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be renoved from antibody preparations before they can

be used in diagnostic applications, therapeutic
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BACKGROUND OF THE INVENTION

[003] Itis 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 diagnostic applications, therapeutic applications, applied cell
biology, and functional studies. Antibody preparations harvested 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 broadening, and loss of activity.
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purified and contam nants. Protocols based on these

par ﬁU@&Ffﬁné Ridsvesmaidr piotyinurviatee hathods aenpredicated

exchange chr omat ogr aphy, size excl usion

O%H?%@C%%r@qﬁg mz?rngh SpGer QHHQBhfblllth%{v@ééﬁ e proteln to be

chromat ogr I c net

h t

i PR R T ”#n‘iﬁ}es%éaﬁ%ﬁﬂép%é Tibde
anti bodi es. Techni ques such as |on exchan e

affipityt oplootatogiaphyr LOtXSHaBEE GRERMGIOYRRN %re exysiR e,

may induce the formation of aggregat es due to an
cliroevatsgraghpr aicehydrophokistiniatadionarhromeategrgnhy ed hese
changes 1 n buffer concentration and/or p during

crﬁvaFa*téﬁ}a Ri¢ hBfodsi ﬁoﬁ@\@f abmistisiednsresenntcchoidabdiffciies
|fferences In isoelectric points that are too snall

t
indfip $5afil 7URiEaRER o MURRCRE BB CraMBsdes: 15 50
: e exclusion chro ] -
iRl wx%é@aaapﬁnmﬁawmnta@%wﬁefm
product, which is a hindrance |n | ar z% "
CEDMAvGEYY RS EiS AR TRX ELRG i GBS Ol kkagRies fue to
ligands fromaffinity chromatography colums can al so

amrevsasathpioiein esntestratioruonibesi reguired cbanges iUl of
the eluted product. Steindl, J. Immunol. Mthods

oc?r?b@n@r%\tl@ﬁ and} G%)FH dAang el ANS Rurthempinesbvecaliestanee VA

froman anti - anti body preparation using anion

Wﬁw&n H%EH%@P\“%@GI@%!‘CS%H@%QHM too small to allow for

rona ography, as wel ophobi c interaction

G e < LB P By el 7 RS

Methods 599:13-20 (1992). Size exclusion chromatography is cumbersome
and results in the significant dilution of the product, which is a hindrance in
large-scale, efficiency-based manufacturing processes. Leakage of ligands
from affinity chromatography columns can also occur, which results in
undesirable contamination of the eluted product. Steind/, J. Immunol.
Methods 235:61-69 (2000). Applicants attempted to remove HMWA from an
anti-GDF-8 antibody preparation using anion exchange chromatography,
cation exchange chromatography, as well as hydrophobic interaction
chromatoéraphy. However, all of these methods were unable to substantially

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
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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 sample applied,
in a low concentration of phosphate buffer and the adsorbed proteins are then
eluted in a concentration gradient of phosphate buffer. Giovannini,
Biotechnology and Bioengineering 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
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to separate high nol ecul ar wei ght aggregates from an
anti body preparation using ceram c hydroxyapatite
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chromatography did not result in a sufficiently pure product. Junbauer, J.
Chromatography 476:257-268 (1989); Giovannini, Biotechnology 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
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contains from 1 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 equilibration 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 molecular weight aggregates.

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

1% high molecular weight aggregates.
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n an additi onal enbodi ment, the anti body preparation
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preparation with an ion exchange support, allow ng the
[016] In one 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, 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-through 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.
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[018] In yet another 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 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-through to adsorb to the resin, allowing

binding of the HMWA more tightly than antibody monomer and, as the loading
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Addi ti onal objects and advantages of the invention
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aBRh e RESGR BIHHANNENTIATE JoRAMINGS [ 022] Figure 1

denonstrates the inability of the prior art phosphate
[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.



gradient elution to separate HWA from an anti CDF-8

anti body preparation. [023] Figure 2 denonstrates that
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of a large portion of the HMM from an anti - GDF-8

anti body preparation. [024] Figure 3 shows the
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON A. Definitions
[026] n orpETAILED DESCRIFRFION OMYHE INVENTIONe nore
readi | y understood, certain terns are first defined.
AAddi hifRRlortef i nitions are set forth throughout the
detal | ed description. [027] The term "anti body" refers
to a@g% nrusreal e lihe pRisehnt ARERRGN hyf B&morandadily

enco ses any pol ypeptide conprising an
ant 1 gen- hi ndi ' . . [ i
i RER: Baenay b ol Belfic, ARplsERacitions aftet forth
pol yspeci fic, ngn-specific, humani zed, human,
th§‘PH‘ﬂj’loéﬂé’?%gﬁf,a”@aidﬁéﬁ'et}o”synt hetic, reconbinant,
hybrid, nutated, grafted, and in vitro generated
anti bodi es. The term "anti body" al so i ncl des_ant} body
f r agiP@rl sTheatermsantibody( Eafeys to any inyprgogipgulinapiTagmgnt
ot her antibody fragnents that retain antigen-binding
thiewestt o endympaasésy ang polypeptidersampriaingl an sotgen-binding
anti gen-bi ndi ng domain. [028] Anti bodies that nmay al so
sike e kdrhemduadsheut Rumlinteditocpolgdeional, monoclonal,

monospecific, polyspecific, non-specific, humanized, 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.
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or
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other forns described in the definition of "antibody"
above. [032] The term"flowthrough node" refers to an
ant i [§8dy Phefermthigh meleeuler vicightagaipaates” ahi IMWA
| east one anti body contained in

refers to an association( of at least two antibodies. The association may arise

by any method including, but not 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.



the preparation is intended to flow through a

chromat ographic resin or support, while at | east one
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chromat ographi ¢ resin or support. Flowthrough node

may be used, for instance, in hydroxyapatite
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Description of the Method [034] The present invention

ciomHtegE phy rdsn fexcha sge chigndtograpnyl ecul ar  wei ght
aggregates (HWM) from anti body preparations using

hydr oxyapatite chromatography in bindi ng node,

Bf | owPesetptipnmfdbe Method onbi nati on t hereof. The
present invention has application to the |arge scale
pur i [03¢4ht iThe pEsant invedjorpp@yitest MehedsforEIMAVIRg Miihg
node, the nmethod uses a hydroxyapatite support charged

mail ddulgrhesiphesggretatesutHNAW A feord antibodp prepasatiemyusing o
bi nd both the anti body and HWM. The colum is then

H . . d
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Ies. Next, the antibody is selectiv el ut ed

o4k RhEob e SESSMABRERBRARIPSA loe ge sl

ljghtly _basj H. HWWA i ti [ b t
PUBGRIANGF ARGV BESRATEITRy an even hi gher ionic
strength and hi gher phosphate

[035] In binding mode, the method uses a hydroxyapatite support
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 containing 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
slightly basic pH. The antibody preparation is then allowed to flow through a

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



concentration buffer at neutral pH Lastly, the resin

is optionally regenerated using a sodi um hydroxi de and
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node, an anti body preparatii@n is bufferexchanged into

a |l oad buffer containing 0.2 to 2.5 M NaCl at slightly
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to allow additional purified anti Eogi es, to CE)I QW .
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be stripped and then regenerated using a sodi um
pHogpgheld sldutend pot assi um phosphate sol ution. [037] n
conbi nati on bi ndi ng/fl owt hrough node, the anti body
preparation is allowed to flow through a _
hy dr[08y}patdonebinatiambinditigr flovathrioughtmadelytheenbhedy and
HWM binding initially. However, as the |oading

prEEaﬁdtBH% allbRea T RewHivighsa abliexiyapiitacolome, witlybbtty
t han anti body nmonomer and therefore displaces bound

»] i o C .
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subsequent | to. allow additi '
oot aneaming FVAIA bl ¥ nd MdreufiRl cted yfscd
colum nmay be optionally stripped with_a high salt,
mangmep 8o pheteforedlisiipers apdnd ﬁmme&?rﬁe&gleaﬂyﬁbea
sodi um hydr oxi de and pot assi um phosphate sol uti on.
di§9a8ed manwenenftovd theowghothe eeuinmy ebhe eplummis qpiionalled
anti body contains | ess than 5% HWW, in one
sUERadEABNvashes So biten a3vitidMéAdispleded rartibotfesrio flow through

enbodi ment, |ess then 1% HWWA. |
the column. Lastly, the column may be optionally stripped with a high salt,
high phosphate solution 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



1. The Antibodies [039] The antibody preparations of

the invention can be isolated froma nunber of sources
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animals, ascites fluid, hybBidoma or nyel ona

supernatants, conditioned nedia derived fromculturing
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herein to a particular conbination of anti body protein

and producing cell line. [040] For purposes of
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purification of several antibodies of the |gGisotype
2816, B} oo GohPAacL b perdcgoheRor

_ 0 nbnhoc agal ns
descrlbe%

by U.S. Patent .Provisi | P , .
saRgIGALue TN T ra eGPkt o BiRinel Ahifidjes gaginst GOF-
nmonocl onal antibodi es specificall [ i
B Goaor et Py bSR3 Beavibipnel RaiephheRICHIs Neat b 54
10/ 428,894 (hereinafter "anti-CD22"), and nonocl onal
(hen¢inbbeli 'Bdy@agalnstondisknal antiheies dpecificalygepgtive with the
I nternational Application No. PCT/U 1/ 46587

cohheragitahtdssciipad by ABePatont Ajpdicatiors Noud 0/4@8,894
reconbi nant systens for the production of Myo- 29 and

m%g%{)%%ﬁ;ﬁg%@gg Sgﬁt?‘iﬁéc?ﬁioagrfal ah8bsiEaiagathst Abekeantigen
described by International Application No. PCT/US01/46587 (hereinafter “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 into a stable porous ceramic mass.
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can be used in the practicdd4of this invention. n one
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enbodi ment of the invention, the particle size is 40
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particle size is 80 nm [043] A nunber of

chr omat ogr aphi ¢ supports nmay be enployed in the
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are Type and Type Il hydroxyapatite. Type has a high
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artisan. [044] This invention may be used with

mayshi= xyapadsd b eenekivnatiindy forsalbomeeangécespbdiallyssuitable for
columm, or in a continuous annual chromatograph. n one

tHRRRHICBRR 0P ndrySspediNdn®blassés afinembndglobykvat The choice
resin is packed’in a

of a particular hydroxyapatite type can be determined by the skilled artisan.

\ [044] 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. In certain

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



colum. The choi ce of columm di nensi ons can be
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Condi tions [045] Before contacting the hydroxyapatite
prepsiaiion ittmahbe ascessaly tp pepwt RETBRCtErs shely ap@H, ionic

necessary to adjust paraneters such as pH, ionic

stedrigem it teamskraep enatinsenanimstancestiee iadditiancd subktances
addi ti on of substances of different kinds. Thus, it is

ofafraRht Ridk, StHeR, k& Qﬁbbﬂbﬁéles’ﬂe@wFéﬁbfrﬂ*ain@qlmfbr_laﬁ@w of the
hydroxyapatite matrix by washing it with a solution

gl PGS it 1 st

the necessary characteristics for .purificatyor e
Wb e g SR R T

bi ndi ng/ fl owt hrough node hydroxyapatite )
nestassaBt eprapieyistientor wpdfextiipak hh@@m&p[dy preparation.

equi li brated and washed with a sol ution, thereby

bringi ng the necessary characteristics for ]

pur i 046kt incsorobinatien hindingstigwhughanpde hydraxyapatite

enbodi nent of the invention, the matrix nmay be
ceahidtbdraphe dthediyaigodapatite matrixcisrdaiilibraigdf armhwasbdd with a

2.0 M%ggl ?at slyi@ght Iy basic to slightly acidic pH
s Mo tASRILS brindh S hddisahiyabhRuEAEtCRiOr GRRtGAtbNlof the
antibody preparation. In one embodiment of the invention, the matrix may be
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 10
mM sodium 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



to 20 nmM sodi um phosphate, in another enbodi nent it

may contain 1 to 10 mM sodi um phosphate, in another
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i n anot her enbodinment it nmaly contain 2 mM sodi um
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enbodi nent it may contain 120 M arginine, and in

anot her enbodi nent it nmay contain 100 nM argi ni ne. The

equi [D4B} affieantiaddyeprepayatoonmay @l be bofier exghanged, injonan

anot her enbodinent it may contain 20 mM HEPES, and in
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he anti body preparation nay al so be buffer exchanged
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buffer may contain 1 to 20 nmM sodi um phosphate in
buffestrhay centagdi tedd m sadjumdntasphate, irbagoter saagiment it
phosphate, in another enbodinent it may contain 3 to 7

méalylcoagiinm toEosvh sbeiunaplosphatedh eeotrertydbodimentritynay
contain 5 mM sodi um phosphate. The |oad buffer may

fhad t fhtel B @ﬂ?aﬁ@‘i‘h@@“ef’fﬁfddlm@nﬂrﬁa 5
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contain 5 mM sodium phosphate. The load buffer may contain 0.2 to 2.5 M
NaCl in one 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 simplerbatch 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



1.0 M NaCl, and in another enbodi nent, 350 nmM NaCl .

The pH of the |oad buffer nmay range from6.4 to 7.6. n
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anot her enbodi nent the pH nidy be 6.8. [048] The

contacting of an anti body preparation to the
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[049] After contacting the hydroxyapatite resin wth
buffees @mpl oyt wilk dgranst obiha natuee pPEthepidsasyanatite Fashh rea

a washi ng procedure. However, inl7 sone cases where
mvEe f hiygloxpapatite afromatograpy bgingterployed, and tharefore ahn
or additional flowthrough antibody is not required,

bd BEterRFdSy BRE SR driRamEskilb® aidrt. eid, flcv@tiroggh mode and
process-step as well as washing solution. The washi ng
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Fesin, roxyapatite
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f1 owt hrough node and conbi nati on bi ndi ng/fl owt hrough
purifigsl antihedydractips anti body fl owt hrough obt ai ned

after an optional wash of the colum may be pool ed

with other purified antibody fractions. [050] n

bi ndj08g] nindendingemacke, tbe@ﬁtigaw payhe ehded from theecolumn

colum after an optional washing procedure. For

af@brdr epticafal Washany ploediufy. dfort dieticobiitie, antthiosly from the
i nvention uses a high ionic strength phosphate buffer

ccﬁgﬁ\@alkrg% yﬁgggpg@% é ﬁigg ‘;i’orgc):( 5*,{%‘.‘”@;“ sHosphaehblifeBedrilhifing
about 0.2 to 2.5 M NaCl at slightly acidic to slightly basic pH. For example,
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 NacCl, 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 o0 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.
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Table 2, and Table 3, respectively. Not all of the

foPHiLEEEB0R ONRL SRS SizfnFIeCIeHEAN Yot Hthe@dssapy tovhalagitwo distinct
equilibration steps, and it may not be necessary to strip, regenerate, or store
the hydroxyapatite resin. A high throughput screen, as described in Example

11, may be used to efficiently optimize buffer conditions for cHA column

chromatography.

Table 1. Example buffer composition ranges for binding mode
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may be used to

Bl?ﬂ:é.l cientl yC(?bebQ"t!éﬁ Raigeer condi T 1 onexdmpleGdinposition(s)
Ec;u.ubﬁ’éﬂawﬂr [ Zheni SOBANP! € DUT F@B \*80W0SI Rriosphate
- nmodel9 Buffer ConppgiM Nagl Range
Exa_n'pl e Co é@p(s) Equilibration diggMto 500 M
Sodi um 0. 3 Qqhym Phosphate Phosphate 1. Nadl 1.
Ecgﬁgi'ratfbn%1 ﬂ) G Sodfurft PRAEHHOT at 10810 Znvk So@iudPPMsphate
odi um Pho R mvNgdy!l Sodi um Phosphsg ginPNkEl 200 M
D\Iag:l SONmVI 4t9934-|64to74p72p|¥\a@1to 20 mM
WG e oS plostfingr Sodiifh PRELLEE oS PRED S SoliugVPhadihat
| 50 g&%o Y SR &,@Hwnaé; AT
'\Slog‘l um Phgsphat,q Sod| um Phosphal,qzo to 2.5 M.
EINES 350 i ot ! S5.0 M BadiumVPhosphate
g@%ﬂ um PhOS [ 350 mM NaCI

pH64t076

pH 6.8; or

3.0 mM Sodium Phosphate
1.0 M NaCl
pH7.2

Strip 10 mM to 500 mM Sodium 0.3 M Sodium Phosphate
Phosphate 1.0 M NaCl
1.0 M NaCl pH 6.8
pH 6.4t07.4

Regeneration

0.5 to 1.0 M Potassium Phosphate
1.0 M NaOH

0.5 M Potassium Phosphate
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
pH6.41t07.6

5.0 mM Sodium Phosphate
350 mM NaCl
pH 6.8

Load buffer 1 to 20 mM Sodium Phosphate 5.0 mM Sodium Phosphate
0.2 t0,2.5 M NaCl 350 mM NaCl
pH6.4t07.6 pH 6.8

Wash 1 to 20 mM Sodium Phosphate 5.0 mM Sodium Phosphate
0.2to 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
pH6.4t07.4

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 3. Example buffer composition ranges for combination
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ranges for flow thiqyiah
Exanpl e Conposi ti crm athI |

/f

REtrBudh efodeonposi ti on Range
lbration 1 nmMto 500 M

Buifeti um 0. 3 GospdsitioniRaigshat e Phosphat £Xamp osition(s)
EduaiBrationl. 8 18HmBIL to 506 niViAodivm Phesrieteon 038 I Sagiupp Prggphate
Sodi um Phospbat Ba6l 0 nM Sodi um Phosphafld B.NaGlo 2.5 M
NaCl 350 niMH\N&@ItofH4 6.4 to 7.6 p 6.8 | 8HP.duffer 1 ta
EQMibmoSadi |utoPttosphSediur Rhoamhasadi um PRESpNES@dign Fhosphate
to.2.5 NaQdl0.G50 AMMNEC! pH 6.4 to 7. 6|PpO6d NagdA0q mig Arginine
20 nmM Sodi |umoPti@spMagrgintie0 mM Sodi um PR pRAHERES? pH .3 or
2.5 M NaCl| Ba®RodvhMa@EPpH 6.4 to 7.6 P 6.8 Strip mMto
500 mM SodipHr62.t18 8M Sodi um Phosphat e | 5.0 mM Sodium Phosphate
100 mM NaCl, 120 mM Arginine,
20 MM HEPES, pH 7.3
Wash 1 to 20 mM Sodium Phosphate 2.0 mM Sodium Phosphate
0.01to 2.0 M NaCl 50 mM NacCl, 100 mM Arginine
0 to 200 mM Arginine 100 mM HEPES, pH 7.3; or
0 to 200 mM HEPES
pH 6.210 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/ml 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/ml 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%.



Phosphate 1.0 NaCl 1. NaCl p 6.8 pH 6.4 to 7.4
Regeneration 0.5 to 1.0 M Pot assi um Phosphate 0.5 M

woo0ams$issen Phosphate 1. NaCOH 1. NaOH Storage 1BCT/OSH0M32883
NaOH 20 mM NaOH Tabl e 3. Bxanpl e buffer conposition
ranges for conbi nati on20 bi pdin /flowthrough node

Buf fer Coﬂaﬂﬁiddé?'@)ﬁ%\% duepepl e Conposi tion(s)
Equl"ﬁ bration 1 10 Mto 500 M Sodi um Phosphat e 0. 3 M

Sodi |
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m Phpsphat
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to nM HEPES p 5. di Phosphat
aeGAeNBEmenTRs abAE: (herutsatanmmeRes ST g VBN Gaig fan
1 to 20 mM Sodi um Phosphate 2.0 nmM Sodi um Phosphate
beéusad trocambinting @itreothenvpreen purdicatian ainiguas. dniage

200 nM Argi ni ne 100 HEPES, pH 7.3; or 0 to 200 nmM
eriBB&Ment of the invention, one or more steps preceding the hydroxyapatite

step may be desirable to reduce the load challenge of the contaminants or
impurities. In another embodiment of the invention, one or more purification
steps following the hydroxyapatite step may be desirable to remove additional

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 chfomatography, 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 couplea 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).
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wEemsnmsRhosphat e 0. 3 M Sodi um Phosphate 1. Na@IT/LS1904/032883
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o DA 93 e SR SR T 9, CETIBLE Pesemie
re%%Jnrsi édc%aési %rF]EZgEtDrI]E%dZ ([))fESch%I\I/I-rb\ée?JtI\I/I-%g gr?cp CM-52 are available
from Whatman Ltd. Maidstone, Kent, U.K. Sephadex-based and cross-linked
ion exchangers are also known. For example, DEAE-, QAE-, CM-, and SP-
Sephadex, and DEAE-, Q-, CM- and S-Sepharose, and Sepharose are all
available from Amersham Biosciences, Piscataway, NJ. Further, both DEAE
and CM derivitized ethylene glycol-methacrylate copolymer such as

TOYOPEARL™ DEAE-650S or M and TOYOPEARL™ CM-650S or M are

available from Toso Haas Co., Philadelphia, PA.

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

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

[060] In certain embodiments, 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 Additional Impurities

[061] In addition to HMWA removal, cHA chromatography has been

shown useful in removing other impurities from antibody preparations. Other



be used in conbination with other protein purification
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can be usefully errpl oyed. O her useful Protein A
formul ations include Protein A Sepharose FAST

C FLOWE & amh rsham Bi osci ences, Piscataway, NJ),
TOYOPEARL(t m) 650M Protein A (TosoHaas Co.
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tr | BFder 1o Form anionic of cationic
anti-GDF-8 monoclonal antibody (referred to herein as “Myo-29"). The Myo-
29 antibody is an IgG1 subtype 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 volume. 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
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adventiti®us protein A Affinity Chromatography Purification Step
[066] A 17.7 L (30 cm diameter x 25 cm height) MabSelect column 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 Ic/)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



viruses, and Protein A contam nants from prior
purification steps. [062] one enbodi nent of the

WO poosis4866, the invention is able to renove PreCEUS2004/032883
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operation and the elution pool is held for the next

st ep[069he T e diretain Aceplemaeliaie washisher pyriied by anion

approximately 35 grans Myo-29 per liter of MabSel ect.
exchange chromatography on a 75 L column (80 cm diameter X 15 ¢cm length)
of Q SEPHAROSE FF resin (Amersham Biosciences, Piscataway, NJ). The
column was equilibrated with 5 column volumes of a first equilibration buffer
(20 mM HEPES, 1000 mM NacCl, pH 7.3) and then with 5 column volumes of
a second equilibration buffer (100 mM Arginine, 50 mM NaCl, 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 ratio of 15 grams Myo-29 per
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.
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[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 [l 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 second equilibration step was conducted with 4 column
volumes of equilibration buffer 2 (5 mM sodium phosphate, 50 mM NacCl, pH
7.2). The partially purified media was loaded onto the resin in a loading buffer

1 (v/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



7.3 wwth 2 M HEPES buffer at pH 8.0, to prevent
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Pur i ]1:| cation Step [069] The Protein A colum eluate
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moni tored by Severa araneters, including vis

al
phosghete.i LA NNagy, ab@gbamﬁtéewr%t@adum ragetnyratlon buffer (0.5
M potassium phosphate, 1.0 M NaOH, pH 13.3). The column was stored in

0.02 M NaOH. Table 4 demonstrates that cHA 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

Sample % HMWA | % HMWA ProA 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 cellulose membrane with a

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




chromat ogr aphi ¢ profiles, and product recovery using
absorbance at 280 nm 26 [071] The ani on exchange
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of equilibration buffer 1 (0.3 M sodi um phosphate, 1.0
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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 successfully purified using Type |
cHA resin, 40 uM particle size', packed in a 3.1 L column. The column was
equilibrated with 3 column volumes of equilibration buffer 1 (0.3 M sodium
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/ml
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).
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5, cHA purification using Type | resin was able to decrease the percentage of

HMWA from 27% to 0.9% in the first cycle, and further decrease the HMWA
percentage to 0.6% in the second cycle. In addition, Type | resin
accommodated a higher load challenge than that of Type Il resin, while still
producing sufficient 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 | resin

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/ml

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
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Anti-CD22 Peak 0.5 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 also successfully 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 |l, 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 (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




equilibrated with 3 colum vol unmes of equilibration
buffer 1 (0.3 M sodi um phosphate, 1.0 M NaCl, pH 6.8).
wo@snorss equi | i bration step was conducted w t PCHUS2004/032883
col um vol unes of equilibrafion buffer 2 (5 M sodium
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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 1.1x21 cm Vantage column (Millipore, Billerica, MA) was

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

Ceramic Hydroxyapatite Type |, 40 M 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



resin is able to decrease the anount of Protein A
inmpurity. Table 5 HWM cl earance and anti body nononer

W@ r@bas1ssci ng Type resin Sanple % HWA % MononeCT/¥Emb4032883
Protein A (ppn) cHA Load 2820 NV A 169 cHA Peak (cycle
#1) 0.9 86.6 BLOQ* cHA Peak (cycle #2) 0.6 86.6 BLOQ
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Protein A (ppm
(load), which was reduced to 6.1% HMWA (flow-through). Further, the
recovery of antibody monomer was 72%.

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

[088] Ceramic HA chromatography 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 (50 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



Anti-CD22 Load 3.7 NNA 30 Anti-CD22 Peak 0.5 87 BLOQY
Anti - Abeta Load 1.87 N A 40 Anti-Abeta Peak 0.0 89
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Example 7: cHA Purification of an Anti-Abeta Antibody

[090] Ceramic HA chromatography purification 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 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, 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 (600 mM potassium phosphate, 1.0 M NaOH). All flow rates are kept at



[085] A summary of the Myo-29 recovery and renoval of
HWWA from the anti body preparation is presented in

wa awbme44856 The preparation initially contai ned BAT/4S8%004/032883
HWMA (1l oad), which was redwded to 0.2% HWA
(fl owt hrough) using the cHA purification nmethod of the

2i eeRthpmin. RéILmn/efuentd WerecmedyredandS BRANPLE DAY a
Sanmpl e % Myo- 29 Recovery % HWA i1 n Sanple Load N A

ng'4_-d' Fdigi t hrough 79.6 0.2 Wash 12.2 1.9 Post-wash 1.5
6 &SP 10.3 84.3 Exanple 5. Fl ow Through Mbde cHA
Purification of an Anti-GDFAnti body Usi ng Type Resin

086 : : i ,
bi 11 AR RS G TP ufatishihe S rucosesful in
SR T o BBl A Bl ePon, dpeporoenage
Bi oRad, Hercules, CA). The colum was equilibrated
WA B thellemmhwas! 2:6%s Witledgaiperaardageal biiWéyinthe gbid
nmM sodi um phosphate, 1.0 M NaCl, pH 6.8) and 3 col um

elualteimas @O%equi l i bration buffer 2 (1.0 MNaCl, 3 nM
sodi um phosphate, pH 7.2). M/o-29 anti body preparation

was Est&hgdle@scmamﬁ@idméﬂh% Aeadity of PRirifictn VRi029 Antidbdy
M NaCl , nM sodi um phosphate, pH 7.2 and then | oaded

e BT nERIECESS i) gl picsare ing b,
d%ér?odeidlﬁw %‘?ﬁ&gqt,?\/lyoqﬁ; \%s a§§5)i/e%of3‘# b‘McIng activity using a
competitive enzyme linked immunosorbent assay (ELISA). Competitive
ELISA can be adapted to test the binding activity of other purified antibodies.
See e.g., Antibodies: A Laboratory Manual, Harlow and Land (eds.), 1988,
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
overnigh’é. The plate was washed twice with wash buffer (60 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



strip buffer (300 mM sodi um phosphate, 1.0 M NaCl, pH
6.8), and then regenerated with 5 colum vol unes of
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40 mM particle size resin (BioRad, Hercules, CA). The
colum was equilibrated with 3 colum vol unes of
equl [bgszaMé??la?éJWa@rwésr(e%%unMn'é@d/bimmabnmrf@t €50 fND Ths-
NaCl', pH 6.8) and 3 col umm vol unes of equilibration

Hgﬁfpgﬁﬁiof{g@%ﬁ%\%%@) andBLER bHﬂhHQQ@IEEﬁ@F-@Wa@d@ected
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(1sna0anBpltbephBiciectpBiBnBphafy Al#RaMak aﬁh%m‘f%w\(ﬁselacubated
with 5 mM sodi um phosphate, 1.0 MNaCl, pH 6.8 in 1533
50 to 70 minutes on the plate shaker at room temperature and then developed
by adding 100 pliwell 3,3',5,5'-tetramethylbenzidine (BioF X, Owings Mills,
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 sample is indirectly proportional to the signal generated in the

assay. The reaction was stopped by adding 100 pl/well 0.18 M H2SO0s.

[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 Agsgo)
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.
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The BXammle &a&mbirmtm Rinding{Flop/-bhféwegh (VBede cNA
sodiRumification of an Anti-GDF-8 Antibody

[097] Ceramic HA chromatography purification in a combination
binding/flow-through mode was also shown to be useful in purifying 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



phosphate, .0 M NaCl, pH 6.8) and then regenerated

Wi th regeneration buffer (500 nM potassi um phosphat e,
wa20sM4esOH) . All flow rates are kept at 34 2. 5P€DUS2004/032883

cmmn. Colum effluents we¥e anal yzed by SEC-HPLC

using a HPLC system [091] As shown in Figure 4, the
re?éﬁer@#éc!i fuitearbgenerstion Hudfee 500 MM potassum phosbidtef 1 A

he anti - Abeta anti body preparation. The percentage

Nmpﬁ%?z Lrﬁlgdlowaﬁat@f&%aen’ahb@véé?magﬁcseemm.omow

eluate was 0.0% Exanple 8: Evaluation

o P S PR A P
cEeeL e U0 e WE.79, ms arsare (o B 9

i mmunosor bent assay (ELISA). Conpetitive ELI SA can be
adapted to test the binding activity of other_purijfied,
ant i[088] eResgiscdemgnstraiadithairasation phier eidriyPrdhiesin in
Harl ow and Land (eds.), 1988, Cold Spring Harbor
theajooridhation Pineligy/fldeitioroBghimade-ir eftactivility remho@DE- VWA
receptor, ActRII .Fc (2 ng/nlL), was adsorbed onto a

frc?rﬁ-é&ﬁi'bdep?éﬁarbﬁé@é._ Phatpeepdraon Mitkls @ntdiB8d H7oEIMWA
ep

'ate was then incubated at 2 to 8 C overnight.

T i : _
(1oRs R e FERG8 BTN A Ptk Brglentia,
4% sql uti oF 8f ﬂg%/i ne serum al bumn (BSA) to mnimze
PuicalipR Metned Of fif fyen pl ate was i ncubated at room
tenperature for_ .5 to 3.0 _hours and washed ice Wth
vvaermmP&1QB&WPW?F@'T@FW'QH/@%'TW@%%'%‘i?]_c .
[ 093Punifioatton aftarbBoli-GBF§ AntibostywusiagdT e | Besiml | y
diluted 4-fold
[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 NaCl,

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/ml.
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cOndtibhs Qéle@td Q‘ RN oLEEHS I/ pﬁé}déﬁdtlo%lr‘iﬁéHA-Type I

Sunnyval e, he anount of active Myo-

rés%*?.tTr'?e?Q%egn 'v% ib8%hé ?éiie'lé/r%ﬂoédb‘?%tdr%%ﬁhggeo Ss{oﬂﬁurﬁ SH@%e

genera e assa e react

a@'”'ﬂﬁ%“é%%@dgge a0t %ﬁc"/r\gfl g Taesmiany %f%ﬁ"?%‘éﬁﬂteéeaxhﬁ

test sanples was interpolated fromthe standard curve
binding eiddyedizd ana theshig nelgcyar weighé aopegade (dMWA) to the
equation. Bioactivity value (% active protein) of a
rgsést sanpl e was then conputed by dividing the active
protein concentration

[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
unigue combination of phosphate (Table 10), sodium chloride (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|{1TmM{1mM|6mM| 5mM | 4mM | TmM|1TmM[1TmM|3mM|2mM|1mM
TmMM{1TmM[1mM[{6mM]| 5mM | 4mM [ 1mM{1mM|1mM|3mM|2mM|1mM
TMM|TmM[1mM|{6mM]| 5mM | 4mM | TmM|1mM|1TmM|3mM|2mM|1mM
ImM|TmM[ImM{BmM| 5mM | 4mM [ 1mM[1mM|1mM|3mM|2mM|1mM
2mM |3mM|[4mM|8mM{10mM|16mM|2mM |[3mM|4mM|5mM [6mM {8mM
2mM[3mM{4mM {8mM|10mM]18mM{2mM|3mM|4mM|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

TGO MOOIm[>




(determ ned by ELISA) by the total protein
concentration (determ ned by 280 and nultiplying this
WO 2005044856 00. f the sanme sanple was purified iPCT/US2004/032883
separate batches, averages 3f the bioactivity val ue
were cal cul ated. The bioactivity values are reported
in Table 8.36 Table 8 Anti-GDF-8 anti body bi ndi ng

activity (% act iTgpleon 0t HBC! levORAleicRagél Protein A
Post-cHA Purification Purification 1 88 108 2 86 104
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29\ 250 M R VA R EpMERGEM | 28 VE 8D G2 LAOGsaM 500 pAHAORAM 300mM

25\ A5 | efernld (2B BAR 5 760mM | BRAMM| £0@nM (39RMHMELRMMIB00MM

IO Mmolo[w]>

50BNt Omiy|ZBD 05 Tin M Q@rhMReswVIt RO, 750 mwomsoommoom
50AMNI[1 COGINEZ08mABDIN b dgm MRGRI M GRS Cauril ¢ 7 34 MEhSasniiasgmiisagmM|1,000mM

purification in a conbination binding/flowthrough
node was al so ghgWM2.Alaehins &fvéls inneduir wélyi ng an anti -
GDF- 8 anti body preparation. The exper i nent detail ed

bejow was o g A AKTA FPLGSys egu EPET Al g 12

Qm‘Médonﬂwzgﬁ 12l J12 7YV Pomm e 'fSﬁM%bm‘M"bZSmM
ro0mMI500mM|600mM T om B ool v e M Gonsra1 DB rmn]1 5omM|300mM
35‘6'm'M300mM200mM12mM 12mM | 12mM [12mM| 12mM | 12mM | 75mM | 50mM | 25mM
450mM|500mM|600mMm|40mM|120mM|200mM|40mM|120mM[200mM}125mM|150mM|300mM
350mM|300mMI[200mM[12mM| 12mM | 12mM |12mM| 12mM | 12mM | 75mM | 50mM | 25mM
450mM|500mM|600mM|40mM|120mM|200mM|40mM|120mM|200mM|125mM|150mM|300mM
350mMi300mM|200mM|12mM| 12mM [ 12mM [12mM]{ 12mM | 12mM | 75mM | 50mM | 25mM

450mM|500mM|[600mM|[40mM|120mM|200mM|[40mM|120mM|200mM|125mM|150mM|300mM

ToMmmolojo>

[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 reached. 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 -
absorbance 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.




Macro-Prep Ceranic Hydroxyapatite Type |1, 40 m

particle size resin (BioRad, Hercules, CA). The col um
woer®seqsss i brated with 3 col um vol unes of PCT/US2004/032883

equi l i bration buffer 1 (3000nM sodi um phosphate, 1.0 M

NaCl, pH 6.8) and 5 col umm vol unes of equilibration

buffer 2 (50 mM NaBle 13. Aqatdgatslievel (psphate, 0 mM

argi nine, 100 nM HEPES, pH 7.3). An anti-CGDF-8

ant i bpdy—pr prrabi N, a5 [Tgafed [oRt ¢ §he§dT g jth a

| 0ad et g e oL OugIGr T 6ol M5 GO B TEk i ¢

o0 BT e e e e e
then3§3”: o °1:§b Hé"‘; °t‘me§%;ef i i f6Q° PLhaT

ot asg 1 n11 Y 1IA&° hﬁtﬁe 6%, 40 |\|§°r1_5°;”f 6'2/ Q%f% -nE/B B?JU-]%I
p - Dvfat e
Por - Ead i e el @ o o e B4t Ve
rest [t 1182 p9)i 2074 af PlorvahOcht 6% B O HIH JD%h 188
3.0 clf ri% C5pludhe| e8%| 3ant’ %l weklel A AT B M3 16 %5e8% HPL C
usi nglHa | FIPYC! 89|s2084n 491098 17 P s 0Rett 1%l d BN EA% Y &t 18Flat
operation of the cHA Type Il resin in the conbination
bi ndi ng/ f | owt hTapieh smdendraeeRbecvéryd%)n renovi ng
HWAA from anti body prepar ations. The preparation

|t(r)1| t Il.i' | yC )nélaqr et 27 % VAT 0aq) | 3| ¢fl [WaS reduced
Bt hotd O A4 BE P UBH) oY L 3H) 1408 253 salTsh AEI on
Bi ndi B Fquq'?o,o "?ja?/;jg‘yv M A AR S AR AR

Ant i - (R 49%nAS P2 Ry AL vl 28] 80% 66,23%\,‘62% Y| B0l 48%

pr oceflurl5i 533, 150 57, Sl el A1 QA% BA%L 030 DA 62%
Type (B 618 B6re; 449 33 o3%lr o1, 537 629 GA% Ga% r@_%*’/ré %
buf f elf_cloi9H, 76%In8 %GR 33 3P4 59 G336 BR%KE %6 LBYI 746
ExanplGe |57 45T | 508k 484 ceplt G566 7% 82k 8A%1TA%!IS0%t B
buf f efd 2], 710ahireh| 8686 5erbARSE TS 69%I58206] BRI Bl 18RT6| 87%

phosphate, 100 nmM NaCl,

[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



O mM Arginine, 20 nM HEPES, at a pH of 7.3. [0100] As
shown in Table 9, operation of the cHA Type resin in

w@e eovbionegsé on bi ndi ng/ fl owt hrough node i s ef f eRCT/US20041032883
renovi ng HWM from anti bodylpreparati ons whil e
mai nt ai ni ng anti body nononer yields. Further,

a FRTRIREt 1By BhH 8W, | Afeay-ddNidHPuriedton. STREE@edME i N
removing Protéein A i rrpurltl es. Finally, Type cHA resin

Bl Mo AR AR e streefi el Sagmates i - 38

eara ant I"b nononer Yyi el

fromthe CHA T operated in th

gAY 54 MapeLieeb By bR B RS %?%%@ﬁ&ﬁ%%&%@?va'
Yield Protein A (ppm) Run Load 27.0 NA 236 1 Pea %
Hewese hightiesanedt seregning 5 palgio QU?llf?é'VelyﬂsﬁﬁF Qot. yield
H gh Throughput Screen of cHA Buffer Conditions [0101]
aid bugty. t hr oughput screen was performed to optinize the
buffer conditions used to purify a Myo-029 antibody
preparation using cHA-Type resin. The screen varied

the joavoel Al eéfesostiostiriidsnbint are iscotiporateti heréideny reference
argi ni ne and Myo-029 on the cHA-Type resin and

me[)r‘nﬁmeﬁwl S/ré‘?]d%]; §Pgu960§é'sﬂ9'tﬁ@s§ﬁ18'\é’>&eﬁt2§s ﬁ@@chh‘ﬁjlhdgal

ar“wei ght aggregate ( to the resin.
ere b
TR 4 OIS o 35 o
in Tables 10-12 3
indicated to be incorporated by reference in its entirety for all purposes. To
the extent publications and patents or patent applications incorporated by
reference contradict the disclosure contained in the specification, the
specification is intended to supercede and/or take precedence over any such

!

contradictory material.

[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. At the 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.



equilibrated in equilibration buffer made up of 20 M
HEPES, pH 7.2 and a uni que conbi nati on of phosphate

W@ Tabloe1si®) , sodi um chloride (Table , and ar gi PCTES2004/032883
(Tabl e 2). Table 10. Phosph@te |levels in each well 1 2
345678910 11 12 A 1mM 1nM 1nM 6nM 5mM 4mM 1nM |

1mM wgm%%d{ﬂ%t%n%@ﬂdl%ﬁiét%Qﬂ%@ﬁMéﬂan Herade
ImM 3mM 2nM 1M 1M 1nM 1M 6niM 5 4 1nM 1M 1M

oSG S o i et Ay ARe G SR e
iSRRI DRYRPSINY COIHICTBRRISS IO AAPIS TP SN SRy o) ©f

2rM 3nM 4V 8rM 10V 16nM 2l 3mM 4nmM 5V 6n,1\/|,8n%8 Y
exarpple arly ang@re ney Bleant o badmitieg In @viway Itis intepgpd that
25mM 25mM 25mM 25iti M 25mM 75071 625 500 500
th@%@ﬁﬂifﬁﬁ%aﬁﬁmm DB rodn2Bieke@ BatdxeBrplary SO véiflbatiiue
500mM 500M 400 300 50mMLOOMVO0MM 50 OOnmM 200mM
se%m'ﬁdl sﬁiﬁQMeﬁﬁ@éﬂWcﬁﬂw oAl Hswity claims.
100mMv00nmM 50 1000 , 250mML, 750mvk, 500nmvb00nmv
800OM 1, 00O"M 25mM 25mM 25nmM 25nmM 25mM 25mM 750mM
625mM 500 500 400 300MM 25mM 25nmM 25mM 25nmM 25nmM
25mM 750mM 625m M 500 500mvANOOnM 300mM 50
100mMv00mMM 50 100mv 00 ‘
, 250mML, 750mv2, 500mve00m\V] 800mM , 00OMM



T50mM 100mMvR200mMM 50rM 100nV200nM 1,

250nML, 750t nM2, 500mVB00nV 800nML, OQOTM Tabl e 12.
woe@snu4sss | evel s in each wel | 1 2 3 45 6 7 8rOI/1IS2004/032883

12 A 350mM 300rM 2007rM 12nM312mM 12nM 12mM 12nM 12

75mM 50mM 25mM B 450mM 500mM 600OnM 40niM 120mM 200V

40nM 120nM 2000MM 125mM 150 300mM - 350nM 300 200mM

12mM 12nM 12nM 12nM 12nM 12nM 75nM 50mM 25 D 450

500y\l M 40rM 120rM 200rM 40riM 120V 200 125nM

150nM'3 E 350nM 300™M 200nM 12nM 12nmM 12mM 12

12 12 5 - ;
2001 4G DT R T3 £ ot P e Lo Etahee
200m\V 12mM 12mM 12mM 12 12mvk 12 7 .2 H
PrABRIPE GO GO IS W B ANR G SIS B
125mM 150mM 300nM [ 01 03¥ After the uni que .
equi | i br 48) ewntagtingrthaastihade areraratienwie a hydoxysratite
of Myo-029 and aggregate was added to each well. The
regigarRDeliUEng puefied antibedy frach ibkakbionyith ableagbene Thaion
buffer constituents were maintained at the sane | evel

i PBirRAtbin PfALO ARV sBaRINTRheEpBAtevER] Bhrak®eD b ars M
b@%r%%nmudt?%g,ﬁ‘)qgl | ow ng equiSI i brium tg be reached. The

Ns¢1p§£nat ant was renoved fromeach well of the
?'II’ rpl ate. Another stage of antibody preparation

addi tion S d an he k -

Super nat 4ft Gbneang o optiesvEuiR Sy Sah o plubos

performed. The protein that had nqt bound.in each
prepaiionds leathby cpqrapr@ra@frﬁnhg t%%brraﬁfscmw%sphate and

concentration (by absorbance at A280 nn). The anount
frerh OnD o e MalNdChangt ebewingvibe pusified radibbgy & flew through the

excl usion HPLC. Any decrease in aggregate indicated a
cdhgmdi tion conducive to purification. Tables and 14

show t he percentage of

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

less than 5% high molecular weight aggregates.

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

less than 1% high molecular weight aggregates.

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

has a pH from 6.4 to 7.6.

5. The method of claim 4, wherein the elution buﬁér or load buffer

contains 3 mM or 5 mM sodium phosphate.



aggregate and nononer, by well, in a pool of the first
four stages.40 Table 13. Aggregate level (%9 1 2 3 4 5
W®G2005848560 11 12 A 8% 6% 3% 4% 7% 16% 3% 3% 3P6BUSBV4/032883
3% B 12% 15% 17% 3% 3% 5% 3% 4% 4% 6% 5% 5% C 7% 6% 3%
4% 4% 3% 5% 4% 4% 6% 6% 4% D 13% 14% 14% 6% 4% 7% 5%

6% 4% 8% FHe iifethoti 1ofocldlfh £ %HSEIAhEISuich 6YUsféLoPab Buffer
6% F 15% 19% 20% 4% 3% 10% 6% 8% 10% 10% 10% 17% G 10%

o ?/@@,&%gé% 17% 10% 16% 22% H 16% 18% 20% 4%
§ %A)m/o 15% 17% 12% 17% 18% Tabl e 14. Nbnomer

Recovery (%9 1 2 3 456 7 8 9 10 11 12 A 51% 44% 24%
3% 3% 2% 43% 34% 25% 53% 32% % B 64% 70% 78% 4% 24%

43% 42% 40% 38% 57% 42% 44% C 49% % % 4%
So0 oot metacd Bhoriad Hhessp daoEhaan ety doa Bdser has
64% 64% 63% 63% 62% E 61% 58% 44% 3% 3% 5% 58% 62% 64%
8636'%366% @3@2F 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%
[01 04] The high throughput screen was able to

qual gt athe/ fethdd 8elbIGIm U@/ HERIA ARE ahﬁﬁ@d’;ﬁFSYarﬁlyB HyMAIgD,
removal in a colum purification schene.

IgE, or IgM antibody.

9. The method of claim 1, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or a fragment thereof.

10.  The method of claim 1, 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.

11.  The method of claim 1, wherein the antibody has a basic pl.

12.  The method of claim 1, wherein the resin is ceramic

hydroxyapatite type | or type Il.

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

hydroxyapatite type |.



i nstance, the conditions fromwell C8 (20 MHEPES, 1 M
Phosphate, 1750 M NaCl, and 12 mM argi nine, pH 7.2)

wWowe08/04485¢ ed on a col um packed with cHA Type PEBUS2004/032883
Aggregate | evels were reducéd to 2.5% and t he nononer
yield was 72% after colum purification. The

condi i omgd mrRRET clBin ( 28heMinERESurifiedrivh e pheritains
100 MM NaCl, and 120 mM arginine, pH 7.2) were al so

|e%S§@]ta%g3%P®ﬂﬁ9,lgwﬁ Qpacked with cHA-1 resin. Aggregate

educed to 0.7% and t he nononer yield was

73% after colum purification. Finally, the
conditions equivalent to well C3 (100 mM HEPES, 1 nM
Phosphate, 0 nM NaCl, and 200 nmM arginine, pH 7.2,
wher.t hed majhod &rgurdyingabssss @H?rﬂ"&'@?&é ffiog'h ap antibody
strength simlarly to the NaCl) were tested on a

prephtationpankaeding High citledulaewkight AggreggéeecompesiBigwer e
reduced to 4% w th4l a nononer recovery of 69% after

SUBR MR tREEintib6@y bespardtiers o (9 Fubtein deaftinisy clatoenatbgtaphy,
hi gh t"hroughput™ screeni ng underesti mates col unm

f ' biograghy,

(R SS T8 o R Ry R Ry R APt R RIRelograghy

able to qualitatiyvely predict 2 Vi el it Y

[0105] Al ref@r Wigkdndhe @Hﬁf\%<f§f‘fﬁ‘°%¢>§'3?en'@%?r§%é@%

herein b_%/ reference in t.hei)r entirety and far ?&1 M
hystipxyspedia epsihusiagmn eytiempulfer ¢emBHIRT; TR Jitgeld M

publication or patent or patent application was
scxjhernifhiosphbte ambifromd 2itaZad M/ Niakdli @at ed to be

i ncorporated by reference inits entirety for all

pur pos eS-(ii?l'@oht‘ai:tiﬁgta‘:‘hydrpmwpame resis waimdapabtioady or

pat ent applications incorporated by reference

pr%ggﬁa{t?) iiﬁ‘loéd“ﬁuﬁrsﬁrﬁﬁﬁgiﬁg ¢ 3itd2d il $dtBum phosphate and

ecli fication, e specification is intended to

FSURES 898 RNYAET ab dsRoRIngTRE TRl YrlibBaY tGHGR through the

column.

16.  The method of claim 15, wherein the Protein A affinity
chromatography is performed first and the hydroxyapatite chromatography is

performed last.

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

less than 5% high molecular weight aggregates.

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

less than 1% high molecular weight aggregates.



contradictory material. [0106] Al nunbers expressing
guantities of ingredients, reaction conditions, and so

w0 ooosk4488€d i n the specification and cl ai ns arECT/0S1964/032883
understood as being nodified in all instances by the
term "about." Accordingly, unless indicated to the

conty ary, ThE endtHEE bF ERIIMPE, AFRirenThE *Iuticdr BiFfdrorided buffer
specification and attached cl ai ns are approxi nations

hat vary. endi ng upon the desired properties

hé%%é“fﬁ¥g1§§t8§?§ined by the present invention. At the

very least, and not as an attenpt to limt the

application of the doctrine of equivalents to the

scope of the clains, each nunerical paraneter shoul d

be cdst r be methed ghelagn 1S eheisipdhe slutigngpiiffar Qipgad buffer

digits and ordinary roundi ng approaches. 42 [0107] Many
covitdinki At on$ rakdsociningthicspdate. t hi s i nvention can be

made wi thout departing fromits spirit and scope, as

wi |l be apparent to those skilled in the art. The

speci fic enbodi nents descri bed herein are offered by

way 9f eXBHRIeBl bf BRI WAL IR Suftdr Br lod buffer

y way. s 1nte t

in an nded Tt hat e specification and

exanpl be [ ed as exenplary only, with a true
C@%@W@ f;%ors%gg:@ I\ga?flt he invention being indicated by

the following clainms.43 W claim . A nmethod for

purifying at |east one antibody from an anti body

preparati on containing high nol ecul ar wei ght

aggr 2pat eShe omgihod iohgtaira )9, advereiottheglutlon buffarlsdgad buffer

preparation with a hydroxyapatite resin and el uting

h&#!eigH efg@dribedy fromthe resin with at |east one
elution buffer conprising from1 to 20 M sodi um
phosphate and from0.2 to 2.5 M

23.  The method of claim 15, wherein the antibody is an IgG, IgA,

IgD, IgE, or IgM antibody.

24.  The method of claim 15, wherein the antibody is monoclonal,

polyclonal, 'chimeric, humanized, or fragment thereof.
25.  The method of claim 15, 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.

26.  The method of claim 15, wherein the antibody has a basic pl.



NaCl; or (b) contacting a hydroxyapatite resin wth an
anti body preparation in | oad buffer conprising froml

W@ 2002044884 sodi um phosphate and from 0.2 to 2. 5p¢A/NsI0h4/032883
and allowi ng the purified afiti body to flow through the
colum. 2. The nmethod of claim, wherein the purified

ant i ppdy TRELAS lof Rimi) wWitérbinghe Mesiadscararmel ght
aggregates. 3. The nethod of claim, wherein the

hﬁ(ﬁr k)ﬁéﬁﬁ'tgwed f yﬁgnlt ains | ess than 1% hi gh nol ecul ar

agg The nethod of claim, wherein
the el ution buffer or load buffer has a p from 6.4 to
7.6. 5. The nmethod of claim4, wherein the elution

buffer or load buffer contains 3 nMor 5 mM sodium
phosbat eThe neethod ©f gl  YheEein; the Jesifre Feramiche
elution buffer or |oad buffer contains 1 Mor 0.35 M
hirCkyapatitdigparet hod of claim 4, wherein the elution
buffer or | oad buffer has a pH of 6. or 7.2. 8. The
met hod of claim, wherein the antibody is an 1gG |gA
gD, IgE, or IgMantibody. 9. The nethod of claim,

whergon th e%%theeg%clawwwe?@ﬂthen&ﬁ )é%ﬁmje

chi neric, unanl ze fragnment thereof

BB ot 8 i R chin RN 2,

anti -CD22, anti-Lewis Y, anti-I1L-13, o anti -

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 from an antibody

preparation containing high molecular weight aggregates comprising:

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

(b) allowing the 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 the Protein A eluate with an ion exchange
support;

(f) allowing the antibody to flow through the ion exchange
support;

(g) washing the ion exchange support with at least one ion



I L-22 antibody. . The nmethod of claim, wherein the

anti body has a basic pi. 12. The nethod of claim,
wWob@se#4356 he resin i s ceram c hydroxyapatite tBEEUS2004/032883

type Il. 13. The nethod of 48l aim 12, wherein the resin

IS cerami c hydroxyapatite type .45 14. The net hod of

ekt ife wibiahgibaffehe purified antibody contains |ess
t han 300 ppm Protein A. . A nethod for purifying at

| east i f i
east one r?)'Hdn*Pé’é%lg tﬁg{?&;ﬁ@xé}ﬁgrﬁ@ﬁg&w%r%ﬂgh%ﬂpﬁ

cont ai ni ng ‘hi gh nolFecul ar wei g ggr egates conpri si ng

subj ect i t he anti body preparation to (a) Protein A
hé‘?‘@%%@?i‘}ﬂgﬁ?ﬁﬂm ography, (b) ion exchange

chr omat ogr.aphy,. and (c). hydroxyapatite chr.omatography,
(i) wher e(malﬂwnedheﬁn@eﬁm %%%f;}git% e (RSI¥ from t he
hydr oxyapatite resin using an elution buffer

conpri si n§) Weehing the resinmttsaldieasth probydraxyapatie washing
0.2 to 2.5 MNaCl; or (ii) contacting a hydroxyapatite
bufist: anwi th an anti body preparation in |oad buffer
conprising froml to 20 mM sodi um phosphate and from

0.2 to 2. Eﬁ)l\émﬁq %Mﬁéq%ﬂ\ﬁbﬁd?qrdrﬁ@hé’%éiﬁb\%ﬁ%éﬁm

to flow t hroug e colum. 16. The nethod of claim

TS BETe B RF SRl ey ol Lo 2L MR SR eyt
is perforned |a The nmet hod of claim 15, wherein

aﬂﬂérompi%ﬁoe%%\ﬂﬂégdy cont ai ns

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

less than 5% high molecular weight aggregates.

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

elution buffer contains 3 mM or 5 mM sodium phosphate.

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

elution buffer contains 0.35 M or 1.0 M NaCl.



| ess than 5% hi gh nol ecul ar wei ght aggregates. . The
nmet hod of claim 15, wherein the purified anti body
W@ 0vs/a#48s6 | ess than 1% hi gh nol ecul ar wei ght  PCT/US2004/032883
aggregates. 46 . The nmethod 48f claim, wherein the
elution buffer or |oad buffer has a p from6.4 to 7.6.

20. dJpe n?l?c—?%tf%d 6t Biaffh B9, wiaesiRitRe bR ot Hhémdhi%yfapgtite

or l'odd buffer contains 3 Mor 5 M sodi um phosphat e.
...Th t hod of [ wherein the elution buffer
elytiop Eﬁgg'bﬂ?? améﬁgﬁéﬁ% Mor 0.35 MNaCl. 22. The
met hod of claim, wherein the elution buffer or | oad

buffer has a pH of 6.8 or 7.2. 23. The nmethod of claim
, Wherein the antibodly.is an 1gG IgA 19D, I1gE or

| gM 3t i bbloy metiod Thelaira B owhereipithe @ntiBodyseare a6+ BA.
anti body i s nonocl onal, polyclonal, chineric,

Igungw] GreigM antifddggrent  t hereof . 25. The nethod of
claim 15, wherein the antibody is an anti-IL-21
receptor, anti-GDF-8, anti-Abeta, anti-CD22,
anti-Lewis Y, anti-IL-13, or anti- |L-22 antibody. 26.

The th ' : elfin.; o
basi i 5o ehdis Bt CRim S Uefoiitfi BRtbdAle MBRodonal,
resin is ceramc hydroxya ite type or. type II. 28.
patyelonah FBINGIIC: @pm%n@ﬁf%@grﬂep% eredi nygos ceranic
hydroxyapatite type .
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 II.

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

hydroxyapatite type I.

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

chromatography is anion exchange chromatography.



29. The nethod of claim, wherein the ion exchange
chromat ography is ani on exchange chronmat ography. 30.
wab@soeshod of claim 15, wherein the purified Bet/Ukmdy032883
contains less than 300 ppm®rotein A. 3 . A nethod for
purifying at |east one antibody from an anti body

prepas at i PR GREthal o 8RNI I furehercsdnaprisey Ghéring the ion
aggregates conprising: (a) contacting the preparation

L8 I TR i

Protein A s ort .and adsorbed anti body with at | east
reghyging HieeNih l]JE\gwaﬂé]wf‘ﬁ%‘sbuffer; (d) eluting the adsorbed
anti body with at |east one Protein A elution buffer;

(e) contacting the Protein A eluate with an ion
exchange support; (f) allowing the antibody to flow
t hr odigh t Tibe inoethed of alade Hlu fiyydher; canoprising subjgcting then
exchange support with at |east one ion48 exchange

hy@ehyashtheirite td B) lcaendne bf lrafiteatioproratistigaten.
| ow-t'hrough with a hydroxyapatite resin; (i) allow ng

the antibody to adsorb to the resin; (j) washing the
resin with at | east one hydroxyapatite washing buffer;

and 47. The method of claim 31, wherein the purified antibody

contains less than 300 ppm Protein A.

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

preparation containing high molecular weight aggregates comprising:

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

(b) allowing the 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 the Protein A eluate with an ion exchange
support;

(f) allowing the antibody to flow through the ion exchange
support;

(g) washing the ion exchange support with at least one ion
exchange washing buffer;

(h) exchanging the ion exchange flow-through into a load buffer



(k) eluting purified antibody fromthe resin with at
| east one hydroxyapatite elution buffer conprising

WO e@s0d485®©@ 20 M sodi um phosphate and from 0. 2 PCI/BSH0M32883
NaCl. 32. The nethod of cla&lm 3 , wherein the purified
anti body contains |ess than 5% hi gh nol ecul ar wei ght

S8§H88 1338 20K sadidecbiisphbd ahd fromDeX 1ol 15tNdNaCl;
C%?ﬁfﬁ%d anti body cont ai ngbl esrl)gl t han 1% hi gh nol ecul ar

wei ght aggr i i&)ﬁ? 1 Nepl wherein

the at Iggscfog@én(g @%&?@gggu e \}litﬂi‘]logrlljgvgurwI e? has a p

from6.4 to 7.6. 35. The nmethod of claim 34, wherein
hyrex\aPatiE&S!ihne hydroxyapatite el ution buffer

contains 3 MM or 5 nM sodj um phosphate, 36. The nefhod .

of cl ai m@®alloxrg m&]aﬂwdé/tmlfgaﬁhf@%h HriPvrpxyaRatte resin;

elution buffer contains 0.35 Mor .0 M NaCl.49 37. The
amet hod of claim 34, wherein the at | east one

hydr oxyapatite elution buffer has a pH of 6.8 or 7.2.

38. The ”(‘R? hedhig tlediyaréxyapaties @ish Witk safddsbodg i s an
IgG 1gA |[gD IgE or IgMantibody. 39. The nethod of

h@é@%ﬁ%ﬁigﬁ W&gﬁﬁ%bl}ffb? anti body is nonocl onal,

ric, humani zed, or a fragnent
thereof. 40. The nethod of claim3 , wherein the
anti body is an anti-IL-21 receptor, anti-GDF-8,
anti-Abeta, antj-CD22 anti-lewis Y, anti-IlL-13, or , .
ant i 49.1 L-bize giathed gy claim .4&rwi'eﬁ‘f‘é{‘ e pr'h%ﬁ’ éf‘ﬂé%dY contains
wherein the antibody has a basic pi.
less than 5% high molecular weight aggregates.

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

less than 1% high molecular weight aggregates.

51.  The method of claim 48, wherein the load buffer has a pH from

6.4t07.6.

52.  The method of claim 51, wherein the load buffer contains 5 mM

' sodium phosphate.

53.  The method of claim 51, wherein the load buffer contains 350

mM NaCl.

54,  The method of claim 51, wherein the load buffer has a pH of 6.8.



42. The nethod of claim3 , wherein the resinis

ceram c hydroxyapatite type or type II. 43. The nethod
w@Rooshaisse 42, wherein the resin is ceramc PCT/US2004/032883

hydr oxyapatite type . 44. ™e nethod of claim3 ,

wherei n the ion exchange chromatography is anion

exchemge The plEmGObREIANN 48, dherdiRghaahtibedpis & BGNIZA,

further conpr|S|ng fllterlng t he i on exchange

t re application to the hydroxyapatite
Igﬁeﬁ% (Wlﬁer eby rog/duci ng the viral contam nants. 46.

The nmethod of claim3 , further conprising subjecting
t he hydroxyapatite eluate to at | east one of
ultrafiltration or diafiltration. 47. The netho

cl ai 9.3 , Thihatadhed phelajn s w@@r%mtth%@ayb%%samﬁ@%%egél

than 300 ppm Protein A 48. A nethod for purifying at
pdlgeshalpokinaartd, hachanizeshos@ feagmeciipergadpar at i on

cont ai ni ng hi gh nol ecul ar wei ght aggregat es

conprising: (a) contacting the preparation with a

Protein A support; (b) allowi ng the antibody to adsorb .

to the Profe Sor@HPEI%% 48 %e‘f‘@ﬁhhé‘%nﬁb@dﬂs"éﬁéﬁtn& 21

support and a ed ant |body wth at [east one

B B TR B Ty ALY, Bt ecor o

contacting the Protein A eluate with an ion

|Le&%ﬁﬁh@%dysupport

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 Il.

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

hydroxyapatite type |I.

61.  The method of claim 48, wherein the ion exchange

chromatography is anion exchange chromatography.

62. The method of claim 48, further comprising filtering the ion
exchange flow-through before application to the hydroxyapatite resin, thereby

reducing the viral contaminants.



(f) allowng the antibody to flow through the ion
exchange support; (g) washing the ion exchange support
Wowak/0aessé east one i on exchange washi ng buf f erPCY/0$2004/032883
exchangi ng the ion exchange3fl owthrough into a | oad
buffer51 conmprising from1 to 20 M sodi um phosphat e

J to | __
A0 B50m Pné henedor RIS, dithorhaiihgdubiRthghe |

A R 45kt B B o tamiton

hydr oxyapatite resin with at | east one hydroxyapatite
washi ng buffer. 49. The nethod of claim48, wherein
the purified anti body contains |ess than 5% hi gh

mol e64l ar wefhghn ebclaivs 485@hemie the: pudliiedantivedym
48, wherein the purified antibody contains | ess than

cdaltisuBsset #c8O0@pprePaiitinaggr egates. 5 . The net hod of
claim48, wherein the I oad buffer has a p from6.4 to

7.6. 52. The nmethod of claim5 , wherein the | oad
buffer contains 5 nM sodi um phosphate. 53. The net hod

! 8L R g L1 SRR AR ATD Bty
ppe%fafrgtfonhggntgirﬁr% ﬁlfgh6r'ngle%alar weight aggregates comprising:

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

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

(d) collectiné said displaced monomer.

66. The method of claim 65, wherein the purified antibody contains

less than 5% high molecular weight aggregates.

67. The method of claim 65, wherein the purified antibody contains

less than 1% high molecular weight aggregates.



55. The nmethod of claim48, wherein the antibody is an

lgG 1gA 19D IgE or IgMantibody. 56. The nethod of
W@b@sn¥48; wherein the anti body is nonocl onal , PCT/US2004/032883
pol ycl onal , chinmeric, humardzed, or a fragnent
thereof. 57. The nethod of claim48, wherein the
anti Bgdy Taeanetotioflclail6s egesrhy theadtjuilitEBfoBbuffer has a
anti-Abeta, anti-CD22, anti-Lewis Y, anti-IL-1, o

I = nti body. 58. The net hod of cl ai m 48,

\a‘hn@né]idhé? é'cgnti body has a basic pi. 59. The nethod of
claim48, wherein the resin is ceram c hydroxyapatite
type or type Il. 60. The nethod of claim 59, wherein

the resin_is cerami ¢ hydroxyapatjte type.. 6 . The
et h88 of THPATRNEY of ARG Whgte| e&ﬁw%@n butrer
chromat o' graphy i s ani on exchange chromat ography. 62.
cahi@inse? hid oo mivhbadias) phegathtaée. conprising filtering
the ion exchange fl owthrough before application to
the hydroxyapatite resin, thereby reducing the viral
contam nants. 53 63. The nmethod of claim48, further

conprhsi ngns WRbReHI AGIdiMes NS SaRatdduiitrheyn bireugh
to at least one of ultrafiltration or diafiltration.

i TN f LAy 48, wherein the purified
Cgﬁ?ﬁ%o Hﬁ\%ﬁ?gioﬁsm e@éqhan 300 ppm Protein A 65. A
nmet hod for purifying at | east one antibody from an
anti body preparation containing high nolecular weight
aggre?ates conpri si ng: | . o
71.  The method of claim 68, wherein the equilibration buffer has a

P

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 or 120 mM arginine and 100 mM or 20 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.



(a) equilibrating hydroxyapatite resin with at | east

one equilibration buffer conprising from1 to 20 m
waomsmsphosphate and from 0.01 to 2.0 M NaCl ; PCDYS2004/032883

contacting the anti body préparation with said

hydr oxyapatite resin under conditions that allow

bi ndi7gg 0fThBGhEthsaNg BRdin PGS mhéﬂénrnmeeamlb@uweegmnu IL-21
aggregates; (c) allow ng the high nol ecul af wei ght

SAHEIE R, -DINY AR, éhﬁﬂq‘[p@ té?mﬁ/@g %ﬁ« i- TP R -

ng conti nues owin mol ecul ar

' , regates to displ ace bound nmononer; and (d)
'QA@?%(E@'PP% sai d di spl aced nonomer. 66. The method of
cl ai m 65, wherein the purified antibody contains | ess
t han 5% hi gh nol ecul ar wei ght aggregates. 67. The
nmet hod of claim 65, wherein the purified anti body
cont &’ns Meesnethad of Waimghd,moherelr tie amdibghly has a basic pl.
aggregates. 54 68. The method of claim®65, wherein the

equi libration buffer has a pHfrom®6.2 to 8.0. 69. The
nmet hod of claim 68, wherein the equilibration buffer

cont agns ggg%mﬁﬁwoé d’?" o WVW@@WE%S@Q? cePgmizet hod

of claim erein e equi |1 brati fer contains
The nmet hod of cl ai m 68,

h @ﬂ?%atftﬁg?%%%m?% |oh buffer has a p 7.3. 72. The

nmet hod of claim 68, wherein the equilibration buffer
further

79. The method of claim 78, wherein the resin is ceramic

hydroxyapatite type .

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 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 (i) the hydroxyapatite resin is equilibrated with at
least one equilibration buffer comprising from 1 to 20 mM sodium phosphate
and from 0.01 to 2.0 M NacCl;
(i) the antibody preparation is contacted with said
hydroxyapatite resin under conditions that allow binding of both monomer and

high molecular weight aggregates;



conprises up to 200 mM argi nine or HEPES. 73. The
nmet hod of claim 68, wherein the equilibration buffer
w0 eoosherssconpri ses 0 nM or 120 M ar gi ni ne andpdD0S29M/032883
or 20 mM HEPES. 74. The net¥od of claim65, wherein
the antibody is an 1gG I1gA, 19D, 1gE or IgM
ant i-body. (iifptheThigh MedlbedapiveljhtiadyfSyated areamwéeto bind
anti body i s nonocl onal, polyclonal, chineric,
AN therp o o REROMET A Ry et RS, BRehigh
receptor.. anti-GDF-8 nt - a, anti - , .
e aenpP eoaiatey il e uisBRbe Lot manaer. and
The nethod of claim65, wherein the antibody has a
basi ¢ pi . (iyBsaidrlispiacarbmogomaraiane 6lectBdr ei n t he
resin is ceramc hydroxyapatite type or type IIl. 79.
The nmet hod of claim 78, wherein the resin is ceramc
hydr oxyapatite type . 80. The nethod of claim 65,
wher gpn t Maepnsthbued camti dRdyharet thierBrotels A\ affiaity 300
ppm Protein A 8 . A nethod for purifying at | east one
. r :
CRAPAEEH ATy AR SE B AT AToeBly i
i reparation to (a) Protein A affinity
p%ﬁé%ﬁ%&ﬁa&?aphy, (b) ion exchange chronmat ography, and
(c) hydroxyapatite chromatography, wherein (i) the
hydr oxyapatite resin is equilibrated with at | east one

equi libration buffer conprising from1l to 20 M sodi um
phospBat e The method of claim 81, wherein the purified antibody contains

less than 5% high molecular weight aggregates.

84.  The method of claim 81, 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 85, wherein the equilibration buffer

contains 2 mM or 5 mM sodium phosphate.

87. The method of claim 85, wherein the equilibration buffer

contains 100 mM or 50 M NaCl.



and from0.01 to 2.0 MNaCl; (ii) the antibody
preparation is contacted with said hydroxyapatite

w0 e®sn44spdder conditions that all ow bi ndi ng of POIL/KS2004/032883
nmononmer and hi gh nol ecul ar S%ei ght aggregates; 56 (Ni)
the hi gh nol ecul ar wei ght aggregates are allowed to

bi nd re [
PondTo, cTHb AL BB, She NGB o BAMer oad buffer

gg eﬁg fz s are al l owed to di splace bound nononer; and
)p g di spl aced nononers are col |l ected. 82. The
method of claim8 , wherein the Protein A affinity

chr omat ogr aphy is perforrred first and the

hydr oxyapatite chromatography is perforned | ast.

The @@t hodihefmethail of 8laim N&Qﬂemﬁée;ﬁmllt’qr@fdprhhwffercfupther
contains |l ess than 5% hi gh nol ecul ar wei ght
caagrisgatpso 288. mWhergimidrodHEPES.ai m 8 , wherein the
purified antibody contains |ess than 1% hi gh nol ecul ar
wei ght aggregates. 85. The nethod of claim8 , wherein
the equilibration buffer has a p from6.2 to 8.0. 86.

put 157 conp@mengu g B Wi %h”@ﬁ%ﬂﬁf%ﬁ%‘}%f””hef
oA, Sha L S R R 0 R

85, wherein the elution buffer or |oad buffer has a pH
of 7.3.

91.The method of claim 81, wherein the antibody is an IgG, IgA, IgD,

IgE, or IgM antibody.

92.  The method of claim 81, wherein the antibody is monoclonal,

polyclonal, chimeric, humanized, or fragment thereof.

93. The method of claim 81, whe(ein the antibody is an anti-lL.-21
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 II.



89. The nethod of claima85, wherein the equilibration

buffer further conprises up to 200 m argi ni ne or
WORIBES44890. The net hod of claim 85, wherein theCT/US2004/032883

equi libration buffer furthe® conprises 0 mMMor 0 niV

arginine and O mMor 20 mM HEPES. 91. The net hod of

cl ai gg 81, THb Aicthdd bhelarntgshomheréin tAe régifis tamitgD,

I gE, or IgMantibody. 92. The nethod of claim8 ,

h%ﬁ%)zéréééﬁgﬁ,p%nltl body i s nonocl onal, polyclonal,

umani zed, or fragment thereof. 93. The

nmet hod of claim8 , wherein the antibody is an

anti-I1L-21 receptor, anti-CDF-8, anti-Abeta,

anti-CD22, anti-Lewis Y, anti-IL-13, or anti- 1L-22

ant i 9bdy. Tl methed pEEiedn & WhessimtBe ionpxsshange: ne

anti body has a basic pi. 95. The nethod of claim8 ,
chwbaratographe is asion éxchesgachwrhgiogespatite type or

type 11.58 96. The nethod of claim95, wherein the

resin is ceram c hydroxyapatite type . 97. The nethod

of claim8 , wherein the ion exchange chromat ography

i's aggon exghangey HELADE RAMNerciBthe! Griffgt Athoely

claim'8 , wherein the purified antibody contains |éss

t han 300 m fteilnA. 99 A nmethod for purifying at
C?ﬂﬁ@?%%*@ﬁk?%@@”ﬁ?r&ﬁ?'ﬁ ‘ant i body preparation
cont ai ni ng hi gh nol ecul ar wei ght aggregat es
conprising: (a) contacting the preparation with a
Protein A support;
99. A method for purifying at least one antibody from an antibody

preparation containing high molecular weight aggregates comprising:

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

(b) allowing the 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 the Protein A eluate with an ion exchange
support;

(f) allowing the antibody'/to flow through the ion exchange
support;

(g) washing the ion exchange support with at least one ion
exchange washing buffer;

(h) equilibrating hydroxyapatite resin with at least one

equilibration buffer comprising from 1 to 20 mM sodium phosphate and from



(b) allow ng the antibody to adsorb to the Protein A

support; (c) washing the Protein A support and
wa@emenpsss anti body with at | east one Protein APGEBRING032883

buffer; (d) eluting the adsdrbed anti body with at

| east one Protein A elution buffer; (e) contacting the

0.6 @b eivNgCHate with an ion exchange support; (f)
all owi ng the antibody to flow through the ion exchange

support;  {yGbntRsingife i6% ckORarRecgsosgRRART sait h at

| east one’i on exchange washi ng buffer; (h)

equi | i br.ati |t ' i &

EBersaPBiER 15 BHFe SOBRYIS el §haP sty 8 yfibngfer and
phosphate and fronb9 0.01 to 2.0 M NaCl; (i)

higly maleeylagwelsht AgETeg&eRinge 1 ow-t hrough with said
hydr oxyapatite resin under conditions that allow
bi ndi ng df) allewingrtheohigh raelgculeg weightaggregateste)pind more
aggregates; (j) allow ng the high nolecul ar wei ght

tightig tegmbatbody mondrmers eand ghildadindeontimtdshatigwing the high
nmononers, and as | oadi ng continues, allow ng the high

Wi e i G Rlonetdround nononer ;
mBRcERY V\ﬁl%ﬁ%é%ﬂgg 16 didphscd BoGhd M

) was ydroxyapatite resin with at | east one
hydr oxyapat | ] G g hag said
Y o DY 0} WEEHBRL M aRblyaBbite¥eSin Witn ERIdRE bhe

hydroxyapatite washing buffer; and

(1) collecting said'displaced monomer.

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

contains less than 5% high molecular weight aggregates.

101. The method of claim 99, wherein the purified antibody

contains less than 1% high molecular weight aggregates.

102. The method of claim 99, wherein the equilibration buffer has -

a pH from 6.2 to 8.0.

103. The method of claim 102, wherein the equilibration buffer

contains 2’ mM or 5 mM sodium phosphate.

104. The method of claim 102, wherein the equilibration buffer

contains 100 mM or 50 M NaCl.



00. The nethod of claim99, wherein the purified

anti body contains | ess than 5% hi gh nol ecul ar wei ght
waogsegeses. . The nmethod of claim99, wherei nPCTES2004/032883

purified anti body contains dess than 1% hi gh nol ecul ar

wei ght aggregates. 102. The nethod of claim 99,

wherein the equilibration buffer has a pHfrom®6.2 to

8.0. 03. The nethod of claim 102, wherein the

equi wﬁgr at | %fwgﬂgfd n@?ﬂé@‘ 2?2,2\/\/%%9{ the Ssmskatioh buffer

phosphat e. 0 claim 102, wherein the
hequi I,_lrb{?hleon buffer contains 100 mM or 50 M NaCl. 60
4%8 PTrRe  #et hod of claim 102, wherein the

equi libration buffer has a p of 7.3. 06. The nethod of
claim02, wherein the equilibration buffer further
conprises up to 200 M arginine or HEPES. 107. The
net ht@b.of clThienmetiwd eftedais 702 hehergin theveauiliyation Ppler
further conprises 100 mMor 120 nmM argi ni ne and 100 nM
fupthe? 8o MigritESEPR. to 0. mVhargiihbod HEPESai m 99, wherein
the antibody 1s an 1gG IgA 1gD, IgE, or IgM

anti body. 109. The nmethod of claim 99, wherein the
anti body i s nonocl onal, polyclonal, chineric,

h hzed, f . clai
o Ee: el BRI F1ARL 0, who B L Atbyalof baier
fugtﬁtfalr C%Fpilges %bln_ﬂ@]bgrt?zo r%rlvi 5?9%%’%%“% 06 rHﬁ\Wo‘? 26 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-1L-22 antibody.

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

112. The method of claim 99, wherein the resin is ceramic

hydroxyapatite type | or type |I.



anti-IL-22 anti body. The nethod of claim99, wherein

the anti body has a basic pi. 12. The nethod of claim
wONsossei n the resin i s ceram c hydroxyapat i PET/UyIE4/032883

or type I1.61 . The nmethod &@f claim, wherein the

resin is ceram c hydroxyapatite type . 114. The met hod

of claim99, wherein the ion exchange chromat ography

i s ani on exchange chronmat ography. . The net hod of

cl ai 9, f LS il i N :
cxehaie £1 o AiESiaTBLURIST 12 pmh Bl o RRih oramic
Q%_dr o%%/aﬁat ite resin, thereby reducing the viral

hy@rerypR#iRt¥Pe I The nethod of claim 99, further
conpri sing subjecting the hydroxyapatite eluate to at
| east one of ultrafiltration or diafiltration. . The
nmet hod of claim 99, wherein the purified anti body
cont ail4s Thssnéthad d3@&imEA, Rvhereinnthd.ion exchange

chromatography is anion exchange chromatography.

115. The method of claim 99, further comprising filtering the ion
exchange flow-through before application to the hydroxyapatite resin, thereby

reducing the viral contaminants.

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 purified antibody

contains less than 300 ppm Protein A.



