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WORNPTARMITVGRAPHY [001] This application clains PEEUS2004/032883
benefit of priority to U S.1Provisional Patent

| e} «J 1l ed Novenber 20, 2003,
AREUAC B B ePOTECIEAR W EHE AGSRRSATES USiNG
60/ 514, 018, HYQRAXKARMLITE EHROVATOGRARHYC| osur es
of which are hereby incorporated by reference in their
entirety. FIELD OF THE | NVENTI ON [ 002] This invention
relates to nmethods of renoving high nolecular weight

aggr t es. - A .body preparatian . usi
o 95 s pEBM e e BB sk bt St oo iodhso Ermesiopa
f this.invention, ampunt of high nol ecul ar

P%P%PP'%PBE\L&-@@/#ggéﬁtﬂleﬁ Navermbera20, 2083aeatibs. can
- be reduced significantly, such as from40%to |ess
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desirable to identify useful nethods of purifying
digmladiees of Whidh ar@mdfreb?/ AestrpOdated byfiéﬁzlﬂérﬁd:é: fHeYr entirety.

reduce, the biological activity of the proteln.

Cont ami nants mnust_be renoved from anti body

prepar ati ons bef dEl I i n diagnostic

applications, therapeutic applications, applied cell

bi olldegl, Taviiinvantien elatessoutethods Aftretmosingoighanalecols

harvested from hybridoma cell lines, for instance,
weighterggregatas fironmanrreibody ppepeatisn LS hydox b Shtite

nol ecul ar wei ght aggregates (HWMW) of the antibody
chiyrastegesbriy lntcfé?taﬁféindddﬂﬁenfghifsthigqg tlo%ggfg% gmaynt of high

aggregates can adversely affect product s
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BACKGROUND OF THE INVENTION -

[003] It is desirable to identify useful methods of purifying proteins that
do not destroy, or significantly reduce, the biological activity of the protein.
Contaminants must be removed from antibody preparations before they can
be used in diagnosﬁc applications, therapeutic applications, applied cell
biology, and functional studies. Antibody preparations harveStéd from
hybridoma cell lines, for instance, often contain unwanted components, such
as high molecular weight aggregates (HMWA) of the antibody produced. by |
the cell line. This formation of aggregates can adversely affect product safety
by causing complement activation or anaphylaxis upon administration.

Further, aggregate formation may hinder manufacturing processes by causing

decreased product yield, peak broadenihg, and loss of activity.
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~ WO 2005/ 044856 PCT/ US2004/ 032883 2 [004] The nost
comon protein purification nethods are predicated on
WOeF®deHaces in the size, charge, and sol ubi | igyT/US2004/032883
between the protein to be 2urified.and contam nants.
Protocol s based on these paraneters include affinity

chr Fﬂaﬁlﬂ OFhaRhYst dRRMBNHRSRHE pG A RIS EIINS, argl predicated

exc ion ~chronmat ography, and hydrophobic interaction
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hydrophobi ¢ interaction chromatography, for instance,
affimiy chrernatoaraehy, demexelangss chrggratgaranhyd gizetaxclusion
i ncreased protein concentration or the required

chinaatggmphy, bnd et roptrmie it raictiom carsthatogeaplolur These
elution. Further, in several instances antibodies
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cunbersone, and results in tge [ nificanf dilution

TeghnigHes skegeion wrrlaangeand hy IeINteracian ge- scal e,
effici ency-based manufacturing processes. Leakage of

chiarggiagaptys &n iastenae: paylinduae bgrfapnatien of rggragatesatige to
occur, which results in undesirable contam nation of

antimereabed ecbtpinochredentiStion ndlthe dequimaiictedngeshbtbudids
235:61-69 (2000). Applicants attenpted to renove HWA

cohétftation @t/br S BindnBlufaHY FORRER IR sbOEral fishehcRi on
exchange chromat ogr aphy, cation exchange

o RSB AR oo QAR BBk S RS 4RE 1 Bow for
ubst anti al |
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Methods 599:13-20 (1992). Size -exclusion chromatography is cumbersome ..
" and results in the significant dilution of the produc_;t, which is a hindrance in
large-scale, efficiency-based rhanufacturing processes. Leakage of Iigahds.
from affinity chromatography columns can also occur, which results in
undesirable contamination of the eluted product. Steindl, J. lmmunél.
- Methods 235:61-69 (2000). Applicants.attempted to remove HMWA from an
anti-GDF-B antibody preparation using anion exchange chromatography,
cation exchénge chromatography, as well as hydrophobic interaction

chromatography. However, all of these methods were unable to substahtially

remove the HMWA from the anti-GDF-8 antibody preparation.

[005] Hydroxyapatite chromatography is a method of purifying .

proteins that utilizes an insoluble hydroxylated calcium phosphate



[ 005] Hydroxyapatite chromatography is a nmethod of
purifying proteins that utilizes an insoluble
- WOReYMA886at ed cal ci um phosphat e WO 2005/ 044856pCT/US2004/032883
PCT/ US2004/ 032883 3 [ Cai 0(3P04) 6(OH) 2], which forns
both the matrix and |igand. Functional groups consist
; : e O ons e
O R B e e R R R 4B Btoups
- (P-si . Jhe .inter I_on dr Qxyapati.te
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of  interactjon, however, p@sitively charged am no
negribvRIY CHATGRLPRY TR SERYRPS & -Sfth TfeiniRigationaebgtween
charged P-sites and protein carboxyl groups interact
hy@ypoxyepastitgi and pmteins mpe egatplemand nlfinede. Bhepansthdd of
of Chronmat ography 891:93- 98 (2000). [006].
int€ractioa| howevéry @bsmyalgaiﬁair%ed\@mmb grougsson pydteingfassociate
hydroxyapatite used in chromatography, but it was
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cof AT B R Bbon aEatlese. SHbhale Srafi B Baligny sor:ca-
rgéga Ceram c hydroxyapatite has high durability,

9.89( }Jrotei n bindi ng capacity, and can be used at
hi gher flow rates and pressures than crystalline
hydr oxgapat ite. Vola et al., BioTechniques 14:650-655
(198296] [ystellingdrskeamratiie wasshe disst tyse of hydnogapatite
chromat ographi ¢ separation of proteins, nucleic

usadiinshramsatogrdpras bahit wesdirited by shydtursldiffreuities. Ceramic
chromat ogr aphy, the colum is normally equilibrated,

hyéféﬂ(ybEStit%a(gﬁl'fA? cARBhBRGraphwas! &Veﬁﬂéﬂe@td\@ré&ﬂe%"ome of

phoSphat e er and t'he adsorbed proteins are then
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elute proteins, while, B o
capacity, and can be used at higher flow rates and pressures. than crystalline

hydroxyapatite. Vola et al., BioTechniques 14:650-655 (1993).

[007] Hydroxyapatite has been used in the chromatographic
separation of proteins, nucleic acids, as well as antibodies. In hydroxyapatite
chromatography, the column is normally equilibrated, and the sampie applied,_
in a low concentration of phosphate buffer and the adsdrbed proteins are then
eluted in a concenfration gradient of phosphate buffer. Giovannini,
Biotechnology and Bioéhgineering 73:522-529 (2000). Sometimes shallow |
gradients of sodium phosphate are successfully used to elute proteins, While
in other instances concentration gradients up to 400 mM sodium phosphate

have been used with success. See, e.g., Stanker, J. Immunological Methods



in other instances concentration gradients up to 400

nmM sodi um phosphate have been used with success. See,
WO2005/044886anker, J. | mmunol ogi cal Met hods WO 201%514/@%&5@32883

PCT/ US2004/ 032883 4 76: 1574169 (1985) (10 mMto

sodi um phosphat e el ut| on gradient); Shepard, J.
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as NaCl have been incorporated into the binding
phosphale elatigugradient); bardith dd P higmatpgraphly 5Q9é@a2® {192) (10
chr omat ogr aphy, G ovannini, R Biotechnol ogy and

midi toe35D M soM Y Bhosiheie 2iUtiePfhdiesd). t\Whilechaltesuda@s NaCl
and (NH4) 2S04 were not known to affect the elution of

ha%%e@nﬂﬁcb@o?&t@ﬂ%ﬁ@ﬂ%tblﬁcﬁng 'Huﬁgﬁﬁcpﬁﬁﬁfﬁ@h antiddyS$aiRg

Exchange Chr omat ogr aphy Proteln
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have been unable to selectively elute anti bod| es from
BifgrgIBRGAMAL P1oe20r2Y RIRP) e $alts $HFdr 3% NapdenddNH. 2504 were

chromat ography did not result in a sufficiently pure
nopkodwotto affesbtgeelution of grmelmatmgydwanmteMOmgraphy
(1989) ;.G ovanni ni, Biotechnol ogy and Bi oengi neering

Kir&s5ﬂiéf 529!o(n2[9!acﬂ')ang%p©hiarmtb§ram§'um9&3éw Pyrifiddtionpyv/enH
separate high nol ecul ar wei ght aggregates from an

P«ﬁﬂu"sh@%d}’ndor%di‘{ét%‘ Rydehsceraamne hydr oxyapatite

romat ogr aphy and a di um phosphate el ution based
on prior art teachings (Figure 1). Further, harsh

el Ut[{)ﬁ@h tlﬁ%;%ﬁé?dl W?n%&e 'Fe%ééaﬁ‘gh%r@ @ve%c%cﬁmﬁaﬁlg 18" eak

t he I'ng o pr o fiX, are known
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npurltl es, such as h| gh nol ecul ar 3 %r egat es
cfff@@ﬁiczqwmba@ 'wtersawlam asyfficigntyipue nreducte sinbauend

Chromatography 476:257-268 (1989); Giovannini, Blotechnology and
Bioengineering 73:522-529 (2000). Applicants unsuccessfully attempted to
separate high molecular weight aggregates from an antibody preparation
using ceramic hydroxyapatite chromatography and a sodium phosphate
elution based on prior art teachings (Figure 1). Further, harsh elution
conditions, when used in an attempt to break the tight binding of a protein to a
matrix, are known to destroy the biological activity of a protein. Thus, there is
need for efficient methods of removing impurities, such as high molecular
weight aggregates, from antibody preparations, which do not destroy the

biological activity of the antibodies.

SUMMARY OF THE INVENTION




bi ol ogi cal activity of the antibodies. SUMVARY OF THE

| NVENTI ON WD 2005/ 044856 PCT/ US2004/032883 5 [009]
WORIBY®4838t s surprisingly found that NaC can bECT/US2004/032883

utilized in a novel hydroxyapatite chromatography

met hod for the purification of inmunoglobulins and

mpy@d] AW ILRBHShETHERE tHAW AT 5 %tm{éggi;v% povel
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2). Thus, the present invention relates to net

' ' I ' A rom
R T AR S A
. With hydr oxyapati t ' d sel ectively elutjing,
mitinoghiiBagEr Bavabof EUMA S edireiant ty indtetig’s Figure
anti body preparation may be buffer-exchanged into an
2).eqouBi heairesentjoyertiomraiaterda methedeaf tanoviog high owdgcular
a hydroxyapatite resin. A conbination of these

wetightciguyédatestam angibotly greparatiais by cohtaeting egldpieparation
nmet hods may al so be used to purify anti body

wiﬂgLffl% @xyﬁ?‘éﬁtg [r%@iﬂ] and'SeleBRIN bRAING TRE 'éhﬁﬁoé\? gr%%ﬁﬁ&ﬂésin}

er of 1oa uffer that contains from1l
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7.6. [011].1na conbinati on bjndjng/fl owthrough node,
eafifBratiapeiesrand Gan Alowesiodlay INovet P aomrBRtiesn. A

wash buffer that contain froml to 20 M sodi um
coptirgicd & these hingling/flow-thraugh hdroxyepatite ohtamaograpity

arginine, and fromO to 200 mM HEPES, wherein the

methods nizyadiso behudeldeio purity watibodypfeparationee a pH from
6.2 to 8.0. [012] In one enbodinent, the purified
anti body contains |ess than 5% high nol ecul ar wei ght

agg@uRt §he ibddrtlon featdres tHresiuBSEP DO SRS loali MRy ISt ed
anti body contains less than 1 % high nol ecul ar wei ght
coRMELHBMEF to 20 mM sodium phosphate and from 0.2 to 2.5 M NaCl,

wherein the elution buffer or load buffer has a pH from 6.4 to 7.6.

[011] In a combination binding/flow-through mode, the invention
features an equilibfation buffer and wash buffer that contain from 1 to 20 mM
sodium phosphate, from 0.01 to 2.0 M NaCl, from 0 to 200 mM arginine, and
from 0 to 200 mM HEPES, wherein the equilibration buffer and wash buffer

have a pH from 6.2 to 8.0.

[012] In one embodiment, the purified antibody contains less than 5%

high moiecular weight aggregates.

[013] In a further embodiment, the purified antibody contains less than

1% high molecular weight aggregates.



WD 2005/ 044856 PCTI US2004/ 032883 6 [014] In an

addi tional enbodi nent, the anti body preparation
WOc9p/ed4B% at | east one | gG anti body. Mre PCT/US2004/032883

specifically, the antibody preparation contains at

| east one anti body chosen fromanti-IL-21 receptor,

ant [p{dF18an ftfitionPehd ' &ntiBody Iréti i
ant i[-lﬂglzlsjanor a}ﬁi -1 L- fﬁ%giéﬁ]ﬁgﬁ II ea%?kégjr?é ioh contains
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col A oK b SO A raortS v cor-
chromat ography, affinity chromatography, hydrophobic
antirfikatacamtik D ra@ﬁdxaygﬁgfpmtl-llrﬁﬁ;mrlarwela&%t al
affinity chromat ography, size excl usion
chromat ography, diafiltration, ultrafiltration, viral
remfVeB] fAtlieasitanerpuridicaton nestbbdngsy béusedtingoaiivyation
and/ or cation exchange chronatography. [016] In one

witBrthe tyaedtya pafiteoehroXENegaphgd ths ¢hvehlioR, A variety of

chromat ography are used in conbination with ceramc

PuPHCHRIYRRRdds oo i bETREA9RAINNG, Al ot A ARANGS PRSI A

rotern romat ography’ nma n
or_.examl e, contactin he antibady.preparation
onthaBORRLG el Ao RRla Sy foere MRtU08y <o
adsorb to the support, washing the support and _
chrRRigEP vk iMBlizeAtmeta affedlyichsprmatagsaphy, sizewaxeiusign
buffer, eluting the adsorbed antibody with at |east

chromeategoa @iyn diafitratidno nlttafiitfation, virahtemeovai dilttation, anion
preparation with an ion exchange support, allow ng the

exéidndeoelyrontatbhrihiyhand/ah chlien exeRatide chRPELBErapHS.

support with at | east one ion exchange washi ng
buffer, contacting the ion exchange fl owthrough with

2 Jb10% gRglertisadifiehd arfbl exbihdend PRYIMACUON 1 O

adsorb'to the resin, washing the Tesin h at |east
one BUFON) BRI S BB L o Bt
chpoyrrqgt%)é}'/gpﬁ%/t. | /&r?ioglelf(tc. gr?geb lén;wfj%rbtein A chromatography may be
used in combination, for example, by contacting the antibody preparation with
a Protein A support, allowin'g the antibody to adsorb to the support, washing
the support and adsorbed antibody with at least one Protein A washing buffer,
eluting the adsorbed antibody with at least one Protein A elution buffer,
contacting the preparation with an ion exchange support, allowing the
antibody to flow through the support, washing the support with at least one ion
exchange washing buffer, contacting the ion exchange flow-through with a
hydroxyapatite resin, allowing the ﬂow—fhrough to adsorb to the resin, washing
the resin with at least one hydroxyapatite washing buffer, and eluting purified |

antibody from the resin with at least one hydroxyapatite elution buffer.



WD 2005/ 044856 PCT/ US2004/032883 7 [017] I'n a further
enbodi nent, ani on exchange and Protein A

WaHeghBegr aphy may be used in conbination, fopcr/us2004/032883
exanpl e, by contacting the 7preparation W|th a Protein
A support, allowng the antibody to adsorb to the

P !
aQEE@L@d%%?@Eﬂﬁbem“?ﬁnh% P e Bregrat BRI AR ng
buf f | uti th d be. t d h at |east
chgbe B AV AR BN BB R SYPRIPE D paeshe e
eluate wth an ion exchange support, allow ng the
PrepareieRyithoa Prelwin Arsspghrt Alowing thramiingdy te appon'bt to the
washi ng the ion exchange support with at | east one ion

PretedhArsyspponka stashindoiinef nofeir ¥ bappom gntreeisoere e astittatewith
flowthrough into a load buffer conprising from1l to

at Riastiyhe ®toteth Phwashiag Suses dinemy Qw@a&@or%e@ aMt.H@@y With at

contacting the ion exchange fl owt hrough wit
I
'ee{%%@ e Aﬁag&@ﬁ'b@gg e b RGN K o
d”’x 4§00 o r%fhp@{y ‘e BUhOEBbER RneICTERO8n
exchange and Pr ote| n A, chromat ography are used in

SupRABI Washiog the ian exghange swpmoskyiipat ieast one ion exchange
chr omat ogr aphy. Ani on exchange and Protein A

washingniaiféey; aptlyangiyg bes ionssathange didvi-trabugi intb &f load buffer
exanpl e, by contacting the antibody prepar atl on wth

comphERigeirdmAl SO N, so@ldrﬁ\p‘h%phﬁ& a fr@ﬁﬂd sor gWNéCI

to the support wash |ng t he support an

PR S ARk e
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o flow through the support, washing the support W|th
hy%ftoxb’%aétﬂted REIN W 8&5@@ﬁgﬁa@% h\xagmﬁyﬁgagtﬁ washing buffgct i ng
the ion exchange flowthrough with a hydroxyapatite

resin, allowng the fl owthrough to adsorb to the
r es{Qif 8lallm y@i arpther embodiment, anion exchange and Protein A

chromatography are used in combination with ceramic hydroxyapatite
chromatography. Anion exchange and Protein A chromatography may be
used in combination, for example, by contacting the antibody preparation with
a Protein A support, allowing the antibody to adsorb to the support, washing
the support and adsorbéd antibody with at least one Protein A washing buffer,
eluting the adsorbed antibody with at least one Protein A elution buffer,
contacting the preparation with an ion exchange support, allowing the
antibody to flow through the support, washing the support with at least one ion
| exchange washing buffer, contacting the ion exchange flow-through with a
hydroxyapatite resin, allowing the fiow-through to adsorb to the resin, allowing

binding of the HMWA more tightly than antibody monomer and, as the loading



bi ndi ng of the HWA nore tightly than anti body nononer
and, as the | oadi ng WO 2005/ 044856 PCT/ US2004/ 032883

WO g0s@i485hues, di spl acement of the bound nmonomecCTys206032883
HMWM, washing the hydroxyd&patite resin with at | east
one hydroxyapatite washing buffer, and collecting

corﬂirﬁ@saeégla%maﬂgy tHEBBURE mdithié: W id HRAAA, Q\Pésﬁﬁ@tnhe

and advant ages of the invention w e set fort

{10 : Lpt ich follows, and in rt

vk rendli A6 TR pElReS{ Rl bidicndppatR waiing DB 'and

| earned by practice of the invention. The objects and
collgpiag ACq5 ARPROGTIOROIM- wi | | be real i zed and

attai ned by neans of the elenents and conbi nations

particularly pointed out in the appended clains. [020]

It {9 oAdditignakekiestsianthadvaapes bétheinggolion wijkbe sat

description and the follow ng detail ed description
fortrie peaxeimthardesarigtien phdstafoliowsoahy irapdrt vill ®ersiivious from

restrictive of the invention, as clalined. [021] The

inGASSRABAGH] Sindly B REed) Badics drOTRbAI Ti2 cgcgects'

constitute part of this specification, togeth

oA 1 oAl i s v

DRAW 022] Figure 1l denonstrates . the inability of
oleftp A8 ORI ARG el it Msnepeprsaghiiavas.

. HWM froman anti GDF-8 anti body preparation. [023]
Figure 2 denonstrates that use of Nad gradient o
el uld20h Hdsta be undefsieod éhairhath dhe fasegeinggeneralaesceiption
of the HWA from an anti-GDF-8 anti body preparation.

and aatfolibiMing detailed assctiptiors epmexdmplarp ndidipldriatonyaomly and
anti-CD22 antibody preparation using cHA
arechétoBBirRavaphihe WeAHER/ A14iBirRedCT/ US2004/ 032883

[021] The accompanying drawings, which are incorporated in and
constitute part of this specification, and together with the description, serve to

explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[022] Figure 1 demonstrates the inability of the prior art phosphate

gradient elution to separate HMWA from an anti. GDF-8 antibody preparation.

[023]} Figure 2 demonstrates that use of NaCl gradient elution results
in the separation of a large portion of the HMWA from an anti-GDF-8 antibody

preparation.

[024] Figure 3 shows the separation of HMWA from an anti-CD22

antibody preparation using cHA chromatography.



9 [025] Figure 4 shows the separation of HWA from an
anti-Abeta antibody preparation using cHA

WORRPHHA86gr aphy. DETAI LED DESCRI PTI ON OF THE | iMEDER 06032883
A. Definitions [026] In order that the present
invention may be nore readily understood, certain

ter sy Eidurest shlilé Bedseddldiibh oF fivae frBH{ éﬁ%ﬁti%tge}?

set forth ~throughout the detailed description.

a8 BfcPerdfi BORY oHhEoSidniRaB Y. o) "nol ypept i de.

conprising an antigen-binding site. The term

i ncl udes, DETIAILED'DE SGRIPTRON OF TIEIRVENTION

nonocl onal, nonospecitic, polyspecific, non-specific,
A. humpifigtlonuman, singl e-chain, chinmeric, synthetic,

reconbi nant, hybrid, nutated, grafted, and in vitro

gengyzg]eth apidrng 1%-présénttiﬁ{/@at'fcﬁﬂ@gpgfaég}hog% 3%‘3”% o

i ncludes anti body fragnents suc

' £ .t h
unfgfetood ber BT er R St odites ﬁ%{»éﬁ%%z@t 'otaj"é‘%{e set forth
f | d I ti - bi ndi in.
tph BT SRRl L SEHRPtRRy “nl o be puri11ed by (he |

invention include chemcally nodified forns such as
by PEG treatnment, and fusion proteins conprising an
i g dbelterm eindibpdytHefesate Boyymorrfagiepintor fragment
thereof may be selected fromany of the known
theaeoi, Bodyericontpgsses amy pdigdeptiderdonpriding as, antigen-binding
exanple, 1gA 119G 1gD I1gE, |gMnononers, |gA diners,
sité 9AhBItEARIclu®ss, Hugd REMNIH cksan/
BT U004 032885 To T onaTear s P a'n'?'?’@ﬁg@”a"

mdHARPRERE! Polysp&lific, hdn2s FEbiicE HIRRHiZd P human, single-chain,

chimeric, synthetic, recombinant, hybrid, mutated, grafted, and in vitro

generated antibodies. The term “antibody” also includes antibody fragments
such as Fab, F(ab’),, Fv, scFv, Fd, dAb, and other antibody fragments that
retain antigen-binding function. Typically, such fragments would 'comprise an

antigen-binding domain.

[028] Antibodies that may also be purified by the invention include
chemically\modified forms such as by PEG treatment, and fusion proteins
comprising an immunoglobulin moiety. The antibody or fragment thereof may
be selected from any of the known antibody isotypes and their conformations,
for example, IgA, 1gG, IgD, IgE, IgM monomers, IgA dimers, IgA trimers, or |

IgM pentamers.



cont ai ni ng an anti body and/or unwanted conponents,
uch as hi gh nol ecul ar wei ght aggregates of such
Woazrql‘;’?/‘ff‘éﬁq(’es [030] "Ceram c hydroxyapatite" orPCIBEZ004/032883
refers to an insoluble hydPoxylated cal ci um phosphate
of the formula [Calo(POX)6(0OH) 2], which has been
si n{@29¥d Tate tle'rrgh‘ahtibpelyqirepasaiion’braersnb@riyaajmposition
macroporous ceramc form The term"cHA" enconpasses,

cohtﬂmnhg d?fpéntﬁbdﬂytéfﬁi/éyoun\ﬁé{rﬁéd%cﬁﬁﬁo@ﬁ@ duch, £Lhif rﬁole;:ular

hydr oxyapatite.” Unl ess specified " refersvt

BB R e mied o 20 40

aggr egat es" or refers to an associ ati on of at

any (o q”r%hk?ﬁgwﬁgox Yaiatlier 41 AHALTEs Domrent bl

non- covalent di sul fi de, nonr educi bl e
hydroxytated l@amymm@sahaﬂeéﬁéhetfmtdatmamﬂl?@s st i whichchas

the same or different antigens. The at |east two
beantsirtecidceat gl temperattuies ihtw mspherieal, Aricrdstyus ceramic
anti body fragment, or other forns described in the

fordtef THe temn “6HA" SRd8rhpashes, @h@}éenot[m?dd tth*ybsﬂfé'nd Type ||

"fl owthrough node" refers to an anti body °preparation

ce PR RIdr %@éﬁ%‘ﬁ@ QH%SL&% \é‘ialf%la Al AERFE &qgeﬂngrﬁe*rﬁ@,d e’size

contal'ne t|on|S|nten

: h. whi |
nd i By ora iR BhEnGr oot i1y binds o

the chromat ographl c reS| n or support. Flowthrough
node_ may _be used, for instance, in hydroxyapatlte
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2005/ 044856 PCT/ US2004/032883 11 [033] "Bindi ng node"
refeed toran Essemakm obatdpagi tecaantibaties ephe association may arise

techni que in whi ch at |east one anti body contained in
bytang rpethoal iatiudmgpbotisot limited to, covalent, non-covalent, disulfide,
or nonreducible crosslinking. The at least two antibodies may bind to the
same or different antigens. The at least two antibodies may be in the form of
an antibody, antibody fragment, or other forms described in the definition of

“antibody” above.

[032] The term “flow-through mode” refers to an antibody
preparation separation technique in which at least one antibody contained in
the preparation is intended to flow through a chromatographic resin or
support, while at least one potential contaminant or impurity binds to the
chromatographic resin or support. Flow-through mode may be used, for
instance, in hydroxyapatite chromatography and ion exchange

chromatography.



a chromatographic resin or support, while at |east one
contam nant or inpurity flows through. Binding node
WORHYs/14é858sed, for instance, in hydroxyapatite PCT/US2004/032883
chromat ogr aphy and i on exchbnge chromat ography. B.
Description of the Method [034] The present invention
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aggregat e from anti body preparations using

it t y_in_.bindj . .
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resent invention has application to the | arge scale

a @upnﬁf%%rﬁpew 165Nk  ¥igatdeaone gaygninant or impurity

bi ndi ng node, the nethod uses a hydroxyapatite support
flowsdhepaghwi Bindpitgorenatraanbe nsetr for ipgdanee, indwdragiapatite

strength to bind both the antibody and HWA. The
chasrhatograshyt aed iovmskethngetdhrommpiagrapaye buffer to

renove | oosely bound inpurities. Next, the antibody is

selectively eluted using a high ionic strength
B.phofiasarivtian pétheMatheding 0.2 to 2.5 M Nad  at

slightly acidic to slightly basic pH HWA is

opt i1&¥HI | Yhe presaii énmanjiondsawdes ordthedes fargemoving highan

even higher ionic strength and hi gher phosphate

maleadentveaiht aggbeddtes (dMVidalfroal aptlibodyesrichgratione usisd n
is optionally regenerated wusing a sodi um hydroxi de

hy@ﬂﬂy@?éﬁt@%‘ﬂiﬁh@‘ﬂ@@r@bﬁ?% BIRldiHd Riddel AR thIdugh mode, or a

fl owthrough node; an” anti body preparation™s b er -
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apt i boda‘gF rtc%{)oaration .5 then allowed to flow through a
pth}gﬁtm pécjﬂl Y FYPRATAUORRI | e i npurities such as HVM

bind-to the colum. WD 2005/ 044856 PCT/ US2004/ 032883

12 e colum is optiognally subsequently washed to
al | 1‘51@%1 i binsling madle: themethed Bsespdydrexyapgiite surragh

the colum. Lastly, the colum may optionally be
charged with phosphate at neutral pH and low ionic strength to bind both the

antibody and HMWA.. The column is then washed with a phosphate buffer to
remove loosely bound impurities. Next, the antibody is selectively eluted
using a high ionic strength phosphate buffer contéining 0.2 to 2.5 M NaCl at
slightly acidic to slightly basic pH. HMWA is optionally subsequently washed
off the resin using an even higher ionic strength and higher phosphate
concentration buffer at neutral pH. Lastly, the resin is optionally regenerated

using a sodium hydroxide and potassium phosphate solution.

[036] In flow-through mode, an antibody preparation is buffer-
exchanged into a load buffer containing 0.2 to 2.5 M NaCl at slightly acidic to
slightty basic pH. The antibody preparation is then allowed to flow through a

hydroxyapatite column, while impurities such as HMWA bind to the column.



stripped and then regenerated using a sodi um hydroxi de
and potassi um phosphate solution. [037] In

WOeMM4486i on bi ndi ng/ f1 owt hrough node, the anedboshoo4/032883
preparation is allowed to fitow t hrough a
hydr oxyapatite colum, with both antibody nonomer and
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conti nues, I nco i's able to bind nore tight
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t hrough the colum. The columm is optional
str@@%@cg@e Nyegaagraed 4SRRI HHD *eycgﬁéudem%paf@éa'um
anti bodies to flow through the colum. Lastly, the
phosphate seiytiode optionally stripped with a high salt,
hi gh phosphate sol uti on and then regenerated using a
sodi um hydr oxi de and potassi um phosphate sol ution.
[ 0381371 n IrooemeirtatidnrEndingffloikthrongle niode) thé etibody f i ed
anti body contains |less than 5% HMWM, in one
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enbodi nent, | ess then he Ant 1 bodi es
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medi a derived fromculturing a reconbi nant cell |ine

mareanerexst thesefore Hisplagesi hsomg monemere Gonseduenihalthe
cell extracts of antibody-producing.cells. In one

dispiduedi mendmef flbtve throught thercolanhi Bt @slufnagioptionally
conditioned cell culture WD 2005/ 044856
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produci ng reconbi nant cell lines are purff
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high phosphate soiution and then regenerated using a sodium hydroxide and

potassium phosphate solution.

[038] In one embodiment of the invention, the purified antibody
contains less than 5% HMWA, in one embodiment, less than 3% HMWA, and
in another embodiment, less then 1% HMWA.

1. The Antibodies

[039] The antibody preparations of the invention can be isolated from
a number of sources including, but not limited to, serum of immunized
animals, ascites fluid, hybridoma or myeloma supernatants, conditioned
media derived from culturing a recombinant cell line that expresses the
antibody molecule and from all cell extracts of antibody-producing cells. In

one embodiment of the invention, antibodies from conditioned cell culture



the various anti body products, based on the disclosure

herein, it is well within the purview of one of
W86 skill in this art to- adapt the inveptirAR2004/032883

herein to a particular consinati on of anti body

protein and producing cell line. [040] For purposes of
i , e . L
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monocl onal anti bodies specifically reactive with the
thecpppviewtaf gae ca‘exdmiameakiﬁgm this artfatasspt AppInveatioo melsin to a

10/ 428,894 (hereinafter "anti-CD22"), and nonocl ona
paatiduilrochrabinageh o$ anfibed ypriteinggid perRelidest e,

I nternational Application No. PCT/US01/ 46587

(hereinafter "anti- Abeta"). The construction of
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this_ invention. In one enbodi ment of the invention,
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Hydr oxyapatites for use in this invention may be
(hereosdter Hklyoa2% ) agghocienal astidalidospedfddly Geastiandith the
sintered at high tenperatures into a stabl e porous
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hydr oxyapatite’' may vary

[042] The particle size of th ( |
g Bk oo BPoRBE ] iged O AGAR 4l

deBindd'b MieFTRRAMRBbIitich o' PETAIS8T /46585 (ReTaimsitar “anti-
- Abeta”). The construction of recombinant systems for the production of Myo-
29 and the CD22 and Abeta antibodies are detailed in the above-mentioned
applications

2, The Hydroxyapatite Resin

[041] Various hydroxyapatite chromatographic resins are available
commercially, and any available form of the material can be used in the
practice of this invention. In one embodiment of the invention, the
hydroxyapatite is in a crystalline form. Hydroxyapatites for use in this
invention may be those that are agglomerated to form particles and sintered

at high temperatures info a stable porous ceramic mass.



is 20 pm In another enbodi nent of the invention, the
particle size is 40 pm In yet another enbodi nent of

WO 25/944338nt i on, the particle size is 80 pm [ OGi/U£2004/032883
nunber of chromatographi c déipports nmay be enpl oyed in
the preparation of cHA columms, the nost extensively

usedo4le Thepgarticlersizelppthel hydrbyghipatitapady vary Widel, but a
has a high protein binding capacity and better
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ower protein bi'nding capacity, bu as bette
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i mmunogl obul i ns. The choice of a particular

In hgtarRctpapambogimgpicofdhe imendionethd padicleysizéés 8Ridn.ed
artisan. [044] This invention may be used with
hydr oxyapatite resin that is |oose, packed in a

col (048] & number obohiomeatograpiicielippdrtomalydgs employied in the
one enbodi nent of the invention, ceramnc

préYYAHa 0 @ 8HA €olli Pk NtheSmBAEKRBnsNeR) used AHaNT ycPEg%?% gype 1l

choi ce of colum di mensi ons can be "det ern ne
AR o § R BIRRAPER oghf o il Bpaciy

hei.ght of .about 20 cm ma e used for spall scale | .
for et Rl B VR SOMETRT MER obieh JERERINGInG sapacty, but

invention, a colum dianmeter of fromabout 35 cmto
hagheiter cesAwiomnof mecleisasids ang eertainoprotainentbdiTrupet !l of

the invention, a colum dianeter of from60 cmto 85

materiaigisbdagsedery llow affinity for atbydroidi arehissespicidiig suitable for
invention, a slurry of ceram c hydroxyapatite resin in

the? B0riatRPOSH rAdr3 B e died AHE MK R3S Pnuncy BRINa2 H choice

solution at pH 9.0 may be used to pack the colum at a

of SR ar M A8 A pE SRt byt BAEE rfiden
Bef ore contacting the hydroxyapatite resin with the

ant i[&aﬂy This invention may be used with hydroxyapatite resin that is

loose, packed in a column, or in a continuous annual chromatograph. In one
embodiment of the invention, ceramic 'hydroxyapatite resin is packed in a
c‘olumn. The choice of column dimensions can be determined by the skilled
artisan. In one embodiment of the invention, a column diameter of at least 0.5
cm with a bed height of about 20 cm may be used for small scale purification.
In an additional embodiment of the invention, a column diameter of from about
35 cm to about 60 cm may be used. In yet another embodiment of the
“invention, a column diameter of from 60 cm to 85 cm may be used. |n certain

embodiments of the invention, a slurry of ceramic hydroxyapatite resin in 200



preparation, it may be necessary to adjust paraneters
such as pH, ionic strength, and tenperature and in
WOZIKEI435$t ances the addition of substances ofPCT/US2004/032883
di fferent kinds. Thus, it 1§ an optional step to
performan equilibration of the hydroxyapatite matrix
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adjusting pH, ionic strength, etc., or for the
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characteristics for purification of the antibody
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matrix may be equilibrated using a solution
streogthaand ngmpecatufe 8dd iros@mne insthiacks #ie atditibh lof substahces
to slightly acidic pH For exanple, the equilibration

of biffer&it Kimys. CORLAIiNisTan bsticHal BldpsedbaHBrahaa RRaNBratioh of the
anot her enbodinent it may contain 1 to 10 nM sodi um
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equi libration buffer may contain 0.01 to 2.0 M Nad,
necessstk CBatRsdeRRtiss for puriiostion of the sniilbegy prepasatinher

enbodi nrent, 0.05 M NaCl, and in another enbodi ment,

0.1 MNad . The pH of the | oad buffer may range from

6. 2[Q448] $ oombinadios hindiod/fiemnthrougie mudenbydrbrydpatite 6. 6

to 7.7, and in another enbodi nent the pH may be 7. 3.

chitimeategraphybited hearoydatite meotriz i1 &auiibMatee aR@Qva¥ied with a
2005/ 044856 PCT/ US2004/ 032883 16 nM argi ni ne, in
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in another enbodinment it may contain arginine. -
o BSLEEH K213 1R BN, SRk b Of et may oo
equilibrated using a solution containing from 0.01 to 2.0 M NaCl at slightly
basic to slightly acidic pH. For example, the equilibration buffer may contain 1
to 20 mM sodium phosphate, in another embodiment it may contain 1 to 16
mM sodiurh phosphate, in another embodiment it may contain 2 to 5 mM
sodium phosphate, in another embodiment it may contain 2 mM ‘sodium
phosphate, and in another embodiment may contain 5 mM sodium phosphate.
The equilibration buffer may contain 0.01 to 2.0 M NaCl, in one embodiment,
0.025 to 0.5 M NaCl, in another embodiment, 0.05 M NaCl, and in another
embodiment, 0.1 M NaCl. The pH of the load buffer may range from 6.2 to
8.0. In one embodiment, the pH may be from 6.6 to 7.7, and in another

embodiment the pH may be 7.3. The equilibration buffer may contain 0 to 200



nmM HEPES, and in another enbodinent it may contain 100

mM HEPES. [047] The anti body preparation may al so be
WOy 8% xchanged into an appropriate buffer mrrboackos2sss

buffer in preparation for fibowthrough node

hydr oxyapatite chromat ography. I n one enbodi nent of
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phosphate. The | oad buffer may contain 0.2 to 2.5 M
NaCl in one enbodinent, 0.2 to 1.5 M NaCd , in another

emb it Mremte aditiBoty praparakibhiathy alaode bufferaxotanged into an
enbodi nent, 350 nM NaCl. The pH of the load buffer
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may be from 6:5 to 7.0, and in another enbodi nent the
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hydr oxyapatite resin with the anti body preparation
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Na\f‘f??nhbrqg embodiment, 0.2 to 1.5 M NaCl, in another embodiment, 0.3 to
1.0 M NaCl, and in another embodiment, 350 mM NaCl. The pH of the load -

buffer may range from 6.4 to 7.6. In one embodiment, the pH may be from

6.5 to 7.0, and in another embodiment the pH may be 6.8.

[048] The contacting of an antibody preparation to the hydroxyapatite
resin in either binding mode, flow-through mode, or combinations thereof may
be performed in a packed bed column, a fluidized/expanded bed column
containing the solid phase matrix, and/or in a simple-batch operation where

the solid phase matrix is mixed with the solution for a certain time.

[049] After contacting-the hydroxyapatite resin with the antibody

preparation there is optionally performed a washing procedure. However, in



buffers enployed will depend on the nature of the
hydr oxyapatite resin, the node of hydroxyapatite
WO HHEBISgr aphy bei ng enpl oyed, and therefore penusiRao32ss3
determ ned by one of ordinary skill in the art. In
fl owthrough node and conbi nation
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The pH of the elution buffer may range from6.4 to
7.6. In one enbodiment, the pH may be from6.5 to 7.3,

in [GEGt hveblr!eimg)mdmnthé hbetipddymaylhe euthd foth the column
anot her enbodi nent the pH nay be 6.8. The elution
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the elution buffer may contain 1 to 20 mM sodium phosphate, in another
embodiment it may contain 2 to 8 mM sodium phosphate, in another
embodiment it may contain 2 to 6 mM sodium phosphate, in another
embodiment may contain 3 mM sodium phosphate, and in another
embodiment may contain 5 mM sodium phosphate. The elution buffer may
contain 0.2 to 2.5 M NaCl, in one embodiment, 0.2 to 1.5 M NacCl, in another
embodiment, 0.3 to 1.1 M NaCl, in another embodiment, 1.0 M NaCl, and in
another embodiment, 0.35 M NaCl. The pH of the elution buffer may range
from 6.4 to 7.6. In one embodiment, the pH may be from 6.5 10 7.3, in
another embodiment the pH may be 7.2, and in another embodiment the pH
may be 6.8. The elution buffer may be altered for elution of the antibody from

the column in a continuous or stepwise gradient.



after elution or flow through of the antibody. This
procedure is typically performed regularly to
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of the solid phase and/or 180 sterilize the matrix to
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necessary to strip, regenerate, or store the
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PCT/ USZOO 1032883 on Ran
of BEISoR ﬁ(@farveﬂuﬁrs BT o aT IS Diiler 6omeas N Samee
0. 3 M Sodi um Phosphate Phosphate 1.0 M NaCd 1.0 M
anfugzpmptesiag bindigg Mmeds, Flow-thiaugh prede, @mdcambipation mv
Sodi um Phosphate 5.0 mM Sodi um Phosphate 0 to 200 mM
binN&@/fiGe-thmdughGnopel abe 4ravoded pHT @bz V\aRdiblé 2f and T aiié 3,
Sodi um Phosphate 5.0 mM Sodi um Phosphat e
respectively. Not all of the buffers or steps are necessary, but are provided.
for illustration only. For example, it may not be necessary to have two distinct
equilibration steps, and it may not be necessary to strip, regenerate, or store
the hydroxyapatite resin. A high throughput screen, as described in Exarhp!e
11, may be used to efficiently optimize buffer conditions for cHA colﬁmn

chromatography.

Table 1. Example buffer composition ranges for binding mode




0O to 200 MM NaCdl 50 MM NaCl pH 6.4 to 7.pH 7. Elution
1 to 20 mM Sodi um Phosphate 5.0 mM Sodi um Phosphat e
WOR005/¢44858. 5 M NaCl 350 mM NaCl pH 6.4 to 7.6 prtHuS004d32883

3.0 mM Sodi um Phosphat e
to 500 mM Sodi um 0.3 M Sodi um Phosphat e

119 M NaCl

H7.2 Strip 10 niV
Phosphate 1.0

Bufepadl T amjag.t.mem H 6.4 T0 1 Bxanesle CInpastion(s)
EqHiigration 4- V1At &a560 H 504 a8 WS@&%WHOS hate
Phosphat e | phoBhMABOH 1.0 M NaCH St dragfi ddet © 50 M
NaCOH 20 mivyl a@bl e 2. Exanpl e buf|fgefggonposi t| on
ranges fof pﬁl@,wtdhqough node Buf fer; ‘Conposition Range
EqEBERbE 2 r{n@wﬁﬁm aPPhEdIRELd O ¥ SO RS &W
@)Bdlr:gﬁ!r)n 0. 89 N psSp aéiﬂ{e Phosphgt & ate
1.0M|\Iaqu gm64to74Eqw y§t|0n21to
UUI UUI Ut
W%.i "M NaCl :% Fﬁﬁ%ébﬁb »g;? Bg;'??" 'sho%pbge
20 nMV Sodi ﬁ ate 5 0 mv Sod| un |_p9§ph .
Eldi@n 2o ™ LI\'%"ZOW delui’#‘%osphate 5 0 mM Sodium Phosphate
0.2t0 2.5 M NaCl 350 mM NaCl
pH6.4t07.6 pH 6.8; or
3.0 mM Sodium Phosphate
1.0 M NaCl
pH 7.2
Strip 10 mM to 500 mM Sodium 0.3 M Sodium Phosphate
Phosphate 1.0 M NaCl
1.0 M NaCl pH 6.8
pH6.4t07.4
Regeneration | 0.5 to 1.0 M Potassium Phosphate | 0.5 M Potassium Phosphate
1.0 M NaOH 1.0 M NaOH
Storage 10 to 50 mM NaOH 20 mM NaOH

Table 2. Example buffer composition ranges for flow-through mode

Buffer

Composition Range

Example Composition-

Equilibration 1

10 mM to 500 mM Sodium

Phosphate 1.0 M NaCl
1.0 M NaCl pH 6.8
pH6.4t07.4

0.3 M-Sodium Phosphate

Equilibration 2

1 to 20 mM Sodium Phosphate
0.2 to 2.5 M NaCl
pH6.4t07.6

5.0 mM Sodium Phosphate
350 mM NacCl
pH 6.8

Load buffer 1 to 20 mM Sodium Phosphate 5.0 mM Sodium Phosphate
0.2 to.2.5 M NaCl 350 mM NaCl
pH6.4107.6 pH 6.8

Wash 1 to 20 mM Sodium Phosphate 5.0 mM Sodium Phosphate
0.2 to 2.5 M NaCl 350 mM NaCl
pH6.4107.6 pH 6.8

Strip 10 mM to 500 mM Sodium 0.3 M Sodium Phosphate
Phosphate 1.0 M NaCl
1.0 M NaCl pH 6.8
pH6.41t07.4

Regeneration

0.5 to 1.0 M Potassium Phosphate
1.0 M NaOH

0.5 M Potassium Phosphate
1.0 M NaOH

10 to 50 mivi NaOH

Storage

20 mM NaOH

Table 3. Example buffer composition ranges for combination




pH 6.4 to 7.6 pH 6. Wash 1 to 20 nM Sodi um Phosphat e

5.0 nmM Sodi um Phosphate 0.2 to 2.5 M NaC 350 nM NaCl
WQp0g5/8448% 7. 6 pH 6.8 Strip 10 mMMto 500 nM Sodpomu2084/H42883

Sodi um Phosphate Phosphat&01.0 M Nad 1.0 M Nad pH

6.8 pH 6.4 to 7.4 Regeneration 0.5 to 1.0 M Potassi um

Phosphate 0.5 M Poiig@GabawWEines hfddel- 0 M NaOH 1.0 M
OH

NaQH Storage 10 ta Tahle 3
Buffesp| e bijfdempesitipb&angan ranges f or | ExamipieComposition(s)
Eqriibstion 4856 Opav/tw§00 04V $3d88BPhosphbien d DiSgiifSogiunt Rhosmitate
mode Buf f erl. @¥¥afsli ti on Range Exanpl e| COd&EG! on( s)
Equi | i br at|ipth6.4td8.4nM t 0 500 nM Sodi unpRifo8phate 0.3 M
Egsiittiration Rhodslph 20enM B dgiiuvh RaGkphat® . M NaCR.0phiveSetditra Phodphate
pH 6.8 EquitGTbiodz® 8hNaCll t o 20 nM Sodi G d&Eiha0@ mM Brginine
mM Sodi um|PRhogpBathd Arginde to 2. 0 M NaChOoGeMMERES, pHOAQ3; or
nM Ar gi ni né to@OO onMGERES Ar gi ni ne 100| MM HEPES, pH
7.3; or O|tpbl 2RO &M HEPES pH 6.2 to 8| 6.05mM $ddiBadihasphate
Phosphat e {100 mM NaCl, 120 nM Ar gi ni ne; 00 2 MYCHERBESM Arginine,
pH 7.3 20 mM HEPES, pH 7.3
Wash 1 to 20 mM Sodium Phosphate 2.0 mM Sodium Phosphate
0.01 to 2.0 M NaCl 50 mM NaCl, 100 mM Arginine
0 to 200 mM Arginine 100 mM HEPES, pH 7.3; or
0 to 200 mM HEPES
pH 6.2 t0 8.0 5.0 mM Sodium Phosphate
100 mM NaCl, 120 mM Arginine,
20 mM HEPES, pH 7.3
Strip 10 mM to 500 mM Sodium Phosphate | 0.3 M Sodium Phosphate
1.0 M NaCl 1.0 M NaCl
pH6.4t07.4 pH 6.8
Regeneration | 0.5 to 1.0 M Potassium Phosphate 0.5 M Potassium Phosphate
1.0 M NaOH 1.0 M NaOH
Storage 10 to 50 mM NaOH 20 mM NaOH

[053] In one embodiment of the invention, the load onto the cHA resin

may be, for instance, at a load challenge of = 20 mg/ml and a starting

aggregate level in the load of < 40% HMWA. In certain embodiments of the

invention, a load challenge of from 1.8 to 10.4 mg/mi may be used with a

starting aggregate level in the load of about 15%.

[054] In an additional embodiment of the invention, the cHA resin is

loaded at a load challenge of at least 20 mg/mi and a starting aggregate level

in the load of < 40% HMWA. In certain embodiments of the invention, a load

challenge of from 30 to 40 mg/ml may be used with a starting aggregate level

in the load of about 27%.



Wash 1 to 20 nM Sodi um Phosphate 2.0 nM Sodi um

Phosphate 0.01 to 2.0 M NaCd 50 nM NaCl, 100 mM
WONP@?/‘%“?@ 0 to 200 MM Argi ni ne 100 nmM HEPES, wi4/@s®n4/032883

or 0 to 200 mM HEPES pH 6. 21to 8.0 5.0 nmM Sodi um

Phosphate 100 mM NaCl, 120 nM Argi ni ne, 20 mM HEPES,

pH 3.3 StAdditibhaltd tior) Gtapk Sodi um Phosphate 0.3 M
Sodi um Phosphat e .0 M Na 1.0 MNaCl pH 6.4 to 7.1

pH 5 e@@wu@hnpwa@béeﬁ ausbooehéd%baﬁ 'r@&yﬂmﬁehate
0.5 M Pot assi um Phosphat e .0 M Na

eHRaGRRAY o PRASHRAS s 5’%”5‘??% S B2,

esin for instance, | oad chal | en e of <
o8 Al o S 0B AbP N girBeafen fasd phtnenBvesien can
of 5 40% HWM. In certain enbodi nents of the
bejuseern icombinaligawitb ihercprgtei purifieation Bchpiquess Ingnel
may be used with a starting aggregate level in the
emtmaiiment abitetint&¥ior], @54]orimosmnstagd iprecatihg &lﬁ)hytﬂmvépatlte

of the invention, the cHA resin is | oaded at | oad
sté“d%'ak/ﬁtféﬂ@eélfatﬂé to ﬁa%ﬁlcezcﬂe BAdTEhaihge éfttﬁétcbﬂﬂammants or
aggregate level in the load of < "40%H
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tional Steps _.
contaminants or impurities.

[056] The cHA purification procedure described may optionally be
combined with other purification steps, including but not limited to, Protein A
chromatography, affinity chromatography, hydrophobic interaction
chromatography, immobilized metal affinity ch-romatography,'size exclusion

-chromatography, diafiltration, ultrafiltration, viral removal filtration, and/or ion

exchange chromatography.

[057] In one embodiment, prior to the cHA purification step, the
harvest media may optionally be initially purified by a Protein A
chromatography step. For example, PROSEP-A™ (Millipore, U.K.), which
consists of Protein A covalently coupled to controlled pore glass, can be
usefully employed. Other useful Protein A formulations include Protein A
Sepharose FAST FLOW™ (Amersham Biosciences, Piscataway, NJ),
- TOYOPEARL™ 650M Protein A (TosoHaas Co., Philadelphia, PA), and

MABSELECT™ columns (Amersham Biosciences, Piscataway, NJ).



[055] Although it has been discovered that

Osédroxyapatlte chr omat ography can be used al one to
PA448% nononeric 1gG from aggregates, as NECE/USIG£032883

above, the purification nethod of the i nvention can

be used in conmbination with other protein purification

t ecliPB8jues an bptioeal stem pdontntheafHA RRirifibaEsH, oM exeignge
or nore steps preceding the hydroxyapatite step nay

chitﬁn?%%r%@ﬂ{ f ag/:bé i@lﬁl‘gﬁﬁeﬁirggltﬁ%qe @iker i n_%rﬁlafl%:ortcag]pnic
subgfGieTbl R sl Be o8l oty Fn Soc.pr eatiopic

renove additional ~contam nants or inpurities. [056]
SURR@TE I9X GUPTEIRAUEBPBY: ANivde axehanas subYiuenty include

optionally be conbined with other purification steps,
diatgyﬂlatrdm@hbutDEME), tiimiethatbrnimoekmyd taeryiamide (TMAE),

chr omat ogr aphy, affinity chromatography, hydrophobic
quiatdreagcainmetioh (QAE) egidaqiterraiaphihe 269 gh®ligs. Cationic

affinity chromat ography, size exclusion

exEhERTRE QS AREs ifkiahd 'céfbi‘ix&ﬁ{éthﬁgxé\ﬁf stfBé'tWyP@E viral

renoval filtration, for 1 on

T PR TR

tlonaIIy pr|f|edb a Protein A )
reRs SHaR 88:Ee e dp DEb2! Chiant M BpocChree are availabie
(MIlipore, UK ), which consists of Protein A
fromav\én%mathdonmmm@, Kentt UdKI &ephadexdiases, armiamrobs—hnked
usefully enpl oyed. O her useful Protein A formulations

iori exdhathgieRs ateaBoAnoReR Rsas&rmAe] DELAPAT I ARTeNG & SP-
Bi osci ences, Pi scataway, I\U) TOYOPEARLTM 650M’

%ggtga(:@ Tif\)/ljé(c):l\?‘L|]|ré¥naEC9p ands am Bi 6@% Zanngg@ ?’%@gg ag\e;véall
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ang)%l\q Hetitized ethylene glycol-methacrylate copolymer such as
TOYOPEARL™ DEAE-850S or M and TOYOPEARL™ CM-650S or M are

available from Toso Haas Co., Philadelphia, PA.

[059] In one embeodiment of the invention, ion exchange

chromatography may be used in binding mode or flow-through mode.

[060] In certain embodiménts, the Protein A chromatography step is
conducted first, the anion exchange step is conducted second, and the cHA
step is conducted third.

4, .Removal of Ad.dit'ional impur_ities_

[061] In addition to HMWA removal, cHA chi’omatography has been

shown useful in removing other impurities from antibody preparations. Other



chromat ogr aphy may be enployed. In this regard various
anionic or cationic substituents nay be attached to

WOHPIPH8Y in order to form anionic or cationi CPCT/US2004/032883
supports for chromatography3 Ani onic exchange
substituents include di ethylam noethyl (DEAE),

imbU e thsk mﬁ'en@@trémbvé@ byltasiceia ¢idhatographat REfRYdS of the
am noet hyl (QAE) and quaternary amne (Q groups.

; d~ani jqtsHe [ °

PR g e gl iRt (5D, ik LEE ofAERCUIBNNus
. (P) _and, sul.fonate (S). lJulosic ion exchange resins

virsggs, B8 BEER RS ntrinat 3310t AP RoST SR are
avai l able from Watnman Ltd. Midstone, Kent, U K

Se x- based and cross-|inked _ion exchangers are

) SO0 o N B GBRGITIAS OF BV entipEs e SRreH SIS gBls to
Sephadex, and DEAE-, @, CM and S- Sepharose, and

rergeph dirotein Arfeoralthe ambibpbwpreparation.Alreceittaim embodiments of
Bi osci ences, Piscataway, NJ. Further, both DEAE and

thi€heetion| thezesoahhyt Prgteial A ﬁésdmimmmhﬁtg?eogémbﬁ "Bh be
such as TOYOPEARLTM DEAE- 650S or M and TOYOPEARLTM

re%&éﬁ%% i%aMlﬁrs%ch%éafg?rﬁ@@ bEA T@%th%a’? BEH} he

phia,” PA. 05 I'n one enbodi ment
i nvention, ion exchange chromatography may be used in
bi ndi ng node or flowthrough node. [060] In certain
C.enb@&kamppies, the Protein A chromatography step is
conducted first, the anion exchange step is conducted

s ecqmd, fordWinghexamhiles sré pffefe R HHRRHAVE lHurBoses only.
Renoval of Additional Inpurities [061] In addition to

HWAES (o @im16d - PerificaliiiTBt 29 RGOS RRRBody 0N

useful 1'n renoving other 1npurities from anti body

pr eFP@éCﬂt HRSour Q%%é%@%&ﬁﬁ@o’aQg@%ﬁ%?%&é{o%%%%?an

23 inpdrities that renoved

anﬁ% BFEd Pr%rn%Blb\haﬁTShﬁé?g&y 8'fefetrpeed to herein as “Myo-29"). The Myo-

29 antibody is an IgG1 snbtype antibody and has a pl of approximately: 8.1.
The purification process was comprised of three chromatographic steps
(Protein A affinity, anion exchange, and hydroxyapatite), a viral inactivation
step, and an ultrafiltration/diafiltration step to concentrate and exchange the
product into a final buffer. All steps were performed at 18 to_25°C‘,. except the

Protein A chromatography step, which was run at 2 to 8°C.

[064] The purification process can be normalized for any scale.
Linear flow rates listed are independent of column diameter and loading ratios
are in mass per unit volurne. The Protein A chromatography step can be
cycled multiple times per batch to accommodate varying amounts of cell
culture titer in the harvest bioreactor. Each cycle is considered a separate

unit operation and the elution pool is held for the next step. The Protein A



i nvention include, but are not Iimted to, DNA, host
cell protein, adventitious viruses, and Protein A
WOchY/edBIvant s from prior purification steps. [PERIS}004/032883
one enbodi nent of the invension, the invention is abI e
renove Pr ote| n A fromthe ant i body preparati on.

steggfrg%gbn%aigggg bidxhatehy! h graiggfehg %?.&gmlg\gébgélea.
T hﬁlpégéq“q%e 5 PR SRR oA SEireon

offered for illustrative rposes only. Exanple 1:
anpgeramicaby@axpapatite AREqm %pfAﬁtawaﬁle[dd@:ﬁ]ccvadate
purification process outlined bel ow was devel oped for
apamximatély CHFgramsuvipai2enadr et ofbardyn exehangededio ahdraoond
"Myo-29"). The Myo- 29 antibody is an I gGL subtype

10aﬁérﬂww?@@9fw§rmermf RrafidhNoNGhSAtte §edin, The

purification process was conprlsed of three

chr omat ogr aphigg, asgﬁofégngtffm ol Y, ani on

exchange, and F OX activation
ste t t iltraghon st
con?%n@r g—th%q\a/l% exc Iabngg\’{’%] % 8%‘@1!" b'mrbesg ﬁswsf)ef Ovary
fer ste wer e perf at 18 to 25C,_ except
(CRIL' s g S SRR LS SBiaH B, e Nk ptanclels. Ta naeshthe
to 80C. %064] The purification process can be
culiigienfilid Zbe gedp ware remwived usingaProsiak mistefiitraiicn deviaee

I ndependent of columm dianeter and |oading ratios are

(MilliporasBilleeica udiAl). Tolewarifitheomiitd redmddeh (OO eaisaphy
step can be cycled multiple times per batch to

colfSRedTRRbEirvEEHtb Rt araBRISstap, Pthéln &Hh?dﬂﬁ%t pkéd;ﬁ{av in

the harvest bioreactor. Each cycle Is consi

or the Rext & ohd AHinRICAYn st Ry B inERucR Step

ool Sl oy BE 0y ?féﬁdﬁ@%@%@éﬁger FRBE MfpSRaleet piupn of
recombinant Protein A resin (Amersham Biosciences, Piscataway, NJ) was
equilibrated with 5 column volumes of an equilibration buffer (10 mM Tris, 100
mM NaCl, pH 7.5). The CCM was applied to the column at a 2.5 cm/min flow
rate and a load challenge of 35 g Myo-29 per liter of resin. After I(;ading the
column, it was washed with 5 column volumes of a high salt wash buffer (20
mM Tris, 1.0 M NaCl, pH 7.5) and then with 10 column volumes of a low salt
wash buffer (10 mM Tris, 100 mM NaCl, pH 7.5). The Myo-29 was eluted by
applying 6 column volumes of an elution buffer (100 mM Arginine, 50 mM
NaCl, pH 3.0). The elution pool was then held at a pH of 3.6 + 0.5 for 1.5 +

0.5 hours as a prophylactic measure to facilitate the inactivation of potential -

adventitious virus contaminants. The elution pool was then neutralized to pH



The downstream steps of the process (e.g., anion
exchange chromat ography and ceram c hydroxyapatite
WP HeEBIgr aphy) are scal ed to accommodat e PCT/US2004/032883
approximately 15 granms Myo-229 per liter of anion
exchange resin and around 10 grams of Mo-29 per

7tz Epeaarty gm0t i eniayglar b e

: | BgChi nese Hanster Ovary (CHO cells and
m%@%i’ﬁm# gg'a stirred 2500 L tank bioreactor. To

harvest the <culture fluid, the cells were renoved

usi Prostak mcrofiltrati on device |'1ipore,

551 186 7% ORI RN wrid Pontomaiy severdl RREmSIoGEM
~was collected for the first chromatographic step,
ingidingi syl dmgrsadion gif APh absorbapce tasidncandaictivity t y

Chr omat ogr aphy Purification Step [066] A 17.7 L (30

chcomdicgrepkic profilescand erahict réédgey asingd@iotein HPLC for the
reconbi nant Protein A resin (Amrersham Bi osci ences,

lo&l it iamPabsdMandast 2801 HH foPkRd ?ﬂjt%tﬁb& cb &éﬁ?atif&)

vol unes of an equilibration buffer (10 nM Tris,
nmv NaCl, pH 7.5). The CCM was applied to the col unm at

e e s
waRhel H PLP 3o ORI TE8\ AR M NAET P87 Bha Thten
with 10 colum volunes of a low salt wash buffer (10

comArmas sterrs! iV fagthapel 7. 5) . The Myo- 29 was el ut ed
by applying 6 colum volunes of an elution buffer
(100 v A.gi niAriorcBxahandia Chroptatdgbiphy Parificstion Step
pool was then held at a pHof 3.6 0.5 for 1.5 0.5
hour{86%ls TehepPagtbiyl Acblummrehsite evdsdfuftaer putifsdby BRion
i nactivation of potential adventitious virus

exchah@echasthatogFashyebnbi 7L ReR 0 ERedapRitsr Rl1i52&H
pH \»%@5005/ oﬁs@?‘gw US2004/ &]32358:3 257 5 Wi th B I\'ﬁ’ﬁgth)

of :dg%ﬁﬁ’e@NﬁtﬁE At 8B5S AthersRak BibSBiend8s BiEakiWhy O NJSC tHe
column was equilibrated with 5 columﬁ volumes of a first equilibration buffer
(20 mM HEPES, 1000 mM NaCl, pH 7.3) and then with 5 column volumes of
a-second equilibration buffer (100 mM Arginine, 50 mM NacCl, 100 mM
HEPES, pH 7.3). The Protein A column eluate was applied to the equilibrated
column at a flow rate of 2.5 cm/min and a load fétio of 16 grams Myo-29 pér
liter of resin. After loading, the column was washed with 5 column volumes of
the second equilibration buffer. The anion exchange column flow-through

was collected.

[070] The collected column flow-through was monitored by several
parameters, including visual inspection of UV absorbance and conductivity

chromatographic profiles, and product recovery using absorbance at 280 nm.



noi eties of Myo-29. [067] Columm effluents were
noni tored by several paraneters, including visual

WO 2085483600 of UV absorbance and conducti vity PCT/US2004/032883
chromat ogr aphi ¢ profiles, &0d product recovery using
Protein A HPLC for the |oad titer and absorbance at

280 [omf ofhe AsioRlekchang® eBluns® Wes¥tighdd 'h[s@@% fiee
col lgrm ]vvas stri pped vvistgh 6 M Guani diﬁée I—KGZIF an tHen (20
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P S SR Cl RV 3] A b WihirkSengidio Myger (500
. ' h ography Purification
S HT T VRE bR 50001 G L AARLEOTSH ¥HOP ! BNAQHEd
by ani on exchange chromatography on a 75 L columm (80
cm di ametder X Visug Rataingng Filterticny SEPHAROSE FF resin
(Amersham Bi osci ences, Piscataway, NJ). The colum
was (@i Tinsrebieetive ehthis epfianah step wae sheferaovalraftretroviral-
equi libration buffer (20 mM HEPES, 1000 mM Nad , pH

lik& pa)ticesithst emaybe préserdlin@HO aell raktursf andio sRMYadditional
equi l i bration buffer (100 mM Arginine, 50 NaCl , 100

saféyy thieBER th@ Ferhoval of iteMin RivBn MG WATS fc}ﬂiéﬁf?ﬁé’?ﬁé The

applied to the equilibrated colum at a ow rat e of

] ] f -2 er
anforpefiigho? Eftim {opEinrbiah e otpg Rl RS 1B Shanya 35
Lt h 5 col um vol. of. ,the seco equi | i bration
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collected. [070] The collected colum flowthrough was
Progy#it i thedmed uksewas 4ecoysaed ytiassing anibodixabangs oalumn

i nspection of UV absorbance and conductivity
washriuféer ¢g0@ piiviArgirohé,| FEmMINEC) 000 eiM HERPES! FHUSENY

absorbance at 280 nm WO 2005/ 044856 PCT/ US2004/ 032883

thrd@gh @{d HeVide. ani on exchange col um was stripped wth
strip buffer (20

[073] The product recovery after virus retaining filtration was assessed
by absorbance at 280 nm and SDS-PAGE analysis of the Planova pool in
comparison with historical performance data.

5. cHA Chromatography Purification Step

[074] The viral filtered solution was further purified with a -
hydroxyapatite column (60 cm x 20 cm) packed with cHA Type Il resin, 40 uM
particle size (BioRad, Hercules, CA). The coluhn was equilibrated with 3
column volumes of equilibration buffer 1 (0.3 M sodium phosphate, 1-'.0 M
NaCl, pH 6.8). A sécond equilibration step was conducted with 4 column -
volumes of equilibration buffer 2 (5 mM sodium phosphate, 50 mM NaCl, pH
7.2). The partially purified media was loaded onto the resin in a loading buffer
1:1 (vl/v) (10 mM sodium phosphate, pH 7.2) and at a flow rate of 2.5 cm/min.

The cHA column was washed with 3 column volumes of a wash buffer (5 mM



nmv HEPES, 1 M NaC, pH 7.3) and regenerated with
regeneration buffer (500 mM NaOH, 1 M Nad, pH 13.3).
WOTHBS/84483%m was stored in 0.01 M NaOH 4. Vir UBCT/US2004/032883
Retaining Filtration [072] 2The obj ective of this
optional step was the renoval of retroviral- |ike
soBRIn ipBbeshAtBato MWl NECRTHBFBIY, rrﬂe%-%léntmddty%% éalfm@ed
0

to provide additional safety through the rendbva

o AR ey FS%)W ﬁkﬁéﬁnﬁéﬁ %ﬁ‘ii@:@-‘{@%@%‘e 5L &g
h h 35 [ - [
ooRaBA. RBeaMA! B vor k. N - Rermi ning product

in the nodul e was recovered by passing ani on exchange
col unm_. wash buffer (100 nM Argi nine, 50 mM NaCl, 100
M HERRS, There A purifiealion gier was manitoeed pp ¥iguafinspection of
product recovery after virus retaining filtration was

U\aabssrbedce aydatdiubtivityectaron2a6g raphianproBiles, PAG#Ict recovery
anal ysis of the Planova pool in conparison with

byhitsoasaric at®8 0 MMM A fdrioval-astddie frAineBBS\P8iza RY¥usion
Purification Step [074] The viral filtered solution

SN ) oSS 41
ool Ba2lh® IR T gl Rl fﬁ?ﬁ@%’(éb%?ﬂ brat | on

buffer 1 (0.3 M sodi um phosphate, 1.0 M Nad , pH

6. 8) cOo equi l i bration. step was conducted with

4 c&@lﬁnsﬁ\?&rﬁuﬁégr%?n&ﬂﬁtﬂap WiR shiip Peffep (Q.8 Mspdium

sodi um phosphate, 50 M NaCl, pH 7.2). The partially
pheaphateed.OniddNaClhad! 6 Saded regeoetated nithi negenerationauifieg (0.5

buffer 1:1 (v/v) (10 nmM sodi um phosphate, pH 7.2) and
M abtassfunowhospieatef 12. B NaOH, pH 1388 THA cofhrATWaBstored in

washed with 3 colum volunmes of a wash buffer (5 mM WO
0.EDAPNEMBSBabicY 4BRRR4(rBR48R3t clA chromatography effectively
removes HMWA impurities from antibody preparations. Further, cHA

chromatography is able to remove other impurities, such as Protein A.

Table 4. HMWA clearance and antibody monomer yields

% HMWA

% HMWA

: .ProA'

Sample ProA

Load Peak Load (ppm) Peak
1 14.6 1.0 17 BLOQ*
2 16.4 0.7 20 BLOQ
3 15.1 1.6 23 BLOQ
4 16.0 0.9 13 BLOQ

*BLOQ = Below limit of quantitation of 1 ng/ml.
6. Ultrafiltration/Diafiltration and Final Filtration

[077] The cHA elution pool was passed through a tangential flow
ultrafiltration system using PLCTK Pellicon 2 cassettes (Millipore, Billerica,
MA) composed of a composite regenerated celluiose membrane with a

30,000 nominal molecular weight limit. The objectives of this step were to



sodi um phosphate, 50 nM NaCl, pH 7.2). The Mo-29
anti body was eluted fromthe cHA resin using 6 columm
WORBIV#88560f an el ution buffer (5 mM sodi um phEcPLSI084/032883
350 MM NaCl, pH 6.8). [075P8 The cHA purification step
was nonitored by visual inspection of UV absorbance
Adh NG HeoEARD) bb 168t AEGAHALIat
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ermn by size exclusion, chronatograph C
oufi B P Ripcbit Sal o FhRByfite ek S ReRE U (i) to
conpetitive enzyne |inked | nmunosorbent assay (ELISA).
bring #a¢ CoREEHIIEATAHE RESI0sE 1o pMya-2R amtibady; wap GpRegntrated
(0.3 Msodium phosphate, 1.0 M NaCl, pH 6.8) and
to apprexématald20iglh, themedisfilteredrwitiapproxirbately & $easlsi um
phosphate, 1.0 M NaCOH, pH 13.3). The colum was stored
volumeDoOR rivuldRiIoH. buTieb(©.04 Menpigidire, €% tharosd H 6.0). Upon
chromat ogr aphy effectively renmoves HWWA inpurities
C P2 MR, e PRSducT e linel Wncontrated o
. Prat ein Tabl H cl earance and. .
an AR B st ek ecrni e, dnmialtis o R iy ssain and
Pro Load Peak Load_(ppm ,Peak 1 14.6 1.0 17 BLOQ 2
an g oy Sowe alcng &y TeTn ths seteptate;channglsovie Hriwlation
BLOQ *BLOQ = Below limt of quantitation of 1 ng/m.
buffer. Ul'be abncentaatioonianieifof the Mywa9 am Dreg Salbstarderiati3sng/L.
[077] The cHA elution pool was passed through a
tangential flow wultrafiltration system using PLCTK

Pel [078)n Theddps@btdrag Sibktdreerwas Bhallefiterad thidigh a 0.22

conposed of a conposite regenerated cellul ose nmenbrane
mi&\‘ohrﬁll%r, equilibrated with formulation buffer (0.01 M L-Histidine, 2% -
Sucrose, pH 6.0), aliquoted into bottles, and then stored at -80°C.

Example 2: cHA Purification of an Anti-GDF-8 Antibody
Preparation using Type | Resin

[079] The Myo-29 antibody was also succeésfully purified using Type |
cHA resin, 40 uM particle size, packed.in a 3.1 L column. The column was .
equilibrated with 3 column volurhes of equilibration buffer 1 (0.3 M sodiurﬁ
phosphate, 1.0 M NaCl, pH 6.8). A second equilibration step was conducted
with 4 column volumes of equilibration buffer 2 (5 mM sodium phosphate, 50
mM NaCl, pH 7.2). Partially purified media from an anion exchange
purification step was loaded onto the resin at a load challenge of 35 mg/m
and at a flow rate of 1.5 cm/min. The cHA column was washed with 3 column
volumes of a wash buffer (5 mM sodium phosphate, 50 mM NaCl, pH 7.2).
The Myo-29 antibody was eluted from the cHA resin using 6 column volumes

of an elution buffer (3 mM sodium phosphate, 1.0 M NaCl, pH 7.2).



30, 000 nom nal nolecular weight imt. The objectives

of this step were to WO 2005/ 044856 PCT/ US2004/ 032883
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pool into the formulation 2buffer. The cHA product

pool was spiked with a 50% sucrose solution (wWv) to
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B(?L_ and recovered fromthe apparatus by gravity

an air blow down followed by flushing the
retentate channels with fornmulation buffer. The
concentration target of the Myo-29 in Drug Substance
i s ¥35g/lhe ¢loxgurifibatiovy stepOvas utpretdosd Bpaesusthinspection of
finally filtered through a 0.22 mcron filter,
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article size, packed in a 3.1 L colum. The colum
tithggy @PFV@@At@@dW@WWWWEﬁ&M As shown in Table
R&wllbratlon buffer 1 (0.3 M sodium phosphate, 1.0 M -

& pu rpflqatioa)usm $yo® htesin wialsi dvlato decseasp thapercentage of
conducted wth 4 colum vol unmes of equilibration
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ol S idietdd & bl Ba alBiad A CBal ok s DnaPe whie sil
prc')\cliaucihg Hﬁcuer)t monomer yield. Finally, cHA purification using Type |

resin is able to decrease the amount of Protein A impurity.

Table 5. HMWA clearance and antibody monomer vields using Type | resih

Sample % HMWA | % Monomer Yield | Protein A (ppm)
cHA Load 270 N/A 169
cHA Peak (cycle #1) 0.9 86.6 BLOQ*
cHA Peak (cycle #2) 0.6 86.6 BLOQ

*BLOQ = Below limit of quantitation of 1 ng/mi

Example 3: cHA Purification of an Anti-CD22 Antibody Preparation
and an Anti-Abeta Antibody Preparation using Type | Resin

[082] The cHA purification process describéd in Example 2 was also
able to sufficiently remove HMWA from both an anti-CD22 and an anti-Abeta

antibody preparation. The process used was similar to that described in



The I\/yo 29 anti body was eluted fromthe cHA resin

usin columm volunes of an elution buffer (3 nM
W%%?m/&’rﬁfﬁhosphate 1.0 MNad, pH 7.2). WO 2008¢1¢4H06032883

PCT/ US2004/ 032883 29 [080B0The cHA col utmm was

stripped with strip buffer (0.3 M sodium phosphate,
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absorbance at 280 nm HWWA renoval as determ ned by

si ze_excl usion chromat ography (SEC) analysis, and

Pr oﬁ%‘?ﬂ As derenasirateddatable ﬁe@IHBWLtIIfIC@bmelﬁlnlgl Tape | resin
enzyme |inked i munosorbent assay (ELISA). As shown in

waragible to SiectagseguMVi AdatheantiIDRP Aptizody pegpianatiwmstoa® 5%,
to decrease the percentage of HWA from27%to 0.9%

andrintthe ahtivAdets wetibod R pebdatatidieto Séléb\ﬁlﬂé%ﬁlh 8f HBdGtion.
percentage to 0.6%in the second cycle. In addltl on,

FuRRe, the'csl Purlﬁé‘é%fb'ﬁr@% SI 5 el ) V\E't? Pb?ﬂo{@@ cgcﬂﬁgmmants

t han that of Type I

r.. yield. F| nal ly, cHA purlflcatlon
fm?@f”# gbr@)bedm’%%t% s able to decrease the amount of

P otein A i npurlty Tabl e 5. HWMA cl earance and

a -.L) ug‘\l (F\Bahd C o an i1}k 21N iedd g . 2l

HWA B -
CHA Peak

N 169 CHAP°a 5 ;1) 865 Bl
(cyeR@RIBY o 8/(5&'@)‘& &’LM@mrBer Sieldi it Pegtein A (ppm)

u I O of 1 EXanpl € < CH/-\ POr i fiication of
gﬂta'mé?@% Ant i b Pr epar at i ori'\l 30

Anti-CD22 Peak 87 BLOQ*
Anti-Abeta Load 1.87 N/A 40
Anti-Abeta Peak 0.0 89 BLOQ

*BLOQ = Below limit of quantitation of 1 ng/ml

Example 4: Flow-Through Mode cHA Purification of an Anti-GDF-
8 Antibody

[084] The Myo-29 antibody was aiso sUccessfuIIy purified using a
flow-through mode cHA purification protocol. A 1.6 x 20 cm Vantage column
(Millipore, Billerica, MA) was packed in 200 mM sodium phosphate dibasic,
pH'9.0 using Macro-Prep Ceramic Hydroxyapatite Type I, 40 pM particle size
resin (BioRad, Hercules, CA). The column was equilibrated with 3 column
volumes of equilibration buffer 1 (300 mM sodium phosphate, 1.0 M NaCl, pH
6.8) and 3 column volumes of equilibration buffer 2 (350 mM NaCl, 5 mM
sodium phosphate, pH 6.8). Myo-29 antibody preparation was buffer-

exchanged into a load buffer containing 350 mM NaCl, 5 mM sodium



and an Anti-Abeta Antibody Preparation using Type |
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[084] The

Al6 x

coatainen Vardag®eA (load), which was reduced to 0.2% HMWA (flow-

through) using the cHA purification method of the invention.

Table 7. Myo-29 recovery and HMWA removal

Sample % Myo-29 Recovery % HMWA in Sample
Load N/A 14.4
Flow-through 79.6 0.2
Wash 12.2 1.9
Post-wash 1.5 5.6
- Strip | 10.3 84.3

Example 5: Flow-Through Mode cHA Purification of an Anti-GDF-
8 Antibody Using Type | Resin

[086] A 1.1 x21 cm Vantage column (Millipore, Billerica, MA) was

packed in 200 mM sodium phosphate dibasic, pH 9.0 using Macro-Prep

Ceramic Hydroxyapatite Type |, 40 uM particle size resin (BioRad, Hercules,

CA). The column was equilibrated with 3 column volumes of equilibration

buffer 1 (300 mM sodium phosphate, 1.0 M NaCl, pH 6.8) and 3 column

volumes of equilibration buffer 2 (1.0 M NaCl, 3 mM sodium phosphate, pH

7.2). Myo-29 antibody preparation was buffer-exchanged into a load buffer

containing 1.0 M NaCl, 3 mM sodium phosphate, pH 7.2 and then loaded onto




(MlIlipore, Billerica, MA) was packed in 200 nmM sodi um

phosphat e dibasic, pH 9.0 using Macro-Prep Ceranic
WORPeUAspatite Type |1, 40 pMparticle size w@ESUS2004/032883

(Bi oRad, Hercules, CA). Thé2col um was equili brated

with 3 colum volunes of equilibration buffer 1 (300

thedHodi hos it ehallbrigeNdfsEng/mH Te Bbluan b
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reRS AR A Bt MR UMASIe{ cRgeneakins duifen(H0bephat e,
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PosaRsipmapiosphate, M. OMONaQHH (8- 8)3.3). aFidwtrates wegeKkestaitesss
with regeneration buffer (500 nM potassi um phosphat e,

than QONrEbr thE I34d Bhd wilsh AndPegsahas 2\4@r&n}ﬁg R%r ytﬂla réstof

to 3 cmmn. Colum effluents were anal yze f
. 4 1 o e
e par 05 ub B ResS  Cohimn SRl %%ﬁf%ﬁ %@ﬁ?ﬁ,@dy
than js presented in Table 7. The preparation
“Sﬁ{rﬂegiigﬂr? SYR8Mai ned 14. 4% HVAA (1 oad), which was
reduced to 0.2% HWM (flow through) using the cHA

ifi Lon method of the invention. Table 7. Myo-29
ngg@%?ﬁtfeh?dafﬁ YrRIRBoEatiosdRitiply sonianeD27 ReE BIMIMA %

HWA in Sanple Load NVA 14.4 Flowthrough 79.6 0.2
(loggy whigh avas reduped to Gelh HMBY A (Bow-through). Further, the

recovery of antibody monomer was 72%.

Example 6: cHA Purification of an Anti-CD22 Antibody
Preparation

[088] Ceramic HA chrométography purification was also shown to be
useful in purifying an anti-CD22 antibody preparation. A 1.6 x 20 cm Vantage
column (Millipore, Billerica, MA) was packed in 200 mM sodium phosphate_
dibasic at pH 9.0 using Macro-Prep Ceramic Hydroxyapatite Type Il, 40 uM
particle size resin (BioRad, Hercules, CA). The column was equilibrated with
3 column volumes of equilibration buffer 1 (300 mM sodium phosphate, 1.0 M
NaCl, pH 6.8) and 3 column volumes of equilibration buffer 2 (60 mM NaCl, 5
mM sodium phosphate, pH 6.8). An anti-CD22 antibody preparation was
buffer-exchanged into 50 mM NaCl, 5 mM sodium phosphafe, pH 6.8 and
then loaded onto the cHA column. The column was washed with 3 column
volumes of wash buffer (50 mM NaCl, 5 mM sodium phosphate, pH 6.8) and

then gradient-eluted with 5 mM sodium phosphate, 1.0 M NaCl, pH 6.8 in 15
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col um was washed w th wash buffer (1.0 MNad, 3 nM

sodi um phosphat.e, pH 7.2), stripped with strip buffer

(300088 AsishowphimShae &, tHe 6HN pafficatibhl viasBducc@Bsiul in
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I re analyzed by SEC-HPLC using a HPLC
el@{;cétmga%né.ﬁggg] The anti body preparation initially

contai ned 27.2% HWWA (| oad), which was reduced to 6.1
% H;\';GS@"(‘P‘%W chthByRificationtofcan AntbAbeta Artibodyf

anti body nonomer was 72% Exanple 6: cHA Purification
of &PUNGeram Hanehmeamriogmpey uaification was also shown to be

useful in purifying an anti-Abeta antibody preparation. A 1.6 x 20 cm Vantage
column (Millipore) was packed in 200 mM sodium phosphate dibasic at pH 9.0
using Macro-Prep Ceramic Hydroxyapatite Type I, 40 uM particie size resin
(BioRad, Hercules, CA). The column was equilibrated with 3 column volumes
of equilibration buffer 1 (300 mM sodium phosphate, 1.0 M NaCl, pH 6.8) and
5 column volumes of equilibration buffer 2 (50 mM NaCl, 5 mM sodium
phosphate, pH 6.8). An anti-Abeta antibody preparation was buffer-
exchanged into 50 mM NaCl, 5 mM sodium phosphate, pH 6.8 and then
loaded onto the column. The column was washed with 5 column volumes of
wash buffer (50 mM NaCl, 5 mM sodium phosphate, pH 6.8) and then .
gradient-eluted with 5 mM sodium phosphate, 1.0 M NaCl, pH 6.8 in 15
column volumes. The column was stripped with strip buffer (300 mM sodium
phosphate, 1.0 M NaCl, pH 6.8) and then regenerated with regeneration

buffer (500 mM potassium phosphate, 1.0 M NaOH). All flow rates are kept at



[088] Ceram c HA chromatography purification was al so
shown to be wuseful in purifying an anti-CD22 anti body
WOR0eHM#EYi on. A 1.6 x 20 cm Vantage col umm ( M¢T/upmo£e32883
Billerica, MA) was packed i3 200 mM sodi um phosphate

di basic at pH 9.0 using Macro-Prep Ceramic
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HIMKYR i Erecloagvas @)G%nwh & fmpeicaotage: ofeHMVYA. inithd cBIATM
sodi um phosphate, 1.0 MNaCl, pH 6.8 in 15 WO
elo@esIaagB6. PCT/ US2004/ 032883 33 col urm vol umes. The
colum was stripped with strip buffer (300 mM sodi um

phosptahple 8: EVIDEFbn d¥th8-AdtiviRHof bﬁ?lffe?gﬁlgﬁ 5] Eﬂtlbody

with regeneration buffer (500 pot assi um
1.0q J
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CD22 anti bhod I%epar ation. The gercent age

COHW’A V‘ﬁ SN ot ZOrRPNY assendEpES A bnCagwetiive
HWA in the cHA eluate was 0.0% Exanple 7: cHA

ElpaAiqanche pdapied tardesithie-binding ativithotigthied 9ajifice catibsdies.
HA chr omat ography purification was al so shown to be
SagseulAntibopliesi L algoraitorgWanudieHariewtdriePdaind (eds.), 1988,
preparation. A 1.6 x 20 cm Vant age
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. A GDF-8
receptor, ActRIIB.Fc (2 pg/mL), was adsorbed onto a 96-well micro-titer plate
in.a volume of 100 pl/well. The plate was then incubated at 2 to 8°C |
overnight. The plate was washed twice with wash buffer (50 mM Tris-HCI, pH
8.0, 0.05% Tween 20) and blocked with a 4% solution of bovine serum
albumin (BSA) to minimize non-specific binding. The plate was incubated at
room temperature for 1.5 to 3.0 hours and washed twice with wash buffer (50

mM Tris-HCI, pH 8.0, 0.05% Tween 20).

[093] Myo-29 antibody reference standard was serially diluted 4-fold
into assay diluent (0.5% BSA, 137 mM NaCl, 2.7 mM KCI), resulting in a total
of 8 standards points. The test samples contained Myo-29 antibody fractions

purified by a Protein A chromatography step as well as fractions purified after
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shown in Figure
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A n the | oad whi | e. t he percentage of HMM in
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Activity of Purified Myo-29 Antl body [092] The
(1:0M00; Sowtisrafictesty Bisminghard, Abami)nd heoplate wastinasbated
described in Exanple 1, Myo-29, was assayed for
50k 7O minuded oN ithe platé sgalaer ataopet tdmperatng il thenkieloped
i mmunosor bent assay (ELISA). Conpetitive ELISA can be

by 2diL 00 QI/ves 8,3 IBes iefrdhiiah ABbhXbing @iorX hewimy Milised

anti bodi es.
MD). The absorbance for each well is determined at 450 nm with an ELISA

plate reader (Molecular Devices, Sunnyvale, CA). The amount of active Myo-
29 in the test sampile is indirectly proportional to the signal generated in the

assay. The reaction was stopped by adding 100 ul/well 0.18 M H2SO,.

[095] A concentration of Myo-29 capable of binding biotinylated GDF-
8 in test samples was interpolated from the standard curve that had been fit
using a 4-parameter logistic equation. Bioactivity value (% active protein) of a
test sample was then computed by dividing the active protein concentration
(determined by ELISA) by the total protein concentration (determined by Aggp)
and multiplying this ratio by 100. If the same sample was purified in separate
batches, averages of the bioactivity value were calculated. The bioactivity

values are reported in Table 8.



See e.g., Antibodies: A Laboratory Manual, Harlow and

Land (eds.), 1988, Cold Spring Harbor Laboratory
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Seﬁlaoﬁ e sdippsareriedver ni ght on a pl ate shaker at

room tenperature. [094] The plate was washed four
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Twe Borificatimmdoban AhtBGODF -8 Arfisbe G- 8 MO%E? ef egt ed
with the addition of 100 pl/well Streptavidin

conjO9gat EerdmicsidAathreh axh
Bi otech, Birm nghamr Alagﬁgrr% Fﬁjﬁlfhigcétfogﬁ g%ov\g%mlgﬁ&%hggt ed

blntﬁlgxrgvpﬂ;vgﬁ@g@gg\géctkﬁg/ﬁg d’%ﬁé\ﬁaﬁg%ﬁeﬁse?ul in purrﬂ‘ylng an anti-
GDF-8 antibody preparation. The experiment detailed below was run on an -
AKTA FPLC system (General Electric). A 1.1 x 21 cm Vantage column
(Millipore) was packed in 200 mM sodium phOSphate dibasic at pH 9.0 using
Macro-Prep Ceramic Hydroxyapatite Type I, 40 uM particle size resin
(BioRad, Hercules, CA). The column was equilibrated with 3 column volumes
of equilibration buffer 1 (300 mM sodium phosphate, 1.0 M NaCl, pH 6.8) and
5 column volumes of equilibration buffer 2 (50 mM NaCl, 2.0 mM sodium
phosphate, 100 mM arginine, 100 mM HEPES, pH 7.3). An anti-GDF-8
antibody preparation was loaded onto the column with a load challenge of 20

mg/ml. The column was washed with equilibration buffer 2, stripped with strip

buffer (300 mM sodium phosphate, 1.0 M NaCl, pH 6.8), and then
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reader (Mol ecul ar Devices, 35unnyval e, CA). The anpunt

of active Myo- 29 in the test sanple is indirectly

rRPAtEdl Wit redéhdrifios bafdt (S0RNRNRPEG st 1.
e he reacti oneg\%vas rstch)pped b(y addi ng 180 up Pﬁofrﬁﬁg;@{80|\%

5] of
R OJ.‘% AORGERGFISE a0 W s TELERfic® Fiow

nter ol at ed. f omthe standard curve th ad_been fit
rat8§ ighs "#Sphat t&ﬁe‘?%ﬂcﬁﬁﬁn §ffi"%?3éd”i%ﬁe| k&Pt a %&ﬁtﬂ $-pigry/min.

val ue g/ﬁoactlve pr ot ei n) a test sanple was then
Cobwnp effee iy wareiadiahgyedHy %ECrlle’Lﬁrwegra tdBhECesystarni on

(determ ned by ELISA) by the total protein

concentration (determ ned by A280) and nultiplying

t hi 098t Resbits Hetnondtratéat thed mpesatigpl ef thecHAIMypé ddelsim in

separate batches, averages of the bioactivity val ue

thmmbwn@nlbﬁmdgﬁm\mm Friodel i¥ effeatiVesn aérﬁoﬁﬁg@{mm
in Table 8. WD 2005/ 044856 PCT/ U82004/ 032883 3b Tabl e

o, aiogy Pepinfingg e plopar i a!*vtaaﬁ*%ﬁ%# 7 e EMNA
Pyri fi 8 8 6

(R e 0 oﬁnawwm Peshodsh o
ability to bind CGDF-8 after being purified by the

PupticRiiessmating elibg invertieanpl e 1. The  binding activity
of purified Myo-29 is somewhat |ower in the peak

el ugxampledd:i Gosnbinationt2ineling&ilowAT broudh MudeocHA

Howeweification of adiAwti-BDF-8 AntibodyemsingtType EResipNCe
- Myo-29 anti body after an additional cHA purification

[099] The procedure described in Example 9 was repeated using
Type | cHA resin in place of Type Il cHA resin. The buffer conditions were
identical to those used in Example 9, with the exception of the equilibration
buffer 2, which was composed of 5.0 mM sodium phosphate, 100 mM NacCl,

120 mM Arginine, 20 mM HEPES, at a pH of 7.3.

[0100] As shown in Table 9, operation of the cHA Type | resin in
combination binding/flow-through mode is effective in removing HMWA from
antibody preparations while maintaining antibody monomer yields. Further,
combination binding/flow-through mode is effective in removing Protein A
impurities. Finally, Type | cHA resin allowed for an increased load challenge

of 55 mg/mi.



step as described in Exanple 1. Exanple 9: Conbination

Bi ndi ng/ Fl ow- Through Mode cHA. Purification of an
WORR05/04@836- 8 Anti body [097] Ceram ¢ HA chr omat opcB8R8004/032883

purification in a conbinati3®n bi ndi ng/ fl ow t hr ough

rmde was al so shovvn to be useful in purifying an anti-

i o — hdhé BAA Type |
beI owrwa cmﬂnat@d nﬁmhe ABrifdtldn LﬁMﬁFn@;W‘ -i5ofigh mode

ElrectTi X 21 cm Vantage—corurm v pore)

was pacT§<ed I'n 2CO Vo JHAVAN pho%lﬂ%nomdraﬂletd cuPrbtélnA(ppm)

9.0 Using — MvaCcTg-Prep CeramcHydroxyapati-te—Typ

&9 nPM parpidl e dize rex.0 (Bi oRad, Herxul es, OA). Tbgg

colu wWas equi i brated—wth—3recotumm—vrelures—of

equi | i br Beabn buf f er 10(9800 mVl| sodi um7ghosphat ¢, 1.0 3\

NaCl H68)y and—5—cotuvm—vol-ures—of—eguili-biation
\4

Ruff er 2L680 nmM|Nad , 2212) mM sodi um pfpesphate; 100 miV

II_I’) /\_r‘\')l"\"‘L l:l\EQ

apgi firme, 106 HEPES, —ptt—7 —AR
ant i bodyPpekpar ati on wag | oaded onto 78 colum with _a

road chaltengeof —20——ygfni— Fhe—eolumm—was—washed
with equilibration buffer 2, stripped with strip

buf fEexarpE01 h\HEgHIThropghpab 8teeenlof cNABGe ritb fdifibns
and then WD 2005/ 044856 PCT/ US2004/ 032883 37

&0 ttAe Highi thio '
e b hretlion Infoudt soridrofag weitemed 8 oEhfict fRebutfer

cdn@ﬂ@n@%eﬁﬁé T ERY -@@b'ﬁdﬁboﬁt%ﬁ\éeo%rgg?ﬁ Efsg{gl %}q g_.fyest

of the purification process wer
ffluents were an zed by SEC-HPLC
ol The SCW%@%&&%& 583 el pRodeivsns boabeucEREde,
opera e ¢cHA Type Il resin in the conbination
a’%‘PHH% %‘? P’| éﬁﬂ%l}@% H%b@yp%léﬂa@@ﬂdmamneémemnt of
from anti body preparations. The preparation.

b'mHn@ CAMyp-@ohead teel higmmelasalarweight) aggreigate #aFIWA) to the
reduced to 1.1% HWMA (flowthrough) using the cHA
resin.

[0102] cHA Type I resin (50 uL) was added to each well of a 96 well
filter plate. Each well, labeled A1, A2...H11, H12 in Tables 10-12, was
equilibrated in equilibration buffer made up of 20 mM HEPES, pH 7.2 and a
unique combination of phosphate (Table 10), sodium chioride (Table -11),. and

arginine (Table 12).

Table 10. Phosphate levels in each well

1 2 3 4 5 6 7 8 9 10 | 11 | 12
TmM{1mM}1mM|6mM| 5mM | 4mM |1mM|1mM]1mM{3mMm 2mM|1mM
ImMi1mM{1ImM{6mM| 5mM | 4mM [1mM|1mM|1mM|3mM|2mMm 1mM
ImMM{ImM|1mM|6mM| 5mM | 4mM |1mM|1mM|1mM|3mM|2mM]1mMm
ImM | 1mM|{1mM|6mM| 5mM | 4mM [1mM|1mM|1mM|3mMm 2mM|1mM
2mM|3mM|4mM|8mM|10mM|16mM|2mM|3mM|4mM|5mMI6mMm 8mM
2mM|3mM|4mM|{8mM|10mM|16mM{2mM|3mM |4mMm|5mm|6mm 8mM
2mM|3mM|4mM |8mM|10mM|16mM|2mM|3mM [4mM{5mM 6mM|8mM
2mM|3mM|4mM|{8mM|10mM|16mM{2mM|3mM |4mM 5mM|6mM|8mM

LTiomMmoOJo[>




purification nmethod of the invention. Exanple 10:
Conbi nati on Bi ndi ng/ Fl ow- Thr ough Mbde cHA

WORMYH#85t i on of an Anti-GDF-8 Anti body usi ng pypesioo4/032883
Resin [099] The procedure3glescribed in Exanple 9 was
repeated using Type | cHA resin in place of Type I
CHA resin. The buffer conditions were identical to

those used in Exanel e Na®liblelkhe ca¥gGRYl on of the
eqw libration Dbuffer 2, whi cn was conposed of 5.0 nmM

so gm ppgs n%t ; 5{OE '?’L', ] 126 fdf’é\g';'[ﬁ(f Zﬁ vt 12
251 [25mM [PEmN] 25T 25rhM Vé’- B B2 B0 1500mMEbOmM| 300mM
ol ekl izl /e ] i LG aomdgom so0m
s0m 0l ddm IS0 00mMZ00mM 350 . {EAMMZ. 508mMERDmMBROmMIT,000mNM

50 qummlz,o B0mivil QOMMI209mME, 350 MM, 7500 AmMBERMMIBOOMM!,000mM

25rnM Mb/26 M 25mHYl b | Ao | 7 50red | 52amiM £500mM {5aemMAe0mM] 300mM

25k R5mMY 2AmM [26mM| 25 25V h 250nyM | G360 | 50N 1568mMK00mM| 300mM

50ralH @Amed200nyM50m M| 1ROmdRoe ch MicEsOmeiadshemzes000Mebom ()cmhM1000mM

ITOMMmMOIO[@>

50101 AHEG @AM NPODMIBRORM1QZRBRA 7582 MPBODAMB00 M[1,000mM

cl earance and anti body nononer yirelds Tromthe CH/-\

Type | resin Mhﬂ‘éaQeArglﬂln'éj"I%vélg'm'e@l?ﬁ'm%;l bi nding /
flow-through mode Sanple onmer Yield

l_ 9= N NIA ~ 1_DPanale A Q 70

bl

N1
Pli Ol BIHE H. \gpllpﬁ_’[(u I Ud fﬁl. D I?V'\FL\J _ T é’co r';\;lu;r;l '4?11- 12
T =T Y

350nIMIsqhmM Iz nVET2a] {2mm | E2p 1 2min A2 7EmM | 5pmiig 25mM
450mIR0 AT BYMIRA9 MM 26ATM| H50MI300mM

3$0mM 30GmIR0QuAZ M 2N K EnV i 2 127pM A 1 Rp.| G5r0M | 50miM | 25mM

(B0 AGH M R0m MI28BM 48T 1R mIM|200m M1 25mM|1 50mM[300mM

350mM|300mM[200mMm[12mM]| 12mM | 12mM [12mM] 12mM | 12mM | 75mM | 50mM | 25mM

- 1450mM|500mM|600mM|40mM|120mM[200mM|40mM|{120mM|200mM|125mM|150mM|300mM

350mM|[300mM|200mM|[12mM| 12mM | 12mM |12mM| 12mM | 12mM | 75mM | 50mM | 25mM

TG molo[w>
B~
R
=
%

450mM|S00mM|600mM}40mM|120mM|200mM{40mM|120mM{200mM|125mM{150mM|300mM

[0103] After the unique equilibration buffer was added to each well, a
mixture of Myo-029 and aggregate was added to each well. The aggregate
level in the load challenge was 25%. The buffer constituents were maintained
at the same level as during equilibration. The material was shaken for 20
minutes, allowing equilibrium to ’be reéched. The_ supernatant was removed
from each well of the filterplate. Another stage of antibody preparation
addition was made, and the plate shaken, and the supernatant removed. Up
to seven stages were performed. The protein that had not bound in each
stage was analyzed to determine overall protein concentration (by -
gbsorbance at A280 nm). The amount of monomer and aggregate was
measured by size exclusion HPLC. Any decrease in aggregate indicated a
condition conducive to purification. Tables 13 and 14 show the percentage of

aggregate and monomer, by well, in a pool of the first four stages.



resin. The screen varied the |levels of sodium

phosphate, sodiumchloride, arginine and Myo-029 on

Wotm@/‘g‘WType | resin and examined the extent RfT/US2004/032883
bi ndi ng of Myo-029 and t he4hi gh nol ecul ar wei ght
aggregate (HWW) to the resin. [0102] cHA Type |
resin (50 pL) wa3abiedtH Aggreqste leetl (%Bf a 96 wel |

filter plate. Each well, labeled A, A2...H11, Hl2 in
Tabl €5 T0r T2, Yag [ @q(ig Thgat gd [T 8 EQI T {PTayT oLy
buf f er—Teghg A og%z:ﬁﬁg/gﬂ S, 3037 ZZRANGHL 3539 e
conbigrat s @b, ARSI T, (JADTR Ty SR e oy de
e A I A X L S R W A T
12 Fb'?rvt:fe"% 49/“.3 o OV 200y 70 576 By 4ok B BRI\ g
WV EE 2L ivela Opala PPN RS &1 A B AENOR MR B%A] 2 v
1 MMIE_c A% Biaeq’ a5 A Hela B4 1 1%41Prﬁm1%° 728rM
1M (B HRve|1 2R 1 8% SaSBa L% HM% Pl 1hPfe 3 1V
E 2niVt 3% i Wolldﬁi{/l% AiIel2 PRl J A8 ATPRN BRI BRIMESIV  F

2mM 3mnM 4nM 8MM 10nM 16nM 2MM 3nM 4nM 5nrM 6nmM 8nmM 2V

3mM 4mM 8 10rTAB6MH RioMoateY Redd A BIM 8mM  H 2
3mM 4nM 8mM 10MM 16nmM 2nM 3nmM 4mivi 5rTM 6nmv 8nM WO

2005/[02#856 BCT/ PSZY 4§U5f§5 7. 395 TR N 15?6‘%2'%\/1

e B R B el o S st S s Befigom
300mfE—BCS b B4e 47 2’%{2 Sy 2o AD% Al R
50MMIQORRBRERIA Arn Tt B k0 194 BN 6474 3 63%] 62%
 500RB0E ARSI, 0¥ el 5% 58%| 62%] 64% 66%| 65%| 63%
F__| 70%]| 76%| 88%]| 5% 33%| 63%| 59%| 63%| 68%| 67%| 68%| 74%
G| 57%]| 57%| 50%| 4%| 7%| 65%| 72%| 82%| 85%| 70%| 80%]| 83%

H | 71%]| 75%| 85%| 5% 48%| 75%| 69%| 82%| 88%| 71%| 80%| 87%

[0104] The high throughput screen was able to qualitatively predict the
monomer recovery and HMWA removal in a column purification scheme. For
instance, the conditions from well C8 (20 mM HEPES, 1 mM Phosphate, 1750
mM NaCl, and 12 mM arginine, pH 7.2) were tested on a column packed with
cHA Type | resin. Aggregate levels were reduced to 2.5% and the monomer
yield was 72%, after column purification. The conditions from well D5 (20 mM
HEPES, 5 mM Phosphate, 100 mM NaCl, and 120 mM arginine, pH 7.2)
were also tested on a column packed with cHA-1 resin. Aggregate levels were
reduced to 0.7% and the monomer yield was 73%, after column purification.
Finally, the conditions equivalent to well C3 (100 mM HEPES, 1 mM
Phosphate, 120 mM NaCl, and 200 mM arginine, pH 7.2, where the high level
of HEPES contributes ionic strength similarly to the NaCl) were tested on a

column packed with cHA-1 resin. Aggregate levels were reduced to 4%, with



D 50nMLOOTM 00nVBOMM QONVROO0MML, 250mML, 750nM

, 500mvb600MvB00MM , 000MM  E 25mM 25mM 25nM 25mM 25nM
WOHRANASHNM 625mV 500mM 500mM 100mM 300V F 2poiviu@iadvba2sss

25mM 25nmM 25nmM 25mM 750nM @25mM 500nM 500mM 00nM 300mM :

G 50mM OOmve00mMvbOnmMLOONM

AhoMlerXe v (GT@UYR, SeEHoGR 0
e B AN |e9?%ﬂ@’f\r8ﬁ§’?%§3?“§3el s

i . 50 300mv
defofifds it niantadubnoybedeinRordbtedtmaR bR &
450V 500V 600V 40 20mMv 200 40nM 120nmM 200
P%%W%%W@@md@% BRTRTSRaN 2RaNTNYYAvramaNal.
127M 12pM 12nM 75nM 50nmM 25mM D 450r_rM 500mM 600mv
Hawaksr Dighvinsoshnu eefgertug e aue inquabitativelyprvtisoboti yield
350mM 300mM 200mMM 12nM 12nM 12nmM 12nM 12nM 12nM 75
argDptitg5nM F 450nM 500mM 600nM 40M 120mM 200nM 40V
120mM 200mM 125mM 150 300mM G 350mM 300nmM 200
12mM 127M 12nM 127 12 12nM 75mM 50mM 25 H 450niM

500 690niMetreviced Qi HaPsily!
Soon Soon [0103] After the aﬁﬁmﬁag%%%ﬁh%n@lémnce

in N iF BRtiNRP 2 A 45104l Bu@%@s &le %é"mmgqu%éqirhags @%a%w\égual

and aggregate was ad to eac

. d_chal | enge. was 25% .The buffer, .
oucHElon i herl BF Befali Bl S Shecitaay s Boivduany
, &igri n ebu_i i bration. The material was shaken for 20
in ﬁtﬁdgg, q“a’l”F@WQﬁgte@qQN referengein ds watiretydoreall porposes. To
supernatant was renoved fromeach well of the
the ieixtant puitieationsmarntbpatentgyer pdteahapblaxdyions épeirpbiated by
addi ti on was nmade, and the plate shaken, and the

refrpRca edradicetme\discioslre dontSR¥E fHeagFscifdt®n, the
performed. The protein that had not bound in eac

spetAidstinmss AfHeee ARy éﬁ@%r%&%ﬂe&ﬁ?_@ﬂ%ég% -any such |

concentration (by absorbance at

CO%raW,@%Ei (aggregate was ‘measur ed by size

exclus .- Any decrease in aggregate indicated a

[0106] All numbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term “about.”
Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the specification and attached claims are approximations that may
vary depending upon the desired properties sought to be obtained by the
present invention. Atthe very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should be construed in light of the number of significant

digits and ordinary rounding approaches.



condi tion conducive to purification. Tables 13 and 14
show t he percentage of aggregate and nononer, by
WORID$/044B3% a pool of the first four stages. WO pCT/US2004/032883
2005/ 044856 PCT[ US2004/ 032883 40 Tabl e 13. Aggregate
level (%9. 123 456789 10 11 12 8% 6% 3% 4%47%

LN S S S\ A e
AP B R Sl e e

. 6% 8% 10% 10%.10% 17% G 10% 9901 6% 6% 3% 7% 8% 14%
n ﬁ“ﬁ/@%é&?@%}aﬁ% embegunanisessabadhemin 208 obfenashby way of
120/.T 17% 18% Table 14. Mnoner Recovery (%9 1 2 3 4
exgplg 0glysandaneinaimesnbsoagdimitinginodnn \Ray.4 8% atendeddthat
53% 32% 11% B 64% 70% 78% 4% 24% 43% 42% 40% 38% 57%

thel 2pedifitaticd 499eR8VpRE/hd YohSidaads 49 UM, ¥nhB Wi arue
48% D 65% 68% 75%4.5%.35% 549%4.61% 649%4.64% 63%463% 62%

scbpéH ] ioroRY 0
o A o S e L

57% 50% 4% 7% 65% 72% 82% 85% 70% 80% 83% H 71% 75%
85% 5% 48% 75% 69% 82% 88% 71% 80% 87% [ 0104] The hi gh
t hroughput screen was able to qualitatively predict
the nononer recovery and HWA renoval in a colum
purification schenme. For



i nstance, the conditions fromwell C8 (20 nM HEPES, 1

nmM Phosphate, 1750 mM NaCd, and 12 nM argi ni ne, pH

7.2) were tested on a colum packed with cHA Type |

resin. Aggregate |evels were reduced to 2.5% and the
monomer yield was 72% after colum purification. TBSpwise
conditions fromwell D5 (20 nM HEPES, 5 nM Phosphat e,

100 mM Nadl, and 120 mM argiqy ne, pH 7.2) were also

t est ed o&laqmgol um packed with cHA-1 resin. Aggregate

| evel s were reduced to 0. 7% and the nononer yield was

73% after colum purification. Finally, the

condi ti ogs equ Mé&h@@fertpgn%blat %s(&@aﬂ%bﬂﬁ%’éﬁmmérﬁ% an
Phosphate, 120 , 200 nM ar gi ni ne,

ant%@?%rédé@atmn%n{aﬁﬂrﬁj hlgm'ndlﬁp Eg'vs}é%i égg?%ﬁ@s b&ﬂbﬁslng

strength simlarly to the Na were teSted on

col um packed with cHA-1 reS| n. Aggregate | evel s wer

reduced to 4%3)\H°PWCW9 2PEPOARRYE TR IWBQ@B@PG@tPQQ%a”t'bOdY
recovery of 69% after

preaafa\%Pn @88 FBW”Q PHeld QBﬁ’St gom Héﬁﬁ?ﬁ@t"}"&'taé Igash pné,pigHon buffer

Cortﬁgrﬁ%?%?%%%me?% q’%‘*ﬁ’b‘iﬁa Cowqcé-(%very and
HWMA r enoval . ut screenin

abl e to quali Mtqo{?@ﬂﬁ%? E)ﬁ‘?qﬁ”fy Ftﬁgﬁg%frbla COHN M It%anhbody
PreRadoN 'fbal'qagfeb(hsffrsﬁ%i%w%i EEEE %Q%d@{mgp'%f?ﬁ%%ﬁ@;’ rnil 2025m
BT S g B L R B HY BA Bt DR s

specifically and |ndiV|duaIIy indicated to be
i ncor por ret

pur poSes 2 To To TRIR %}C"?aé'hbr i""b%iei”g pgﬁﬁe‘{)%’i“&ﬁf’% cgains less
thalgagoﬁﬂ @L%lﬁgt%q@ﬁlaggpe%a%%r ated by reference

cont e contained in the
speC|f|cat|on the specification is intended to

super cedg andiq e?tlﬁﬁ HBHRLURENRE paiePHtBody contains less

cont r adi ct ory rmt er
than 1% high molecular weight aggregates.

4, The method of claim 1, wherein the elution buffer or load buffer has

apH6.4t07.6.

5. The method of claim 1, wherein the elution buffer or load buffer

comprises 3 mM to 5 mM sodium phosphate.

6. The method of claim 1, wherein the elution buffer or load buffer

comprises 0.35 M to 1 M NaCl.

7. The method of claim 4, wherein the elution buffer or load buffer has

apHof6.8t07.2.



[0106] Al nunbers expressing quantities of

ingredients, reaction conditions, and so forth used

in the specification and clains are to be understood

as being nodified in all instances by the term

"about." Accordingly, unless indicated to the LLOYD WISE
contrary, the nunerical paraneters set forth in the

speci fication and attached ciqi ns are approxi nations

that mayg var yhg aRans GEidRan whBRirf®s ianGsh .Qaﬁrécsqu IgD,

sought to be obtained by the present invention.

IgEL, Ia,e@méyt,tjoggst and not as an attenpt to limt the
application of the doctrine of equivalents to the
scope of the clainms, each nunerical paraneter should

be const gued iTRe e sifcidia, Wﬁgfféﬁfth@fanﬁﬂa% i§ hfoRBElonal,
digits and ordinary roundi ng approaches

polgE16¥d) OB 6iic, RUHahik8d 054 Patd®eéhd thefidof [ 0107]  Many

nodi fi cations and variations of this. invention can be
made w thout departing fromits spirit and scope, as
Wi || be appar @hé nigthddsistairakli, vherin the ahtitodyrié an AAE-IL-21
speci fic enbodi nents descri bed herein are offered by
recepipr,Ginti-GRESpheti-Abéty, aNHCBR2, amtiiLemsataritidL g, br dntitiLEp
in any way. It is intended that the specification and
antibodppl es be considered as exenplary only, with a true
scope and spirit of the invention being indicated by
the following clainms. LLOYD WSE 43 Cains: 1. A
met hod f &f. puiThé yetgpdadf dafradlt wbereirathe iabtibhdyrias @nessic pl.
froman antibody preparation containing high
nol ecul ar wei ght aggregates conprising: (a) contacting
a hydr oxyapat ilhe metidofickira 1cwherein thie trésin Isccesariclhydyoxyapatite
preparation and eluting purified antibody fromthe
typedor typgilk h at | east one elution buffer conprising 1
to 20 nM sodi um phosphate and 0.2 to 2.5 M Nad ; or

13. The method of claim 12, wherein the resin is ceramic

hydroxyapatite type |.

14, The method of claim 1, wherein thé purified antibody contains less

than 300 ppm Protein A.

15. A method for purifying at least one antibody monomer from an
antibody preparation containing high molecular weight aggregates comprising subjecting
the antibody preparation to (a) Protein A affinity chromatography, (b) ion exchange
chromatography, and (c) hydroxyapatite chromatography, wherein the hydroxyapatite

chromatography comprises:



(b) contacting a hydroxyapatite resin in a colum wth

the anti body preparation in a |oad buffer conprising

1 to 20 mM sodi um phosphate and 0.2 to 2.5 M Nad and
allowing the purified antibody to flow through the

colum. 2. The method of claim1, wherein the purifji

anti body contains less than 5% h| gh nol ecul ar wei g"l%'%%j\/\ll‘c"E
aggregates. 3. The method of4g¢laim 2, wherein the

purified anti gggé(ntg&lﬂ AR ﬁﬁﬁatﬁ%@fﬁ it 2’ égmn?*'wlth the eTtlbody

nol ecul ar wei ght aggr €gat’es net h

preggl%ﬁi%h Binb @ﬁJtiﬁb thﬁ?—:‘?d J?H.Bég}r fréth tﬂé’r%glnww V\ﬂﬁea{%@ﬁne Elu%_lll buffer

[aim 1 erein
I to 5 MM
°°f§%“%‘téﬁn‘“5“&%@%&@8@‘“*’%—%@%?@o‘a@8§@3 RECE A her ei n

the elution buffer or |load buffer conprises 0.35 Mto

1 M Nadl (i) tonthBhg@hftR6xyabathb &4 th a &m&hﬁmhttﬁbeannbod%

elution buffer or | oad buFfer has a pH of

prebbdYibh W Sloaddiff8r cohistisiiRyt NtborhMedoaium éhoébhﬁfeedrﬂ d f‘fb 25M
antibody is an 1gG 1gA |gD, IgE or IgMantib

Na8l arddgllowidod pmfm@d antibody toMu BrdughhiRe adliinRody | s
nmonocl onal, polyclonal, chineric, humani zed, or a

f ragnent thereof 10. The nmet hod of claim1, wherein

the antihedy Tae afetiaott of-ddimAF, wh@@&ﬂh@lP,rotai’ntA affhlty 8,
anti - Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or

chraniatodrapiRds paridrivieddyst ahdl .thelhgirosiapatite @hrodatdgraphy is performed
wherein the antibody has a basic pl. 12. The nethod of
lastl aim 1, wherein the resin is ceram c hydroxyapatite

17. The method of claim 15, wherein the purified antibody contains less

than 5% high molecular weight aggregates.

18. The method of claim 17, wherein the purified antibody contains less

than 1% high molecular weight aggregates.

19. The method of claim 15, wherein the elution buffer or load buffer

has a pH from 6.4 to 7.6.

20. The method of claim 15, wherein the elution buffer or load buffer

comprises 3 mM to 5 mM sodium phosphate.

21. The method of claim 15, wherein the elution buffer or load buffer

comprises 1 M to 0.35 M NaCl.

22. The method of claim 19, wherein the elution buffer or load buffer

has a pH of 6.8 to 7.2.



type | or type |Il. 13. The nmethod of claim 12, wherein

the resin is ceramc hydroxyapatite type |I. 14. The

nmet hod of claiml1l, wherein the purified antibody

contains less than 300 ppm Protein A 15. A nethod

for purifying at | east one antibody nononmer from ar,_rliOYDWBE

anti body preparation containing high nolecular wei ght

aggregates conpri sing subjecidgd ng the antibody

prepar at hon t W Wal d :

by on 2¥chanpe oL Rl A herRin o GRS CHH RENea, 100,

[t e chromat ography, wherein the

lgéﬁéﬁ%%@%@?he chr omat ogr aphy conprises: LLOYD W SE

45 (i) contacting a hydroxyapatite resin in a colum

with thepgnti l?ﬁé’hetrﬂfd?&%{a?}hi1‘BPwﬁé}@in9(hé‘¥ahﬁtQJdPli§ inbh&&onal,
anti body fromthe resin with at |east one elution

pol?élérﬁeﬁ,rchilﬁ@ﬁ@ﬂwhﬁiaﬂ&eé,_erraéﬂweﬁMhé%i‘.Um phosphate and 0. 2
0 2.5 MNad; or (il) contacting a hydroxyapatite

resin in a colum with the anti body preparation in a

| oad buf ber coRpMeihditofkidia 130whdlefmale ARMitdugsPEabati-AnLl
0.2 to 2.5 M NaCdl and allowing the purified antibody

receptot,| -G IDF BU ghti-AbetacatiloD22, nti-LEes Yedntiad-13f ocarai-im22
15, wherein the Protein A affinity chromatography is

antiwxdformed first and the hydroxyapatite chromatography
is perforned last. 17. The method of claim 15,
wherein the purified antibody contains |less than 5%
hi gh nol eéul aTheeieyidd afgtpiradat @bereil®he dhttbouytHaed tafsic pl.
claim 17, wherein the purified anti body contains |ess
than 1 % hi gh nol ecul ar wei ght aggregates. 19. The
nmet hod oR7cl aiThe dethathafrakdim 116heherein the nedinufsfoeramic | oad
buf fer

hydroxyapatite type | or type Il.

28. The method of claim 27, wherein the resin is ceramic

hydroxyapatite type |.

29. The method of claim 15, wherein the ion exchange chromatography

is anion exchange chromatography.

30. The method of claim 15, wherein the purified antibody contains less

than 300 ppm Protein A.
31. A method for purifying at least one antibody monomer from an
antibody preparation containing high molecular weight aggregates comprising:

(a) contacting the antibody preparation with a Protein A support;

(b) allowing antibody to adsorb to the Protein A support;



has a pHfrom6.4 to 7.6. 20. The nethod of claim 15,
wherein the elution buffer or |load buffer conprises 3
nMMto 5 mM sodi um phosphate. 21. The nmethod of claim

15, wherein the elution buffer or |oad buffer

conprises 1 Mto 0.35 M Nad . 22. The nethod of cl ai

19, wherein the elution buffer or |oad buffer hasq'z!\'@mw'SE
pH of 6.8 to 7.2. LLOYD W SEy7 46 23. The net hod of

cl ai m 15, wheys8i . - : .
I gE, or I gM agﬁ@gh@_@ ﬂgé;ﬁo'?"ﬁgxrse R%gag(?giésfdél&% alr{Sth’Qdy with at

lea¥dHeSPBidiMR vARhinB¥led;s nmonocl onal, -pol ycl onal ,
chinmeric, humani Zed, or fragment thereof. 25. The

net hod of cl aidPelfingWhes@iorbdddhtiBBdy RN 1IESst3Re Protein A elution
anti-I1L-21 receptor, anti-GDF-8, anti-Abeta,

buffdil i - CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22
anti body. 26. The nethod of claim 15, wherein the
anti body has g)kafiaetii Proted A eliite Witk BAGbrPéxchbAge Subport;

wherein the resin is ceram c hydroxyapatite type I or

type I'l. 28. ThpariBlynfifig ﬁb@inﬂbé’d&ov%ﬁfe%rﬁ‘eidh%n@@?ﬂ:ﬁbort;

is ceram c hydroxyapatite type |I. 29. The nmethod o

claim 15, whe{giddntadsng @6 pan@h@gmie@fynqs@dmna@hydrokfapatite
ani on exchange chromatography. 30. The nethod of claim

resk, Wherein the purified antibody contains |ess than
300 ppm Protein A 31. A nethod for purifying at | east

one antibody (rAERIngfthéparBally purified antibody to adsorb to the resin;
(i) washing the resin with at least one hydroxyapatite washing
buffer; and
(j) eluting purified antibody from the resin with at least one
hydroxyapatite elution buffer comprising 1 to 20 mM sodium phosphate and 0.2t0 2.5 M

NacCl.

32. The method of claim 31, wherein the purified antibody contains less

than 5% high molecular weight aggregates.

33. The method of claim 32, wherein the purified antibody contains less

than 1% high molecular weight aggregates.

34. The method of claim 31, wherein the at least one hydroxyapatite

elution buffer has a pH from 6.4 to 7.6.

35. The method of claim 31, wherein the at least one hydroxyapatite

elution buffer comprises 3 mM to 5 mM sodium phosphate.



ant i body preparation containing high nolecular wei ght
aggregates conprising: (a) contacting the anti body
preparation with a Protein A support; (b) allow ng

anti body to adsorb to the Protein A support; LLOYD

WSE 47 (c) washing the Protein A support and LLOYD WISE
adsor bed anti body with at |east one Protein A washing
buffer; (d) eluting the adsogged anti body with at

| east 0nge Pr ofrRé hethdd otidlin 31 b\%ér@fn’ thé &1 IeSQt"Hn%q'%HF&yapatlte
Protein A eluate with an ion exchange support

elufieh Buf?ér'ckﬁrr?H&éJ y Mg ddevagdibody over the ion exchange
support g) contacting the partially purified

anti body with a hydroxyapatite resin; (h) allow ng

the partgal | yTRY mémoadof@mmmdwr\éremaﬁé af Ratonefdroxyapatite
resin; (i) washing the resin with at |east one

eluhdrﬂblgﬁ@r‘mataldl-ﬁoﬂ/@shjﬂg. buffer; and Q eluting
purified anti body fromthe resin with at |east one

hydr oxyapatite elution buffer conprising 1 to 20 nM
sodi um pB®sphahe matitbdlof2ldira 32, WwhédeinNaEantitbdy iThe1gG, IgA IgD,
nmet hod of claim 31, wherein t he purified anti body.

IgEG onigM astidoggs than 5% hi gh nol ecul ar wei ght
aggregates. 33. The nethod of claim 32, wherein the
purified antibody contains less than 1 % high
nol ecul aB9wei Fhe nadfyrdegfataine .31 3Wherémetheantitadly ¢ mohadlomal,
31, wherein the at |east one hydroxyapatite elution

polpclbriady cHiraeria hpMahizedy & .adfragment ber&8. The net hod of
claim 31, wherein the at | east one hydroxyapatite

40. The method of claim 31, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.
41. The method of claim 31, wherein the antibody has a basic pl.

42. The method of claim 31, wherein the resin is ceramic

hydroxyapatite type | or type Il.

43. The method of claim 42, wherein the resin is ceramic

hydroxyapatite type |.

44.  The method of claim 31, wherein the ion exchange chromatography

is anion exchange chromatography.

45. The method of claim 31, further comprising filtering the partially
purified antibody before application to the hydroxyapatite resin, thereby reducing the viral

contaminants.



elution buffer conprises 3 MMto 5 mM sodi um

phosphate. LLOYD WSE 48 36. The nethod of claim 31,
wherein the at | east one hydroxyapatite elution

buffer conprises 1 Mto 0.35 M NaC . 37. The nethod of
claim34, wherein the at |east one hydroxyapatite | YD WISE
elution buffer has a pHof 6.8 to 7.2. 38. The netho 8

of claim 31, wherein the antifpody is an 1gG |gA, |gDbh,

I gE, or kgM arhi Biod FHaimA fﬂﬁhPP&ng;rismgfégﬁ]ael%ﬂng the

wherein the antibody Is nonoclona
hyd}Bkﬁ%ht‘é eIJH!@H‘étZISé’st ofé oﬁulfréfﬂegfraatortdga? é%%n. 40. The

hod of claim 31, wherein the ant y I's an
antl-IL 21 receptor, anti-GDF-8, anti-Abeta,

anti - CD237. antrhe h@had of claiiit3i; Maerlaﬁr th® budfld arltlbo&?contalns less
anti body. 41. The nethod of claim 31, wherein

thaArB00RHYPRASN A. basic pl. 42, The nethod of cl al m 31,
wherein the resin is ceram c hydroxyapatite type | or

type Il. 43. The nethod of claim42, wherein the resin

I's ceranug. hyudhemy@RRpukiFingyad Rakt orftfantibb8y ARBhEREr #dm an
claim 31, wherein the ion exchange chromatography is

antioidg prepeeatRRIBNERIMIRYRY P gickvilar weight 2hEredabSs e&npffs.ﬁd ai m
31, further conprisi ng filtering the partiall

fied d I t to t
hycr oxyapat | 1 ERBERRIY Re ROy S RRA AR N

contam nants. (bl') ?gvlang aanody%o adsorb to the Protein A support;

(c) washing the Protein A support and adsorbed antibody with at
least one Protein A washing buffer;

(d) eluting the adsorbed antibody with at least one Protein A elution
buffer;

(e) contacting Protein A eluate with an ion exchange support;

(f) partially purifying the antibody over the ion exchange support;

(g) exchanging the partially purified antibody into a load buffer
comprising 1 to 20 mM sodium phosphate and 0.2 to 2.5 M NacCl;

(h) contacting the partially purified antibody in the load buffer with a
hydroxyapatite resin;

(i) allowing antibody to flow through the hydroxyapatite resin; and

| (i) washing the hydroxyapatite resin with at least one hydroxyapatite

washing buffer.

49, The method of claim 48, wherein the purified antibody contains less

than 5% high molecular weight aggregates.



46. The nethod of claim 31, further conprising

subj ecting the hydroxyapatite eluate to at |east one

of ultrafiltration or diafiltration. 47. The method of
claim 31, wherein the purified antibody contains |ess

than 300 ppm Protein A 48. A nethod for purifying @bypwise
| east one anti body nononer from an anti body

preparation containing high spl ecul ar wei ght

aggr egat 65 CORE inSdtiEH n i i » _
preparation with ngé @o?fgﬁlm%@éﬂvg%%ﬂl?e b?@f)lé@;cﬁtlg%ﬂ)’n%ontams less

thaniih, BREYMAIBcAsISAightldgidyatesr ot ei n A support; (c)
washi ng the Proteln support and adsor bed anti body
with at |east one Protein A washing buffer; (d)
el uting the adnensbrsitddnads, whéRinthe IQRIYURPRas a pH from 6.4
Protein A elution buffer; (e) contacting Protein A
to Bbuate with an ion exchange support; (f) partially
purifying the anti body over the ion exchange support;
(g) exchanging the partially purified antibody into a
| oad buf 6gr Ceepidtissd® claitas2@helinstadidsa Hues sdiapises 5 mM
and 0.2 to 2.5 MNad; (h) contacting the partially
sodiuriphogshaaét i body in the load buffer with a
hydr oxyapatite resin; (i) allow ng antibody to flow
t hrough the hydroxyapatite resin; and (j) washing the
hydr oxyapat i t #he estimodwitduimi48] ehsieincthe (daddiutfey eqraprisiee 350 mM
washi ng buffer. 49. The nethod of claim48, wherein
NaChe purified anti body contains I ess than 5% hi gh
nol ecul ar wei ght aggregates. LLOYD WSE 50 50. The
nmet hod of claim49, wherein the purified anti body
cont ai nsSftess The method of claim 51, wherein the load buffer has a pH of 6.8.

55. The method of claim 48, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

56. The method of claim 48, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.

57. The method of claim 48, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.
58. The method of claim 48, wherein the antibody has a basic pl.

59. The method of claim 48, wherein the resin is ceramic

hydroxyapatite type | or type II.



than 1 % hi gh nol ecul ar wei ght aggregates. 51. The

nmet hod of claim48, wherein the |oad buffer has a pH
from6.4 to 7.6. 52. The nethod of claim48, wherein

the | oad buffer conprises 5 nM sodi um phosphate. 53.

The nmet hod of claim 48, wherein the | oad buffer LLOYD WISE
conprises 350 MM Nad . 54. The nethod of claimb51,

wherein the | oad buffer has @ pH of 6.8. 55. The

met hod ofgcl airy ARt ScRiim sohGhaRin (RO sIA & BRhiES
IgA, 1gD, |IgE or IgMantibody. 56. The nethod of

hvdtb @l e t erein the antibody is nonoclonal,
ypo)la)’y?g%onaYWChi nmeric, humani zed, or a fragnent

thereof. 57. The nethod of claim48, wherein the

anti bodyeis amh@médtnddofkim48CRRERN thaWn e%n% chromatography
anti - Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or

is amidn eﬂchaﬁ% cttBinafgephy58. The nethod of claim 48,
wherei n the anti body Kas a basic pl. 59. The nethod

of claim48, wherein the resin is ceranmc

hydr oxyapat i t hé yiRehdd éifcidin @8, futthel ddmMdAs\gHiterifglthe Bartially
The met hod of claim59, wherein the resin is ceramc

purifiedramiyepatidire dppheatibn tdthe hjaRxpaidtiadresin, tHefdbyréducing the viral
wherein the ion exchange chromatography is anion

corgx@imantge chr omat ography. 62. The met hod of clai m 48,
further conprising filtering the partially purified
anti body before application to the hydroxyapatite
resin, tBarebyhe ewttadaf cidira 48| fusther comprising subjecting the

hydroxyapatite flow-through to at least one of ultrafiltration or diafiltration.

64. The method of claim 48, wherein the purified antibody contains less

than 300 ppm Protein A.

65. A method for purifying at least one antibody monomer from an

antibody preparation containing high molecular weight aggregates comprising:

(a) equilibrating hydroxyapatite resin with at least one equilibration
buffer comprising 1 to 20 mM sodium phosphate and 0.01 to 2.0 M NaCl;

(b) contacting the antibody preparation with said hydroxyapatite
resin under conditions that allow binding of both antibody monomer and high molecular
weight aggregates;

(c) allowing the high molecular weight aggregates to bind more
tightly than antibody monomers and, as loading continues, allowing the high molecular
weight aggregates to displace bound antibody monomer; and

(d) collecting said displaced antibody monomer.



contam nants. 63. The nethod of claim48, further
conprising subjecting the hydroxyapatite flowthrough

to at least one of ultrafiltration or diafiltration.

64. The nethod of claim 48, wherein the purified

antibody contains Iess than 300 ppmProtein A 65. 8ypwise
nmet hod for purifying at | east one anti body nononer

froman antibody preparatiogp containing high

ol ecul aggwei §RE nRABLGAFR 65OWRELR thY Ruﬁ@d antlbody monomer
equi | i br ating hydroxyapatite resin wt | east ‘one

r 20 mM sodi um
°°rgg'g§ Lésgtﬂzéda% h&m}&] B@Eulﬁ%?ﬂhﬁ%@eg%( b) contacting the

anti body preparation with said hydroxyapatite resin

under copdi ti gAg nidkadd Gildmw Bl WHERE RE phsid AbbAPHBnomer
nmonomer and hi gh nol ecul ar wei ght aggregates; (cC _

corﬂélhg‘l’ésﬁGhérhﬁ%%%ﬁnﬁ!éb@ﬁﬂvé@h%g%&até&gr egates to bind
nore tightly than anti body nonomers and, as | oading

conti nues, allow ng the high nolecul ar vei ght

aggr egat 68. t 0 THé sf¥teofeminGsanhéleRiiie BRGIMALGN BuFttr hEs a pH
col l ecting said displaced anti body nonormer. LLOYD W SE
fromd.56 8.0he net hod of claim65, wherein the purified
ant i body nononer contains |ess than 5% hi gh nol ecul ar
wei ght aggregates. 67. The nethod of claim®66, wherein
the puriBfed ahéinstiebd oftaim®s, wheretnathe eqlittsratiérhbuffet cBmprises
hi gh nol ecul ar wei ght aggregates. 68. The net hod of
2 niV 4o in@d sodier phosphdte. equi | i brati on buffer has a pH
from6.2 to 8.0. 69. The nmethod of claim®65, wherein
the equilibration buffer conprises 2 mMto 5 nmM
sodi um pfABsphadhe method of claim 65, wherein the equilibration buffer comprises

50 mM to 100 mM NaCl.

71. The method of claim 68, wherein the equilibration buffer has a pH of

7.3.

72. The method of claim 68, wherein the equilibration buffer further

comprises up to 200 mM arginine or HEPES.

73. The method of claim 68, wherein the equilibration buffer further

comprises 100 mM to 120 mM arginine and 20 mM to 100 mM HEPES.

74. The method of claim 65, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

75. The method of claim 65, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.



70. The nethod of claim®65, wherein the equilibration
buffer conprises 50 mMto 100 MM NaCl. 71. The net hod

of claim68, wherein the equilibration buffer has a pH

of 7.3. 72. The nethod of claim68, wherein the

equi libration buffer further conprises up to 200 mVbypwise
argi nine or HEPES. 73. The nethod of claim68, wherein

the equilibration buffer fursgher conprises 100 mMto

120 nM argi ni rRe AitthodofEMirh ®51@RereM thEBRbod]4s arTBﬁ’tl iL-21

met hod of claim 65, wherein the antibody is an
reck@dr, dn@ilBDF -8 nti-Rbeth GAMtAODRD Ghy-Lekfs Y, THHE- |mB|t3h@rdarQ|f|L 22

cl ai m 65, wherein the antibody is nonocl onal
antidycl onal , chinmeric, humani zed, or a fragmsnt

thereof. LLOYD WSE 53 76. The method of claim 65,

wherein the antibody is an anti-IL-21 receptor,

anti - GOF78, afhé niteidoof crhie5ChkRereinané antisdtly ha¥ a basic pl.
anti-I1L-13, or anti-IL-22 antibody. 77. The nethod of
cl ai m 65, wherein the antibody has a basic pl. 78.
The net hddl. of Thé aiethdibof cldiraBs| whéreim the sedin isecmiian ¢
hydroxyapatite type I or type Il. 79. The nethod of
hydrbsyapaiid typehleareéype H.he resin is ceram ¢ hydroxyapatite
type I. 80. The nmethod of claim&65, wherein the
purified antibody contains |ess than 300 ppm Protein
A. 81. A7%et hdbe mathgsieficlain7§, wherewdbe resireisaetarhiody
nmononer froman antibody preparation containing high
hydipxyapetitartyneel ght aggr egat es conpri si ng subj ecting
80. The method of claim 65, wherein the purified antibody contains less

than 300 ppm Protein A.

81. A method for purifying at least one antibody monomer from an
antibody preparation containing high molecular weight aggregates comprising subjecting
.the antibody preparation to (a) Protein A affinity chromatography, (b) ion exchange
chromatography, and (c) hydroxyapatite chromatography, wherein hydroxyapatite

chromatography comprises:

(i) equilibrating hydroxyapatite resin with at least one equilibration
buffer comprising 1 to 20 mM sodium phosphate and 0.01 to 2.0 M NaCl;

(ii) contacting the antibody preparation with the hydroxyapatite resin
under conditions that allow binding of both antibody monomer and high molecular weight

aggregates;



the anti body preparation to (a) Protein A affinity

chromat ography, (b) ion exchange chronatography, and

(c) hydroxyapatite chromatography, wherein

hydr oxyapatite chronmat ography conprises: (i)

equi li brating hydroxyapatite resin with at |least o
equilibration buffer conprising 1 to 20 nM sodi umrLeLOYDWISE
phosphate and 0.01 to 2.0 MMaCl; (ii) contacting the

anti body prepgfiaibRihgth RighPeold farWeidh abbrleGateg 36 Bi

under conditi grll)géthatg a% Flgwmg?n |r{g o@ﬁbg{;hsgﬁtg?%g'ag more

PR By B S ATEPAN e

weRBUAGHBEAEs IPAIBhIAE BRING antibS th¥ndmé@na@it | body

nmononer s and, as | oading continues, allow ng the high
nol ecul ar VVeKimollg%gb(%iﬁ\%&?A%?éd%rﬁi%@rﬁp@&l%&q

anti body nonorer; ecting ‘'said displ aced
anti body nmonomer. 82. The nethod of claim 81, wherein

the Protepn ATaéheMddof i @TBivREeRAY PrateiR® SMAIREC
first and the hydroxyapatite chronmatography is

chiofiatsyrame is basdrmedJirst HRG thehyRekyapatitb @hm&l%gr&‘ﬂﬁ{] i€ ipBrformed
0

the purified anti body contains less than 5% hig
lastrol ecul ar wei ght aggregates. 84. The nethod of claim
83, wherein the purified antibody contains |ess than
1 % hi gh nol ecul ar wei ght aggregates. 85. The net hod
of clai m881, Wheneithod dfelae 1] wherein the phrifiddesantibady eortdins less
from6.2 to 8.0. 86. The nethod of claim81, wherein
thah$86 bigbirholecwddri varighdelgbegatesnprises 2 mMto 5 nv
sodi um phosphate. 87. The nmethod of claim 81, wherein
the equilibration buffer conprises
84. The method of claim 83, wherein the purified antibody contains less

than 1% high molecular weight aggregates.

85. The method of claim 81, wherein the equilibration buffer has a pH

from 6.2 to 8.0.

86. The method of claim 81, wherein the equilibration buffer comprises

2 mM to § mM sodium phosphate.

a7. The method of claim 81, wherein the equilibration buffer comprises

50 mM to 100 mM NacCl.

88. The method of claim 85, wherein the equilibration buffer has a pH of

7.3.

89. The method of claim 85, wherein the equilibration buffer further

comprises up to 200 mM arginine or HEPES.



50 mMMto 100 mM NaCl . 88. The nethod of clai m 85,
wherein the equilibration buffer has a pH of 7.3. 89.
The net hod of claim 85, wherein the equilibration
buffer further conprises up to 200 nmM argi ni ne or
HEPES. LLOYD WSE 55 90. The method of claim85, || oypwise
wherein the equilibration buffer further conprises
100 MM to 120 nmM argi nine angs 20 MM to 100 mM HEPES.
91. The Bt hogheethad dcim B‘M‘ﬁﬁ&bm th@%g@ﬁ%rb@&ﬂyume? fiftther
lgG IgA 1gD, IgE, or IgMantibody

corfprigesalion niil.to WoE hi Brdidife and 2HRMAY td oo TRRAEDES! |
pol ycl onal , chinmeric, humani zed, or fragnent ¥ her eof .
93. The nethod of claim 81, wherein the anti body is an
anti-1L-281 r@aaepictiod Gtldim@PwReremthé aft®iddis an IgG, IgA, IgD,
anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL 29

IgEalE ighdstibodd. The nethod of claim 81, wherein the
anti body has a basic pl. 95. The nethod of claim 81,
wherein the resin is ceram c hydroxyapatite type | or
type 11.996. The nmattidubst cifim@1awher@h, theaetigidy is Menoashd,
is ceramc hydroxyapatite type |I. 97. The method of

polgtlanah @imend) dupianizedeorifagmextiharege chr omat ography is
ani on exchange chromat ography. 98. The nethod of claim
81, wherein the purified antibody contains |less than
300 ppm PBot eiThe Metlygl of Alamtéiowhérein themnfiyadygs an ahtelis21
one anti body nononer from an

receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.

94. The method of claim 81, wherein the antibody has a basic pl.

95. The method of claim 81, wherein the resin is ceramic

hydroxyapatite type | or type Il

96. The method of claim 95, wherein the resin is ceramic

hydroxyapatite type |.

97. The method of claim 81, wherein the ion exchange chromatography

is anion exchange chromatography.

98. The method of claim 81, wherein the purified antibody contains less

than 300 ppm Protein A.

99. A method for purifying at least one antibody monomer from an

antibody preparation containing high molecular weight aggregates comprising:




ant i body preparation containing high nolecular wei ght
aggregates conprising: LLOYD WSE 56 (a) contacting

the preparation with a Protein A support; (b)

all ow ng anti body to adsorb to the Protein A support;

(c) washing the Protein A support and adsor bed

anti body wwth at |east one Protein A washing buffeLrL;OYD WISE
(d) eluting the adsorbed antjsgody with at | east. one

Protein A el utd : X ; | : L0 A
eluate wth aﬁlé)?gﬂtagﬁ @ﬁg&éﬁ%%g?‘%@% W%ﬂ\% g ‘Il})t/
puri fying the(@rawomg)énwo-aytsaesdrsﬁb FRPIBR ASHRRRE L

(g) equilibrati'ng hydroxyapatite resin wth a east

one equi | i br atd) QRishiRgiEPrFaNRAduBbOF ard bdscrBedBAROE) With at

phosphat e and_( (3_. Of Itg 2. Or M N_aCIuﬁtJh_) acont ac% ng they @
leaB@dre Brotein RWdshingthufBf; i body with said hydroxyapatite

resin under conditions that allow binding of both

nmononer and highkimb s hdort SHibodyWEH 80848 Dne [Frdtein A elution

all om ng the high nol ecul ar wei ght ‘aggregates tp bind
buff@re tightly than anti body nononers, and as |oading

continues, allow ng the high nolecular weight

aggr egat es t o(d}icoRiaghiy P ATBARASRIth ahlion SRRBAGWDsUPpRI;

hydr oxyapatite resin wth at |east one hydroxyapatite

washi ng buf f eyf) paridiy porifnesy ihe@ntibeysoviethdiisbahafge support;

anti body _m)norre?_. 18§M1}f1'§ met hod gf claim 99, %r ei%p

the purified gg)tdqomebatied RydrbRfaphiegesih AR abfdabl dHe equilibration

nol ecul ar wei ght aggregates. 101. The nethod of [ claim

bufl} @omphising i1rto R0enN ebtilireshoaphatd adly 00aAnb 210M Nd@Sss t han
1 % hi gh nol ecul ar wei ght aggr egat es. }

(h) contacting the partially purified antibody with said hydroxyapatite

resin under conditions that allow binding of bpth monomer and high mole\cular weight
aggregates; (}

(i) allowing the high molecular weight aggregates to bind more
tightly than antibody monomers, and as loading continues, allowing the high molecular
weight aggregates to displace bound monomer;

(j) washing the hydroxyapatite resin with at least one hydroxyapatite

washing buffer; and

(k) collecting said displaced antibody monomer.

r
100. The method of claim 99, wherein the purified antibody contains less

than 5% high molecular weight aggregates.

101. The method of claim 100, wherein the purified antibody contains

less than 1% high molecular weight aggregates.



LLOYD WSE 57 102. The nethod of claim 99, wherein

the equilibration buffer has a pH from6.2 to 8.0.

103. The nethod of claim99, wherein the equilibration
buffer conprises 2 nmMto 5 nmM sodi um phosphate. 104.

The method of claim99, wherein the equilibration |,oypwse
buffer conprises 50 mMto 100 nM NaCl. 105. The

nmet hod of claim 102, whereinsthe equilibration buffer

has a pH1g®f Thémelfift of EMim B! WREHeR thé baliMralsh buffer has a pH
wherein the equilibration buffer further conprises up

frol®.2008.0M ar gi ni ne or HEPES. 107. The nethod of claim
102, wherein the equilibration buffer further
conprises 100 nMMto 120 mM arginine and 20 mMto 100

MV HEPES104.08 Thd hesthiget dfethirafoochérgindfe eylirtratioh bifRr comprises
antibody is an 1gG I1gA, 1gD,IgE or IgMantibody.
2 MM % 5 Fing soditmashoephateai m 99, wherein the antibody is
nonocl onal, polyclonal, chinmeric, humani zed, or
fragnent thereof. 110. The nmethod of claim 99, wherein
the anti botly iThe aretlaottdfcldim B9, wherethe equikibratiorIBAffed comprises
anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or
50 enM ic 100 @2 Na@kt i body. 111. The nethod of clai m 99,
wherein the anti body has a basic pl. LLOYD WSE 58
112. The nethod of claim99, wherein the resinis
ceran ¢ 105.dr dRg apshdd of clajpd 0L, whereipghe équilibration buffer has a pH

of 7.3.

106. The method of claim 102, wherein the equilibration buffer further

comprises up to 200 mM arginine or HEPES.

107. The method of claim 102, wherein the equilibration buffer further

comprises 100 mM to 120 mM arginine and 20 mM to 100 mM HEPES.

108. The method of claim 99, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

109. The method of claim 99, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or fragment thereof.

110. The method of claim 99, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.

111, The method of claim 99, wherein the antibody has a basic pl.



113. The nethod of claim 112, wherein the resin is
ceram ¢ hydroxyapatite type |I. 114. The nethod of
clai m99, wherein the ion exchange chromatography is
ani on exchange chromat ography. 115. The net hod of
claim99, further conprising filtering the partial lyyoypwise
purified anti body before application to the
hydr oxyapatite resin, therebsg reducing the viral
cont am namng.s. Thd fhetideeofERiM @0, Wherglndh8 Y& isfcardrer
conprising subjecting the hydroxyapatite eluate to at
hydrédgpattaey |d,+lt*¢rea|i_i [tration or diafiltration. 117.
The nmethod of claim 99, wherein the purified antibody
contains less than 300 ppm Protein A 118. The net hod
of cl ai Mm13. wrke éiethddf cfirhi1fiR eslhersini the eBsircie tbainils a
reduced anount of DNA or host cell protein. 119. The
hydrexyapdtiteftypd lai m 15, wherein the purified anti body
contains a reduced anmobunt of DNA or host cell
protein. 120. The nethod of claim 31, wherein the
puri fi ed1é&ht i Hbeynetioou clickedm 9, whereinettle fompexchamde diSmatography
host cell protein. 121. The method of claim 48,
is anieT eichandgeeclpomafogeaphgnt i body contains a reduced
amount of DNA or host cell protein. LLOYD WSE 59
122. The nethod of claim 65, wherein the purified
ant i body 1t2nt ahe snethod efdlaie @Oafuther canfiprisig filterimgpthie partially
cell protein. 123. The nethod of claim8l, wherein the
purifiedi antibedyaprfpiecpplication & the hydroxganaditadresimo therebyfre@ivngothe viral
host cell protein. 124. The method of claim 99,
conja@ments- t he purified anti body contains a

116. The method of claim 99, further comprising subjecting the

hydroxyapatite eluate to at least one of ultrafiltration or diafiltration.

117. The method of claim 99, wherein the pljrified antibody contains less

than 300 ppm Protein A.

118.  The method of claim 1, wherein the purified antibody contains a

reduced amount of DNA or host cell protein.

119. The method of claim 15, wherein the purified antibody contains a

reduced amount of DNA or host cell protein.

120. The method of claim 31, wherein the purified antibody contains a

reduced amount of DNA or host cell protein.

121.  The method of claim 48, wherein the purified antibody contains a

reduced amount of DNA or host cell protein.



reduced anobunt of DNA or host cell protein. 125. A
nmet hod for purifying at | east one anti body from an
anti body preparation containing an inmpurity
conprising: (a) contacting a hydroxyapatite resin in a
colum with the antibody preparation and eluting || oypwise
purified antibody fromthe resin with at |east one
elution buffer conprising 15¢0 20 nM sodi um phosphat e
and 0.2 4922. Fh¥/n¥akdd ofHairles, wRsYerCthe PUrifed antibody contains a
hydr oxyapatite resin in a colum wth the antibody
reduc€d amatintod DNA botaskt Balf preteirzonprising 1 to 20 mv
sodi um phosphate and 0.2 to 2.5 M Nad, and allow ng
the purified antibody to flow through the colum. 126.
The net hog3.0f Taé aiehddl2df, clavier ewherelhethe ppEfidd ahtibsdyPb¥tains a
127. The nmethod of claim 125, wherein the inpurity is
reduoed acelht gfiDNAebnhost ¢@Bprofeie net hod of cl ai m 125,
wherein the elution buffer or |oad buffer has a pH of
6.4 to 7.6. 129. The nethod of claim 125, wherein the
el uti on B24f elhe mdtoabofluldihé9, whenajr the ariflddvitibodyocarithins a
sodi um phosphate. LLOYD WSE 60 130. The et hod of
reduced emo@st of WA eil most hell pbtein.on buffer or | oad buffer
conprises 0.35 Mto 1 M NaC . 131. The nethod of claim
128, wherein the elution buffer or |load buffer has a
pH of 6.82%.0 A methedfor pUriyingett teadt ofe aitivbdy t@H,an antibody
wherein the antibody is an 19gG I1gA 19D, I1gE or IgM
prepatation ¢pntamBw, anminwunitdeoprisingc| ai m 125, wherein the
anti body is nonoclonal, polyclonal, chineric,

humani zed, or () ohAGHR h%cli}g%%%faﬁtelés‘}n in'8'Eol 173 33 AL antibody

clai m 125, wherein the an IS an an
preparation and eluting purified antibody from the resin with at least one elution buffer

comprising 1 to 20 mM sodium phosphate and 0.2 to 2.5 M NaCl; or
(b) contacting a hydroxyapatite resin in a column with the antibody
preparation in load buffer comprising 1 to 20 mM sodium phosphate and 0.2 to 2.5 M

NaCl, and allowing the purified antibody to flow through the column.
126. The method of claim 125, wherein the impurity is DNA.
-127.  The method of claim 125, wherein the impurity is host cell protein.

128. The method of claim 125, wherein the elution buffer or load buffer

has a pH of 6.4 to 7.6.

129. The method of claim 125, wherein fhe elution buffer or load buffer

comprises 3 mM to 5 mM sodium phosphate.



receptor, anti-GDF-8, anti-Abeta, anti-CD22,

anti-Lewis Y, anti-IL-13, or anti-IL-22 antibody.

135. The nethod of claim 125, wherein the antibody has

a basic pl. 136. The nmethod of claim 125, wherein the
resin is ceramc hydroxyapatite type | or type |l.,5ypwise
137. The nethod of claim 136, wherein the resin is

ceram ¢ hydroxyapatite typegd. 138. A nethod for

purifyingsgt heasletiiiforitimbiodywhérdin th8 efifibh BAEY or load buffer
preparation containing an inpurity conprising

coﬁ?@i&qumtbhe,wmmody preparation to (a) Protein A
finity chromat ography and (b) hydroxyapatite
chr omat ogr aphy, wherein the hydroxyapatite

chr omat ogg&phyrhe eHERdSErTlaitIQEDVMErSIn the &lutibn buffer or load buffer
contacting a hydroxyapatite resin in a columm with the

hagBipHO6TadyYS tdo7.eparation and el uting purified antibody
fromthe resin with at | east one elution buffer

conprising 1 to 20 mM sodi um phosphate and 0.2 to 2.5

M Nadl ; aB2(i iThe®eharof dimal 25y Whersinathatahtitodyesamiga) 1A, IgD,

colum with the antibody preparation in a |oad buffer
|gE; @MVl htitebdy. t o 20 M sodi um phosphate and 0.2 to 2.5

M NaC, and allowing the purified antibody to flow

t hrough the colum. 139. The nethod of claim 138,

wher ei n t1B&. | Mhamnathod of diivh. 1254@herémetheantitotlyed mohaclamal,

138, wherein the inpurity is host cell protein. 141.
polVblenatetHimériofhuciamized 1&8 fragreerditieredfe el uti on buffer or

| oad buffer has a pHof 6.4 to 7.6. 142. The nethod

of claim 138, wherein the elution buffer or I|oad

buf fer d8dpr iThesnsghedwicaith 129 whelieimthg lotipddytiean anBIL-21

The nethod of claim 138, wherein the elution buffer or
redepial, MMIFGBF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-1L-22

antibody.
135. The method of claim 125, wherein the antibody has a basic pl.

136. The method of claim 125, wherein the resin is ceramic

hydroxyapatite type | or type Il.

137. The method of claim 136, wherein the resin is ceramic

hydroxyapatite type |I.

138. A method for purifying at least one antibody from an 'antibody
preparation containing an impurity comprising subjecting the antibody preparation to (a)
Protein A affinity chromatography and (b) hydroxyapatite chromatography, wherein the

hydroxyapatite chromatography comprises:



conprises 0.35 Mto 1 M NaC . 144. The nethod of claim

141, wherein the elution buffer or | oad buffer has a

pH of 6.8 to 7.2. 145. The nethod of claim 138,

wherein the antibody is an 1gG 1gA 1gD, 1gE or IgM

anti body. 146. The nethod of claim 138, wherein thq,oypwise
anti body is nonoclonal, polyclonal, chineric,

humani zed, or a fragnent thegeof. LLOYD WSE 62 147.

The method of (iFESHtHRh3 % h aﬂlté RRIirAR i dBRMYh With #i2 antibody
anti-1L-21 receptor, "anti- -8, anti - Abet a,

prepBtdtiokaad el diRg bubifd shti¥odPiiér thd-rebidy with atdddst ohée@@on buffer
anti body. 148" The nethod of claim 138, wherein

corﬁgﬁélﬁ@qi&’o bamM sERshhBSphatd 4% 0. Bhe 2rEhEdr Cl a' m

Wwherein the resin is ceramc hydroxyapatlte type

| or type Il. (ib2Bntadii hﬁghé"ﬁ&d?%a%tlté|ré‘énﬁTlnla480IuMHWtﬁltﬁ7e antibody

the resin is ceramc ydroxyapatite type |I. 151

prépaidtied it 8lodabufel EdtEpriting RS20 MVEsAinh PREBPhBIECHRdN2 to 2.5 M
antibody preparation containing an inpurity

NaCP Hhtifbwig thélpuriiealantibodydo fibw taBLgipa@YcoRinapar at i on
Wi th a Protein A support; (b) allowi ng antibody to

adsorb to the Protein A support; (c) washing the
Prot ei n A3gupmaeimest efdtsanbidd, anérelpadly indpudrity BtDNA.east
one Protein A washing buffer; (d) eluting the adsorbed
anti body with at |east one Protein A elution buffer;
(e) cont dd0i nJhPmadtieochofilamuiBBewherem the ingpliritk isadat cdlieprotein.
resin;

141. The method of claim 138, wherein the elution buffer or load buffer

has a pH of 6.4 to 7.6.

142. The method of claim 138, wherein the elution buffer or load buffer

comprises 3 mM to 5 mM sodium phosphate.

143. The method of claim 138, wherein the elution buffer or load buffer

comprises 0.35 M to 1 M NaCl.

144. The method of claim 141, wherein the elution buffer or load buffer

has a pH of 6.8 to 7.2.

145. The method of claim 138, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

146. The method of claim 138, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.



(f) allow ng antibody to adsorb to the resin; (g)

washing the resin with at | east one hydroxyapatite
washing buffer; and (h) eluting purified anti body
fromthe resin with at | east one hydroxyapatite

el ution buffer conprising 1 to 20 nmM sodi um phosphq_tl_@ D WISE
and 0.2 to 2.5 M Nad. LLOYD WSE 63 152. The neth
of claim 151, wherein the ingurity is DNA 153. The

met hod ofi4¢! airfy kethod it 38 NEhdrBIRURE Bitidodly ! @éﬁ ar‘?tﬁiL' 21
protein. 154. The method of claim 151, wherein

recebf& | P-OESsebnthABetd, Mt-0D28 - dhti-LeWis’Y 6ant|]l§5IS thﬁm IL-22
hod of claim 151, wherein the elution buffer

an rises 3 nmMto 5 mM sodi um phosphat e. 156. The
nmet hod of claim 151, wherein the elution buffer
conprises 0.35 Mto 1 MNaC. 157. The nethod of
cl ai m 15448 wheneinethiditofeddithi138, WhdrbRrthé astitddp Hadb tasi pl.
to 7.2. 158. The method of claim 151, wherein the
antibody is an 1gG 1gA, 1gD, IgE or IgMantibody.
159. The14®&t hote ofetiaddofmialih i 38\Wlesreinithé resirpigtcelpely i s
nonocl onal, polyclonal, chinmeric, humani zed, or a

hydroagipatite tyger@dype 1L60. The net hod of clai m 151,
wherein the antibody is an anti-1L-21 receptor,
anti-CGDF-8, anti-Abeta, anti-CD22, anti-Lewi s Y,
anti -1 L-180. oThamidthdd of2ZRimddd| Wioetgin th® lesinTis eerapibod
of claim 151, wherein the anti body has a basic pl.

hydroxyapatite type |.

151. A method for purifying at least one antibody from an antibody

preparation containing an impurity comprising:

(a) contacting the antibody preparation with a Protein A support;
(b) allowing antibody to adsorb to the Protein A support;
(c) washing the Protein A support and adsorbed antibody with at

least one Protein A washing buffer;

(d) eluting the adsorbed antibody with at least one Protein A elution

buffer;

(e) contacting Protein A eluate with a hydroxyapatite resin;

(f) allowing antibody to adsorb to the resin;

(g) washing the resin with at least one hydroxyapatite washing
buffer; and

(h) eluting purified antibody from the resin with at least one
hydroxyapatite elution buffer comprising 1 to 20 mM sodium phosphate and 0.2to 2.5 M
NaCl.



162. The nethod of claim 151, wherein the resin is
ceram ¢ hydroxyapatite type | or type Il. LLOYD W SE
64 163. The nethod of claim 162, wherein the resin is
ceram ¢ hydroxyapatite type |I. 164. A nethod for
purifying at | east one antibody froman antibody |oyvpwise
preparation containing an inpurity conprising: (a
contacting the anti body prepggation with a Protein A
support; 154 b) Thé h@m&&fwmh@dywﬁ&eaqﬁ@rnpp&% SMNA.
Protein A support; (c) washing the Protein support
and adsorbed antibody with at |east one Protein A
washi ng bes f emhe tithc sftcldire 1650 ewiREtEAthE nguiity I8 Pyt adlitofotein.
at least one Protein A elution buffer; (e) exchanging
the Protein A eluate into a | oad buffer conprising 1
to 20 mvisedi The pleasgahsitoRirand1 OwRertip tRe BlubibiNBGHer hab h pH of 6.4
contacting the Protein A eluate in the |oad buffer

toweth a hydroxyapatite resin; (g) allowi ng antibody to
fl ow through the hydroxyapatite resin; and (h)
washi ng the hydroxyapatite resin with at | east one
hydr oxyap85.i t F#heasthodpfluidihes], WhdeinThe elutid bakfedfcomprises 3
claim 164, wherein the inmpurity is DNA. 166. The

mMriet oW eddiahghosdiéde. wherein the inpurity is host cell
protein. 167. The nethod of claim 164, wherein the
| oad buffer has a pHfrom6.4 to 7.6. LLOYD W SE

156. The method of claim 151, wherein the elution buffer comprises 0.35

Mto 1 M NaCl.

157. The method of claim 154, wherein the elution buffer has a pH of 6.8

to 7.2.

158. The method of claim 151, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

159. The method of claim 151, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.

160. The method of claim 151, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.
161.  The method of claim 151, wherein the antibody has a basic pl.

162. The method of claim 151, wherein the resin is ceramic

hydroxyapatite type | or type II.



65 168. The net hod of claim 164, wherein the | oad

buffer conprises 5 nM sodi um phosphate. 169. The

nmet hod of claim 164, wherein the | oad buffer conprises

350 nmM Nad . 170. The nethod of claim 167, wherein

the |oad buffer has a pH of 6.8. 171. The method qf oypwise
claim 164, wherein the antibody is an 1gG I1gA gD,

IgE, or IgMantibody. 172. Téwe nethod of claim 164,

wherein g amht AeMod & JBHNAGRORNRErein tRO tesH i8RBFamic
chinmeric, humani zed, or a fragrrent thereof. 173. The

hdeBNé@dtlt@ft gd gi m 164, wherein the antibody is an
anti-1L- 21 receptor, anti-GDF-8, anti-Abeta,

anti -CD22, anti-Lewis Y, anti-I1L-13, or anti-I|L-22

ant i body 164.74 A méodredr paefydly =t ledistordddntibobe fréinrant ditibody
anti body has a basic pl. 175. The nethod of claim

preb@rhtiomaeniaining dreimpasityrconsprieidgam ¢ hydr oxyapatite type
| or type Il. 176 The nethod of claim 175, wherein

method of ol alfiEBRCIRg TR ﬁ%ﬂ@?‘p‘ﬁ%éa&t Sk BELFR tiport
ol trar ) Ttrati N APHRoRT TP ReRroit BrsraRaR sueporys,
Ch et 0, o 5\ Band i AR b 54 A i o
least one Protein A washing buffer;
(d) eluting the adsorbed antibody with at least one Protein A elution
buffer;
(e) exchanging the Protein A eluate into a load buffer comprising 1
to 20 mM sodium phosphate and 0.2 to 2.5 M NaCl;
(f) contacting the Protein A eluate in the load buffer with a
hydroxyapatite resin;
(g) allowing antibody to flow through the hydroxyapatite resin; and
(h) washing the hydroxyapatite resin with at least one

hydroxyapatite washing buffer.
165. The method of claim 164, wherein the impurity is DNA.
166. The method of claim 164, wherein the impurity is host cell protein.

167. The method of claim 164, wherein the load buffer has a pH from 6.4

to 7.6.
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168. The method of claim 164, wherein the load buffer comprises 5 mM

sodium phosphate.

169. The method of claim 164, wherein the load buffer comprises 350

mM NaCl.
170. The method of claim 167, wherein the load buffer has a pH of 6.8.

171.  The method of claim 164, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

172. The method of claim 164, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.

173. The method of claim 164, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-13, or anti-IL-22

antibody.
174. The method of claim 164, wherein the antibody has a basic pl.

175. The method of claim 164, wherein the resin is ceramic

hydroxyapatite type | or type 1.

176. The method of claim 175, wherein the resin is ceramic

hydroxyapatite type I.

177. The method of claim 164, further comprising subjecting the

hydroxyapatite flow-through to at least one of ultrafiltration or diafiltration.
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178. The method of claim 164, wherein the purified antibody contains

less than 300 ppm Protein A.



