 CaCly, 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

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.

10 EXAMPLE 4: Host Cell Protein Removal

In this example, a second anti-AB monoclonal antibody, 12A11, was used in purification

runs in which various wash conditions were tested for the ability to remove host cell

proteins (HCP).

15
A high throughput screen (HTS) in a 96-well filter plate format was performed to
identify the best wash conditions for removal of impurities such as HCP for the
MabSelect step. This screen varied the wash excipients, excipient concentration, and pH
to determine their effect on process related impurities such as HCP.

20

The MabSelect resin was equilibrated using 5 mM Tris, 10 mM NaCl, pH 7.3 and
loaded with product in a column. The resin was then unpacked, mixed and 50 pL of
resin was distributed to each well of a 96 well filter plate. The resin in each well was
equilibrated in solution of 5 mM Tris, 10 mM NaCl, pH 7.3, and then washed with each
25 of'the various excipient wash solutions in 3 stages, each using 300 pL of wash buffer.
After the excipient wash, a second wash with 5 mM Tris, 10 mM NaCl, pH 7.3 buffer

was performed in 4 stages of 300 uL each. The product was then eluted from the resin



12,000 12,500 100 mM Arginine 2000 41,700 8,200 11.700 5 The results showed that both calcium
chloride and magnesium chloride reduced the level of RCP in the MabSelect peak pool compared to
sodium chloride at pH 6.0 (Table 5) and pH 7.5 (Table 6). EXAMPLE 5: Removal of under-disulfide
bonded snec es (UDR) IC In this example, the ability %the CaC12 wash to remove under disulfide
bonded species (UDB) was examined. = Two imp Profein A SepharoseTM FF runs were performed
essentially as described in 15 example 1, Column dimensions - 1.0 cm x 11.4 cm Operational flow rate

- 150 cm/hr Equiligration{l30 Qi Rrighihe salybNaGh Pt imepbimadelumes) 2&Flush - 20
rnM Tris, 150 SNaCl, pH 7.5 (1 column volume) Wash 1 - 50 niM Acetate, 2.0 M CaC12, pH 5.0 for

Run 1; None for Run 2 Wash 2-20 niM Tris, 1.0 M NaC1, pH 7.5 (5 column volumes) Wash 3 -- 10
miVi Tris, 75 milVINaC1, pH 7.5 (7 column volumes) Elution - 50 niM Glycine, 75 rnlVI NaCh pH 3.1 (6

column volumgs):, votume — 50 uL
5 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
10 mM NaCl, pH 3.0 and 100 mM Arginine, 10 mM NaCl, pH 3.0, 100

mM Arginine, 100 mM NaCl, pH 3.0
Run temperature: 18-24°C

The results are shown in Table 5 and Table 6.

15
Table 5: HCP values for MabSelect resin washed with sodium chloride,
calcium chloride, or magnesium chloride at pH 6.0
Elution W'as‘h Wash Excipient
Elution Buffer NaCl Excipient Na(Cl t CaCl, { MgCl
Conc. Conc.
. (mM) (mM) HCP (ppm)
50 mM Giycine 100 46,800 28,500 30,800
25 mM HEPES 250 35,300 17,900 22,000
100 mM Arginine 10 500 40,900 17,700 18,400
50 mM Glycine 1000 34,300 12,600 14,200
25 mM HEPES 1500 37,000 7,800 10,700
100 mM Arginine 2000 43,900 5,800 9,300
20

25



54 Strip 1 -20 inM Sodium Citrate, pH 2.7 (5 column volumes) Strip 2 - 6 M Guanidine HO (2 column

volumes) Stri
(5 colunin vol

p wash -20 mlVI Iris, 150 mM NaC1, pH 7.5 (5 column volumes) Storage - 16% Ethanol
umes) 5 Run temperature: 2-8C The rmp Protein A Sepharose FF columns were

equilibrated with 5 column volumes of 20 niM Tris, 150 roM NaC1, pH 7.5. The columns were then
loaded at a load of approximately 10 mg productirnL resin. This was followed by a 1 column volume

flush 10 with

equilibration buffer and then 5 column volumes of wash 1 solution. This wash 1 solution

consisted of 50 ahlo/fi: Acetatt R GilieCAE R4S A forsimwhashia e i aaiel el Rtirefanmun 2.
Wash | was then followed bgh$orulernnmekmssmf doritik htigHl7GMNaCl, pH 7.5 and 7 column

volumes of 10 inM Tris, 75 mM NaC1, pH 7 5. The monoclonal antibody was eluted off the ram Protein

A Sepharose]

neutralized tq 7.8-8.2 with 2 M Trig; 51?3. TIJ%(; werg-then-Sthp S anc . The
results are showHHayBelfer T b@o A LIM ﬁ\?j@t anghwi ¢ i Es2Run #
Sample % LDS 50 na/M Aceta (g,pIM CaCl %ﬂpﬁl 5.0 .52 None (CH(DDW 20 A 2-fold
reduction in LTBBI@@@Wﬁﬁ observed for the fy that hgd W%Humuua. W-Acetate2.0-M
CaCl12, pH 5:0-wash- ﬁugbb ZLA00
25 mM HEPES 250 24.700 16,600 18,200
100 mM Arginine 100 500 26,500 14,000 17,300
50 mM Gtycine 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

15

20

s then

[\Z}

Y \

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 5)
and pH 7.5 (Table 6). ‘

EXAMPLE 5: Removal of under-disulfide bonded species (UDR)

In this example, the ability of the CaCl, wash to remove under disulfide bonded species
(UDB) was examined.

Two rmp Protein A Sepharose™ FF runs were performed essentially as described in

example 1.

Column dimensions — 1.0 cm x 11.4 cm

Operational flow rate — 150 co/hr

Equilibration 1 - 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tris, 150 mM NaCl, pH 7.5 (1 column volume)

Wash 1 - 50 mM Acetate, 2.0 M CaCl,, pH 5.0 for Run 1; None for Run 2
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)

Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)

Elution — 50 mM Gtlycine, 75 mM NaCl, pH 3.1 (6 column volumes)



25 EXAMPLE 6: Removal of HCP and IRT with Other Divalent Cation Salt Washes In this example,
the ability of washes containing either MnCl, or NiCls to remove impurities from a preparation
containing the anti-A[3 monoclonal antibody AAI3 was examined. 55 Two runs were performed to
evaluate the effect of washes containing other divalent,cationic salts such as MitC12 and NiC12. Two
control runs were also performed - one using a 50 niM4Tris, 1.0 M NaC1, pH 7.5 wash (no IRT or HCP
removal expected) and 5 another using a 50 InM Tris, 2.0 M CaC12, pH 7.5 wash. The culture
containing thefbrockSaMarabesy (Wastipufidd 4b selemsyalersig a MabSelect Protein A column (9
InL) connectegtiy a CEnreaitheaie KAt FAJRECeMematography system. The MabSelect runs were

performed as described below. As 10 described below, all operational parameters were identical for
the four runs 8% pERSrwASHM, Thidk ladM ArsieRrable 89l eyEffensions - 1.0 cm x 11.5 cm
(9 mL) OperagesagflowsatBihas0 Grodubinoudibeaion, Wash 2, Elution, Regeneration, 15 Storage)

Operational flgrlel/nr%lte -23tC‘)JIc_m ht (l.oad, Flush, Wash 1) Equilibration 1 - 50 mM Tris, 150 mM NaCl1,
pH 7.5 (5.0 co umr?@gfﬁ%e%) Vash 1 - Variable (See Table 8 for composition) Wash 2 - 50 mM Tris,

10 mIVINaCl, pH 7.5 (5 column volumes) 20 Elution - 50 miM Glycine, 10 inlvl NaC1, pH 3.0 (3 column

o ) T R0 O B o B O S D28 et

raM Tris, 150 m_MNaCl., pH 7.5 olumn volumes) Run temperature: € MabSelect

Protein A colutfimiageglitorated suthnsicofunisonlirmes wEB0mN daded 260 ot MaCl, pH 7.5. The
column was logded atARprANMAl AL MO REadueint. JeRN-WRE T MRIRgdR3daslighed out of

the column with 5 column volumes of 50 nuM Tris, 150 mM NacCl Fg“}o?.& The column was then

washed with oHPRHERHgRhE s ithed meplBie TlupsbPiaaibrpEcRo s s washed with 5
30 column volsghie 0t SQinidd Jirim H8mdebia1.0ml @a61,T PE Brodsiciiwas whited framethe MabSelect

Protein A column wijth 50 ruM Glygcine, 10 miVI NaC1, pH 3.0. The product poaql was then neutralized
to pH 8.0 with ?gh‘?lﬁr?b%‘??hﬁag?u WA B%E?‘%B%%%Y §%%%HW%8§%§WW&OH, 0.5 M
Na2S04 then stohé tNuirhpdl cofume 756 molnmelsioféd 626 (et o sS0SniWI T 11pR M RaC1, pH 7.5.
The results ar?ngrqgc\:%%elx a-xrlg‘gé%ys v&'&?lscell:)u S %lg %Hg }];% eli% %@a}gl{a%g]sgyﬁgli column with 50

15 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 7.

Table 7: % UDB for with and without calcium washed samples.

Run # Sample % UDB
1 50 mM Acetate, 2.0 M CaCly, pH 5.0 9.5
2 None (Control) 20.8

20

A 2-fold reduction in UDB levels was observed for the run that had the additional 50
mM Acetate, 2.0 M CaCly, pH 5.0 wash.

25 EXAMPLE 6: Removal of HCP and IRT with Other Divalent Cation Salt Washes

In this example, the ability of washes containing either MnCl, or NiCl, to remove
impurities from a preparation containing the anti-Ap monoclonal antibody AAB was

examined.



Table 8: HCP removal with various wash solutions Run # Wash 1 Condition HCP (PPM) 1 50 rnM
Tris, 1.0 M NaC1, pH 7.5 17,600 2 50 miV1 Sodium Acetate, 1.5 M MnC12, pH 5.0* 10,600 3 SQ mM
Sodium Acetate, 1.5 M NiC12, pH 5.0* 4,700 4 50 ruM Tris, 2.0 M CaC12, pH 7.5 6,500 Table 9: IRT
Removal with various wash solutions Run # Wash 1 5C%ondition

- 10

15

20

25

30

Two runs were performed to evaluate the effect of washes containing other divalent
cationic salts such as MnCl, and 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 CaCly, pH 7.5 wash.

The culture containing the monoclonal antibody was purified at small scale using a
MabSelect Protein A colunm (9 mL) connected to a GE Healthcare AXTA 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 8).

- Column dimensions — 1.0 cm x 115 om (9 mL)

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

Operational flow rate ~ 230 cm/hr (Load Flush, Wash 1)

Equilibration 1 — 50 mM Tris, 150 mM NaCl, pH 7. 5 (5.0 column volumes)
Wash 1 - Variable (See Table 8 for composition)

Wash 2 — 50 mM Tris, 10 mM NaCl, pH 7.5 (5 column volumes)

Elution — 50 mM Glycine, 10 mM NaCl, pH 3.0 (3 column volumes)
Regeneration — 50 mM NaOH, 0.5 M Na,SO4 (5 column volumes)

Storage — 16% Ethanol, 50 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Run temperature: 18-24°C

The MabSelect Protein A column was equilibrated with 5 column volumes of 50 mM
Tris, 150 mM NaCl, pH 7.5. The column was loaded at approximately 40 mg
product/mL resin. The remaining load was flushed out of the column with 5 colummn
volumes of 50 mM Tris, 150 mM NaCl, pH 7.5. The column was then washed with one
of the solutions described in Table 11. Prior to elution the column was washed with 5
column volumes of 50 mM Tris, 10 mM NaCl, pH 7.5. The product was eluted from the
MabSelect Protein A column with 50 mM Glyeine, 10 mM NaCl, pH 3.0. The product
pool was then neutralized to pH 8.0 with 2 M Tris pH 9.0. The column was stripped
with 5 column volumes 50 mM NaOH, 0.5 M NaySO4 then stored with 5 column



IRT (%) 1 50 mM Tris, 1.0 M NaC1, pH 7.5 2.78 2 50 mM Sodium Acetate, 1.5 M MnC12, pH 5.0* 0.77
i3 50 mM Sodium Acetate, 1.5 M NiC12, p1-1 5.0 0.47 50mM Tris, 2.0 M CaC12, pH 7.5 0.87 Table 8
shows that the level of HCPs present in runs that were washed with solutions containing divalent
cations had 1 5-3.5 fold less HCPs than the control (1,0 M NaCl 15 Wash). Table 9 shows that the
runs that contained the washes with divalent cationic% Its solutions also provide > 3.5 fold IRT
removal compared to the run with a 1.0 M Nadi containing wash solutions. Thus, these results
demonstrated thansatifilahebanith SiherdivaleifOcatidng (@, pHWith WinGidins NiGhawvdifferent than
CaClZ‘, also werg gf@féygemor%{p%%w%iﬁgg@gﬁ e%zogﬁ#ivalents Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many equivalents to
the specific embodiments of the invention described herein. Such equivalents are intended to be
encompasseoTplf’n%' ﬂﬂ‘d’v\nﬁ@ﬂahﬁgth various wash solutions

Run # Wash 1 Condition HCP (PPM)
1 50 mM Trs, 1.0 M NaCl, pH 7.5 17,600
2 50 mM Sodiufn Acetate, 1.5 M MuCl, pH 5.0% 10,600
3 50 mM Sodium Acetate, 1.5 M NiCl,, pH 5.0% 4,700
4 50 mM Trmis, 2.0 M CaCl,, pH 7.5 . 6,500

5 * pH 5.0 was chosen due to solubility of MnCl, and NiCl,

Table 9: IRT Removal with various wash Solutions

Run # Wash 1 Condition ‘ IRT (%)
1 50 mM Tris, 1.0 M NaCl, pH 7.5 ' 2.78
2 50 mM Sodium Acetate, 1.5 M MnCl,, pH 5.0% 0.77
3 50 mM Sodium Acetate, 1.5 M NiCly, pH 5.0% 0.47
4 50 mM Tris, 2.0 M CaCl,, pH 7.5 0.87

10 pH 5.0 was chosen due to solubility of MnCl, and NiCl,

Table 8 shows that the level of HCPs present in runs that were washed with solutions
containing divalent cations had 1.5-3.5 fold less HCPs than the control (1.0 M NaCl

15 Wash). Table 9 shows that the runs that contained the washes with divalent cationic
salts solutions also provide > 3.5 fold IRT removal compared to the run with a 1.0 M
NaCl containing wash solutions. Thus, these results demonstrated that salt washes with

other divalent cations (e.g., with MnCl, or NiCl), different than CaCl,, also were
effective in removing impurities.
20



58MCSLLP Claims: I.A method for purifying an anti-AB antibody having an Fe region from a
source liquid comprising the antibody and one or more impurities, 5comprising the steps of

adsorbing the antibody to an Fe binding agent comprising one or more of Protein A and Protein G;
washing the Fe binding agent with a buffer solution c\c;gﬂaining CacCl, at a concentration of from 0.5 M
to 3 M to remove one or more impurities; and 10reco gring the antibody from the Fe binding agent by
eluting the antibody in an elution buffer having a pH in a range from 2 to 4. 2.The method of claim 1,
wherein said E4Bi¥%leakve idngpaklieddndbretcnittonsatiizgroupcaNsittirgsotainwsmgead through
variant species dRhuaaendiswlidedhparacangries SRR anddonmelestiaweight snecies (LMW).

153.The method of claim 2, wherein said one or more impurities is an 1RT. 4.The method of claim |,
wherein the afti5BHERSsrsd e (Ferh B eshéistngsrdsd brbperipriRisitddbinine antibody, a
chimeric antibilgwangwnanized antibody and a human antibody. 205.The method of claim 1, wherein
the antibody is a humanized anti- AB antibody. 6.The method of claim 5, wherein the humanized
anti-AB antibody is selected from the group consisting of: a humanized version of the 3D6
antibody produced by the PTA-5130 cell 25 line deposited with the ATCC,; a humanized version
of the 10D5 antibody produced by the PTA-5129 cell line deposited with the ATCC,;



MCSLLP 59 a humanized version of the 12Al1 antibody produced by the PTA-7271 cell line
deposited with the ATCC,; a humanized version of the 266 antibody produced by the PTA-6123
cell line deposited with the ATCC; and 5a humanized version of the 15C1 1 antibody produced by the
PTA-7270 cell line deposited with the ATCC. 7. The method of claim 1, Wherﬁi@ébﬁ@ntibody
having an Fc region is recombinantly produced. 58 8. The method of claim 7, wherein the
antibody having an Fe region to is recombinantly produced in a Chinese Hamster Ovary (CHO) cell.

9. The metho% of claim 1, wherein the Fe binding agent is immobilized on a solid phase. 10.
The method o 181%?&1 9, wherein the solid phase comprises one or more of a bead, a gel, a resin, and a
particle. 11. The method of claim 1, wherein the buffer solution containing the CaCl12has a pH

value in a range between 4 to 8. The method of Cla'f&ngldin\?{ gégz;lg the buffer solution

12.
containing the CaC12 has al‘pH vajﬁfen?ﬁhg%raf%rg%uﬁle}’\}\%earlnf%lfo N5 ?i%%rﬁéﬁ%alof claim

1, wherein the bufferfsatusieounes i Gd ClRnoconc trtratidody andnge detweempibilkto 2.0 M.

14. The method of claim IﬁwheE in %he bLtlffer solution comprises 2 M CaCl2. 15. The method
of claim 15, wherein tﬁ%ms?eﬁlsngf a%goel%slr?g' the antibody to an Fe binding agent and washing the Fe
binding agent are performeadabéb2fg thapeibaodsetinathEcrhingenigetpeme nd@(tiag OneMC8bid060

16. The meth gogfiglgnir%ﬁgy&%{gia,the one or more impurities further comprise one or more of a host
cell protein, a oSt cé , a cellCulture protein, and mixtures thereof 17. The method of
claim 1, wherein the step ofwesouertiing fhéiadtitzpayeftomtihe rdfbirndint agentteomgriseSlehiting the

protein using g%oenlgetalrapa 181? oF ?r%\{ﬁng.? lw_tlo”g ﬁdr%n%%lggg’]ogé&on%?e impurities; and
10 recovering the antibody from the Fc binding agent by eluting the

antibody in an elution buffer having a pH in a range from 2 to 4.

2. The method of claim 1, wherein said one or more impurities are
selected from the group consisting of: intron read through variant species (IRT), under

disulfide bonded species (UDB) and low molecular weight species (LMW).

15 3. The method of claim 2, wherein said one or more impurities is an

IRT.

4, The method of claim 1, wherein the antibody is selected from the
group consisting of: an antibody fusion, a murine antibody, a chimeric antibody, a

humanized antibody and a human antibody.

20 5. The method of claim 1, wherein the antibody is a humanized anti-

AB antibody.

6. The method of claim 5, wherein the humanized anti-AB antibody
is selected from the group consisting of:
a humanized version of the 3D6 antibody produced by the PTA-5130 cell
25 line deposited with the ATCC;
a humanized version of the 10D5 antibody produced by the PTA-5129
cell line deposited with the ATCC;



18. 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 tochromatography and hydrophobic interaction chromatography (HIC).
19. The method of claim 1, wherein the method further comprises an additional puriﬁt%%ibh step
selected from the group consisting of: hydroxyapatite £hromatography, dialysis, affinity
chromatography, ammonium sulphate precipitation, ethanol precipitation, reverse phase HPLC

(RP-HPLC), and chromatofocusing.. 1520.The method of claim.1l, wherejn the one of more jmpurities
comprise one or more introﬁi@’é’ﬂq%ﬁ% ﬁﬁr%ﬁaﬁg&%ﬂﬂfﬁb& %H&Of!’*bc%qelh 0 glﬂﬁéﬁzﬁntaining
the antibody hasgl ditevidmiinitonitkalkt throogh variants that is at least 5 fold less than the level of
intron read-through variants in the source liquid. 21. The method qf clajm wherein

solution containing the 20 a?igﬁgb%?\%eéo‘(/%ﬁsé%niﬂ%éeé%gﬁ%oqg iSh ﬁgeg R eoﬁod%’cgrﬁégal-ﬁhrough
variants that i$in¢ teasikitedfolitiats Kib@@harével of intron read-through variants in the source liquid.
22. The method of claim 1, wherein.the one.or ei rities.comprise one or more. intr,
read-throﬁgh variants of theaarﬁ%%rafleanvtf Iiﬁgrf:}r%nerg%%i §ﬂ%}%%d 6%3%%%1%%%5}%'&@%%% 1% of

a species of saitl &intildegydndhe rtutienigalldion. MC 8 Lt. P 61 23. The method of claim 22,
wherein the intron read-through variants comprise less than 0.8% of a species of said antibody in the

luti lution. 24. Fh ' ' intron. iani: '
s than 0.59 of a species bf sickIRbony 1 e SN Loty soRy B i 24,

. . y In the elutibn solution. metho claim 24,
wherein the intyoecesaitmdughiosudahts comprise less than 0.2% of a species of said antibody in the
elution solution. 26. The method of claim 1, wherein the one or more impurities comprise one

or more low molecular weigpt specieg pfding AotibRdY 2nd tae1wmaalssuiR MeIgRl.aReciegisaMprise
less than 1% of a species of said antibody in the loelution solution. 27. The method of claim 26,

wherein tHe I FroRGinantheryriusrtia OHsRedlrasten Vo8t B spfécies of said antibody in the
elution solution. 28. The method of claim 27, wherein the low molecular weight species

comprise less than 0.5% of @ specitis of caisi aftddgdy iniherelutine Bobitiog agent is

immobilized on a solid phase.

10.  The method of claim 9, wherein the solid phase comprises one or

more of a bead, a gel, a resin, and a particle.

15 11. The method of claim 1, wherein the buffer solution containing the

CaClyhas a pH value in a range between 4 to 8.

12. The method of claim 1, wherein the buffer solution containing the

CaCl; has a pH value in a range between 7.3 to 7.7.

13. The method of claim 1, wherein the buffer solution has a CaCl,

20 concentration in a range between 1.5 M to 2.0 M.

14. The method of claim 1, wherein the buffer solution comprises 2

M CaClz.

15. The method of claim 1, wherein the steps of adsorbing the
antibody to an Fc binding agent and washing the Fc binding agent are performed at a

25 temperature in the range between 2°C to 24°C.



1529.The method of claim 28, wherein the low molecular weight species comprise less than 0.2% of a
species of said antibody in the elution solution. 30. The method of claim 1, wherein the one or
more impurities comprise one or more under-disulfide bonded variants of the antibody W§D§
under-disulfide bonded variants comprise less than 15% of a species of said antibody in the &Iution
solution. 31. The method of claim 30, whereintthe under-disulfide bonded variants comprise
less than 10% of a species of said antibody in the elution solution. 32. The method of claim 31,

wherein the under-disulfide bondeq,}\l/aria@gsf?o?%ise esiéthan % of a species of sati.d antibody in the
elution solution. 33} The method of daii 32 whefeil s GRaeF-Aetinte Bonded variants
comprise lessfindre286ropasspaecies mbsaist antisodyllipriiteig)utiosssaUtioONA, a cell @dtuFble method of
any one of the pr cedgrr{g clai{grse,sv%@eg%i the AB binding protein is a humanized 3D6 antibody

comprising a IPgR Uidin clgrlrzl(prlsmg € 5 amino acid sequence of SEQ ID NO:1 and a heavy chain

comprising the amino acid sequence of residues 1-448 of SEQ ID NO:2. 35. The method of
claim 1, wherein the antibody is of Idstypehigioligaim lgeerg®3hestegy . recoveri@gghthe method of

claim 35, %’VheE%iﬁ‘b% "Hbtfp?gé/lj’% BIﬂﬁ%ﬁ%@éM%@ﬁé&%‘htmg the protein using an elution buffer

having a pH in a range from 2.5 to 3.5.

18. 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

10 chromatography and hydrophobic interaction chromatography (HIC).

19. The method of claim 1, wherein the method further comprises an
additional purification step selected from the group consisting of: hydroxyapatite
chromatography, dialysis, affinity chromatography, ammonium sulphate precipitation,

ethanol precipitation, reverse phase HPLC (RP-HPLC), and chromatofocusing.

15 20. The method of claim 1, wherein the one or more impurities
comprise one or more intron read-through variants of the antibody and the elution
solution containing the antibody has a level of intron read-through variants that is at

least 5 fold less than the level of intron read-through variants in the source liquid.

21. The method of claim 20, wherein a solution containing the
20 antibody 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.

22. The method of claim 1, wherein the one or more impurities
comprise one or more intron read-through variants of the antibody and the intron read-
25 through variants comprise less than 1% of a species of said antibody in the elution

solution.
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23. The method of claim 22, wherein the intron read-through variants

comprise less than 0.8% of a species of said antibody in the elution solution.

24. The method of claim 23, wherein the intron read-through variants

comprise less than 0.5% of a species of said antibody in the elution solution.

25. The method of claim 24, wherein the intron read-through variants

comprise less than 0.2% of a species of said antibody in the elution solution.

26. The method of claim 1, wherein the one or more impurities
comprise one or more low molecular weight species of the antibody and the low
molecular weight species comprise less than 1% of a species of said antibody in the

elution solution.

27. The method of claim 26, wherein the low molecular weight

species comprise less than 0.8% of a species of said antibody in the elution solution.

28. The method of claim 27, wherein the low molecular weight

species comprise less than 0.5% of a species of said antibody in the elution solution.

29. The method of claim 28, wherein the low molecular weight

species comprise less than 0.2% of a species of said antibody in the elution solution.

30. The method of claim 1, wherein the one or more impurities
comprise one or more under-disulfide bonded variants of the antibody and the under-
disulfide bonded variants comprise less than 15% of a species of said antibody in the

elution solution.

31. The method of claim 30, wherein the under-disulfide bonded

variants comprise less than 10% of a species of said antibody in the elution solution.

32. The method of claim 31, wherein the under-disulfide bonded

variants comprise less than 5% of a species of said antibody in the elution solution.
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33, The method of claim 32, wherein the under-disulfide bonded

variants comprise less than 2% of a species of said antibody in the elution solution.

34, The method of any one of the preceding claims, wherein the A
binding protein is a humanized 3D6 antibody comprising a light chain comprising the
amino acid sequence of SEQ ID NO:1 and a heavy chain comprising the amino acid

sequence of residues 1-448 of SEQ ID NO:2.

35. The method of claim 1, wherein the antibody is of isotype IgM,
IgG1, IgG2, IgG3, or IgG4.

36. The method of claim 35, wherein the antibody is of isotype
human IgG1.



