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PURI FYI NG ANTI BODI ES USI NG PROTEI N A AFFI NI TY CHROVATOGRAPHY 5

Thr oughowwot2hiosniggdpl i cat i on, various references are ref @Crams2e00/083264Ar abi ¢
nuneral s in parentheses. Disclosures of these publications in their
entireties are hereby incorporated by reference into the application to
more fully dedEXLIHEOFHEE INYENIION he art to which this invention pertains.
Ful | bibliographic citation for these 10 references may be found

i edi ately preceding the clains. BACKGROUND OF THE | NVENTI ON Over the past
decade, the aMHETH@DSOPOR!PURIMENGpANTIBOMIRESCUSING HEOTBM iz odiFresI TYMDbS)
have significantly increased. MAb stability represents a current chall enge
in the purifi %R%MW%P% ation of these proteins. MAb instability

| eads to high levels of aggregated mAb in protein formlations, which can
have several disadvantages including changing protein activity and
potentially |eading to Uhoeghnabhe dpphuaiwnoghcals refspoees es: faferpak teby s.
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Protein Ar eshﬁ,he?&Jth&rﬁ&ﬁQHﬁxQ@ﬁreﬁb@ixﬁ@%i dpPHc A tb tadrb QI BBcrafelthei ty of

t he nonocl onal antibodies to the resin. Exposure to these acidic conditions
can resul t i nsteiseoffths aratd whichbfthip ieation pejtpiesg Hukk bibligerphistciiatienyfos theso

descr: bed T TRcefrts TPyt ROR ataLtyp-EQATROGRARY, TEVE P2 W o hotd”

step following elution is required for viral inactivation and can al so
result in the formtion of Fprotei aggregates (7, 8, 9). Previously, one
approach to r &didtaBOLN QI THEINYENTION i n mab 30 fornul ations was to use
addi ti onal chromatography steps. This solution is both expensive in terns
of materials and processing tinme; and it also results in product |osses
with each step, which cérver égupst tbmdevide apblisatiohsl f@f thavdbeygicogioneclonal
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cutting, to creikage inehcapMUMbhatiOn ald Fh@hilatREA0SGd Patdi. | MM thstaBRBity
affinity chromatography step. These approaches are tine-consum ng, and they

are often unsifedesshigh lseele ofagarezaied auth i1 proaein dpmoHetioyr whisk wndpset o
produce mAb f I I . N1 QUS
pproach to r S el Rl B BB GGy AEP RN, REBHESH
stabilizi ng ageddsiablefmatunchaichbesponeman phtietitsadvant ages i ncl udi ng, changes
in protein activity, difficulty jn further purification_steps,..and
potential PY undesi rabl e Protfindl dpbarhioasinsrdy is prweriiiad ridebrseods
that are the %db@lngguﬁfyjﬂé‘%ﬁPJo%%%.mln' @@m A eRsh bPendibdyesdniME
sinpl er and | ess expensi ve processes for reducing protein aggiegation in
monocl onal anPrdedyAf wsimulagidiconenditorsr ae rrequradudis Yo mipnbighr aléinitpdcthonal

anti bodi es Su'rr&o%%!:l%n&loarmi Odies 1o the Tesin].'5ExpSolgure %'c?%he(g; a;l:-lja‘lEc AO%EMIS 9&‘\In result

in the formation of protein aggregates. Some strategies to address aggregation

25 during Protein A chromatography have been previously described in the literature
(1, 2, 3, 4, 5, 6). Furthermore, a low pH hold step following elution is required for
viral inactivation and can also result in the formation of protein aggregates (7, 8,
N.
Previously, one approach to reducing protein aggregation in mAb
30 formulations was to use additional chromatography steps. This solution is both
expensive in terms of materials and processing time; and it also results in product
losses with each step, which can reduce the overall yield of mAb product.
Another previous approach to reducing protein aggregation in mAb

formulations was to use advanced chromatography methods, such as peak cutting,
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This invention provides a first nethod for purifying a nononeric nonocl onal
anti body froma sanple, wherein the sanple conprises the nononeric 5

nonocl onavoantidewy, host cell inpurities, dinmers, and RCHSR000/06260
aggregates, conprising: (a) contacting the sanple with a Protein A affinity
chromat ogr aphy colum; (b) eluting the nononeric nonocl onal anti bodg from
t he Protein Alcafefligsi thy agkrundtrsefempipgragatiomioliaiving the aéfinityi dmotbabgraphy and

Il ecti ti f th i I I { bod
fbm st ep_( by 0 B Prreerb e Th-Ssiie 38 el raf QRS el Drol
(i) conpri sesndcesstatifi@mdadionhy RBfontitek@hplad gtepg afoe pradince (hihb Rasubatiphs f rom

about 3.5 to about 4.5, thereby purifying the nononeric nonocl onal anti body
fromthe sanpPitableHPEhWRYERE on provi des a second nethod for purifying a

nmononeri c 45 nonocl onal i Ve bt 91@@-“3 I i e e
conpri ses 5tlhe nononer i cﬁng%%%ﬁ%niglghgﬁgtl od{‘/H,?l ﬁyorse}m‘éqgglp??t%u?%%gég{s}%m nmers,
and hi gher oroetb dggnégiadres wasotmprisei sighilig¢iay epmisacwhich tde lmsepiesemit h a
Protein A affini chr omat ogr aphi,c _colum at .a temperat.yre.from abqut 15C
Lo about 27C, SH aages g HBenTHBRER! &b mBSER oAST Tiint TEORYST AbnT EHET

Protein A af f hiifioatieh sRPRLAS HaRAIAICRIETIRLM i @bl @fc késbbRRs Rikbdihts.
conprising citrate at a concentration from about 0.030 Mto about 0.085 M
and (c) collecting one dhe msthods that atedhssubiect pbtharprasearirincention eédressdhe

ant i body om.step. o forma Protein A_predu ool .. wherejn..the
oroduct pibi P Beapibceid kL Ahab bR AR AT sE PR BB ERS
has a pH frommbeclbnd. milbddabforthultiéhs therddyicpputify nivgohléc nBogFadiat
nonocl onal anti body from the 25sanple. This invention provides a third

met hod for puRBedifg sutadERERIEN B8focl onal anti body from a sanple, wherein
the sanpl e conprises the nononeric nonocl onal anti body, host cel

inpurities, dinmers, and hi gher order aggregates, 30 conprising: (a)
contacting the sanple with a Protein A affinity chromatographic colum at a
tenperaturg from about 15C to about 27C, (b) eluting the nonomeric

monocl onal antibody fromthe Protein A affinity chromatographic colum wth
an elution buffer conprising acetate at a concentration from about 0.050 M
to about 0.200 M and (c) collecting one or nore fractions of the

nmononeri ¢ nonocl onal anti body fromstep (b) to forma Protein A product
pool, wherein the product pool (i) conprises |ess than 5% hi gher order
aggregate, and (ii) has a pll fromabout 3.5 to about 4.5, thereby
purifying the nononeric nonoclonal antibody fromthe sanple. WO

2010/ 019493PCT/ US2009/ 053260 BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 shows the rate of higher order aggregate formation at a PAP pool
pH of 6.1 as a function of time at 4C, 17C and 37C for an anti-DKK- 5 1
nonocl onal antibody (SEQ ID NGO 1 and SEQ ID NO 2 shown in Figure 22). In
the figure, o = pH 6.1 at 4C, o = pH 6.1 at 17C, and A = pH 6.1 at 37C
Figure 2 shows the rate of higher order aggregate formation at a PAP pool
pH of 3.5 as a function of tinme at 4C, 17C and 37C for the anti-DKK- 10 1
nonocl onal antibody (SEQ ID NO'1 and SEQ ID NO 2 shown in Figure 22). In
the figure, o = pH 3.5 at 4C, o = pH 3.5 at 17C, and A = pH 3.5 at 37C
Figure 3 shows the rate of dinmer formation at a PAP pool pH of 6.1 as a
function of time at 4C, 17C and 37C for the anti-DKK-1 nonocl onal



15anti body. In the figure, o = pH 6.1 at 4C, o - pH 6.1 at 17C, and A = pH
6.1 at 37C. Figure 4 shows the rate of dinmer formation for

t he anti -WkKe/ar4¥ecl onal anti body at a PAP pooI pH of BCH/Um300/05326€t | on of
time at 4C, 17C 20 and 37C. In the figure, pH 3.5 at 4C, and o pH 3.5
at 17C. Fi gure 5 shows the rate of hi gher order aggregate
formati on for SUMMARY OBKKEE INWESJIGNR] ant i body at a PAP pool pH of 3.5 as
afunctlon of time at 25C and 30C. In the figure, = pH 3.5 at 25C, and o

pH 3.5 at 30C. 25 Figure 6 shows the rate of dinmer formation
for t he anti - DKK- 1ThHBn@eleatial lﬁﬁhidbfoday fakt andthAkl a‘@ﬁlptpiﬂymg 3. moasmaric
ftnction of tinme at 25C and 30C ‘he figure, pH 3.5 at 25C, and o =

pH 3.5 at 30CMmozedpwa]aatibodyHEMR atsﬁ’é‘P awéetﬁn WF@W@Ple(‘}PB’@F’S%} ¢ BYpRpReeric
formation at ﬁxoﬁF&lQﬁ 4an9ibo§y 31059@5&1 ?ﬁgux?&esa dfrH&Et Mh@f’leli bx%r %%%@éa%sf or the

anti - DKK- 1° monocl onal ant | ure, H 4.5
at 21C, and Acempihbibg: (Xahtcoﬂ!ta@mg the sample w1th a Pﬁxtegu r& a&irst}mlmmh@graahﬁ of

hi gh d f
ot Sf e at 306t Ahb ind bk Pe it Pisharoarh piigyy Home w8 Fddh 4" 1"
pH 4.0 at 30Cafify d?)'fbrﬂatﬁgxﬁf)hﬁ@@unﬁr\dﬁlﬁan eBiton. thfRt, /30E) collecting one or

Figure 9 shows the rate of diner formation at a pH ‘of 4.0, 4.5, and 5.0 as
a functi on of moirerdragtior® 1 the rmeneaenist omidlena! gpiikady dram sigit (Boéry format he
figure,

Fi gur e 10 Wgot% H:Ar§%§106%081 p\'ﬁhé?é @k I%tji&mt %%gl A@ C%E%?Q lgst %111? 5 ({15 0 as

I"mer T ormat on
a function of hidhse ofder 3Q&ebate, ddte(iBntids- DK ﬂrom)ﬂﬁﬁ:tk Grfato ab\ftutbbﬂythellehyt he
figure, o pH 4.0 at 30C, o = 3QC, . a H 5.0 at 30C. 15Fi gure
11 shows |evepgnmnaqthaﬁ&ﬂﬂ&@ﬁ@@%@%%@ovﬁ%ﬁmaﬁ@%t 4C, 17C, 25C and
30C for the anti-DKK-1 rmnoclonal anti body PAP at pH 3.5. In the figure, =
30C, =25 C A =17C, and x = 4C. Figure 12 shows higher order aggregate
formation as a fundhisomventi@n ttrmvréesaadsacemd)endh‘ud domtpupfyitg 3 mamdnBOeiV

citrate c centrat he anti - DKK1 ,nonogl onal , ant i bod n.the flgure
0 L pH 3 91 apiospttogilandbody §of suingls. wiRBA e dngnie iR g g B §

at 24C. Fi gur%&x%cl%ﬁﬂ%tfbbﬂﬂﬂe}ﬁasﬂrtﬂl@ﬁm@ﬁﬁﬁ@ﬁ@ﬁxﬁeﬁsoﬁﬁﬂihlgﬁ& dfded abREAtbQN of
25 time at 50mM and 100 mM citrate concentration at roomtenperature for

the anti DKK- 1 cpnosingn@) canestingdthe spmplenwithjagbiotein A piingly shsgmatggraphigg - pH

3.91 at 24C E nction
of 30 citrate é%ﬁ%neartga f{% P%\f%ﬁ%%%%%ﬁﬁgggﬁegéég%ﬁgm (%%IW@ T?ﬁn%)%lggl onal
antibody. In trﬂftﬁloﬁiogbsrzettlbbdﬁﬁoﬁ&hm%amhrmtaﬁiraw cmk-brﬁathraplmc zolimmithiahr at e
at pH 3.6, SS1 - 100 citrate at pH 3.6, Ka = H34
and illE 28 4@1Wd?“§ HCRMBEISIRG gHraje at a conicentration O%%B%b g?%&@l’%\?g Yhe DSC
profiles for (P!ﬁ?lco@l@&ﬁr%o&% t‘nnmgﬁa ff%tm@@ oficandndBbidMosblibadle at
pH 3. 0. 5F|gure 158 DSC profi | for the anti-DKICl antibody in
30 MM 60 nM antibdc@(lfmm/lstspt(b}att(eﬁam etho&@A product pool, wherein the product pool

(1) comprises less than 5% higher order aggregate, and (ii) has a pH from about 3.5

to about 4.0, thereby purifying the monomeric monoclonal antibody from the

25  sample.

This invention provides a third method for purifying a monomeric
monoclonal antibody from a sample, wherein the sample comprises the monomeric
monoclonal antibody, host cell impurities, dimers, and higher order aggregates,

30 comprising: (a) contacting the sample with a Protein A affinity chromatographic
column at a temperatuwre from about 15°C to about 27°C; (b) eluting the
monomeric monoclonal antibody from the Protein A affinity chromatographic
column with an elution buffer comprising acetate at a concentration from about

0.050 M to about 0.200 M; and (c) collecting one or more fractions of the
-3-



Fi gure 15C shows the DSC profiles for the anti-DI CK1 anti body in 30 nM 60

mvi and 100 mMMcitrate at pH 4.0. 10 Fi gure 16A shows the DSC
profil es worotdmaoati - DKK1 anti body in 30 nM 60 nM and PCOQ@SaMomOFI26@t € at
pH 4.5. Figure 16B shows the DSC profiles for the anti-DKK1l

antibody in 15 30 MM 60 nMand 100 mMcitrate at pH 5.0.
Fi gure 16C showgomeric mee@ens ahdkodyoirom stepdh) i toframce Pagteinbd dyodust BoolaM 60

mM and 100 mM citr 5., 20F] S e il for
he- ant i - DKL SREPRE T AEE B GO St Th o Db ar il B
Figure 17 sho@h hdiea il dropi dbbghers ar dbsutaggr dgadts pwifyinpeth@nmohishérid
nonocl onal anti body formatiaon for 60 citrate elution with and wi t hout 25
50 mM ar gi ni n@ongclombantibpdy feon thespmpleg = 60 MM citrate 50 mM ar gi ni ne at
pH 3.5 and 25C, and o = 60 naMcitrate only at pH 3.5 and 25C

Figure 18 shows the rate of higher order aggregate formation for the
anti-Dl CK-1 nonocl onal antibody for 100 nMcitrate elution with and w t hout
250 30 nMMarginine at 25 C. In the figure, 0 - 100 nMcitrate 4- 250 nM
arginine at pH 3.5 and 25C, and o = 100 mMMcitrate only at pH 3.5 and 25C
Figure 19 shows the rate of higher order aggregate formation for the
anti-DKK-1 nonocl onal antibody for various citrate concentrations as
conpared to phosphate buffer as a function of tinme at 25C. In the figure,
[11t = 60 mMMcitrate, = 75 nmMcitrate,- 40 mMMcitrate, FFl= H3PO4, 5[ = 85
mMMcitrate. Fr = 100 mMcitrate, and Fi gure 20 shows the

ef fect of nonocl onal anti body concentration for the anti-DKK-1 nonocl onal
anti body on the rate of higher order aggregation at 25C over tinme in 15 mM
citrate. Inthe figure, 4 =8 ng/nL anti-DKK-1 nmAb,a = 10 14 ng/m ,
anti-DKK4 mAb, and A =34 ng/nL anti-DKK-1 mAb. Fi gure 21 shows
the effect of nonocl onal antibody concentration for the anti-DKK-1

nonocl onal anti body on the rate of higher order aggregation over tinme at pH
4.0 in 15 mMcitrate at 21 C and 85 nmM acetate at 25C. In the 15 figure, =
5 ng/nL anti-DKK-1 mAb in acetate,+ = 11 ng/nL anti-DKK-1 mAb in acetate, A
= 37 ng/nmL anti-DICK-1 mAb in acetate, and - 7 rng/rnL anti DKK-1 mAb in
citrate. Figure 22 shows the anti-DKK-1 nonocl onal

anti body am no acid 20 sequences for the heavy and |ight chains. (SEQ ID
NO 1 and SEQ I D NO 2)



Figure 23 shows the anti-ADDL # 1 nonocl onal antibody am no acid sequences
for the heavy and light chains. (SEQ ID NO 3 and SEQ I D NG 4) 25Figure 24
shows t hewarvio/oADPDB # 2 nonocl onal anti body am no acid Peqse@e953260 t he
heavy and light chains. (SEQ ID NG5 and SEQ I D NO 6) Fi gure
25 shows the anti-hlL-13ra-1 nDnocIonaI anti body am no acid sequences for
t he heavy andBRilg IR P INC b SEQ I D NG 8) 30
Figure 26 shows the ali gnrrent of the amino acid sequence fromthe Ig&m Fe
reglon of the nonocl onal antibody conpared to that of the Fe regions from
1gGL 1g&, and |gGA. Vg@d Q/ EhbSARBE Gk 4$20 r%&&&%g%ﬂél ﬁeEDatDE}S@%l PTI ON
C]: THE | NVENTI ON Defi ni tions rotein"
"pol ypept i de" PAS neebpHnd Oeli # & Rartionehiimeg ab? ;%Ilgp@ﬁ{lql ag Qrﬁﬁén@ﬁ“‘cﬁmém no
aci d residues I r
used her e| % % %QODt eir%)%%1 é{m P H)Egsﬁaé ?S%d?rﬁmarllloyﬁﬂgﬁlt) ﬁ@'zbs(ﬁgg’ﬁ"lln ne 2%
nmol ecul e" shatﬁe ﬂgam;sedp}irﬁtbauﬂ?éngea;ﬁ{ﬁ 1 &a@‘fC ,antliAredil thhst y°0n| gue
structure that allows it to bind its specific antigen, but all antibodies
have 10 the sanme overall structure as described herein. The basic anti body

structural unit is knov‘@‘létﬁe@omssﬁeefak%ﬁlﬁgﬁé &Beﬁéé%%@a%esfonﬁ%h hieh r amer

has two identical pairs of polypeptide chainS, each palir having one "light"
chain (about PAPkidm) pﬁm‘! 3dhes 4 tueetioy! ofdhrad at "("ébd)ZﬁEC 51@1 ¥ Qdorjhe antid KK-

am no-ternj nal ort of..e cl e re bout
100 to. 1100 or | AbsclaRHEEE ALY Thav sl B s o e g it
recogni tion. Therigas,kOXyHIES B 47, oPOSII BBt 9 @aeh AchpHB.slef 3T1€es a const ant
region primarily responsible for effector function (10). The

term"Fe" fragment shall refer to the 'fragnent crystallized C-term nal
regi on of the anti body I 0y @:}ﬁ fgg i 1 Fab"
fragnment shall refer toﬁ?ﬂﬁg:;;ypggrﬁ%ﬁr%ﬁaant |d§g%r I'ndi ng a:%g:; gﬁgr}ﬁg?f{%@el

ant i body 20 cantaafuntign bheindHat L, 17AC andl 3CLC domahen suti-DKK-1 monoclonkhe term

“nmonocl onal anti_body as us d herejn shall ref ntibod
obt ai ned ﬁ?onﬁ’é“%@ﬁu‘r’aé’nm“’éﬁ OsTB %h@f g CPV) “Fid?H)@; gﬁé aﬁ?ﬁ d’ttpleg? %¥ e.,
the individuak~gnti bodi es conprising the population are identical except

for possible naturally occurring nutations that nmay be present in ninor
anounts. 25 Monocl onal antibodies are highly specific, being directed

(bol vl onal ) anti body  ppHFAoHS RGP AYBHdarPg el e T aront

pol ycl onal ) anti body pr&gH ren

anti bodi es di &xﬁ%@ﬂnﬁ%ha éi'afff!@‘ BV pHES ST SThARInS1i6:Pf f:89es9°C, eath i nAb is

di rected agai nst a smql J;ternlnant on the anéﬁg%Sahln addition to their
e [

speci fici2), wohdtilommfhedimirnar ol Tt of 4ibvar ag 1{%at they 30 can be
synt hesi zed by hybridoma culture, uncontam nated by ot her i nmunogl obuli ns.
The term "nonocl onal " indicates the character of the antibody as being

obt ai ned from a subst antFiigire)s showp genarus hixheribaet aggmg‘ateamhdauﬁhifestheand is
not to be construed as requiring,. pr.oduc

b d
particul ar m8PHBEKHgpo @111110%&%}%6%@8[%{0(&)133&%%5@@% r%é%pﬂ%/e@én be

made by the hyhs | r o L oc. (1975)
Nt ar o, 256 458 A e B rane TRA ngﬁh%%?*%%

The term 2fononeric nmonocl onal antibody” as used herein shall 5 ref er to an

antbody. i el e cont g g 40, ARSI % ARSI DT IRLPY 10,2

nonocl onal  antshdeeMni nfibbdeataP AR padli @iexw ang emchion of @bkt 297¢ Hgavy
chains as set forth in SEQID NO 1 and SEQ ID NO.2, see Figure 22. 10As

used herein, §ﬁ°cdntthﬁﬁ&)% Dz baay2xkarnd aeat] A 5ABG onal ant i body with

the am no acid sequences for heavy and |ight chains set forth here in SEQ
ID NO3 and SEQID NO4 or SEQID NO5 and SEQ I D NO 6, see Figure 23 and
Fi gure 2430respecti vel y.Figure 7 shows the rate of higher order aggregate formation at a pH

of 4.0, 4.5, and 5.0 as a function of time at 21°C for the anti-DKK-1 monoclonal
antibody. In the figure, o = pH 4.0 at 21°C, o = pH 4.5 at 21°C, and A = pH 5.0 at
21°C.
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As used herein, an "anti-hlL-13ral " antibody shall nean a 15 nonocl onal

anti body with the am no acid sequences for heavy and |light chains as set
forth in waQiodiNIB7 and SEQ I D NO 8, see Figure 25. PCT/US2009/08826MS ed

herein, a "nodified 1g02 anti body" shall nmean an anti body having an

"l g&mM" Fc region of a nonoclonal antibody as represented by the am no

acid sequence shown in Figure 26. 20The term"dimer" as used herei n shal |

mean a bi ol ogic nDIecuI con ting of t ubunits calle
"Dinmers" of the pr esent gt ﬁ%ﬁs g‘r?eﬁ"ie \#@bgrs?méor 5%%%‘?%‘{ fgﬁ'f% MR hg pIH\/vo
nononeri c rmn@z:h onals a:ﬁﬁ 5 DQﬂleﬁﬁmctmn of time at 30N fdrahenanthiDIIEN @osiRIonal

aggregate" or " used herein shall nmean |l arge qligoners of npnoneric
nonocl onal ant‘lﬁtthé’é}’e@ ‘h‘bﬁg‘ﬁf@ Byprid 419 5}13é’r€a<? B4t Wéﬁogég}(ﬁnﬁ%,” P 20 afi mer
nmol ecul ar i The term "aggregate” or "aggregation"” as used
herein shall fean aggl orreration or oligonerization of two or nore

i ndi vidual nol ecules, i.e. prot e| n aggr egate or protein aggregation.

Protei n aggregates can bhe solu i nso bl e i

urj.ty" a se
herein shall nean a mat EF§REE % 8‘@"3 @Tef‘f ’é’ﬁ’ff%’@a?l?‘bgﬁp"cﬂféoﬁéﬁ daﬁ‘fot ein

product, suchs@s,spf fh8fidh S9GMEIRD R fothRe hﬂPWKK)I Moc%aﬁa&ﬁfoﬁ?% g the
desired protein or another protein. Specific exanples of inpurities herein

i ncl ude pr ot efigeref nepH A® #831C,cet pHpr palibiGgadhe ~ddE 5 Peti2ptot ei n, such as
host pr ot &n | eached protein A, DNA, RNA, etc. (See, e.g. U S Patent
Appl i cati Publ i catl on No. US 2005/0038231). The term

“protein degradation” agighy8d0RBs s thesﬁt@btdﬁmri‘omammﬂeg)moﬂmacﬂ anal
anti body or protein that degrades under a certain condition to forma

di mer or hi ghé asraBmchepypeimeat 30°C for the anti- DﬁKﬂeﬁynch&@bémybO&MMb%s t he
feed streamt el C t 0g gn_gﬁe cribe this
feed streami s ?gﬁlre c}ﬁiﬁoiaﬁgg@’lot e ggb%eetnﬁagf and as’ usegq?ier ein shall

nmean a nDnocIonaI antlbody or protein solution that has been processed

t hrough centrifugation cell nd debri 0 and depth filtration
(removal 88 Fine debri s Fisre Tloshewagopsly of FRESeHPEEt ag@agson (oaupime it | 1 or ed
product is usaﬂ; a%°¢ Bof 684 369 #r RMarkODK KN nReLiBhA) oAiBdy PAP Yt pH 3.5,

chr omat ogr aphy ['aboratory experinments and for production of various
clinical | otslnthe figure, m=30The =t 25 14, "#ro 7%, andxaf4°Cni t y chr omat ogr aphy”
shall refer to the separation or purification of substances and/or
particles using protein A, where the 15 protein Ais generally immbilized

on a solid phase. Prot eipfgifiel 12 hodQH @Qlek@rcﬁﬁ"a oré@id fRfatieh Bs @ Thigiivalofry
found in Staphyl ococcus aureas. The bi I’ldl% anti bodies to protein A

resin is RPghltynespddenpaatupy Bmél HOhaed HisMaitrateispptentiptiomior fhaantitifbKee
f | h,abfi pit | d
| 0&2 s el | aeioigRlat ndRoy th o A58, Y B Pl AR IR BT A

affinity to hpreho2ek A9V addpd=ph3 byt ZE8COnel | as to mouse 1 gG&3 and IgGl . A
protein conprising a CH2/ CH3 region may be reversibly bound to, or adsorbed
by, the protein A Protein A affinity chromatography colums for use in
protein Aaffinity ChrOW% NY3RAYw I RIoRE LA gfégatetf&&n%ﬁaagtfuﬂcwhbed to,
protein A imobilized on an agarose §o l'id ph § I nstance the
MABSELECTZfn otindsBSURET Md b0 Lmiyvé cmﬁ(emmmmmeafagemeﬁs@p@ratmfo)r thepmiit ei n A

(Appl 1 ed Bi ooy By ielgral SntBay tniire T LSS BRERCL R r RLSRhG  on
wi th the instanptcnet hods i ncludes, but is not limted to, any body tissue,

bl ood, serum plasng, cerebrospi nal fluid, |ynphocyte, exudate, or
supernatant froma cell culture. 30The terns "l oad" or "loading" shall nean

t he ampunt of a protein F@éj lsi%' FP\XGQ@E@C rdff’r aggre{gate formatio-lqr%g a;fv;ﬁd;c 1on o

“contacting” as used he nonocl on antlgody to
Protei n Aspes |citratmcddaentﬁmhend titheadt 5 foy thEl’E.’nﬂRlﬁKKgl‘ mmlnyclomdl amibody. In

The term "el utjopn buf " as used he n a buf sing a
primary speci 8¢ figye 696’&4&4?%? ?Tr%}gé% %so’%ﬁ ﬁﬁﬁ?‘éﬁg@?é’t‘@ 5@”‘?@6

mM citrate at pH 3.6, 24 = 85 mM citrate at pH 3.4, and [l = 40 mM citrate at

pH 3.4.



used to elute the antibody fromthe protein A affinity colum. As used
herein, the term"citrate" shall nean the anionic species present in the

el uti on bwbf2ero/Ess9deri ved fromthe correspondi ng aci d oPC3aISR009AS3266ed
herein, the term"acetate" shall nean the anionic species 10present in the
elution buffer as derived fromthe corresponding acid or salt.

The term "fraction" as used herein as in "collecting one or nore fractions”

hal | th | t . ti ' i ch ' tit
of & mxture (sol i d 11 KEeae 15aapes e REERIEED R el PRI AP Y
nunber of smabh e osemM aaEBN(MmM @ahte@nsH)3.0.n which the conposition changes

according to a 15gradient. Here, fractions are collected as the nononeric
nonocl onal antibody is eluted fromthe protein A affinity colum.

The term "g§egeneration z i I e -used to
cl ean the iJf:ol um to rerrgéfélfrgga%??ﬁ%%%I??%S’?g@gér]%é‘)}%g%?g a %Lbfogglng
buffer, a NaOBb axdvii&l mivhgnd HI0 raMptiosiehopHS.Aci d- cont ai ni ng buffer (13). 20
The term "col utm vol unme” or "CV' as used herein shall nean the vol ume of
packed resin inside the columm including any void volune. For exanple, if a
10 mi colum is packed ydue 35C0LshBlvs HRSDOC drb8Rs ARAEYt-DIK MMhntibody in

The term "residence tinme"™ as used herein shall nmean an anount of tine a
portion of tha0pddelbmM anderHomd! eiirele at hE 4®sin. 25The term"flow rate" as
used here% shall nmean the colum vol une divided by the residence tine. For
exanpl e, e flowrate for a colum with 10 nL of resin at a specified
residence tine of 5 nm poudrel 108 Bswh Ghd DB profles Kdr the amti-MKKN Bntihody Min

The term "protein A product” or "PAP' as_used herein shall nean 30 the
product whi ch39 &1\ ¢t @1 pach G mM gifatedit AHA-2f fi nity chromat ogr aphy col um
using an acid such as sodiumcitrate or sodi um acet ate. The
term "quenched protein A product” or "QPAP' as used herein shall nean the
addition of a base to tFeudARsBshohs de DECprbiise forthaaphdiiohhstiledl ut i on,
to raise the f e PAP fro bout 30to 4.0 to about 6.0 to 7.5.
The term i eggﬂﬁ\ésé(ﬂ@%a%{ Mﬁgﬁeagggrﬁ-&he amount of product 5
recovered divided by the anmount of product | oaded onto the col um

mul tiplied by 100. For exanple, a colum | oaded with a solution that

cont ai ned 100 grans of Pigwtadd shaws thoBBhhirehles Gorgheameti-OKEl antthody was
recovered frogt ut i on eam. woul d e an 80%yield. The term
"differential ﬁn&%@%ﬁ’?%ﬁ%ﬁa&atpggg as used 10 herein shall nean a
t her nbanal yti c techni que that neasures the difference in the anount of heat

required to increase the tenperature of a sanple and reference as a,
function 8% tenperatur eFiguse 16Pgheadhe BSE pipbles dasthe antoidt] antihody ime

t her mal st abi 5@%@,18& %‘ngé’gd Fddqrnﬁf]gi]nja{esat bﬂdé i dual domains and on the

solubility of orns 0 he*protein. 15The term "hi gh pressure
or performance liquid chromatography” or "HPLC' as used herein shall nean a

formof columm chromat ography that utilizes_ high pressure to _separate,
identify, and quantify EFEH8UTIEOVFbE ralsedf Blggﬁ]%ﬁﬁlﬁfé%%ﬂ:%t%if?fgg‘ﬁ anti-

stationary ph@g@%-qtm&w%&ﬁlai iﬂtﬁ)gd% ﬁﬂgﬁﬁ@ﬁ E{r%o AVPU AR e Bt oh G (BRI wﬁ@fease

sol ution, and etector to quan each conpound injected onto
col um. 205 Thé0mayimrginingtat Bp%s Suitle fsdure (ex 61 wsVomtrath rrortdd praphye atgrH

"HPSEC' shall a ~Lhramat ogr aphi.c  nmet,hog u hi gh pressure (20 to
150 bar) o sipatad GarareT Bl U R AR o rERT ST Vel Gnt o
hydrodynam c volunme. In this invention, this technique is applied for the

separation and quantification of nonoclonal antibodies, diners, and higher
order aggregat es. Figure 18 shows the rate of higher order aggregate formation for the

anti-DKK-1 monoclonal antibody for 100 mM citrate elution with and without 250
30 mM arginine at 25 °C. In the figure, ¢ = 100 mM citrate + 250 mM arginine at pH
3.5 and 25°C, and o = 100 mM citrate only at pH 3.5 and 25°C.



25The term "smal | scale" as used herein shall mean a protein A affinity
colum size of less than 300 nLs of resin. The tam "stabili zing
agent" aswogety/therei n shall nmean an agent, such as argi RCHmAISPE0VIOFIE) Or
hi stidi ne, which reduces the rate of protein aggregate formation. 30The
term"tine zero sanple” as used herein shall nean the starting tinme of the
experiment, which repreFigwrs 19 smedi the edtg obhigher arfier aggrsdeate domegioniferttbe from

the resin. WD.2 19493PCT/ US2009/.053260 Epbodi nents..of the |nv ion
This' | nvent i oM SPAV dRoRe AL e 6 P or P ReyP i Lo b onal
anti body fronpRosphsebaffemiies Qindtibhef sakpl @5a0 M the fgurk B FOGIOMBA kigrake,

nonocl onal an 'bodg, host C%O inpurities,..di mers%%g hi gher order

aggr egat es, 0%7 P cityagg, ﬁf‘%é"tMr@“ﬁﬁ anmk “éo{gf‘@{{é}tﬁi%a%lfi nity
chr omat ogrﬁph czoéiyn : &bi el uting the nononeric nonocl onal anti body from
the Proteih A“Sff m(’lrﬁeowatography colum with an elution buffer; and
(c) collecting one or nore fractions of the nononeric nonocl onal anti body

fromstep (b) to forma_10 Protein A product pool, wherein the product pool
(i) conprises |ess than¥Fimrai2ghdowsribe elfaggefegareclonshantibady qenserdrapns r om
about 3.5 to : | )l 1 fy ' ti body
fromthe sarrp?(g.%é aili %Kﬁ H%&%io@%&%@g P%’reteﬁ %?&{lﬁéﬁeggg%g%g%@ %‘%{é)n aa'lti]he

el ution buffegsiGoateinatia 16rmef ditratecln thefigue, $ e hemie mubdieitmAb/we=

concentration of citrate in the elution _huffer is about 0.030 Mto
about 0.08% M w/@iﬁtlﬁéKE"hmAbaMé-=éﬁm/ -153%31151 : In

anot her further enbodi nent, the concentration of acetate is from about
0.050 Mto about 0.200 M As used herein, "about" shall mean 0.015 M 20
I n anot her enbodi nent offigure 2dbshwesribe kffdet ¢thaonetidrad ahgbaiynductddtiat a

tenperature from about to abqut .30 .C . As used, herei "about" shall nean
ac RS R Ak Erle oot Bboas v Wrelrof Febiondicremeiion
tenper at ure f 608 @hOWE pASCD 1101 BMtcittde Gt 2 ASC Use @5 hgeddatate’ &XREL. Insthal |

mean 4C. 25l n one enbodi nent, the nononeric nonocl onal anti bod% is an 1gG

anti body. 15  figure, ® = § mgimi antiHaKKehbuth easetate he Iong/mdy aeti- GRX]
ti body i A | | i t i t th
FoG1 ant i body 1 e8te o 7 7B ID o BRI AT ARCE acclel BRI €7 DR HRE),

anti body of wWDKR-lthabheapsteand | i ght chains are represented as SEQ I D NO 3

and SEQID NO 4 in Figure 23 (See, e.g. PCT Intl. Appin. No.
PCT/ US2005/ 038125) . In yet a further enbodi nent, the nodified

| g& antibody is an | [ L O ] . . Gal No.
1%/ 581, 931) . y_ 1. 9G8R0 BB hdLANDR 2] mémRFonafallibody aminoosill

20  sequences for the heavy and light chains. (SEQ ID NO:1 and SEQ ID NO:2)

Figure 23 shows the anti-ADDL # 1 monoclonal antibody amino
acid sequences for the heavy and light chains. (SEQ ID NO:3 and SEQ ID NO:4)

25 Figure 24 shows the anti-ADDL # 2 monoclonal antibody amino
acid sequences for the heavy and light chains. (SEQ ID NO:5 and SEQ ID NO:6)

Figure 25 shows the anti-hIL-13ro-1 monoclonal antibody amino
acid sequences for the heavy and light chains. (SEQ ID NO:7 and SEQ ID NO:8)
30
Figure 26 shows the alignment of the amino acid sequence from the
I2G2m4 Fe region of the monoclonal antibody compared to that of the Fc regions
from IgG1l, 1gG2, and IgG4.



I n anot her enbodi nent, the nodified |1g02md anti body is an anti DI CK-1

anti body. One exanple is the anti-DKK-1 anti body of which the heavy and

i ght chawo=osvmE49epresented as SEQ ID NO 1 and SEQ | D ROTAIS2e09/653260 € 22
(See, e.g., US. Serial No. 12/012,885). 5In another enbodi nent, the

nodi fied 1g02md anti body |s an anti - ADDL anti body. One exanple is the
anti - ADDL ant DEddyibp Iy R 0 ' VENGHKINchai ns are represented as
SEQ ID NO.5 and SEQ I D N06 in Flgure 24 (See, e.g., PCT Intl. Appin. No.
PCT/ US2006/ 040508) . I n anot her enbodi nent, the nodi fied | g&md anti body is
an anti- 10 hbkfidigibas 1 anti body. One exarrpl e is the anti- hlL-13ra-1

anti body of which the heavy and Ilgh't cpal ns are represent.ed SEQ ID NO 7
and SEQ I D NO 8 in Fi guthe 2gny Sugteiy ¢f 'Palynsplidg, asapisegherqiny 5@?@ T &

I n one enbgpdi i
concent rat onPPYBep e s b 3R ﬂ"fgs“i BRovrEnD R R Appde .
shal | 15 meanboﬁﬂsOlS M In a further enbodl rrent the am no acid used is

hi sti di ne, proline, gi ni.n i s, i,hyention i,des, a
second nethod for puri f%ﬁ ngsed ﬁﬁﬁ%’wem?cte%% T(]J ’anﬁnﬂ l‘ﬁjr“g% Rl e,

wherein the Safﬁﬂhﬁnd:gmhh%ﬁ@e&ﬁ@’ BRINORE el iAfdr aEa(ﬁxrﬁﬂulB@@ijy hash@St
cell inpurities, diners, and higher order aggrega es nEr|S|n
contacting themslacrpirectwetihataall@mtléimbmdafoSipmlﬁy anhg@wéztzb@l amhqdi%&aﬁﬁn at a

tenperatu f r,om about to abo 7 h i
nonocl onalﬁgan#febggw PrSm? &H&m r S es?{znﬁggfaﬁgw}mf utIs:s’r orrapgwgﬁ?%&c ifm wi th
an el ution bukhekn ﬁpmiﬁiblﬁdemgeﬁaﬁlémi&uaﬁm& E@ﬂpﬁﬂhmazthamwbndﬁntlablma‘ﬁrs@f 030 M
to about 25 0.085 M _and (c) collecting one or nore fractjons of

h
nonomeri ¢ rmn@@l%ﬁﬁideaﬁhal%oé@cm P%’mhé‘flé% ope) light” repim @bpiod pikRana ﬁﬁ 8§Ect
pool, wherein "ﬁé}%rpr C(gb@%c’%fo-eo JIENPThS %ﬁuﬁ&gegmm@gmﬁm bPReeh eRAST

aggregate, and rom a 51to hereby purifying
t he nmononer i cmnhniaslamzaiabknrﬂghndysf fabmm 1etos dhploe mcﬂ@lammnetceh&uﬂdnmé}’lt of
t he above pet hod, tﬂg el ution bUffer%sﬁ acetate or .citr

In a further SFBOUIREPT RN TSRS hgcagoxgriprmipd Ii"?ﬁlf”’ﬁé)f(ffﬁfh B put £ er
is from about 485830 Mhiinabes ngﬁm@ﬁiy M podsibUsPf eflefié Ancticdq@uy.” shal | mean

0.015 M In another further enbodi nent,” the concentrati on of acetate is
from5 about 0.050 M toTébdmm T foremenpshallgefsr ethei fragmeniuystalized] C-mean

s conduct ed. i arpih BF fSpin By St B ChEaRTOS AR el
“about” shal | «gBRang,dlent bihiPrefd b RS ﬁ%@f‘ﬁ@ﬂ' dﬁﬁ@&n bR MRIchCof tBe ﬁ&%ﬁ?t ed at

a tenperature 10 from about 15C to about used herein, "about"
shal | meafd0 4Conthiningtbe &hEd bt &ndﬁédﬂmam&erl c monocl onal ant i body is an

105 antBody. | on or dsm e Dot SRR A LS, RneErLE fonect ona
e bIST T Byt SOEP i o LR eSO
and SEQ | D NOi4.ithe mc@udealzc@t1b®ée$ cemprisiBCThd pepulatigpars . ideggical except for
PCT/ US2005/ 038]6%55816 naturally occurring mutations that may be present in minor amounts.
25  Monoclonal antibodies are highly specific, being directed against a single antigenic
site. Furthermore, in contrast to conventional (polyclonal) antibody preparations
which typically include different antibodies directed against different determinants
(epitopes), each mAb is directed against a single determinant on the antigen. In
addition to their specificity, monoclonal antibodies are advantageous in that they
30 can be synthesized by hybridoma culture, uncontaminated by other
immunoglobulins. The term “monoclonal” indicates the character of the antibody
as being obtained from a substantially homogeneous population of antibodies, and

is not to be construed as requiring production of the antibody by any particular

-9.



In yet a further enbodinment, the nodified Ig02 antibody is an 20l g&n4
anti body (Figure 26) (See, e.g., US. Serial No. 11/581,931).

I n anot hewoentyadp4vant , the nodified | g&mt anti body i s &oTASRODKE3280

anti body. One exanple is the anti-DI CK-1 anti body of which the heavy and
i ght chains are represented as SEQID NO1 and SEQID NGO 2 in Figure 22
(See, e.g., UnSthoSer Fat elgnple2 i1 mo868ynal 28Lihodinohhesin embddi madit by tthe

dified 1902 ib i iz, Al ' ' h
anti oot ant FRsRg skt TrERstRbkd o Kol P W RERF SPRB LG o
SEQ I D NO 5 apélmabédhy RcbabthahhDNAgmegodd(1(pee, e.g., PCT Intl. Appin. No.

PCT/ US2006/ 040508) . 1 n anot her enbodiment, the nodified Ig&m antibody is
an anti- 30 hlL-13ra-1 AReitysuymorpactis moppdona aptBodint 3s- uge( heregp ghall

anti body o i Y, I . i Q«éﬁc § . | D NG 7
and SEQ | D§ N\gﬂéaﬁﬁgaﬁaﬁ?@&ﬁ&? %)eléeb&g&aﬁl@qlﬂgée erhlrag-1g aﬁ%?\ﬂéﬁg@%a@%%e

I n one enbodi peminpn@n am no acid is added to the elution buffer at a
concentration from about 50 t.0 abput. As used herein, "about"
Shal | mean 0.015 M. 1 i e DR ShoBiIhc | AWEodhd Herk Hoaerleet

hi stidine, prohi@y Wil tHRrMhifbR8id sequencddiod lighY S hQRy Rk d8SetFolthind
nmet hod for purifyihg a nononeric nonocl onal antibody froma sanple, wherein

t he sanpl e cofpR) eSO hand QAN Q: 2nenedtigere2. ant i body, host cel |

inmpuritie di mrers, and,hi gh or der ,aqgr, t.eS, C ri.sing: (a) gontacting
e sanpl v th-a pr ot e ReLPyET a "SR ARET oGP URRRC Y ol fBhe g
tenper at ure f amiBodheidth the Gnlifo 8@ ¥équéddes fGiNea®t Bitd ghttdAinsBATHRE hére in
nonocl onal antibody fromthe Protein A affinity chromatographic columm with

an el ution buPEE b rad REQUELNEE oabER IEbNEeherdhPEQALY NEH: apo Biguge 050 M
to about 0.20 ) ing one or nore fractions of the nononeric
nonocl onal an??%géqﬁ%%‘lé egé)éc %%E%to forma Protein A product pool, 15

wherein the product poolAs(ivyeddmpsinses 'asshihbirab% dntiphdy mtemeaggaegat e,

and (ii) has a pH framabout 3.5 to about, 4.5, thereby purjfying fhe
nonomeri ¢ 3%0n8%9“8?1‘8¥1§%1£6‘§’d§7@ ABTRPIE ackhsfagences Tor heh an<, Lg]%?rfg’a’é’ﬁﬁédi nent
of the above gatheflin %@Q 1BINGI70RIRHG 85 NP3 aceFalte@s, Citrate. 20In a

further enbodi nent, the concentration o]‘ citrate in the elution buffer is
from about 0.030 Mto abBsutsed hogh, M'madifieddgGhangbody" shdlbuein ahaidtibodean

0.015 M . hn-anot her furt her enbqdi nent. he concentration of
acetate is frbRinBAR: 1BOG80 REVSERBAN BOBGUON APeben Farened BB
shal | nmean Oafdf Mid dRubiteanoihes FRWPOY6 TENt of the above nethod, the

net hod is conducted at a tenperature from about 4C to about 30 C. As used
herein, "about" shal|l ndan tprg¢dimer” as used herejnshallf mearharbielepisanmsele t he
met hod i s con : ts[@@r Ol : Y/ . used
herein, " abou'tg Hgséﬁ%ﬁfgfr}gvé’n .tsag%[en %ﬁlgdﬂé%godlbﬁé%g to? ﬁfg@ﬁ%é%%rﬁe}?‘%é} 16
monocl onal anthdibgyan sn@techizGoaninifwtyn monomeric monocldial antfhudiceer

enbodi ment, the nononeri ¢ nono¢l onal antibody is a Gl or modi fied | g&
antibody. e 4t hélggﬂ%rn% o FARERE N T %Eéfgaﬁi PHYerTE syl

ant i - ADDL - ant i:0adYaroO0Ro SXATBE S1ohSmEREmBAbLoriPRbiRIH OB Y e %’gid%%%&a%e‘?e_
heavy and |ight charns are represented as SEQ ID NO 3 and QID'NO4 in
Fi gure 2326 Sedhangd0§ kDRCTe |ditnkr mojspular wight. PCT/ US2005/ 038125) .

The term "aggregate" or "aggregation” as used herein shall mean

agglomeration or oligomerization of two or more individual molecules, i.e. protein
aggregate or protein aggregation. Protein aggregates can be soluble or insoluble.

An "impurity" as used herein shall mean a material that is different

30 from the desired protein product, such as protein aggregates. The impurity may be

a variant of the desired protein or another protein. Specific examples of impurities

herein include proteins from the host cell producing the desired protein, such as

- 10 -



5In yet a further enbodinent, the nodified Ig& antibody is an | g&n4d
anti body (Figure 26) (See, e.g., US. Serial No. 11/581,931).

I n anot hewoentyadp4vant , the nodified | g&mt anti body i s &oTAISRIDKSIL6A
anti body. One exanple is the anti-DKK-1 anti body of which the heavy and
l'ight chains are represented as SEQ ID NO1 and SEQ ID NO 2 in Figure 22
(See, 10e. g.,hast ro®ens, aleadted PR 2A8dBNA, RNA, etc. (Seel re.gndlhelatent

enbodi nment , t he o n anti ADDL anti body. One
exanple is th‘é goﬁwl?ﬁpﬁdﬁﬁm&éé%ﬁlﬁe heavy and |ight chains are
represented as SEQ | D NChé 1ol "PréeinDdbalation" Faguked drdideshallen@an £CT
Intl. Appin. No. PCT/US2006/0Q40508). 15In, anot her enbodi nent, the nodified
| g02m4 ant i bo@xynvee%n@ﬁwona% RGOy 07 profein thafdipgradpeinden amseidain sondidomnt | -

hl L- 13ra, - nd light chains are represented as
SEQ I D NO? an gﬂ%ﬁ%ﬁ:ﬁ\%ﬂé %ﬁgg ¥ @( See, e.g., US. Serial No.

11/ 875, 017). Prlmaryl rremrjenjmdumntthe afeedmistrearacitel Peoteidded t o
the elution buffer at 20 _concentratijon fr.om about. 50 nmM.to y 00 rnM
a6 Cused her ei HIOMBISGIERY S QAT HHBRHICDI SERPC I PR FAR TS ABON MRS t he
am no acid Usﬁﬁeﬂeé c@ﬁtﬁté”délf@leas &E@'hbféﬁl sIQM) Re&H Qhﬁ@wclonal antlbodg or protein | N @
further enbodi ment of each of the above-described nethods the Protein A

product pool ﬁd@tual et bis been IGPC@QSF@aThmgh centrifugation (cellrandsd¢buis gmmiead) wi | |

be better nder rom t i_c al | one skilled
'n the arl S s R mmit i, S Ty 1R B ptis e r Ry ¢ <

di scussed ar edé&ﬁ eﬁli/eréd psdubAtd ViSedhs ttH@ fé:é&l\/%lhﬁ&[' f&s ueeﬁﬁﬁélaeﬂ amhgy fully
in the clains which follow thereafter. Tenper at ure Reduction

for Reduci ng ﬁlevela@gmhpﬂahoeatmmggwegmtegnﬁ@r pwgluetmtef arigps glfri¢ah iqts

Chr omat ogr aphy El ution bs ent, Low "
characterize the terrperzﬁurer%langl%I pen ncﬁ'ﬁ)rr%at%r%qhgl nShglénggé |ﬂ(%?1 t he
effect of tenpgaatidher dudfigtioanlissdess aldidr pmlq@mismgommmmg;henetthat e

(100mMv pH 3.5) was evaluated with respect_to an anti-DKK-1 nonoclonal 10
ant i body. #hep@m%w&?@e@m%w B@efél?maﬁ%@pweh Fsptsiy Aring 4000 58!

anti - ADDL non Al
smal | -scal e e%%el (r?rt%ir?ad;ﬁ%\emg fon. l(\)@%gﬁ %Jéﬁ%ﬁé%i%@%ﬁ%ﬁ&%t%?ﬁ!&%%ﬂ%%g%M
Phosphat e, ci to pboégin mrhssmdllnghljwphwﬁo dBrolanh fAebmdyvenié Ipgh effasigdo fhohe

Hycl one (Loga

Y om hycl one. Tiebgt munmoekRuGer SR bbb bt deb g B2 6

chr omat ogr aphyeR*p e5diiB G2 1RE0E BSRih AraIGRitheddeREah@initPePhlimba | t er ed
centrate was obtai ned and was used as the feed stock for the Protein A 20

affinity &hr oI@ﬂo@vf‘aph@/ Igh pervefierr tp. manshiaGromd &G R 4 Bypemdeniprisigda t wo

t ompor at Ur o5, CEAAEHT neRPR TRy SEAERHRER, bPuRE Ryt odefhctidh, S kR AT ©
MABSELECTTm r Pﬁ:ltéln( 33. a%émegL)chMﬁategapﬁy Qrom% %It hyse Eﬁv%)rékfemG AMagy um
phosphate, pH 7.2 (PBS) m nute residence tine). Depth

filtered cent p}acpglamgh@égg@m a]pluga, but are not limited to, protein A immobilized on an
agarose solid phase, for instance the MABSELECT™ or MABSURE™ columns

25  (Amersham Biosciences Inc.); protein A immobilized on a polystyrene solid phase,
for instance POROS 50A™ columns (Applied Biosystems Inc.).

"Sample", when used in connection with the instant methods,
includes, but is not limited to, any body tissue, blood, serum, plasma, cerebrospinal
fluid, lymphocyte, exudate, or supernatant from a cell culture.

30 The terms "load" or "loading" shall mean the amount of a protein

per unit volume.

-11 -



g mAb per liter of resin using a flowrate of 6.8 nL/mn at 17C. After

| oadi ng, the colum was washed with 3 Cvs of PBS followed by 4 CVs of 6 nM
sodi um 30wphomphatose pH 7. 2. The product was el uted w t hPOTAISR@OMFI2A0 Ccitrat e
pH 3.5 for 0.5-3.0 Cvs at 8.3 nL/mn (4 mn residence tine). After elution,
the PAP (9 g/L) pool was held at 17C for 30 minutes at pH 3.5. After the

| ow pH hol d, a portion ®he tttien Peonte¢timgA g5 vehdc hergipARhalhimgsn godaciiag pl aced
at 4, 17, and_37C, The . i nder.  of .the PAP e 6.1
and pl aced at mﬁ?,rl()%?r,lalffﬂ{ig%l@%owgli & egng Itgé E)@%g] %%nqﬁr%%a%gioé%ﬁgﬂi ons
3.5 and 6.1 weslegmhaken at various tine intervals, quenched using tris base
(1M 20 mL) to pH 6 and analyzed for protein a%greg_ate ontent ysing
HPSEC. The col unm was r eferiemat elitignt Wulfero\as ptedsherginy § 'mﬁaﬂy@ﬁb’ﬁ%ﬂe, 1M

sodi um chlori de,akaf 3 pﬁri‘n{aﬁl}rﬁ?émg StAr &b ohiftine 4G &t LANR abdlatEBRhich is

Experi nment” 18: s ekxperinent used the sane col unh, feedstock,
and pr ocedur eufedrto phitd the mhtilopderioine e protafif A nffinityclohommt ogr aphy as descri bed

in Experinent 1A 10 with the, exceptjon that. thjs e erforned. at 25C.
After elution, the PAP ‘E]"‘Ii_%eﬁqg§h%)te%sm§ﬁtﬁdisb‘?ﬁhgﬁem\gﬁ% 51“88l§d51°§f1‘“’%5c and
30C. Sanpl es (280 B ihe@lutRRiufeLAPRI ALY HBfh WBLErésplRdindhciddF kAUS tine
interval s, quenched using tris base (1M 20 4) H 6, and anal yzed for

to

protein aggregate conteAs ussd hgreHpIECerTh éacetalelirih apdhe meogicetPepict h 5
Cvs of 50 sodi um hydr oxi de .. 1M i 15.¢chl ori - m n and
stored i niBoodaol b medtadets ] Gael Rohwns BALLBRRL sl B D0 S0 s
were anal yzed for mAb oner. ¢encentratio sin [+]0) Pr I | D

i mmunoaffinity cartri dggﬂ%ﬁgfﬁh %ﬁ%ﬂai |aanse(5ff§rgﬂ,?§ﬁc90§§g 05(-\)%6\8)# I%edr?%, Pal o
Alto, CA). Preahelichsagedlesisiete rehulesisa aparatibg peicearidarhiciggegdh eainttn each
sanple were quantified usij ng a_Tosoh size exclusion colum_ (0.78 cmID x 30

cm | engt h) on©h@ MEitvEnEolid Jimid. Hplate o stgnensianh g dvilsd wp i 2 ypbghiof
accuracy) and t i: £ hen tUren: i f i

Sei enti 11 oy wialTe Blantils BECRALE M ShERTRELSTH Al Bl ARSI osi on
An ant i - DKK- 1 geadidniddgreyfrsctjpms isfé¢ edllassidnay $e abeiomedicahbnovldnal ehlemitiegr aphy

and hel d at Va&%@?rﬁgﬂé%ﬁighga} .and. tenperature (4C37C) values to

deternine the® er@"iPe on protein aggregation. 30
Protein aggregation did_pot occur when the PAP stream uenched to pH
6.1 after product el uti eft‘?rﬁlrnr?g?é‘e?fuiﬁlﬁé’?lﬁerAaﬁf“fs?%ﬁetr n\gg%ﬁﬁﬁa?&eeﬂﬁ%efo 3.5
days of hold 4Rt fhe RRufiLiSrdhARI AN HRPE Ny SEam{TE aLRighkhi Al

¢
3.5 days, the higher order aggregate |level increased from .8%to0 1.3%
whi | e the ant bbffdy aNe@3-cogeinags ek phoph@8wdbeergnae wHes(18).and 37C. The

di-mer r em%i) ned at a Consllhg%rm_ “c%?urfm volume" or "CV" as used herein shall mean the
volume of packed resin inside the column including any void volume. For
example, if a 10 mL column is packed with 2 mL of resin, then one CV is 2 ml..
The term "residence time” as used herein shall mean an amount of
time a portion of the product interacts with the resin.
25 The term "flow rate" as used herein shall mean the column volume
divided by the residence time. For example, the flow rate for a column with 10 mL
of resin at a specified residence time of 5 min would be as follows:

10mL

5min

=2 mL/min

The term "protein A product” or "PAP" as used herein shall mean
30  the product which is eluted from the protein A affinity chromatography column

using an acid such as sodium citrate or sodium acetate.
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| evel at all tenperatures at pH 6.1 (Figure 3). The nononer renai ned stable
at 4C and 17C at pH 6.1 (See, Figures 1 and 3). At pH 3.5, the
| evel of woOghsvoiotder aggregates (HOA) significantly i neceaseaonsizeo
increasing tenperature (Figure 2). In addition, the level of dinmer 5
increased by 0.8% at pH 3.6 with increasing tenperature up to 17C (Figure
4). At 37C and pH 3.6, Thetstabjukbndhed ghoteineA poedietr ordéR Al 'sesusedgiettly ( See,

Figures 2 and 4), which not e ignifica preci pitati on of protei
aggr egat es. TP#%I prat ﬁ'ﬁi gﬂ[ﬁﬂ)tﬂ% °§83iage 18 F}éec?‘x{) h 8u°g‘c%uﬁ’§c}§/as‘8fo r tah@’OSpgatQ
quantificati Oﬁoigﬁorﬁﬁ@iaﬁeﬁh@%r&ﬂ@tI@AP &8l sholypHiR.(SEQ.aithboaps.o3eniss a
limtation of this nethod. en the tenperature 10 is |owered to 4C, the

HOA | evel was only 0. 795 k¢ tam 3ieldi aupees hesein shalbanepn dhe gmpwriaf rpdygtr e 2) |
Therefore,.b h nNg.: h r t Cii HOA
Fovel e 5 yRepPEEs Bfliddiy! BTRAICIAEG T Buck Maabonto' BE Gyt Rufiicd B
experi nent wasopeFborwmblata 2AGuANGa&AGyIto agohribh ftiattdoataifelleld) ghmhio§her

tenperature (> 17C) .on protei, gregate formation. 15 The | evel ._hi gher
order aggr egabEsv %—I@R} fiom t"ﬁ'@apg %%%S E% ,m@“‘?‘rd?’ﬁreﬁﬂ‘fqr?&%"f’ 1t Fﬁ%ag})
i ncreased by %%&%ﬁé«@ﬁg@%gﬁewt es at 25C and by 4% 6% every 20

(K’

m nutes at 30 gure 5). The I(_avel' of dirner increased up to 7% over 4
hours at 25C and to 10%lbwdemi. Siffkrential acadi (cHogaregryb)or TDSGQHEStWSeR, t he

time zero_ sanple.(after product elutio nd cgl ] ection). fof.the 2
exper i rrentlazg%%iﬂ %ahelae ' B Oq%g‘anagg Co{;&%ﬁ%‘lley&‘a{ Wgaﬁfﬁ) %‘Fdﬁﬁ%ng?eolr%%hahi l e
the product wagolRudrtheat reGhivdd 1dnéed thd ngRldtite of arsatblesan@xpRidrivent a

EXAMPLE 2 251 ncreasing the pH of the PAP_pool for Reducing Levels of
Protei n Aggr edacsien ofiempriatPieot EPmpiaterdss NG provkies ipfopyatgmen theorara! and

Subsequent Lo d . s e I t i . n
protein aggr e\gg%aa #ﬂgﬁ% lftehgméc?l]n e%l%d g]s %ﬁv;{%@%_@&fmﬁﬁn’sgﬁldt E‘g tgﬁgﬁ%fig%idgnﬂhgool
was eval uat ed unididedrfespesiithe praaginant i - 30 DKK1 nonocl onal anti body. The
same procedure can be utjlized wth other s such..as ,anti - ADDL hmgnocl onal
anti bodi ed®> Materials ana 'FEt Hpge pressure or performaggs liguid chyqmatography™ or

smal | -scal e expef loTBRL8ed e EinRAAl AARQ fifh ?9 c@lﬂnﬁ&mrﬁa@gﬁﬁﬁﬁmaﬂm&m
Heal t hcare). Phosphate, citrate, and sodi um hydroxi de buffers were

pur chased fromighypresnes lsoprante, WYifyTaidquaat & doompoppis BBLGsserentolamnt he

PAP was purchased. from Hycl one,(Logan, UL . . MAB [ esi r_Pratein A
affinity chrof8t8GY Ry ’Qﬂ%fyi!}%ﬁ“{ gﬁmge%{i?dcRé@épgglf\%%@é&%ﬁﬁﬁ%@?g Dept h
filtered cent pah® swafiodsad Afetddid tbqashiEY eadh dogipotiR@infionidainto theabfnmi.t y
chromat ogr aphy experinments. A Thernom xer R (Eppendorf) and two tenperature
control | ed0roons were uddd {@BMmcohigholpresseepape 1 gxdpaorpApoaaiegraghy” or

t enperatures. I : ho: acked
Wi th MABSELECTTIOIGs @1&% 5’%@3% C%Hr?f‘saﬁt"%f\%%m@&’& Ogg?aéé%edg %ﬁf&g&ﬁ&?@fﬁhgﬁm
sodi um phosphatas tpktpérale particieBB)sedton@h@r mblegizlar ¢hight ondtyeradysandEneduné.nme) .
Depth filtered centrate was. | oaded at 25. per liter of resin.using a
flow rate of @nalFmeRtion, tﬁ’@dﬁ&?‘&‘r‘ﬁé? awﬁ}eg %)S?p%f“ﬂ%} alfcg%‘%ﬁnﬁg‘?é}{oﬁeoﬂol um
was washed Wit QYs1 SHibbBSs, (phbeWad 1yhet of s a@fre@tétM sodi um phosphat e pH
7.2. The product was eluted with 0.1 MSodiumcitrate pH 3.5 for 0.5-3.0
CVs at 8.35rril/min (4 ribs teeni Gardlesqalateys upid bereoshallumesn a prdeipad (6.9
g/ L) pool was enched usin ri vy to pH 6. Experinment 2B
Thi s QPAP st reagﬁ{” ecfo\?e ngléze?Bge%%l’é%%gﬁﬁt%ﬁg}%ﬁ'experi ment. Citrate solution
(4 M 50 to 100 ulL) was RE@desnt'etabiieifPaRen("28: Led)haueini hall heeadSars agant,i on pH
reached 5.0. A sanple of this solution (2 nls) was taken _at pH 5.0 and

pl aced at 21C KA a%@'(g.lm%P@I@Fogéﬂﬁ?@“%‘@m\ﬂéb%‘é‘?%gdth’?Satﬁé’ﬁé%r%ﬁ”@ AZ8I%n
conditions at {Bgimftioi. and 4.0. Sanples (100 0.) were taken at various tine
poi nts, quenched using tris base (0.5-1M 10-30 I.LL) to pH 6, and anal yzed
for proteid® aggregate coiftegntm lSnagetdP8EPle"36 used herein shall mean the starting

time of the experiment, which represents immediately after the product has eluted

from the resin.
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Anal ysi s: Al'l PAP or QPAP sanples were analyzed for mAb
concentration using a POROSTM Protein A ID inmunoaffinity cartridge on an
Agi | ent WOQbaiomip¥BC system (Agilent, Palo Alto, CA). ProTAiSR@Y§I2eQgat es,
i.e. dinmer and higher - 22 - order aggregates, in each sanple were
quantified using a Tosoh size exclusion colum (0.78 cmID x 30 cm | ength)
on an Agi | ent Efbo@ifmentdRifGhsInstemn A pH probe (Fisher Scientific) with a +/-
0.1 pH unit accuracy and neter (Fisher Scientific) with tenperature
conpensation was utilized to measure solution pH 5 Results and Di scussion
The pH of the QPAPTHAS jfleafi®RSHEviies hetiwee mdihbdt. Br andifpig5aOmbgodedier m ne
the effect of pH on protein aggregation. The nononer was stable at 21C and
30C at pH 4. 5mepogjpredpaiibddyrirem aisamsle, whereiigip samEe somprigesthe Mpngmgrio, 10

and 8 and 10) . . . : . 9 % and at
30Cr angedslf r ionr%gg@g % lggéc?}l’ }ng ﬁ%gﬁép‘%ﬁi%u raé&fg’ang ]gllgé%f{é%gs .gg/gf%%aqﬁié} OA
| evel at pH 4cémpriginga@gdombdting the rsemplengith enPeraib uk effinityi dhromstopfaghg ane
trend di scovered in gfa | e tilgat H 3.5. The di.nmer.level held constant at
21C and pH 4. trlsmg; Kbt cjuigge OhgTBSTiG ﬁ@@@ﬁﬁ@r%‘i@"ﬁy ;i e el A o 30C
at pH 4.0 15( E{fﬁx’i’tﬁ%h?oﬂ{i’ﬁg%ﬁg%“&ﬁuﬂig)with an elution buffel;Mar@0@H LhIRR1HL one or

al' s f ect

tenperature, p 0 a the kinetic rate of formation of protein

aggr egat es i nntone iédrod] the AgortoherisHnofocldvel Pibady drom ritape@3 eth, fartear at e

of higher order aggregate, and., dijer. significantl creased., The i ct of
ionic str éﬁgt r‘ifﬂgn‘ée&f’aucltrﬁogl’e% &Y ﬁ%‘%@%‘é"?mﬁl Qfgﬁmgr;}seﬁsifasﬁg%gn ;gao/"ahi ghly
concentrated agher ofder AbEiREatt Oarldy EVEINs PP BbM WYL S8gAtd @BodUr§ n@efdbpt i n A
affinity chronatography el ution and subsequent | ow pH hold step, the

el ution can beupitdbpewnamesc mogaelengantibodyvpe e SEPacoupl i ng t he Ef f ect
of Elution Buffer Concenrtrati and Cj e i:p Ae
ates Darin! Protein A A ioﬁ%t%ror%@t—g% ?ﬁéui{rﬁgﬁh’aﬁ? %hl(bﬁsrel%lg%? 1Eow pH
Hol d 30The i npeagiie of ciegdatet i on buffer pH and concentration was decoupled to
characterize the inpact _of both parapeters on protein aggregatjon, i.n the
PAP pool . Pn addition, {hé inﬂPﬁfrﬁF%OgBﬂ%n &P tr@,go%pﬁ%?ra}? 1&}‘“? EPifReded
to elute the ,BBOR®On! SI% bigo Ri &) Sldut 6085 M ML Yse8 RERIRY AGRATMYNI GREHM Was
deternmined. This was evaluated with respect to an anti-DKKL nonocl onal

anti body. Mateérd.@1sMand Met hods 5Snmall-Scale: Al snmall-scale experinents

wer e perfornmed using an,AKTA RL,1I00TM, ( Heal t h 0 e,
citrate, and sodi um hydII%%@%@E@W@Qe%U%ﬁgg%egkrﬁﬁ%g?—@cgﬁgen% ogan,
UT). Tris basepsan.@d Mdb db&r@mood]. AbaseRARrelas afuilt Citagiencah-o00 Hy®. one

(Logan, UT). MABSELECTTmresin for Protein A affinity chronat ogrﬁphy_
experi ment8 was In another embodiment of the above imethod, the method “is

conducted at a temperature from about 4°C to about 30 °C. As used herein, "about”
shall mean =+ 4°C.
In a further embodiment, the method is conducted at a temperature
from about 15°C to about 27 °C. As used herein, "about" shall mean & 4°C.
25 In one embodiment, the monomeric monoclonal antibody is an IgG
antibody.
In a further embodiment, the monomeric monoclonal antibody is an
IgG1 or a modified IgG2 antibody.
In another embodiment the IgGl antibody is an anti-ADDL
30  antibody. One example is the anti-ADDL antibody of which the heavy and light
chains are represented as SEQ ID NO:3 and SEQ ID NO:4 in Figure 23 (See, e.g.
PCT Intl. Appin. No. PCT/US2005/038125).
In yet a further embodiment, the modified IgG2 antibody is an

IgG2m4 antibody (Figure 26) (See, e.g., U.S. Serial No. 11/581,931).
-14 -



10 purchased from GE Heal thcare. Depth filtered centrate was used as the
feed stock for the Protein A affinity chromatography experinents. A

Ther nom xw0 2R(EPP3Ndor f) was used to control the PAP amdTQ@R2MIH&IIHI €
tenperatures. Experiment A: 15A colum (0.5 cmx 5.4 cm) packed wth
MABSELECTTm resin (1.06 nmLs) was equilibrated with 5 CVs of 6 mM sodi um
phosphate pH 7.2 (PBS) hta:@aﬂzermbmdnns(r& ﬂnannmcéﬁccbg%&n%enmque)ls aDaptih

filtered cent ed at er | ow

ate of 02 PR BN 08E Rl R BE B Aol of TR A% Al Oy
was washed wi hghtZh&Ms a@freﬁkﬁe@ltédcﬂslsa@m 0 -byand S@@H:@N(ﬁz Mradé P SRosphat e
pH 7.2 at 0.2 i/ mn, duct was eluted using a step gradient wth 10%

of 0. 1M sodi uﬁﬁcﬂ$a9{eéfam031%m( 1W#EInM citrate) for at Ieast 2.5 CVs at

0.5-1.0 mn (1-2 nmm

t hree adg}%l onal timnes L{%gﬁ%%&%@gﬁ}m Erﬁ%(gt/yd é{%bn} so mgglﬂﬁ?lgte pH
3I 5 buf f erI |20A]ic}ﬂEL Bﬁigrggyaﬁde tnptd/lisciht matieADRB anébpdcai Whlbly)hf H-Hat/ﬁand o
elution, a t he streans c u i ris base.
The col um mﬁghtég@ﬁé%réﬁeﬁnﬁqﬁl %g%ﬁig@}g %§§p§£ﬁ}§@§ %/I%“G'E\i/h&@%ehl ori de
at 0.5-1.0 nmLig pcgngys %064 n PBS. Experinment B: 30A
colum (1.1 céﬁﬁ@)i@lo. 9tlb%rgélgg§kgj@€m th M&g%(ﬂEBPE%TTm resin (10.4 nls) was

equi | i brat ed with 5 Q/slm&ntﬁhmmlﬁmélmnt,pﬁwsmtied G2 apEREy iatan2nf- nl/ mi n

(5 rrinute e Iter ntr t ed. a

per Iiter bﬂsp%adsﬁﬁg)ggy%g%vef‘%{?@e df ’m.m% iﬁn}gﬁl hg?f? h]rcﬁtthge
(17C 200) . Afh@r | @@dNigld, chibh® £O réftsenRE ayaSIE@dDANmmn@\@@fIDPBSMAIowed
-24 - by 4 CVs of 6 sodi um phos[)hate é) 7.2 at 2.1 nL/mn. The product
was el uted wi Figuge 3p &peegeadilbhtSesinl Hoohld3 WM 0di umcitrate pH 3.5 (60 rri M
citrate) or 40% 0. 1M so p t e Cvs at
2.6 nL/mn (4 mn resi dg{n((lj:llgg e’tﬂlﬁ déh&}ifétﬁfﬁn&(’%gl%@dté%et%]uﬁ@{b&féfi?a

the PAP (11 gtdncepaionSrovaraboyt! Mol tcnataout 580 malvfi Asusal ha&ig, "aﬁom"mhaliero
sanpl e was taken i tely after elution, quenched with tris base, and

pl aced on Hpseeas & Wﬁel n aggregate content analysis. Sanples (200 1Q
were taken at various tifg fhﬁﬁe@re}&ﬁnlo&mé]ﬁeﬂﬁ@%ﬁné ARRdisad & MisttihDrblides base
(0.5-1M 5-10 !'AL) to pH 6, and anal yzed for protein aggregate content

usi ng HPSEC. Tharghrimtein A affl nity colum was regenerat ed 10 with 5 Cvs of
50 nmM sodi um hydr oxi de, Té ium chc, 2[ gt FY and stored in 20%
ethanol in PBS. For the ﬁcﬂn? PAPEVE G&PE‘S%O’%GBSW T EHEPE)E 2 FREOBAF pool
was subdi vi deghonbélend@pabalyefrén msaﬁbleqw%ﬁm Gk tmapR dofise thdmbndhkrivas
added to an aliquot to reach pH 3.4 or 3.6. Phosphoric acid (8 v% 10 pl)
was added?f o awnaﬂpmloqmlﬁv@dméa)@h celHigpwitieps dEneger arhéehtg gt order aggregates, The

o det ormne. ToBR 0 (AR SRR Minglt R o piolie, T B0 R hir L,

This reduced acluthncoadenperatiieofitor mbamtlé&[? tcheboga adiCG ) airtﬂtntghhe pidnsinope 20

during elution, re her ooI 9 versus 3. 6.
Depth filter ooestion taél‘ﬂE v amﬂﬂ%lﬁfq‘fel atfiny Betn i B A 3By ot e
A colum (V —eﬁaoﬁ%uf?eﬁcorﬁbﬁglﬁg%m%% A\Kd}%ent&i%mxﬁ%o& @@éo NB b Sbcut
residence tine of m nutes at  23-25C. After |oading, the colum was washed
with 3 CV&5of 0088 MDM@@&OBW%@W@ afmerenfiacsions afrihshoentaers mhh®lonadt 0, 2
25 mL/ mn. Forth Iutlon 50% ar S
used to el ut ea]tltlllb om BI%P(@ %%S%I%olﬁg e?ant d%?%?ggﬂ%ﬁ %{nattfhg Folaua[%m\[va

el ution, fracti Oaﬁpﬁwsﬂes@@hdm%(hig}ﬁt/&ﬂ’dyr Ehgvedaré, hﬁ@(ﬁ)(ha@atpﬁ o 26VeL3.3 hese
fractions were apal yzed for nongpper concentration, pH, and conductivity
and then pool &ja’P@W 405 itheasbyc Bialamer thei BAnesneric megoplonalaanithedy drom Hbe pap
stream were pgﬁﬁﬁg at various 30 tenperatures (4, 15, 20, and 23-25C) and
pH val ues (3_ 2, 4.5, 5.0) and anal yzed at various time points for
aggregati 6t using HPSECII( Fing uemebdtiishent of the above miethedpithegebutibeituifthanged
slightly when the acid concentration was reduced to 50 mM which resulted
in a PAP pH of @8 O0Ei28l%s 3. 6 for 100 nMcitrate, However, the el ution
profiles overl apped and the product collection - 25 -
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wi ndow will remain the same. The Protein A yield for the 50% el uti on was
94% The HOA profile using the 50 nMcitrate elution at the various

t enper at Wwe0sl0y®3i s shown in Figure 12. A conpari son pemusesotobeb0 niv
and 100 mMcitrate elutions at 23-25C is represented in Figure 13. 5

Anal ysi s: Al'l PAP sanples were anal yzed for mAb concentration
usi ng a POROSTM Pr ot ei ninf fuithenemheodifiehiiths congertrdtivgeofsiirain ingiel @wion 100TM

il I i Sy 1L @1 G d
i gher or dor ot gobem el OhiPERbou TR AHGEERRLED anbuC sl 8Ly 208

si ze excl usi opogabarn (0.78 cmID x 30 cmlength) on an Agilent 1100Thl
HPLC system A pH probe (Fisher Scientific) with a unit .accuracy

0.1 pH
and neter (Fisher Sci enﬁ@@}er\ﬂirf}}?fﬁ@qlfﬁw_ljﬁlée EIpRFLIRD; of Resials i, M zed to
measure saf ut gy Phiso }Euﬁﬁﬁﬁi 5.%0@9?}@139&@&%&”“%011‘[" shall mean L0 15MAt €i n A
affinity colum was eluted wth various citrate concentrati ons to deternine
the | owest concentrati olm ehotbért ratbedimssi ¢f ¢hd aboed unétbed,ofhet hethronener
fromthe resin. The. 10 v% and 2Q v%ccitr on trations.el uted 80% of
the monomer t FEEUGEd a‘o%[?ﬁ&’efag“@ @K&BIPW% ﬁ%%‘cbogﬁg%*wsgﬁ hﬁf?én’cgl?or"gte 20
concent r at i ongyARSnéancy £Lased to 30 v% only 2% addi ti onal nononer el uted
fromthe colum. Therefore, the m ni num concentration to elute? 80% nonomner
fromthe colum was 20 I\ @irthemembodiment, the methopjis pendugted @t @rigmperature
concentrajj ong _were f 2 ter g e it »'rrgg. v Qf 11Cl t oncentration
on rn)nomejrd st%gﬁnlairb&f/t lgjt%v%ﬁligoglﬁg?pﬁ ‘Qplo}lsr?td shg%\ﬁien q{%e&fgqﬁa@ ?Ca ((af
concentration was | ower RdodeCen@bdiiver@nthe phbmmsericnaseated] daibad8 is 2BCGHOA
| evel was 0.3% versus 4% 5% for 100 mMcitrate (pH 3.5) at 25C (Figure 14).
As the citrat@tﬁl?ﬁ}i-entration was reduced to 40 inMcitrate at pH 3.6, the
HOA l'evel remained at Oy3¥uffr BhbdhAshe, hdiAAGnerdBbRIQGRT ahifayROATET
stability was a function of citrate concentration as well as pH ~Wen
phosphori c aclgfilwas: mddiéed B2 mstbedd of citrate to pH adjust the elution

pool , the | evel incypeased by r oxi mat el . 3% fqr every ti oi nt
sanpl e upto 2 hours. THer 8ok, © lrﬁﬁ‘ﬂmeoﬁgg? ?)rﬁ%)g hol’i 8na%1?tHK?) eased
the rate of HRidoayBht @Rarh@E i8thd AANADDI ahEbody JMchisR MR B&vyitan@lightd
(3.6). o At thg PQEQBIB)O}LMF)B"_'W% gmtlg%g%l_oyﬁ\nmng Izggé di fferent
aci d concent r giduegaare ygnrescnied nag! : 00 FHEUTE e, C@nd 60
mMMcitrate w ) 0 ;%J?plr i | evel of HOA i ncreased as the
citrate conceE?F%ﬁ‘o%@ﬁ%ased[p%?ﬁ@é%sa%l??gn, the | evel of HOA i ncreased

significantly over 5 tieyétaduithat enbadigent rias inpnBfigl et rantibedy ¥5amM  For
exanple, within _a one _hqur_tine frame, the rate of HOA in 100 nMcitrate

was 2% pe?0 20laand axihodrEignte 30 (Do 9o 8% Sratal Do hi/Adkedl)in 75 mvcitrate
at the sane pH of 3.6. i fion: p I } : : ol

i ncreased the rate of F&%@@mﬁ%ﬁ@%ﬂ’nﬁgﬁgggﬁg&é@%rﬁ%tag%w;g@ﬁt#gn pH of
3.6. The conc®iK-dtantbody OokkerangleiinttehetiPRKpbaitibd@y hbdhmh theiyeey anh HOA

Lhe PAP was cRERGpay s RBIFETSSHEE T 40 A2 SFR IRCi? T Fighte G £
lleast 12 hour g swith §. $hR1 RG. el ggmpte el ution condition at pH 3.9. The

anti-Dia-1 mAb "al so showed inproved stability at higher tenperatures in the
PAP. For &xanple, after lmanghdigumbodnentatheagodife] Iglham4 gniprmlycs mpanted

1.0% 1. 4% HOA e ' P f.0 e, L | ' f . 30-60
m nut es was 0%%@%&5’ ' égé Eg%qglgﬁsig %“é’%%?@ﬁ‘%ﬁé%&‘g%w %ﬁlm?n t he
| ot as shown kEyhtdh@ing @rp@pies@ted 48 FHQUD (L3 .and BEQ 01 HD:@inPigureR4fat ei n
degradation (HOA plus diner)_ in the 50 mMcitrate PAP was 1.5% which net
the goal of <eZuPCinbtlefgpls: Npelfutilig0PHE4¢34%at e concentration and 20

i ncreasing the pH was p i ga.Ld.cant : | .0 the
PAP Trom 9% 6% Lo 0. 59 1ot A por i it PR T b P i B 4G S pact
of pH and3@i t hHt-¢3@ehestitadst Doa eceampleds Theamil blLAlducé dnthédy df nhichftha
Monocl onal Anti bod Measured by Differential i N i Ly
Differenti al 8%1%%4}5’33@% %‘Ff“ﬁEatr‘F §¥1?r§533{9§0%§’l g%@eﬁ@ﬂe@é’guﬁé gﬁo&ﬁ% n
stability. Pr qﬁ,@jr@ 2818& kist YU Bssdral 88! y1/8ependent on the environnent, which
has the 30 ability to both stabilize and destabilize the fol ded structure
of the protein. DSC operates by neasuring the heat capacity of a protein
solution during a tenperature ranp as conpared to the heat capacity of a
solvent reference. The differential heat capacity between the protein

sol ution and the solvent reference providés a profile representing the
denaturation of the protein. Fromthis profile, the apparent nelting - 27 -



tenperature | can be determ ned. The denaturation of a protein into an
unfol ded state often results in undesirable events, such as aggregation or
chem cal wegrwdapisen (19, 20, 21, 22, 23). Differential PETAISR000453260
ealorinetry (DSC) provides sone insight into 5 the nechani snms of folding by
measuring the tenperature-induced unfolding of proteins. The information
provi ded by DSC i s usef il onerensbodamemt gn whinappidi ic addedrts thawloficn ngignaba ei n
stability, such as clo sel ectjion,  formul ation devel o nt, .and,.p ein
charact er ] 7at FOICREROEY Shigh HORNT 1Erate S0 PSS ShRPREEN LABULRR ) e
nost stabl e dpjégne@peuwad early in the devel opnent process provides a huge
10 advantage by potentially shortening the tinme-to-market. DSC is also
critical in fornul ati onievertksseathodingidndie emire peidtused ishiviidionmspline such
as pH, ion'%c 3}&29&1’1 , and ot her excipients can inpact the folded structure
of the protein, resulting in a shift in the nelting tenmperature. By

screeni ng various ddii tinveation nprotided ar rhivdit methot ufok epyrifhE pr mondmsria qui ck

way to optimze buffer conposition. 15 Aggregation of therapeutic proteins
has very seri H@OFl%ﬁlia@_ﬁ?‘;@né?m@éﬁ@‘ip#gW%% U Frme ICPF%‘S?%%EWPW tion
processi ng torﬂdﬂﬂHﬂﬁﬁeﬁh%?ﬂggmf‘%% inPuiiedO dinldls, Qﬁﬁﬁfgﬁé@%)ih&f‘ ag@Bbhtes

subsequent aggregati on, roteins iS sensitive to nmany i ngs, |anuding
pH and t enper abmpesin@hia} conthcting beisampkl with at Protegn abaffinity chforndtegrapleat i c

pr ot ei ns regul ate both of these factors,,~20Mnoc _antJ bodi es, have
Uit ple dbrmeHLTe 0 AL PO ARG 86 Cate RPBhe by CH-EDHAE, B, ¢
strengt h. DSCoyismiésednbottal WatiBodyhosf fIRCPrddini AMiMinkY I@REhioaplic at e
concentrations of 30 mM 60'% and 100 M) and pH (3.0 to 6.0) on the
protein's thecpiimnsyihiani ¢lytiorp Buifer eamppiisinganrgtaie ehagencentration from about

Sol uti ons wer [ :30

citric acid ( |dggga%gq‘bﬁ%tu?3)68rﬁﬁe%5§ﬁcp %?39(2[10 u?lirlé(;ﬁms I%grregﬁ% gsdjjoggtthgy to
t arget val ues nafnoteflc ndorbelodalOantibody fidbmOsterb(1H, toafotinG Propih nproduaision

S b T
anti - DKK- 1 antdipagy 2abi5ed M3 § Mo fALIUAL iBdebH HhafyiNEhd mdibgRito 1

mg/mL with the citrate buffers at each pH. The coricentration and pH of the
final 1 ng/ i mswlodbhdratihedyeremdbausaotple. The fornul ati on buffer was diluted

in the sane ratio for use as the reference buffer. .- .28 - . .
Differential scanning c PP h'i’?‘{}mf%sef%ég%vgna’ﬁ%{oéd%b% eg}‘t’l@flcl?‘g@élf’?m

VP- DSC. The t epfnigeat vit@tenwas ranped from 25C to 95C at a rate of 10/ mn. The
raw DSC profil es were anal yzed by subtracting the reference buffer,

normal i zi A8 the concent Paeilbrker dmhpdiaettotsicRyceiiaien pkcigele bdhe higsi ng
Origin 5soft girgal 8 h I Egat " DSt Usshon
The i npact O%E)lﬁe%l% m??oél}t{\g'oggrll\,ggon ﬁr@??@ﬁsgﬁ ‘(?%uegg? gllreﬁrlgl %%gghﬁﬁty of an
ant i - DKK1 ant izbm@is Mas exam ned using DSC. The results indicate that the 10

melting tenperature i s gecrease s the pHis decreased. The results al so
suggest that citrate hagn angt ?rgéﬂg?r hl&qd?’ﬁﬁ‘tt% CPH%‘?“?F&TIO%?Q%‘?E’F%?‘T d IIBCPmt hi s
monocl onal ant,hadyosativ 9 Whdtd 0VRIOUASAs used herein, "abd¥t” SHalMAdMS0.0€S BV 4. 5,
the anti-Dl CK-1 nonocl onal anti bodg@gl luted with citrate buffers is nore
thermal | y 2§t abl e i n | owleianoghes evbebmenanf oths a®veFmgthod, 1Be AnetBod Gp. At
pH 3.0, it appears,that 100 ChLr h al-y f t ,otein
and transition naurcéedn&gta 1£%nrngesrréaqr\ll{l © frémf&?@utpﬁf’@ft:@%gg&tétgr bSé‘g %f?daﬁegggoxh%ﬁﬁﬁ
citrate, a sinphlemksangPCion is apparent, suggesting two of the antibody's
dormai ns are unfol ded. The data supports that this single transition

represents the unfol di ngddffusthe amitpdiraentothe dpethorbisHopavdes ot AEMBSEYR
increases to 4 ' t en : | bgod Ncreased and
t hree transi tﬁ%ﬁ%aﬁiﬁ?ég@oﬁﬁgh@hﬁ' gg@@@é&gﬁe a??%tﬁlglﬁ%lggig%}gan%st i kely

t he unf ol dong of the CHZndoeminbpdibehnt, divechobymeheniabclondgnebedyandntlp@ CH3
domai n. ) At pH val ues of 4.5 and above, the apparent transition
t enper at ures gHb9%e anti- DI CK-1 monocl onal anti body are independent of
citrate concentration 2%, GHiarrent®dMen th€mdabmerib gaoiBtlohNhntiBBLkaAhUr €S
for the anti body increase as pH increases. At higher pH values, two donuains
unfol d sinultds b@samodrf@ﬁdgﬁgﬁguqum profile that has a large enthal py for
one transition and a second transition with a | ower enthal py. W concl ude
fromresults with other nonoclonal antibodies that the CH2 domain and Fab
have sinmlar nelting tenperatures at hi gi/pH val ues, 30 corresponding to
the first large transition. The unfolding of the CH3 domain has a higher
melting tenperature and corresponds to the second transition.



Citrate concentration and pH inpact the thermal -i nduced unfol di ng of

nonocl onal anti bodies. As the pH was |owered, the thermal stability of an
anti- DKWKoRommemBonal anti body decreases. Citrate con®emusatoom2en! y

i npacts apparent transition tenperatures at | ow pH val ues. Lower
concentrations of citrate result in higher nelting tenperatures. 5EXAVPLE 5
The Effect of Ami no Aci th Stnallick i eebelimmntPrist dzG1 Agafftegat isoan AeittiAdDL
conditions are required in order,to el e body romthe
ot el n A af t Ay OBF cxteRlsoS bt Gt SRR e BiRn N bes Pl pr (5
4) can resul t chdind € r£9EdEBiIQR ST MY (RS An@SBREUANESt id RgdaddBtReN . a

stabilizer to the Protein A elution buffer has been shown to i ncrease the

stability of ECHrlotletpplatNe b HHS20PYPHIAe) was sel ected as the stabilizer
for this experiment to ﬂ‘?%@{?ﬂlﬁhhﬁ( chB6d; H{eﬁﬁgﬂg%&izﬁ 9Lah t1'|:)§(3j he,glution
I equ

buffer wilT decrease |eve er or regat es an ently
i ncrease rnAbIgyahd hmtibodyfFiguee(D@r(Saaretgs, Wr&ermNooﬂWéﬁl 881)25C.

For an elution using 60 nMcjtrate with i ni (50 inM
there was only a 0.01% &baRiageembpdupppt pg&edégfiltﬁﬁ‘ggg(ﬁgﬂg Eﬁg’r’é&nt%“’f he
control (Fi guipgid 4) gy ggeger%( ’ex&ﬁgle%ﬂi%'a!ﬁh']@ﬁKUFhﬁtﬁ)o%lg’%fW}ﬁ&l'théHéa‘%y%&h and

20 w t hout argl ni ne re was a 2.9% decrease in higher order
aggr egat e per ¢ightt chams anowpresentpdaedEQ dDNE: lcmdt3E) 1D NQdrie Figire 22H{8¢ef or e,

ar gi ni ne s eff iye. d jng the levels of higher order aggregates
ina 100 cifr iﬁg %‘?WEN oﬁﬂgﬁggggn be used as another option to decrease
I evel s of aggregates duni BgothfiCedbRbi@bm, heahbdified YoGIhamatiBaTaR M Aid
subsequent | ow pH hold steps. 25 EXAMPLE 6 | nvest | gatl ng the Effect of

Prot ei n Conceritl?3k japhbashy. Q@ﬂ eramplgtiaBiel WiyADthbaﬂboﬁwhlchde beaxy Bpdit i on
Buffers Used Ihg %h%}églare re @sémnd 5%/ Sﬁgn]g% Q9 %%&Jﬁ?gp& V%SlTi$ure 241(-@%6 | mpact

of protein con ioh n CI aceta nvéstigated to

det erm ne t he egf fRECT Inolf AppHCBlat PATIEER006/040808ggr egation rate in each
buf f er system In addition, the citrate and a&%éate bufferg%ﬁ't pH 4.0 were

conpared A or der to detePRvthe eRRodNERle thegpodified JgGdmeapl S @¥iat i on.
-30-  Materiahg, ?/%BHQ:S@ One example js (R8ht- 1€ 3‘?&—1%1:12) C@H wWhEd e

experiments Were per usi ng an” AKTA EXPLORER 100TM Heal t hcare).
Sodi um phosphataybaid Bphtwemis parechasetbd aoREQYHD o7 (ddgdEQ IDTNO:Aaet at e

and C|trate ased f Fi r I i.fic (Pittsburgh, PA). Tris
base for \gﬁr@&#gﬂge‘bfﬁﬁég& E\Tvgg’ bﬁ%éﬁgg{gd from Hycl one (Logan, UT),
MABSEL ECT Tm resin for Probgl anleocﬁﬁl%htn bib ¥mEHY 1P QEARPRhE XIRE6H BBt Was
purchased from GE Heal t hcare. Quenched g{hgt ein A product was used as the

feed st ocROf orcordeaatianiem ahent §0 mAl 10 atfpid SAB mlXle Asrsedppreind Satfopt wlell us ed
to control th PAP fSI@DAP sanpl e tenperatures. The QPAP
stream served santih ed for this experinent. The feed was diafiltered
into four to five vol unmgs adurthadinbodpnespthrtenibo fabr used in PisddidOkialingnbr ane

at a centrif u%(ramsg%%gg of 4500 rpm After the diafiltration, each solution
In a further embodiment of each of the above-described methods,
25  the Protein A product pool has a pH of 3.2 or greater.
This invention will be better understood from the Examples which
follow. However, one skilled in the art will readily appreciate that the specific
methods and results discussed are merely illustrative of the invention as described

more fully in the claims which follow thereafter.

30
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15 was concentrated to either |Ix, 2x, and 4x of the original concentration.
Hal f of the sanples at the various concentrations were diafiltered into at

| east fouwowvolwnre®3of sodi um acetate (50 mM pH 5.0) solPaTiusR009/053260

For the first set of the three different concentrated solutions taken from
Exanple 2, citrate (15 mM was added to each solution to reach pH 4.0. 20
Sanples (2 nm.) of each solution were taken and placed at 21C (Figure 7).
For the second set of concentrated sol m@?ci al acetic acid was added
to reach pH 4.0 (total 85 nM acetate). 2 mL) of each solution were
taken and placed at 25C. For each set of experinents, sanples (140 pt) were

t aken at varlous tinme 0| nts quenched usinhg tris base (0 25 M1.0 M 10-20
rtL) to pH 6, lsmpermane Reductng forReduchiedieyels o Pryel saaiss Due A50lepSEC
Anal ysis: ¢ A Af J QibsERRATEL, SHRG
concentration usin [l cartridge on an
Agl |l ent 1100TM HPLC 30 syst em (Agl I ent Palo Alto, Pr otei n aggregat es,

.e dimer and hi gher order in each s e wer uantified using
a Tosoh size excl usion ‘ih’?ga% 8t Er?;F’inBe’S?t‘%% a@%%n‘éfipﬁ?&éﬁ %el%nt
1100 HPLC sys} aﬁoﬂ"’th@re@ﬂ@@t &fﬁbl% %tlﬁchﬁlﬁ}ffdrﬁﬂle‘ﬂfimeiﬁudﬂpo@ c%nﬁlii'nh!@' t
accuracy and ne er (Fisher Scientific) erature conpensati on was

utilized to naa@wr(é()%m%m}bh SpHas evigyated WRés@ﬂp@@ taad amléliﬁésh manoclonal
The effec centratl in.Gi cet
i nvesti gaﬁ%d g ﬁ’AgY RS GRS Hf)ea%ap%gfutigg%gﬁgra ?8%& %Snsq‘# & a]élg?@%% ion

rate in 5 eachobutlbsdl agybédEes. As the mAb concentration increased in the
citrate (15 mM pH 3.5) solution, the rate of higher order aggregate
formation increased as well (Figure 20). For exanple, after a one hour hold
tinme, the lev%at&ai%él%@%ﬂ] ger aggregates increased fromO0.3%at 8 ng/nL
mAb concentra nmg/ mL mAb concentration. Therefore, the
concentration of protei Bmniafi- &mieutAlbmmn-scatpaxpmmmﬁs Waxe@wﬂorme@hﬁngender
aggregate_for fered systemat |.ow Ho for
The acat ate (BRTAIEHEARER LEIE, PBhOTHRE. FEGLE R sl b s gat os
remai ned constap atchéseﬁro&xbmcﬁ)%fgé a8, 1) Moy risl Bas@bibH mnﬁzmrm/tﬂb mAb

concentrations (Pf gure 21). To determ ne t he inpact of type on hi gher
order aggregaPé \thaSrmtrﬂ@ﬁed frome Hglanedhipgan, PrlonMABSEREET a @S?él pePiotent  at

DH 270 & 25 CA BTGP EABHR o] iRt SnprbBld ISl HRbERE OLHED
starts to incrigase deitrle 2Vaseyaiiedandivatissd iah e Getiradok fouflhePadeiayst em

while the | evel_ of higher order aggregates remains cqonstant .in the acetate
buf fered 8Yst afinityndrepaiography eﬁpﬁrzzn@gs t He TheEnQPRST ?1 {Krrfadody @ﬁ éwo

20 tate th
acetate t hag Gld LafCodMhiied todhl Glelts LaRSto contro the %’eé’ AILC!]%@G o pr ot ei n

tenmperature an p protein concentration al so a fec

aggregate for tmmpemtunea t he PAP pool. As the mAb 25 concentrati on was
increased in a citrate buffered solution at pH 3.5, the rate of higher
order aggregate significantly increased. However, the |evel of higher order
aggregates remrpaedediges than 1% in an acetate buffered solution at pH 4.0
for various protein concentrations, which ranged fromb5 r{r}%grm ta,37 ng/m.
When the dtetate and ci tr eQlemBuf fleem sy 54.8 v arekebmiAMNABRELEGTA gesint h a

protein 30 co I eat er
stability in ?%gﬁa{(@tt) l&% g e@ﬂl ?ra@(%? gf‘ésg‘)%ﬁho%g pﬁ%e?%ﬁ%?%@% r

pl ayed a rol eat 6.8m/nshdbiminbty revidencadeicnt Bejﬁhlfﬂg:mbcmtrateazbdsdoﬁdmdmt @'17 trate
buffer at pH 4.0. Acetate _can be us as an_al ternative for

el ution from & PABRST ﬁite,& of fresim ES @otf%ﬁa*e Oémtﬁm?l Atrive ‘gt i Ht |1?1"’é1“i‘3ae
Effect of pH, tﬂ@éﬂ?\%ﬁﬁ%ﬁg%&ﬁéﬁ%@%%@%f@@l@%@ ﬁ@t@le@aﬁhpﬁmﬁﬂnon the
Level of Protein Aggregates During Protein A Affini Chr omat ogr aph

El uti on adtl SpbhswhaentH [Aw phe paiddet Wt elpiedl mﬂaﬁdl\&@t}dhmmtrate pH 3.5 for
0.5-3.0 CVs at 8.3 mL/min (4 min residence time). After elution, the PAP (9 g/L)
pool was held at 17°C for 30 minutes at pH 3.5. After the low pH hold, a portion
of the Protein A product (PAP) at pH 3.5 was placed at 4, 17, and 37°C. The

remainder of the PAP stream was quenched to pH 6.1 and placed at 4, 17, and
- 19 -




10Smal | - Scal e: Al snall-scal e experinents were perfornmed using an AKTA
EXPLORER 1001. m Phosphate, citrate, and sodi um hydroxi de buffers were

pur chasedwbnomvigoBone (Logan, UT). Tris base for pH adpastuseew/osf26e he PAP
was purchased from HycI one (Logan, UT). MABSELECTTmresin for Protein A
affinity chromat ograp eriments was purchased from GE Heal thcare. Depth
15 filtered cEHCkabam pés (%“gk Bl-hEdmapid apaditigaed.-Sazndt hié wasedakenad atios t he
Protein A affjnit. o h r S dorf)
and tvo ¢ empe Bt iet R RGPS o Bar CPOE 20 A G TP ) A8 Bt 280 Conp
sanpl e t enper ot sggréitdXpedit neing HPSEC. The columnANaSQégﬁﬁmra(eﬂ witle GVl 4. 5
cm) packed with MABSELECTimresjn (10 ) equi | ted vm h 5 CVvs of 6
mM sodi um pho%fpﬂéf@/[ speBIR Ry dgEde, é)M * u’BYﬁ‘iﬁdeaﬁt 82§(§“ (Sg’r‘?ﬂ Hut e
resi dence ¢ Aeﬁ)%iﬂ&lhan@St ered centrate was | oaded at the concentratl on
listed in Tab mMAb per liter of resin) using a flow 25 rate of 2.0
m./mn at the tenperature listed in Table 1. After |oading, the colum was
washed with. 3]ECVS of &ni M sodi um phosphate, 100 inM NaCl, pH 7.2 buffer at
2 m/mn, whi owed by 4 Cvs of 6 mM sodi um phosphate, pH 72
buffer at 2 m/mn. ThergkQaeim¥aSusell Yhe dandé LhlusinCYSedsbocie! Atldl achtukd er

(m xture of citric acid anhydrous and trisodi um citrate salt to target

val ue) at 100%@%91@@@&’@@% aafinigy mrpmﬂwg(@bﬁ@s da&cn(ge@lraﬁap@ﬁaerﬁtf%e 5) (4

ol | owa: Bonh boh treea Bpthlsihohs SABPERADC Ao RiRR IRPAP(E o

4031\4 sodi um cilx pHies. spwass&d&xa@mﬂc?pldmm?tczsmmé ,30pE ?Sa?ﬁples (2?0 ul) at 80n1|\/|
50|umC|trate After elution e pr ct.elua sanpl e
was anal yzed Pgh tﬁma%réﬁuaa%a%rﬁé@l%atcwaﬁttlnt?sﬁ%vaﬁp@@(%wﬁt%@gffeslisr%éﬁ

ti me points: Q’M 15% uﬁg gﬁ 6,120 My foﬁaa&h@agg{%a@@ox%% mxfgrhbsner s vv' th

40 microliters of ris base added to quent he sanpl e e colum
was regener at Ede whltunnSvaSveganbrab@ with § 6N ueh WymiMbsddien hyddosidi Uvhsolivor i de
buffer at 0 tor hanal lution in PBS.

15Anal ysi Eg Ch%ngéé}safm Oég(?wgoe? 8&‘5? 2%8% mAb nononer
concentration using a PCROSTM Protein AIDI mmnoaffl nity cartridge on an
Agil ent 1100Tm HPLC system (Agilent, Palo Alto, CA). Protein aggregates

(di ners and hgdlssisor der aggregates) in each sanple were quantified using a
Tosoh size exclusion col 0 X gkh) ent

11 00" system A pH probeﬂnp6§ OgIc—%i}unlt ac %&rgg‘% %Z%B fot{‘ m‘}% %ﬁl ek

t enper at ur e cesRemsAionomsifd at IPOROSW Hirstear AS(t]Danﬁminoaiﬁm@r ezrtnslgd dnoamreasur e

h | h ff f buf f
concent r atf oniaHep] DI AP bGaRAE S ol e Sy ABD 0 debislhi ectnaes
i npact on i eLd:f @R thnRH g,éh%k srdagagg%&g%&es?& eammﬁ@wéréq@afmm@@u@ﬁag\aeré)s%h

experinment can be found i1 n Table 1 be degr ees and p
| oadi ng or ci SIZ@BECIC&Bmeﬂvmt(IO(ﬂg wodbd ><3@0 ot iesgtghmft tarsa’tg.ﬂleyt Hﬂé‘actﬂlih(él d or

aggregati on Iev At.,.10 H 3.8 ad| ol citrate
concent r ati on®d (??eésglél E’/rl g?g b‘feji igé ?Cé'gacﬂar?ﬁ f‘ev%lpgra{ éS%
At 30 degr eescémpittatiii Both, frdrﬁazchh&gscdmmd} lercSisg0 n:cf m@@s‘n&d the isoRE6H pH.

25

Results and Discussion

An anti-DKK-1 antibody was purified using Protein A affinity
chromatography and held at various pH (3.5, 6.1) and temperature (4°C-37°C)
values to determine the effect of pH and temperature on protein aggregation.

30  Protein aggregation did not occur when the PAP stream was quenched to pH 6.1
after product elution from the Protein A affinity column for up to 3.5 days of hold
time at 37°C, as determined by HPSEC analysis (Figure 1). At 3.5 days, the
higher order aggregate level increased from 0.8% to 1.3% while the antibody level

decreased from 98% to 97% at pH 6.1 and 37°C. The dimer remained at a constant
- 20 -



aggregation but tenperature has a huge effect on decreasing yield and

I ncreasing aggregation levels for 80mMcitrate concentration but little
ef fect | sweeern/iimodOnM citrate. As the pH changes from BCZ/use003/082a¢ 30C,
t he aggregate | evels decrease significantly and yield increases at 40 to
80mM citrate. Table 1: Aggregation data for anti-DKK-1 rri Ab at various
concent r at i onkyvelp#, albteumeiannbs)aﬁpﬁgﬁ 1 &Fﬁgute&peﬁ“het oroasmeSamrieedHDAbIE W)

?Hngr 2, %éoagf ‘PKE*.V?Cil7 et pled ﬁ% Fl%&es( /3% b ifxaﬁ't Dk 1 frAgs( 08/§mvl
At pH 3.5, the level of higher order aggregates (HOA) significantly
increased with increasing temperature (Figare 2). In addition, the level of dimer
5  increased by 0.8% at pH 3.6 with increasing temperature up to 17°C (Figure 4).
At 37°C and pH 3.6, the stability of the monomer decreases rapidly (See, Figures 2
and 4), which promotes significant precipitation of protein aggregates. This
precipitation could affect the accuracy of the quantification of protein aggregate
levels by HPSEC and represents a limitation of this method. When the temperature
10 is lowered to 4°C, the HOA level was only 0.7% after 30 minutes and 1.5% after 8
hours (Figure 2). Therefore, by lowering the temperature of the PAP from 17°C to
4°C, the HOA level was significantly reduced by 4%-7%.
An additional experiment was performed at 25°C and 30°C to
quantify the effect of higher temperature (> 17°C) on protein aggregate formation.
15 The level of higher order aggregates (HOA) in the PAP (pH 3.5, 9 mg/mL anti-
DKX-1 antibody) increased by 1.5%-3.0% every 20 minutes at 25°C and by 4%-
6% every 20 minutes at 30°C (Figure 5). The level of dimer increased up to 7%
over 4 hours at 25°C and to 10% over 1.5 hours at 30°C (Figure 6). In addition,
the time zero sample (after product elution and collection) for the 25°C experiment
20 contained 0.6% HOA. Accordingly, the HOA did not form while the product was

bound or eluting from the column for this experiment.
EXAMPLE 2

25 Increasing the pH of the PAP pool for Reducing [ evels of Protein Aggregates
Durine Protein A Affinity Chromatoeraphy Elution and Subseauent Low pH Hold

To characterize the impact of pH on protein aggregation, the effect
of pH (3.5-5.0) on the QPAP elution pool was evaluated with respect to an anti-
30 DKKI1 monoclonal antibody. The same procedure can be utilized with other mAbs

such as anti-ADDL monoclonal antibodies.
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Materials and Methods

Small-Scale: All small-scale experiments were performed using an

AKTA EXPLORER 100™ (GE Healthcare). Phosphate, citrate, and sodium
hydroxide buffers were purchased from Hyclone (Logan, UT). Tris base for pH

5 adjustment of the PAP was purchased from Hyclone (Logan, UT).
MABSELECT™ resin for Protein A affinity chromatography experiments was
purchased from GE Healthcare. Depth filtered centrate was used as the feed stock

for the Protein A affinity chromatography experiments. A Thermomixer R
(Eppendorf) and two temperature controlled rooms were used to control the PAP

10 and QPAP sample temperatures.

Experiment 2A ,
A column (1.7 cm x 14.5 cm) packed with MABSELECT™ resin

(33.35 mlLs) was equilibrated with 5 CVs of 6 mM sodium phosphate pH 7.2
15 (PBS) at 6.8 mL/min (5 minute residence time). Depth filtered centrate was loaded
at 25 g mAb per liter of resin using a flow rate of 6.8 mL/min at room temperature
(21°C). After loading, the column was washed with 3 CVs of PBS followed by 4
CVs of 6 mM sodium phosphate pH 7.2. The product was eluted with 0.1 M
sodium citrate pH 3.5 for 0.5-3.0 CVs at 8.3 mL/min (4 min residence time). After
20 elution, the PAP (6.9 g/L) pool was quenched using 1M tris base (16 v%) to pH 6.

Experiment 2B

This QPAP stream served as the feed for the pH experiment.
Citrate solution {4 M, 50 to 100 pL) was added to the QPAP (20 mLs) until the
25  solution pH reached 5.0. A sample of this solution (2 mLs) was taken at pH 5.0
and placed at 21°C and 30°C. This procedure was repeated to generate solution
conditions at pH 4.5 and 4.0. Samples (100 pL) were taken at various time points,
quenched using tris base (0.5-1M, 10-30 uL) to pH 6, and analyzed for protein
aggregate content using HPSEC.
30
Analysis:
All PAP or QPAP samples were analyzed for mAb concentration
using a POROS™ Protein A ID immunoaffinity cartridge on an Agilent 1100™

HPLC system (Agilent, Palo Alto, CA). Protein aggregates, i.e. dimer and higher
-7 .
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order aggregates, in each sample were quantified using a Tosoh size exclusion
column (0.78 cm ID x 30 cm length) on an Agilent 1100™ HPLC system. A pH
probe (Fisher Scientific) with a +/- 0.1 pH unit accuracy and meter (Fisher

Scientific) with temperature compensation was utilized to measure solution pH.

Results and Discussion
The pH of the QPAP was decreased to between pH 4.0 and pH 5.0

to determine the effect of pH on protein aggregation. The monomer was stable at

21°C and 30°C at pH 4.5 or greater for at least 2.5 hours (See, Figures 7 and 9,
10 and 8 and 10). The HOA levels at pH 4.0 at 21°C ranged from 0.9%-2.0% and at

30°C ranged from 3%-13% over 2.5 hours (Figure 7 and Figure 8). The HOA

level at pH 4.0 increased with increasing temperature, which is the same trend

discovered in Example 1 at pH 3.5. The dimer level held constant at 21°C and pH

4.0-5.0 but increased when the temperature was increased to 30°C at pH 4.0
15 (Figure 9 and Figure 10).

In addition to temperature, pH also affected the kinetic rate of
formation of protein aggregates in the PAP pool. As the pH of the PAP pool
increased, the rate of higher order aggregate and dimer significantly decreased.
The impact of ionic strength change in this experiment was modulated by using a

20 highly concentrated acid. In order to prevent protein aggregation during Protein A
affinity chromatography elution and subsequent low pH hold step, the elution can

be performed at a higher pH.

EXAMPLE 3
25

Decoupling the FEffect of Elution Buffer Concentration and pH for Reducing Levels

of Protein Aggregates During Protein A Affinity Chromatography Elution and
Subsequent Low pH Hold

30 The impact of elution buffer pH and concentration was decoupled to
characterize the impact of both parameters on protein aggregation in the PAP pool.

In addition, the minimum concentration of elution buffer needed to elute the
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monomer from the Protein A affinity chromatography column was determined.

This was evaluated with respect to an anti-DKK 1 monoclonal antibody.

Materials and Methods

5 Smali-Scale: All small-scale experiments were performed using an
AKTA EXPLORER 100™ (GE Healthcare). Phosphate, citrate, and sodium
hydroxide buffers were purchased from Hyclone (Logan, UT); Tris base for pH
adjustment of the PAP was purchased from Hyclone (Logan, UT).
MABSELECT™ 1esin for Protein A affinity chromatography experiments was

10 purchased from GE Healthcare. Depth filtered centrate was used as the feed stock
for the Protein A affinity chromatography experiments. A Thermomixer R

{(Eppendorf) was used to control the PAP and QPAP sample temperatures.

Experiment A:
15 A column (0.5 cm x 5.4 cm) packed with MABSELECT™ resin

(1.06 mLs) was equilibrated with 5 CVs of 6 mM sodium phosphate pH 7.2 (PBS)
at 0.2 mL/min (5 minute residence time). Depth filtered centrate was loaded at 25
g mAb per liter of resin using a flow rate of 0.2 mL/min at room temperature
(17°C-25°C). After loading, the column was washed with 3 CVs of PBS followed

20 by 4 CVs of 6 mM sodium phosphate pH 7.2 at 0.2 mL/min. The product was
eluted using a step gradient with 10% of 0.1M sodium citrate pH 3.5 (10 mM
citrate} for at least 2.5 CVs at (.5-1.0 mE/min (1-2 min residence time). This
elution step was repeated three additional times using 20%, 30%, and 100% of
0.1IM sodium citrate pH 3.5 buffer 20 mM, 30 mM and 100 mM citrate,

25  respectively). After elution, all of the PAP streams were quenched to pH 6 using 1
M ftris base. The column was regenerated with 50 mM sodium hydroxide, 1 M
sodium chloride at 0.5-1.0 mL/min and stored in 20 v% ethanol in PBS.

Experiment B:

30 A column (1.1 ¢m x 10.9 cm) packed with MABSELECT™ resin
(10.4 mLs) was equilibrated with 5 CVs of 6 mM sodium phosphate pH 7.2 (PBS)
at 2.2 mbL/min (5 minute residence time). Depth filtered centrate was loaded at 27
g mAb per liter of resin using a flow rate of 2.1 mL/min at room temperature

(17°C-20°C). After loading, the column was washed with 3 CVs of PBS followed
_24 -
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by 4 CVs of 6 mM sodium phosphate pH 7.2 at 2.1 mL/min. The product was
eluted with a step gradient of 60% 0.1M sodium citrate pH 3.5 (60 mM citrate) or
40% 0.1M sodium citrate pH 3.0 (40 mM citrate) for 0.5-3 CVs at 2.6 mL/min (4
min residence time). Afier immediately elution, samples of the PAP (11 g/L) pool
5  were placed in a thermomixer at 25°C. A time zero sample was taken immediately

after elution, quenched with tris base, and placed on HPSEC for protein aggregate
content analysis. Samples (200 puL) were taken at various time intervals, quenched
immediately using tris base (0.5-1M, 5-10 plL) to pH 6, and analyzed for protein
aggregate content using HPSEC. The Protein A affinity column was regenerated

10 with 5 CVs of 50 mM sodium hydroxide, 1 M sodium chloride at 2.4 mEL/min and
stored in 20% ethanol in PBS. For the 60% citrate elution (60 mM ciirate), the
PAP pool was subdivided into separate 2 mL aliquots. Citrate (4M, 5-10 pl.) was
added to an aliquot to reach pH 3.4 or 3.6. Phosphoric acid (8 v%, 10 pL) was
added to an aliquot to reach pH 3.6.

15
Experiment C:

The citrate concentration was reduced to 50 mM in the Protein A
elution buffer to determine if acid concentration has an impact on anti-DKK-1
stability. This reduced acid concentration impacted the gradient of the pH slope

20 during elution, which resulted in a higher PAP pool pH of 3.9 versus 3.6.

Depth filtered centrate (1.7 g/L. anti-DKK-1 mADb) was loaded onto
a Protein A column (V = 33.35 mLs, Plates: 2026 N/m®, Asymmetry: 1.33) using a
residence time of 5 minutes at 23-25°C. After loading, the column was washed
with 3 CVs of PBS followed by 4 CVs of 6 mM sodium phosphate pH 7.2 at 0.2

25  mL/min. For the elution, a 50% gradient of 100 mM citrate pH 3.5 was used to
elute the anti-DKK-1 monoclonal antibody from the resin. During elution,
fractions were collected every 0.5 CV from 0.5 to 3.0 CVs. These fractions were
analyzed for monomoer concentration, pH, and conductivity and then pooled for a
final concentration of 7.2 g/l.. Samples of the PAP stream were placed at various

30 temperatures (4, 15, 20, and 23-25°C) and pH values (3.9, 4.2, 4.5, 5.0) and
analyzed at various time points for aggregation using HPSEC (Figure 11).

The pH gradient changed slightly when the acid concentration was
reduced to 50 mM, which resulted in a PAP pH of 3.9 versus 3.6 for 100 mM

citrate. However, the elution profiles overlapped and the product cellection
-25 -
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window will remain the same. The Protein A yield for the 50% elution was 94%.
The HOA profile using the 50 mM citrate elution at the various temperatures above
is shown in Figure 12. A comparison between the 50 mM and 100 mM citrate

elutions at 23-25°C is represented in Figure 13,

Analysis:
All PAP samples were analyzed for mAb concentration using a
POROS™ Protein A ID immunoaffinity cartridge on an Agilent 1100™ HPLC
system (Agilent, Palo Alto, CA). Protein aggregates, i.e. dimer and higher order
10 aggregates, in each sample were quantified using a Tosoh size exclusion column
(0.78 om ID x 30 cm length) on an Agilent 1100™ HPLC system. A pH probe
(Fisher Scientific) with a + 0.1 pH unit accuracy and meter (Fisher Scientific) with

temperature compensation was utilized to measure solution pH.

15 Results and Discussion
The Protein A affinity column was eluted with various citrate
concentrations to determine the lowest concentration of citrate possible for elution
of the monomer from the resin. The 10 v% and 20 v% citrate concentrations eluted
80% of the monomer that was bound to the column (not shown). When the citrate
20  concentration was increased to 30 v%, only 2% additional monomer eluted from
the column. Therefore, the minimum concentration to elute > 80% monomer from
the column was 20 mM citrate.
Different citrate concentrations were tested to determine the impact
of ciirate concentration on monomer stability at various pH points. When the
25  citrate concentration was lowered to 60 mM and pH was increased to 3.8, the HOA
level was 0.3% versus 4%-5% for 100 mM citrate (pH 3.5) at 25°C (Figure 14).
As the citrate concentration was reduced to 40 mM citrate at pH 3.6, the HOA level
remained at 0.3% for at least 3 hours. Therefore, the monomer stability was a
function of citrate concentration as well as pH. When phosphoric acid was added
30 instead of citrate to pH adjust the elution pool, the HOA level increased by
approximately 0.3% for every time point sample up to 2 hours. Therefore, the
addition of phosphoric acid increased the rate of HOA formation faster than citrate

at the same solution pH (3.6).
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At the PAP pool pH 3.6, the following four different acid
concentrations were tested: 40 mM, 75 mM, and 100 mM citrate, and 60 mM
citrate with 0.1 v% phosphoric acid. The level of HOA increased as the citrate
concentration increased. In addition, the level of HOA increased significantly over
time at citrate concentrations greater than 75 mM. For example, within a one hour
time frame, the rate of HOA in 100 mM citrate was 2% per 20 minutes compared
1o 0.2%-0.3% per 20 minutes in 75 mM citrate at the same pH of 3.6, The addition
of phosphoric acid to the PAP pool increased the rate of HOA formation than
citrate at the same solution pH of 3.6. The concentration of citrate in the PAP pool
had an impact on HOA formation when the pH was held constant.

From Figure 12 above, the PAP was extremely stable and contained
< 0.4% HOA at < 15°C over at least 12 hours with the 50 mM cifrate elution
condition at pH 3.9. The anti-DKK-1 mAb also showed improved stability at
higher temperatures in the PAP. For example, after a 12 hour hold at 20-25°C, the
PAP contained 1.0%-1.4% HOA. The HOA level in the PAP for the low pH hold
time of 30-60 minutes was 0.2%-0.4% at 20-25°C, which is below the 3%-6%
HOA level in the lot as shown by the comparison in Figure 13. The total amount
of protein degradation (HOA plus dimer) in the 50 mM citrate PAP was 1.5%,
which met the goal of < 5%. Therefore, reducing the citrate concentration and
increasing the pH was proven to significantly reduce the HOA level in the PAP
from 3%-6% to 0.5% for a hold time of < 60 minutes.

EXAMPLE 4

Impact of pH and Citrate Concentration on the Thermal-induced Unfolding of a

Monoclonal Antibody as Measured by Differential Scanning Calorimetry

Differential Scanning Calorimetry is a tool used to measure protein
stability. Protein stability is largely dependent on the environment, which has the
ability to both stabilize and destabilize the folded structure of the protein. DSC
operates by measuring the heat capacity of a protein solution during a temperature
ramp as compared to the heat capacity of a solvent reference. The differential heat
capacity between the protein solution and the solvent reference provides a profile

representing the denaturation of the protein. From this profile, the apparent melting
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temperature I can be determined. The denaturation of a protein into an unfolded
state often results in undesirable events, such as aggregation or chemical
degradation (19, 20, 21, 22, 23).

Differential scanning calorimetry (DSC) provides some insight into
the mechanisms of folding by measuring the temperature-induced unfolding of
proteins. The information provided by DSC is useful in a variety of applications
involving protein stability, such as clone selection, formulation development, and
protein characterization (24, 25). Having a relatively easy method to identify the
most stable drug compound early in the development process provides a huge
advantage by potentially shortening the time-to-market. DSCl is also critical in
formulation development. Changes in protein environment, such as pl, ionic
strength, and other excipients can impact the folded structure of the protein,
resulting in a shift in the melting temperature. By screening various additives in the
formulation buffer, DSC provides a quick way to optimize buffer composition.

Aggregation of therapeutic proteins has very serious implications,
ranging from difficulties in purification processing to immunogenic responses in
vivo. The denaturation, and subsequent aggregation, of proteins is sensitive to
many things, including pH and temperature. Thus, it is critical to the stability of
therapeutic proteins to regulate both of these factors.

Monoclonal antibodies have multiple domains, each of which is
impacted differently by pH and ionic strength. DSC was used to evaluate the effect
of ionic strength (citrate concentrations of 30 mM, 60 mM, and 100 mM) and pH
(3.0 to 6.0) on the protein’s thermal stability.

Materials and Methods

Solutions were prepared at a concentration of 30 mM, 60 mM and
100 mM citric acid (Sigma, St. Louis). The citrate solutions were pH adjusted to
target values of 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 pH units using sodium hydroxide
(Fisher Chemicals). The pH measurements were obtained using an Accumet pH
meter (Fisher Scientific).

An anti-DKX-1 antibody at 54.2 mg/mL in formulation buffer was
diluted to 1 mg/mL with the citrate buffers at each pH. The concentration and pH
of the final 1 mg/mL solutions were measured. The formulation buffer was diluted

in the same ratio for use as the reference buffer.
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Differential scanning calorimetry (DSC) was conducted on a
MicroCal™ VP-DSC. The temperature was ramped from 25°C to 95°C at a rate of
1°C/min. The raw DSC profiles were analyzed by subtracting the reference buffer,
normalizing the concentrations, and performing baseline correction using Origin

5  software. Samples were run in duplicate.

Results and Discussion

The impact of pH and citrate concentration on the thermal stability
of an anti-DKK1 antibody was examined using DSC. The results indicate that the
10 melting temperature is decreased as the pH is decreased. The results also suggest
that citrate has a larger impact on the thermal stability of this monoclonal antibody
at low pH values.
At pH values below 4.5, the anti-DKK-1 monoclonal antibody
diluted with citrate buffers is more thermally stable in low citrate concentrations
15  (Figure 15 A, B, C). At pH 3.0, it appears that 100 mM citrate has completely
unfolded the protein and transitions are not present in the profile. For 30 mM and
60 mM citrate, a single transition is apparent, suggesting two of the antibody's
domains are unfolded. The data supports that this single transition represents the
unfolding of the Fab region of the antibody. As the pH increases to 4.0, the
20  unfolding temperature of the domains increased and three transitions were found.
The least stable transition is most likely the unfolding of the Cy2 domain,
followed by the Fab fragment and the Cy13 domain.
At pH values of 4.5 and above, the apparent transition temperatures
for the anti-DKK-1 monoclonal antibody are independent of citrate concentration
25  (Figure 16 A, B, C, D). The melting temperatures for the antibody increase as pH
increases. At higher pH values, two domains unfold simultaneously, resulting in a
profile that has a large enthalpy for one transition and a second transition with a
lower enthalpy. We conclude from results with other monoclonal antibodies that

the Cp2 domain and Fab have similar melting temperatures at high pH values,
30 corresponding to the first large transition. The unfolding of the C{3 domain has a

higher melting temperature and corresponds to the second transition.
Citrate concentration and pH impact the thermal-induced unfolding

of monoclonal antibodies. As the pH was lowered, the thermal stability of an anti-

-29 -



1.597.9300.7 1.6 97.7 60 0.7 1.6 97.7 120 1 1.7 97.3 -38- 60mM pH

3.5, 30 g/L, 20C Tinme (min) HOA
WO 2010/019493 PCT/US2009/053260

10

15

20

25

30

DKK-1 monoclonal antibody decreases. Citrate concentration only impacts
apparent transition temperatures at low pH values. Lower concentrations of citrate

result in higher melting temperatures.

EXAMPLE 3

The Effect of Amino Acid Stabilizers on Protein Aggregation

Acidic conditions are required in order to elute a protein or antibody
from the Protein A affinity resin. Exposure to these acidic conditions at low pH (3-
4) can result in the formation of protein aggregates. The addition of a stabilizer to
the Protein A elution buffer has been shown to increase the stability of a protein at
low pH. Arginine was selected as the stabilizer for this experiment to determine if
the presence of arginine in the elution buffer will decrease level of higher order
aggregates and subsequently increase mAb stability. All experiments were
performed at 25°C.

For an elution using 60 mM citrate with and without arginine (50
mM), there was only a 0.01% decrease in HOA percent per hour compared to the
control (Figure 17). However, for an elution using 100 mM citrate with and
without arginine (250 mM), there was a 2.9% decrease in higher order aggregate
percent per hour compared to the control (Figure 18). Therefore, arginine was
effective at decreasing the levels of higher order aggregates in a 100 mM citrate
solution and can be used as another option to decrease levels of aggregates during

the Protein A affinity chromatography and subsequent low pH hold steps.

EXAMPLE 6

Investigating the Effect of Protein Concentration on Monomer Stability in Citrate
and Acetate FElution Buffers Used in Protein A Affinity Chromatography

The impact of protein concentration in citrate and acetate buffers
was investigated to determine the effect of concentration on the aggregation rate in
each buffer system. In addition, the citrate and acetate buffers at pH 4.0 were

compared in order to determine the effect of the acid type on aggregation.
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Materials and Methods

Small-Scale: All small-scale experiments were performed using an

AKTA EXPLORER 100™ (GE Healthcare). Sodium phosphate buffer was

5  purchased from Hyclone (Logan, UT). Acetate and citrate were purchased from

Fisher Scientific (Pittsburgh, PA). Tris base for pH adjustment of the PAP was

purchased from Hyclone (Logan, UT). MABSELECT™ resin for Protein A

affinity chromatography experiments was purchased from GE Healthcare.

Quenched protein A product was used as the feed stock for these experiments. A

10 Thermomixer R (Eppendorf) was used to control the PAP and QPAP sample
tfemperatures.

The QPAP stream served as the feed for this experiment. The feed
was diafiltered into four to five volumes of sodium phosphate buffer using a 30kDa
membrane at a centrifuge speed of 4500 rpm. After the diafiltration, each solution

15  was concentrated to either 1x, 2x, and 4x of the original concentration. Half of the
samples at the various concentrations were diafiltered into at least four volumes of
sodium acetate (50 mM, pH 5.0) solution.

For the first set of the three different concentrated solutions taken
from Example 2, citrate (15 mM) was added to each solution to reach pH 4.0.

20  Samples (2 mL) of each solution were taken and placed at 21°C (Figure 7). For
the second set of concentrated solution, glacial acetic acid was added to reach pH
4.0 (total 85 mM acetate). Samples (2 mL) of each solution were taken and placed
at 25°C. For each set of experiments, samples (140 pL) were taken at various time
points, quenched using tris base (0.25 M-1.0 M, 10-20 pL) to pH 6, and analyzed
25  for protein aggregate content using HPSEC.

Analysis:
Samples were analyzed for monomeric mAb concentration using a
POROS™ Protein A ID immunoaffinity cartridge on an Agilent 1100™ HPLC
36 system (Agilent, Palo Alto, CA). Protein aggregates, i.e. dimer and higher order
aggregates, in each sample were quantified using a Tosoh size exclusion column
(0.78 cm ID x 30 cm length) on an Agilent 1100 ™ ypLC system. A pH probe
(Fisher Scientific) with a +/- 0.1 pH unit accuracy and meter (Fisher Scientific)

with temperature compensation was utilized to measure solution pH.
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Results and Discussion
The effect of mAb concentration in citrate and acetate buffers was
investigated to determine the impact of concentration on the aggregation rate in
5  each buffer system. Asthe mAb concentration increased in the citrate (15 mM, pH
3.5) solution, the rate of higher order aggregate formation increased as well
(Figure 20). For example, after a one hour hold time, the level of higher order
aggregates increased from 0.3% at 8 mg/ml. mAb concentration to 2.6% at 34
mg/mL mAb concentration. Therefore, the concentration of protein in solution
10 impacts the rate of higher order aggregate formation in a citrate buffered system at
low pH. However, for the acetate (85 mM, pH 4.0) solution, the level of higher
order aggregates remained constant at less than 1% for 5 mg/ml., 11 mg/mL, and
37 mg/mL mAb concentrations (Figure 21).
To determine the impact of acid type on higher order aggregate formation, the
15 results from this acetate experiment at pH 4.0 at 25°C were graphed with the results
from the citrate experiment at pH 4.0 st 21°C (Figure 21). At pH 4.0, the rate of
higher order aggregates starts to increase by 0.2% every 30 minutes in a citrate
buffered system while the level of higher order aggregates remains constant in the
acetate buffered system. Therefore, at pH 4.0, the mAb stability was greater in

20 acetate than citrate buffer.

Conclusions
In addition to temperature and pH, protein concentration also
affected the rate of protein aggregate formation in the PAP pool. As the mAb
25  conceniration was increased in a citrate buffered solution at pH 3.5, the rate of
higher order aggregate significantly increased. However, the level of higher order
aggregates remained less than 1% in an acetate buffered solution at pH 4.0 for
various protein concentrations, which ranged from 5 mg/mL to 37 mg/mL.. When
the acetate and citrate buffer systems are compared at pH 4.0 with a protein
30 concentration of 5 mg/mL to 11 mg/mL, the mAb contained greater stability in the
acetate buffer. Therefore, the type of elution buffer played a role in mAb stability
with acetate being more stable than citrate buffer at pH 4.0. Acetate can be used as

an alternative buffer for mAb elution from a Protein A affinity column.
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EXAMPLE 7

Investigating the Effect of pH. Temperature, Buffer Concentration and Protein

5 Loading on the Level of Protein Aggregates During Protein A Affinity
Chromatography Elution and Subsequent Low pH Hold

Materials and Methods:

10 Small-Scale: Al small-scale experiments were performed using an
AKTA EXPLORER 100™, Phosphate, citrate, and sodium hydroxide buffers
were purchased from Hyclone (Logan, UT). Tris base for pH adjustment of the
PAP was purchased from Hyclone (Logan, UT). MABSELECT™ resin for Protein
A affinity chromatography experiments was purchased from GE Healthcare. Depth

15 filtered centrate was obtained and was used as the feed stock for the Protein A
affinity chromatography experiments. A Thermomixer R (Eppendorf) and two
temperature controlled rooms were used to control the PAP and QPAP sample

temperatures.

20  Experiment:
A column (1.7 em x 14.5 cm) packed with MABSELECT™ resin

(10 mL) was equilibrated with 5 CVs of 6 mM sodium phosphate, 100 mM NaCL,
pH 7.2 buffer at 2.0 mE/min (5 minute residence time). Depth filtered centrate was
loaded at the concentration listed in Table 1 (g mADb per liter of resin) using a flow
25  rate of 2.0 mL/min at the temperature listed in Table 1. After loading, the column
was washed with 3 CVs of 6 mM sodium phosphate, 100 mM NaCl, pH 7.2 buffer
at 2 ml/min, which was followed by 4 CVs of 6 mM sodium phosphate, pH 7.2
buffer at 2 ml/min. The product was eluted with 3 CVs of elution buffer (mixture
of citric acid anhydrous and trisodium citrate salt to target pH value) at 100% step

30  gradient at 2 ml/min (start at 0.5 and end at 3.5) (4 min residence time).
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The elution buffers used in this experiment are as follows:
¢ 60mM sodium citrate, pH 3.5
e 40mM sodium citrate, pH 3.2
¢  40mM sodium citrate, pH 3.8
s 80mM sodium citrate, pH 3.2
s 80mM sodium citrate, pH 3.8

After elution, the product eluant sample was analyzed for protein
aggregate content using HPSEC at the following time points: 0, 15, 30, 60, 120
min. Sample will be 200 microliters with 40 microliters of 0.25M tris base added

“to quench the sample. The column was regenerated with 5 CVs of 50 mM sodium

hydroxide, 1M sodium chloride buffer at 2.0 mEL/min and stored in 20 v% ethanol

solution in PBS.

Analysis:

All samples were analyzed for mAb monomer concentration using a
POROS™ Protein A ID immunoaffinity cartridge on an Agilent 1100™ HPLC
system (Agilent, Palo Alto, CA). Protein aggregates (dimers and higher order
aggregates) in each sample were quantified using a Tosoh size exclusion column
(0.78 cm ID x 30 cm length) on an Agilent 1100™ HPLC system. A pH probe (
0.1 pH unit accuracy) and a meter with temperature compensation (both from

Fisher Scientific) were used to measure the solution pH.

Results:
The effect of pH, temperature, buffer concentration and protein
loading was investigated to determine their impact on yield and protein

aggregation. The results of the above experiment can be found in Table 1 below.

At 10 degrees C and pH 3.2, loading or citrate concentration does
not significantly impact yield or aggregation levels. At 10 degrees C and pH 3.8,
loading and/or citrate concentration decreases yield but aggregates remain at low
levels (< 5%). At 30 degrees C and pH 3.2, loading does not significantly impact

aggregation but temperature has a huge effect on decreasing yield and increasing
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Time (mn) HOA (%9 Dinmer (% anti-DKK-1 mAb (% 0 1.9 2.2 95.9 15 3.2 2.5
94.3 30 4.9 2.9 92.2 60 6.2 3.9 89.9 120

WO 2010/019493 PCT/US2009/053260

aggregation levels for 80mM citrate concentration but little effect is seen in 40mM

citrate. As the pH changes from 3.2 to 3.8 at 30C, the aggregate levels decrease

significantly and yield increases at 40 to 80mM citrate.

Table 1: Aggregation data for anti-DKK-1 mAb at various concentrations, pH,

protein loading, and temperatures

Sample HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
anti-DKX-1 4.6 2.4 93
mAb std,
10x dil
80mM, pH 3.2, 20 g/1., 10C
Time (min} HOA | Dimer (%) | anti-DKK-1
(%) mADb (%)
0 0.6 1.6 97.8
15 0.5 1.5 98.0
30 0.6 1.6 97.8
60 0.6 1.6 97.8
120 0.7 1.7 97.5
80mM., pH 3.2, 40 g/L., 10C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mADb (%)
0 0.5 1.6 98.0
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8.8 5.4 85.8 80mM pH 3.2, 40/gic Time (mn) HOA (%9 Diner (%
anti-DKK-1 rnAb (%9 0 20.9 5.6 73.5 15 33.9 8.4 57.4
WO 2010/019493 PCT/US2009/053260
15 0.5 1.6 97.9
30 0.5 1.6 97.9
60 0.7 1.6 97.7
120 0.9 1.7 97.5
40mM, pH 3.2, 20 g/L. 10C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 0.6 1.4 98.0
15 0.5 1.4 98.0
30 0.5 1.4 98.0
60 0.5 1.4 98.1
120 0.6 14 98.1
40mM, pH 3.2, 40 g/1., 10C
Time (min) HOA | Dimer (%) { anti-DKK-1
(%) mAb (%)

0 0.5 1.5 98.0
15 0.5 1.5 98.0
30 0.5 1.6 97.9
70 0.5 1.6 97.9
120 0.5 1.5 98.0
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30 40.3 9.9 49.5 60 41.3 11.1 47.5 120 43.9 13.9 41.3 - 40 - 80mM pH
3.2, 20 g/L, 30C Time (mn) HOA (%9 Diner (%
WO 2010/019493 PCT/US2009/053260
40mM, pH 3.8. 40 ¢/L., 10C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 0.4 0.9 98.7
15 0.4 0.9 98.6
30 0.4 0.9 98.7
60 0.4 0.9 08.7
120 0.4 0.9 98.7
40mM, pH 3.8, 20 g¢/L., 10C
Time (min) HOA | Dimer (%) | anti-DKK-1
(o) mAb (%)
0 0.5 0.9 98.7
15 0.4 0.9 98.6
30 0.4 0.9 98.7
60 0.5 1 98.6
120
80mM, pH 3.8, 40 g/L, 10C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAD (%)
0 0.4 1 98.7
15 0.5 1.1 98.4



anti-DKK-1 mAb (% O 18.8 6.4 74,8 15 29.6 8.6 61.6 30 36.9 12.8 50.2 60
39.8 14.7 44.9 120 39.1 21.8 38.6

WO 2010/019493 PCT/US2009/053260

30 0.4 1 98.7

60 0.4 1 98.6

120 0.4 1 98.6

80mM, pH 3.8, 20 /1., 10C

Time (min) HOA | Dimer (%) | anti-DKK-1
(“o) mADb (%)

0 0.5 0.9 98.6

15 0.5 1 08.5

30 0.5 0.9 98.6

60 0.5 1 98.5

120 0.4 1 98.6

60mM, pH 3.5, 30 o/L.. 20C

Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)

0 0.5 1.5 97.9

15 0.6 1.5 97.9

30 0.7 1.6 97.7

60 0.7 1.6 97.7

120 1 1.7 97.3

-38-



40mM pH 3.8, 20 g/L, 30C  Tinme (nin) HOA (% Diner (% anti-DKK-1 mAb
(% 00.40.998.7150.4 1 98.6 30 0.5 1 98.5 60 0.6

-39 .

WO 2010/019493 PCT/US2009/053260
60mM, pH 3.5, 30 g/1., 20C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0
15
30 0.6 1.6 97.8
60 0.8 1.7 97.5
130 0.9 1.7 | 97.4
60mM., pH 3.5, 30 g/L, 20C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 0.6 1.6 97.8
15 0.5 1.6 97.8
30 0.6 1.7 97.7
60 0.7 1.6 97.7
120 0.8 1.7 97.5
40mM, pH 3.2, 40 g/L, 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mADb (%)
0 1.3 2.1 96.6
15 22 2.5 95.2



98.4 120 0.4 0.9 98.7

D ner

40mM pH 3.8, 40 g/L, 30C

Time (min) HOA (%

PCT/US2009/053260

(% anti-DKK-1 mAb (%9 0.3 1 98.7 15
WO 2010/019493
30 34 3 93.6
60 4.9 3.6 91.5
120 8.2 3.5 88.3
40mM, pH 3.2, 20 g/L,, 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 1.9 22 95.9
15 3.2 2.5 943
30 4.9 2.9 92.2
60 6.2 3.9 89.9
120 8.8 54 85.8
80mM, pH 3.2, 40 g/L., 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%e) mAb (%)

0 20.9 5.6 73.5
15 339 8.4 574
30 40.3 9.9 495
60 - 413 11.1 47.5
120 43.9 13.9 41.3

Z40 -



0.4 198.6 - 41 - 30 0.4 1 98.6 60 0.5 1.1 98.4 120 0.7 1.1 98.2
80mM pH 3.8, 40 g/L, 30C
WO 2010/019493 PCT/US2009/053260
80mM, pH 3.2, 20 g/L, 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 18.8 6.4 74.8
15 29.6 8.6 61.6
30 36.9 12.8 50.2
60 39.8 14.7 44.9
120 39.1 21.8 38.6
40mM, pH 3.8, 20 g/L., 30C
Time (min) HOA Dimer (%) | anti-DKK-1
(%) mAb (%)
0 0.4 0.9 98.7
15 0.4 1 98.6
30 0.5 1 98.5
60 0.6 1 98.4
120 0.4 0.9 98.7
40mM, pH 3.8, 40 g/L.. 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
%) mAb (%)
0 0.3 1 98.7
15 0.4 1 98.6
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Time (mn) HOA (%9 Dinmer (% anti-DKK-1 mAb (% 0 1.2 1.6 97.2 15 2.4 1.9
95.7 30 2.6 1.7 95.7 60 5 2.2 92.8 120

-42 -

WO 2010/019493 PCT/US2009/053260
30 0.4 1 98.6
60 0.5 1.1 98.4
120 0.7 1.1 98.2
80mM, pH 3.8, 40 g/1., 30C
Time (min) HOA | Dimer (%) | anti-DKK-1
(%) mAb (%)
0 1.2 1.6 97.2
15 2.4 1.9 95.7
30 2.6 1.7 95.7
60 5 2.2 92.8
120 7 2.3 90.7
80mM, pH 3.8, 20 ¢/L., 30C
Time (min) HOA | Damer (%) | anti-DKK-1
(%) mADb (%)
0 1.5 1.9 96.6
15 2.7 2.3 95
30 3 2.2 94.9
60 4.8 2.8 92.4
90



7 2.3 90.7 80rnM pH 3.8, 20 g/L, 30C  Tinme (nin) HOA (% Diner (%
anti-DKK-1 mAb (% 0 1.5 1.9 96.6 15 2.7 2.3 95
WO 2010/019493 PCT/US2009/053260
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2010/ 019493PCT/ US2009/ 05326 T IS CLAIMED I'S: 1.A nethod for purifying a
nmononeri ¢ nonocl onathemint thsowynple opmprissarthé enonomeric monocignat agtibodiehestinpl e

conprises fhe nono ic nocy. onal t.1.bod host 5bcel ]l in ities, diners,
and hi gherg or der agﬁ[ lé’bpa'i]trnlg} > d&%?f‘ﬁ’rfi‘nspl %}?eré#deéSgﬁ%%a??sh(é&?%rgﬁs%npl e wth a
Protein A affinityaghrossitegingpihy welpldmithb) Rbuti ng affigtynelnoneiogephy
nonocl onal anti body fromthe Protein A affinity chromatography colum wth
an elution buffer; and $@"eY: col | ecting one or nore fractions of the
nmonomneri ¢ nonocl on antj fr el : ct
pool , wherein the gi odu%ftugggzﬂjé in?éﬂgg&r?}?)i?i @g%oé%gg%ﬂgﬁdyg&g% gﬁe]fmgérzggdrg
aggregate, and ii) has affpityfchomeaadpaphyobitowithantelutiob, buffbt; hed eby

purifying_the nononeric nacl onal anti body .from.the sanple. 2.Th t hod
according'fo O ainfl, wWARfEHRS (HE @ m%rf?%ﬂ?%g% itge ﬁqngg?eéwomo%‘g?fg’?e.
203. The nmethod accor di ngnifid RidNsRp B abebin bhgoRlith BodRfH8l, Wikrght rate.

4. The nmethod according to Caim3, wherein the concentration of citrate in
the elution buffer is fiwsmradstped. 030 Mto about 0.085 M 255. The net hod

according to Caim 2, ec%%itpgis%sggss%yﬁ B%r})i% Jr%?cfer%@gggéa?é al§- 6. The nethod

according to Caimb5, ere concentration o ate’in
ii) has a pH from about 3.5 to about 4.5,

15 thereby purifying the monomeric monoclonal antibody from the sample.
2. The method according to Claim 1, wherein the elution buffer is citrate or
acetate.
20 3. The method according to Claim 2, wherein the elution buffer is citrate.
4. The method according to Claim 3, wherein the concentration of citrate in

the elution buffer is from about 0.030 M to about 0.085 M.

25 5. The method according to Claim 2, wherein the elution buffer is acetate.

6. The method according to Claim 5, wherein the concentration of acetate in

the elution buffer is from about 0.050 M to about 0.200 M.

30 7. The method according to Claim 1, wherein the method is conducted at a

temperature from about 4°C to about 30°C.

8. The method according to Claim 7, wherein the method is conducted at a

temperature from about 15°C to about 27°C.
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the elution buffer is fromabout 0.050 Mto about 0.200 M 30 7. The net hod
according to Claiml, wherein the nethod is conducted at a tenperature from
about 4C wo 2atvaup4930C. 8. The net hod accordi ng to C ai m PCTRisee0gioms26the

met hod i s conducted at a tenperature from about 15C to about 27C. The

met hod according to G aim1, wherein the nononeric nonocl onal antibody is
an 1gG anti body. The nethod according to Claim9, wherein the nononeric
nonocl onal angi body, i j fie ' T d
according to %21 ai m ]i%?ne\%ﬁ)edr g‘f%rj?rcph%q?mr@gfﬁﬁerlf %ﬂﬁ%%gﬁ%%%%g&r%ﬁcb% @@%ﬂgn

| g&md anti body. Theibedy odh lgGomtilody to C aim 11, wherein the 1g&m

anti body is an anti-DKK1l anti body. The nethod according to Claim1l, wherein
an amino acid is added to the elution buffer in step (b) to a concentration

of from about ;§0 my¢ gnamvacc_%@&n diBgn @jt\ﬂféﬁeiﬁ%@?ﬂi’%ﬂ'bﬂle&i@ fbAd IS,

wherein the amno acid is arginine, proline, or histi dine. A nethod for
purifying a nononesitibody moal Jghdlor amedibelllgG2omiibodsanpl e, wherein the sanple
conpri ses the nononeric nonocl onal antibody, host cell inpurities, diners,

and hi gher order aggregates, conprising: a) contacting the sanple with a
Protein A affinityTROLMIRIPORRIHE 1 8TAHUIT Rherdint @ERLSRINGR fnbAsBlakput 15C
to about 27C, b) eluting the nmononeric nonocl onal antibody fromthe Protein
A affinity chromat agfiteghicaclOdms antibpdsan el uti on buffer comprising citrate
at a conc?@trati on from about 0.030 Mto about 0.085 M and c) collecting
one or nore fractions of the nmononeric nonocl onal 30anti body fromstep (b)
to forma Protzi n Ahpmadhel a@oading Whelignn 1t hehaendihetlgHaold antibodyniy bses

| ess than 5% hi gher order. aggregate, and ii) has a pH fromabout 3.5 to
about 4.0, ther ebymﬁfﬁﬂ%%ﬂ ?fg‘q’t‘ﬁ% nononeri ¢ nonocl onal anti body fromthe
sanple. -47- W) 2010/ 019493PCT/ US2009/ 053260

13.  The method according to Claim 1, wherein an amino acid is added to the

15 elution buffer in step (b) to a concentration of from about 50 mM to about
500 mM.

14.  The method according to Claim 13, wherein the amino acid is arginine,

proline, or histidine.

20
15. A method for purifying a monomeric monoclonal antibody from a sample,
wherein the sample comprises the monomeric monoclonal antibody, host
cell impurities, dimers, and higher order aggregates, comprising:
a) contacting the sample with a Protein A affinity chromatographic
25 column at a temperature from about 15°C to about 27°C;

b) eluting the monomeric monoclonal antibody from the Protein A
affinity chromatographic column with an elution buffer comprising
citrate at a concentration from about 0.030 M to about 0.085 M; and

c) collecting one or more fractions of the monomeric monoclonal

30 antibody from step (b) to formm a Protein A product pool, wherein
the product pool

i) comprises less than 5% higher order aggregate, and
ii) has a pH from about 3.5 to about 4.0,

thereby purifying the monomeric monoclonal antibody from the sample.
-47 -



16. A nethod for purifying a nononeric nonoclonal antibody froma sanpl e,
wherein the sanple conprises the nononeric nonocl onal anti body, host cell

i mpuritiesp2diomape3 and hi gher order aggregates, conpri PCRYIS28Q)06326¢ acti ng
the sanple with a Protein A affinity chromatographic colum at a
tenperature from about 15C to about 27C; b) eluting the nononeric

nonocl onal anti body from the Protein A affinity chromat ographi c colum with

an el ution bugger 'fgig%lﬁﬁghgtaem&ﬁoﬁechOQSEéﬁ&r% laﬂ@) 5{ H?Q%%lrnp% 050 M

to about 0.20 one or nore
nmonomneri ¢ nonocl onaﬁxemm ﬂtmosi;maﬂes onmpitiep thd mdnomeat mendelomtk butibddpyr lebtict

pool, wherein the product D compr.i ses_ | ess than 5% hi.gher order
aggregate, and 15i Foil W@%AIQF%@@B{Q@R@WI@W%@%@&% chnB“S“?glereby
purifying §he nmonogpri ccwm&g%e'saﬁgle Redya fp&&gintheafﬁaﬁplcﬁmn%g%aaﬁ&hod

for purifying a nononeric nonocl onal antibody froma sanp
wherei n the sanpl e conpriloes at héenmpmdmerfraon dISKhma'tE)ntEB’de host 20cel |

impurities, diners,, and hi.gh or der aj) contacting
the sanple with a Pt ot e?ﬂ’hg\g 3%‘? |I?1c?q0§)’egﬁgr8?fg‘%cg Sﬁﬁg%ﬁ hr?) %1@? g the
mononeri ¢ nonocl onal anhfﬂ?@t‘?khfdrﬁﬁtb rBﬁnE’b@ﬁlﬂirﬂwﬁh%ﬁfdhﬁioﬁu}'bﬁf&E @m?ﬁghgphy
colum with an elution buffer; and 25 c¢) collecti nongne or nore fractions

of the nononeric nonocl &eeidte ghei waespimfipmitone pbeus) 0.3 Motarpkoub0aAldi M: A
pr oduct p%)l, wherein t?& product pool i) conprises |less than 5% hi gher
order aggregate, and ii %as a pH fromabout 3.2 to about 4.5, 30thereby
purifying the monogkri ccolixedag amal oﬁmdré)cfdy,ubmsoﬁftth@ mm&teem th8ndcloed hod

for purifying a nonomeric nmonocl onal antibod m, a sa erein the
sanpl e conprises the mﬁ%‘ﬁ@dﬁ'@%ﬁt‘?@l@] H%{ b%&ﬁfm E‘"élﬂ VTr‘r‘Hl?F‘?l?l es,
dimers, and higher ordeg,890Mmg9864S. conprising: -48 -
i) comprises less than 5% higher order aggregate, and
15 11) has a pH from about 3.5 to about 4.5,

thereby purifying the monomeric monoclonal antibody from the sample.

17. A method for purifying a monomeric monoclonal antibody from a sample,
wherein the sample comprises the monomeric monoclonal antibody, host
20 cell impurities, dimers, and higher order aggregates, comprising:
a) contacting the sample with a Protein A affinity chromatography
column;
b) eluting the monomeric monoclonal antibody from the Protein A
affinity chromatography column with an elution buffer; and
25 c) collecting one or more fractions of the monomeric monoclonal
antibody from step (b) to form a Protein A product pool, wherein
the product pool
i) comprises less than 5% higher order aggregate, and
ii) has a pH from about 3.2 to about 4.5,

30 thereby purifying the monomeric monoclonal antibody from the sample.

18. A method for purifying a monomeric monoclonal antibody from a sample,
wherein the sample comprises the monomeric monoclonal antibody, host

cell impurities, dimers, and higher order aggregates, comprising:
- 48 -



WO 2010/ 019493PCT/ US2009/ 053260 a) contacting the sanple with a Protein A
affinity chromatographic colum at a tenperature from about 15C to about
27C, b) eavotwrgivdse nonomneri ¢ nonocl onal anti body from @/ USL@es326MA
affinity chromatographic colum with an elution buffer conprising 5citrate
at a concentration fromabout 0.030 Mto about 0.085 M and c) collecting
one or nore fractiehs ofonirsingphesample withot Povieln Anffipdnyhfomsieserdpe (b) to

forma Protein A produc I Ln. t 0@l i3d-.g0nprises |ess
t han 5% hi gher order agé?lglglgtag?%cf%ﬁrieiéﬁ’b%g‘%&gq%ﬁﬁ)r%%u?gogt 3.2 to about
4.0, thereby purifg)ng theéngoho feinomeidNachwialal antibdiydfrofar thin Ploeeis aapl e.

19. A nmethod for purifying a npnoneric nonocl onal. antibody froma sanple,
wherein the sanpl e conpfidg¥ chrandipsiane F%luﬁ%‘nWEb%&km’&ﬁth‘@%ﬁl??m%&l 15cel |

i npuritiess diners, andcit&ia&hﬁ;a cﬁﬁ&%ﬁa@(ﬁgfr&ﬂ%%&?bO.Wtb%ia&ﬁ:().% Mo Act i ng

the sanple with a Protein A affinity chronatographic colum at a
tenperature from abput t8@cting almoutr B8 fhictiedsup! e Dimmomsnio nepieclonal

nonocl onal anti body fromthe RProtejn ffinity chronatographi olunmm with
an el ution buffer conpr P‘%tfl??gyfﬁ’é%é{egt@ 29 #8”1&3#58 " I?%&“%PSHE&%%‘?H()_ 050
Mto about 0.200 M andie)prédict pedli ng one or nore fractions of the

nmononeri ¢ nonocl onal antibody fromste (11b) to forma Protein A product
pool , wherein the produ@tcomeszlﬁsﬁh@bg%r ighes ordss aggreesie. 394 hi gher or der

aggregate Oand ii) has ?1) Ré—ég‘@g?yﬁr% t?ﬁ%otaﬁ’o&qgﬂt 4.5, thereby purifying

t he nononeri c nonocl onal™” anti rom the sanpl
thereby purifying the monomeric monoclonal antibody from the sample.

19. A method for purifying a monomeric monoclonal antibody from a sample,
wherein the sample comprises the monomeric monoclonal antibody, host
15 cell impurities, dimers, and higher order aggregates, comprising:
a) contacting the sample with a Protein A affinity chromatographic
column at a temperature from about 15°C to about 27°C;
b) eluting the monomeric monoclonal antibody from the Protein A
affinity chromatographic column with an elution buffer comprising
20 acetate at a concentration from about 0.050 M to about 0.200 M;
and
C) collecting one or more fractions of the monomeric monoclonal
antibody from step (b) to form a Protein A product pool, wherein
the product pool
25 i) comprises less than 5% higher order aggregate, and
ii) has a pH from about 3.2 to about 4.5,

thereby purifying the monomeric monoclonal antibody from the sample.
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