PROCESSES FOR PURI FI CATI ON OF PROTEI NS RELATED APPLI CATI ONS Thi s
application clains the benefit of priority of U S. Provisional Application
Ser. No. wW0/282105782, filed Cctober 11, 2010 which is ineocTase@tasseher ei n by
reference in its entirety. BACKGROUND OF THE | NVENTI ON [0001] The present
invention relates generally to nethods of purifying proteins. [0002] The
econom cs of | arge-scdPROUESSES FORIRURBHICATIQNOFRBOTEAINS particul arly
for therapeutic antibodies, as antibodi es make up a | arge percentage of the
t herapeutic biologics on the market. In addition to their therapeutic

val ue, nonocl onal antibodies, fRELATEMPAPPLICATRORSG | nportant tools in the
di agnostic field. Numerous m)no_l_l_t_ﬁ_h_c onal ant1 bodres have been devel oped and

used in the ThissapRisaiontlaimahebsaakied, primltwobgrﬁ)d?rﬁglsmf@@ﬁ@nhgatloamaer

chr amat ogr al¥ty SIEHLTE R OB 132E000 O RORES o i b but
reqw renent mfeﬁé}ﬁ;esihengsertw@ycal ly involve capture, internediate

purification or polishing, and final polishing. Affinity chromatography
(Protein A or G or ion exchange chromatography is often used as a capture

step. Traditionally, the C?h@l&;ﬁbﬁ@!b?#?ﬂt{ﬂ\ltﬂ%be at least two

other internediate purific aphy steps to ensure

adequat e pu{0001]and Tvermesaiteavartion. relenes geherap do atethpas of paritingn or

polishing step is typically acconplished via affinity chromatography, ion

exchange chPEfﬁﬁ ¥ Sgr aphy, or hydrophob| C interaction, anong other nethods.

In atradit pr shed via
pdtﬁirlona?‘oﬁgfea%gﬂ ébﬂ%#%é?géélé*ﬂir%ﬁb&@ndﬁm %‘?e%@@ﬁ&h

i on exchang ydrop Ic interaction c rorrat graphy, or gel
filtration phrtmmﬁrtyg‘oamwapé'wtasmtmm asrantiopiescvake uprajlapge)dement@eat ed

i ities, ipcludi t | | t H h t A,
hobr egat e, O PiErR I Hol86ies & fedhatke < Fmagoen e e P Pe el om
the product rrﬁirfo%ﬁjﬁaﬂi@ﬁtlﬁ&ﬂlbs %Fb&éémple %%WYw%rfEHEtddWﬁ\fﬁb%gnostlc

[0004] Briefly, the present invention is directed, in an enbodinent, to a
met hod for péid fIWmgrwqam@ﬂeclﬁnab@ﬁm0§leﬁghmbe@ dgvelopagphnd usedtiaitie ng the

bt ovi de. a t (T o BEag fFRRSes b UG EP A GL UE R BIES T The
first el uat f000B]pr oTygieabpurifitativbh\rbesksesuaisive engmiple ichgorhip gpdsiyesteps
processing the inactivated eluate through at |east one depth filter to

provi de a fin @@eé(‘jp 81884 P8rBYe S sﬁl%tmﬁ'&ﬁﬂ%t@ﬂwerﬁﬂ@tsper't,ee%@Pﬁ@VR"Pﬁi'Y
filtered el ovi de a
second el ua corrprl g%éﬁh&ésg% ﬁ'daﬁgﬂgﬁg ?@iﬁg?gﬁr(?pﬁgm@(egn on IS
directed, i Affantyestivociategraphy (JPr@te;mtAhodGb or iguexdhangg ehrpmatajrapleyispr i si ng
provi ding a sanpl e containing the rotel n, clarifying the t o, provi de
B oV ari 1 edolamee 3 caduragiopn el ankionaln g8 sapilac S sghon e &

chr omat ogr aghleasPRdoftier RitBHheiafe blififlatBh\AiRISRRARTChFbAdddEDRY SicBbito
inactivating viruses in the first eluate to OVI an inac ate eluate
conpri si ng theureradasjuate puttyemwl vialtdlearaneet iMatikidrobdiate puhiicaiigh et | east

depth fil d t | uat e. t
rocesai ng. PRESHNG B8 b Bafieaciarguiimet i Bficfy SRS Pafteduanbe nenbr ane,
which is ei bheharmgseiehriodaph§! biesydbpRobibenterRitBnf AoRt cthelsethdds. a

separate step to provide a second el uate conprising the protein,
processi ng 1ha trastismal pracgse, lthlﬁ?rftﬂi?é)ﬁomm&@lét&ﬂ masibecaeaomRlished pig/ionesi n t o

o nanof 1 Pl e B BrEoRRab R B Pl eioy SN ek e, &1 ofn”

and subj ect nm@tubhebhm@mafdgra@medTﬁéstas@ptscveuiotVéqj‘roabégsatandrpr@ﬁdct related
nanofiltration or diafiltration. EF DESCRI PTI ON OF THE DRAW NGS

[ 0006] Fi gur &naUiitigs,didldieg hQS%wbrh@tt@'BS SFCaN, BN faroRd REPI&MA, process.

[ 0007] Fi gur %trﬁ b m

process. ggg élqalt%érg'r i?qtgs\?ﬁjaé?ggégggﬁeé?&ﬁlgﬁo ye ﬁiﬁa‘?]%?t?g%oengﬁ%| ment
of the procpscﬂjucf[@ﬁéﬁﬂri:argiucell dultdreustrates a schenatic of yet another
enbodi nent of the



process WD 2012/051147PCT/ US2011/ 055691 [00010] Figure 5 illustrates
ProSep(r) Utra Plus Protein A Capture Chromatography Elution Profiles at
280 nm [WOQALjwigare 6 illustrates ProSep(r) U tra Pl ugCPrust@iinsakoCapt ure
Chr omat ogr aphy Elution Profiles at 302 nm [00012] Figure 7 illustrates
Phenyl Sepharose(r) HP Chromatography Profiles at 280 nm [00013] Figure 8
il lustrates Phenyl SepharoseSYMMARNQRIHE INVENTION i | es at 302 nm

DETAI LED DE Tl | THE ENMBODI.VENTS .[00014], Ref ) ill b d
et a R BTy S B Re i paE AT ok o cAb gt P Bs of ToC
whi ch are seiethon tdr Rl ERGRIREBIRI R pRNRIAGIESRpIERYnRlniAgBhanat | on

of the invention, not a ITmtation of the invention. fact, | be
appar ent t opPrdieie pskdassieg the samplaithroughta eeptuushreowiio grephy sesindad

vari ations . e n.t . i ti .t ho ki fromthe
scope. o spP ISR TR ArchindiciiEDie pRFH, kBCa LR e e Pt o ”r
described ag|uzaé to ﬁfoxﬂd@aﬁnﬁmwm@dteluamdaﬁ tisieg trnpan@ihhprocegbiedithent to
yield a still further enbodi nent. [00015] Thus, it I1s intended that the
present i nvéadtivatedRleate thipughnaideastaans errghdiar iapioxideon Sltaredcalkaten t hi n
the scope o ol gy hel i | S,
featureg an%ﬁ@ﬁé@?ﬁgﬁ ?ﬁ@%@%@? glsér{@@mel gﬁé@?ﬂ:&uﬁ%}gipr&'}?gﬁeﬁlté@%ﬁ%ﬁee
obvi o]ys f&pmrt-hmr‘lf(avilg:eoy\én@rai@eai bl@ﬁidiaeaﬁeb@mdi eluatd tomprisimgithe wnoteirst ood by
one of ordi ski n the art that the present discussion is

Goscri pr1 onlO108x erbhahe" GRS SBHERIAD S BipsteTaReitT emRGRITte IR ABORGH ¢ i ng
t he broader R@? : } td i di nent, the
present i nvgﬁﬁ I'o %g?n%tre !r{;g%rﬁgﬁ%fﬁgiper?vﬂ&j@@rél %ﬂr’g E‘%)%gblsddg%%%@@ngt hod.
Schemat i ¢ dckgifying tHesampleoidi previde atlatified paeypintprpcesding tite daritgdt em are

i ded in_Fi 1-4. [00017]1 nbodi f the i. tion, |
P eh cont asAUHIE fifeiad A (O A Gl S RC LR o Blardk aiFy EaBo: orn”may
be utilizedchmpriBmg tﬁé%?g!ie?}ﬂ-iné{'&ﬁ?/aﬁﬁ@'ﬂh@sey\m B froNé|ahReStodrolidksdm, may

conprise, for exanple, c culture or nmurine ascites fluid. As an exanple,
t he pr ot ei ninagjivaiedelpaiessoaaprisinCHigmpréciPapicessiagdhyg inactidhtegegluatei n

ther eof . knouLBh S fie Bre bR, i G%aRBE a ey Rife B Blng $8°2 T usi on
protei n suchraeinaprdoeskhr) the fiteedceenatd HPOIGF bnlesgnene idrmdkdreitge, t he
protein is an antibody, In a particular enbodinment, the proteinis a

nonocl onal SHRMBPEAE, WHich is Lithehasseaplssfin seres ¥ t@ﬁéi@@,th fiker ¢jrustest iR a3y be
a human non ti - ' ; [ AndSh:
unog! oburtPea L S OV 358608 sRUERERLMER g hBrBle Brieesiiine. o
i mmunogl obukecorid elkatdtintyugla ah wdalitionad chromatogiaphyl resinGogorbvidedythirdr  a
reconbi nant | nmunogl obulin G anti bo%a(?. In ﬁ Ear i cul ar enbc%. i ment, the
protein may® t%ﬁoﬁwqu giegbRUbIECting dne Yt eivaRlp, nanpiidiEation

enbodi nent s il r ' ep} i h factor
receptor (E&r:cl%?(.jé?’ﬁ{gnfgrng?%?’nel%ﬁ%ﬁ%ggﬁgéH%QH?ﬁﬁpwggﬁg%conbi nant ,
humani zed neanofitdred euate ho cltaidtrateom aricbdgnafiliraiigredr digfiitradibna uni que
epitope on IL-13. [00019]In an enbodi ment of the invention, the sanple
containing the protein may first be clarified using any nethod known in the
art (see Figs. 1-4, stepBRIEFIDESORIPTIONOFTHE DRAWERES t 0 renove cel | s,
cell debris, and sone hoST CelT r1Tnpurrtres fromthe sanple. In an

enbodi nent , [A0@6]sanpiguredyillvsiraipa g sahematicof @necmpodivrent o the Praggasi on

steps. Cent g4 ati - e f 1 in the
art. For exg%q@, cgmuﬂe%’gg?tr%gggfSc}%%@ﬁg%oﬁ%}eﬁgg%r gﬁﬁgwbusi ng a
normal i zed besgdiseg of about 1 x10-8 m's and a gravitational force of about
5,000xg to about 15,000xg.. [00020] In another enbodi nent, the sanple nay be
clarified vi@0Q§le oFigHse s ilgsiraies a sahamaiie ofvebanothepemiaadiment ploier ef er s

to a net hodppgcersgrmvi ng particles fromsolution using a series of filters,
arranged i n"sequence, which have decreasing pore size. A depth filter

t hr ee- di nenf0@09l miigure 4ciiesttates a stheerdtickd yehahother engjodvhenhottthe sanpl e
passes. The principle retention nechanisns of depth filters rely on random
adsor ption QFRPGI?'échani cal entrapnent throughout the depth of the matrix. In
various enbodi nents, the filter nenbranes or sheets nmay be wound cotton,
pol ypropyl ene, rayon cellul ose, fiberglass, sintered netal, porcelain,

di at omaceous earth, or other known conponents. In certain enbodi nents,
conpositions that conprise the depth filter nmenbranes may be chemcally
treated to confer an el ectropositive charge, 1i.e., a cationic charge, to
enable the filter to capture negativgly charged particles, such as DNA,

host cell proteins, or aggregates.




[ 00021] Any depth filtration systemavailable to one of skill in the art
may be used in this enbodinent. In a particular enbodi nent, the depth
filtrati onOosbepsmey be acconplished with a MIIistak+C) PPodisdepiobsedi | t er
system XOHC nedia, available fromMIIlipore Corporation. In another
enbodi ment, the depth filtration step may be acconplished with a Zeta

Pl u5TM Dept [00010]er Figwaid ikbéteates diroSep®ublitfa Bhtsi Brotéind CppQ022] | n sone

enbodi ment s ., t he th filter( as_a nom nal pore size from about
0.1 limto sbepma goq‘? H’H I@)Pfg%tﬁ%%w the depth filter(s) media may
have pore s{g®s 1 rO'FIg%I?Q@tlllL?stIétébWo@@ﬁ@tUIﬁamlﬂé Prdtefh Ratdpiard ar

enbodi nent, the depth filter(s) nedia may have pore sizes from about 0.01
limto abouch:[onnamgraphssautlon noéleseattai®® ment s, the depth filter(s) nedia

may have po h [ | I [

T v PGS I L5 B R e (SR ek ol PR Profs

t han about ét230Mnﬁ00023] In sone enbodlnents the clarification step may
i nvol ve the use of two or ilters arranged in series. The depth
filters may[@0%3e §we&lllwtfate$é’ﬂﬂenwf%ﬂphﬁf@se®dﬂ &hromat@gfa@hé%efdewnt
for exanple, ngéll stak+C) mini DOHC and XOHC filters could be connected in
series and used inthe clarification step of the invention. [00024]In

anot her enbodi nent, the clarification step may involve the use of three or
nor e depthfilters. l nQ -no ) S|k may invol ve
the use of nmultiple (&= _a : '
paral | el I Hems may be
M pore(r;b%-ﬁ fﬂé@%regge?]g%@@] h{ae‘]d%e{ﬁtqé%f%rtﬂénbodlﬁgﬁﬁé §Irt‘ﬁe
clarificati owestiep, ongobmoae ezapipieshefdvhich cuglset fosthuseowt Eamtexafmgatls on

[00026] 1 n” ROt BB rplEnaine BEfyertn oot Whteyandpns Taventont® -
m crofiltraid e af will bé apparehtd SdsEBKMeans thé atidngedriols ﬁ]b@‘ﬁ/céﬂldﬁsréﬁd on

(TFF) node. Any TFF clarification processes known in the art may
utilized i nvanaigoreneaubensiade rnFthecpéea;qﬁamwt@nwmmpeemrfmmdhepr ocess

oy ane 11 SeeveRaeEEt BB Inor gl Rl fe P URGBiRg of Segthlhehdse
particl e angaarof ¥Pkwabsdiarenanshrebe uséd . arothed @ﬁbbduﬁ&énthud&a sitl ect ed

menbrane pore size all ows some conponents to pass through the pores with
the water whHTheremedMegtt he cell's and cel | debr| s above the nenbrane

surface. o] n; R Il t ed usi ng,
for exanpl e[@dbﬁrl) GHhUE g?olhﬁ%d-#gltggt argr\%\"g% I I%ﬁ’eggggbl@s. g, and
t enper at ur emcﬁufucfatlonsmdulana@one asloounie ﬁﬁﬁinvﬁqerscppept thd appendezhtinanes.

[ 00027] I n an odi nent of t I nventio the clarification ste
Vol ve {1 eanAdhe! SRILRIS RS AR, BEINPSERE SSPRESRIIBR RARaTI | || zed

may be any ﬂ%ﬁquﬁ%e H?&I’M?seb%%? aPé%BUnbu's'?ro% PrIeeIdIoRﬁHd éét%ﬁédi @IBs&*‘pﬁRﬁses
In an enbodi ment, t etergent may be applied to the sanple at a 'l ow | evel
and t he sarrttlietm hemrldﬂmjbaded dn@rofa)rdlmfafy sklﬂzmtI‘@eantdIEtdlﬁeprmrﬁo i nactivate
envel oped n.vir evel  of d t be plie i,n,an
enbod! ment | SRRJSHENTS BHEIaRIcbST SXeBBiaEY s TBERIT s A AR MoL e fhan
he | evel ObsARTIR@AMS bicaobpagpaits eftiaprdsent Foenabiout 0.05% (o about O. 7%
(v/iv). In yet another enbodinent, the level of detergent to be applied may
be about 0. §0@Q6lv) In an embadimestithe p&mllmlonmmmeee@ermelﬁay be

i Yon(ry xPagBc AR e RAGEE o A BB i ot B R e

conbi nat i onppdsen@sieficationt Syeternle ipkoiaed MFiguesesses which are known in
the art can be utilized as the clarification step of the invention.

[00029] I n alPQQHddi nthan emﬂqcbmﬁﬂb()ft‘ﬁ@ igyeHion; @aﬁﬁ”&iﬂeé’ﬂeﬁ%ﬁ 6PN @ nvent i on,
the sanpl e e oFi 0s.

1% atep 2 otenasBaBEs Ak e B bR IGR e B BFRed e Ot ei
f rom ot her invgationi dﬁemaeﬁpdetwhm:htdwtmhala groezin saaplcempbiseefor exaenpiapt ur e
step reduces Ihost cel | rot ein I—I % st cell endo enous Vi rus
or virus-1ikel ﬁ%II“t'riecqréE e t’ﬂ‘ﬁ@t‘?‘ssa%> Asﬁ%e@IPBI?aDN%‘A?qP%?IQ IP%Ié fi que
utilized ing ?Ie%sé&*ﬂ?@h"%éfe H&Mn%f? KI(GF-II@R'&IH@ ik BGMEd tahK Bl%regs[étorfso be
used as a capture step. In an e di ment, e sanpl e may be subjected to
affinity chromatography, ion exchange chromat ography, m xed-node
chromat ogr aphy, or hydrophobic interaction chromatography as a capture
step. [00030]In a particul ar enbodi nent of the invention, affinity
chromat ography may be utilized as thé capture step. Affinity chronatography

nmakes use of specific binding inter actl ons between nol ecul es. A particul ar
i gand | s chem caI I y i mmbl I | zed or coupl ed to a sol i d support V\hen t he

o o . o o o o

d




anot her enbodi ment, the internal dianeter of the colum may be 15 cm or

| arger. [00034] The specific nmethods used for the chronmatography capture
step, incvodorgsilsow of the sanple through the col um, washiS2@nassbuti on,
depend on the specific colum and resin used and are typically provided by
the manufacturers or are known in the art. As used herein, the term
"processed" Tiyprdest cabbetany potsese fodgrénvihaready knoavers imieaars almpvagiausr ough

h t hy.. col i.n, mo filt t hani d
Shal | i ncl DRRTRAGRT i & SRR Bl BPUR0IP st St AS AN AS QPGS & 11 ow
that is paugsb1y] SIWBORE dRbYERTENEAGHe FREBATISHA adflRFo]inZ0barawuae t he

chromat ography capture step, the eluate may be subjectéd to a conbination
processi ng €myedimant the ptateiatis amenegonalantibedinociiaguentieredforpsoge

VR onact RAELL 30 LRUERIER, Bt PRAREATHBIobBRUANERAF, 90 e denth T ere
depth filtrahiairmsets, @ gretdianganniBmurytobty Gendesigniraaentbddimest,

train, in series. [00036] In an enbodinment, the viral i1nactivation step nmay
conpri se | olR§Prajginanay Re& yanaared immuyneglobadp &z entipedy, ¢ humanigad
concentrati YA : : I Si| : , 1 WM t hout
further pH gﬁ@@g@%@.ﬁﬁlégﬁ?@d%lo?g @%@%Lnoaﬂt%n ﬁgﬁ%bé}rﬂge gght?% geln},\%r

| ow- pH vi r apartivatdrienabodimend\ the pnateiny elay, beaare 1gh € immutiogtaiuiinbdtieer s may be
used for elution and the el uate pool mag then_be titrated to the proper pH
range for | BUREA WAY N GeRigi hodBRents b srerfs rn%rh?P'tQW?eorger@nf r om about

2.5 to abou t pégé% 1:Sif ROk to about 4.
[ 00037] In gﬁﬂjeeﬁﬂg%hgr%mﬁbyfﬁggge t gép OI?R)%'EENE lrjcgtélen r‘S% ’Ilﬁi S I%e\?rvered, t he
pool is i ncebdtosiiméot, be 4 eragiibioéantt hoeahizea redhdietlizit§ monational @diboidyut es.

In a particul ar, enbodi nent .. the | owpH viral inactivation step may be
acconpl i she '@?tggtqgta\'r&?q‘i%owﬁ'ﬂy?ﬁpﬁgge%ﬂdh'&g‘phori c acid to obtain a pH of
about 3.5 apgbd1y} saEhenEBditeaNoPRel iRgeRRINe thd @ém@|é¢d?ﬂanﬁﬁfqmém@tewen_
about 60 m nutes and 90 m nutes. [00038] After the |ow pH viral inactivation
step, the i matfirghbeglasifigdiusingany meiheekpewn imthezad (see hidsi gHerstemHl).1 n an

T0. 1 anot AUE UABISTER SFEE sk A0dhrRe s o R oD EBY o8l of from
about 8 to ghpulitiskfrornthygean@ne! rean enisudiment, thé Bampraibagl bezedrifidd gizer pH

may be a pH of fromabout 6 to about 10. In yet another enbodinent, the
neut r al i zed ONRAICHHPrefIgNEEgakEoR sigRsofCentdmdalien of e samplsumag be n yet

anot her enbad| rakd , 2 : :
[00035] n B8 Sied st KREHRi e &k L BRGIoR R Blafyp ol e 2R b o
3.0 M trol aterperimrmaoatsiey amoetealizéchmanirigioft dteowua itk 0Phre/scandla graviatipnaf  t he
i nactivated,el ua&)e E@O% gsy theB be gajpgsted with purified or deionized

wat er. | n afPrER9bEPREN?.00PKE 1@ 3RAUETP-¥PPY90f the inactivated el uate pool
may be adju o] dodm i i i ment,
t he conduct ﬂ/ﬂ%g]ofw ﬁgb;ﬁ%gglm vat egﬁté?fﬁﬂgémg%o%cﬂ? %gﬁfé%jpgﬂg{tg{c? (t?rg%??%m
about 4 to dbptht filBat@i stepsl rD@ptbéjﬂttattgml refere b @adnathod, oftresmoyngdpartichest y  of

{ Doouor s WFbRT RS SeRRchedBs O REL S R ARR R BodelB o ¢ e
conbi nat i ONJBERERATY PEreSIigP NRILphE fikd thr&sldpréndishanatiRere et ROMazE&NoWn i n
the art. For exanple, the viral inactivation_step may conprise, in various
enbodi ment s like patt eergwivhiehdbe gane Pagees., Thelpriaatple ieniaamechanisms ¢

ot her pr oqc2 CRRBIRR RiRendehtFH RSlatdtihg pRAFRRc fhTabent Moot o v

[ 00041] Fol | ewbnghautrtab depacdi thatmattixand vaeiotis @nisdimnents, thefiligract i vat ed
el uate pool nay be processed through one or nore depth filters, as fully
descri bed aPWfBoraggg a5 $8egts My H&i WaURS ERERTHLMRBPYHRES, r%?ﬂl“@ﬂH'@ﬁPc
menbr anes, ] < | kit { in
series. [Oog%[]‘alé?%g S%%?ﬁ%?ﬁ’%ﬁ?%'ﬁ%@éetgﬁggg Bgﬁgétth rlr%trg'gg ?gﬁm’sa{]ep may
conpri se oneompoments. tippestant ecdptméntst esrapositioas treticodiprisetthe ideptidept h

filtration ect of the conbination, ste conprise nore than one unit
of depth 11 [ @CmRrRES FEAY 1F FROTIALY Feated Yo Cante @ slarunposiiie charge;
MIlipore(r) XOHC filters. One of skill in the art will recognize that
selection of the type and nunber of filters used will depend on the vol une
of sanpl e being processed. [00043] The ion-exchange aspect of the

conbi nati on step can be any ion-exchange process known in the art. In an
enbodi nent, this step conprises a nenbrane chromat ography capsule. In an
enbodi nent, Chromasor bTM Menbr ane Adfor ber may be utilized. [00044] In a
particul ar enbodi nent, the chronat ography aspect of the step conprises a Q
menbr ane chromat ography capsule. In an enbodi nent, the Q nenbrane

T o .y T T



may be from about 1 to about 50 cm fromabout 1 to about 20 cm from about
5 to about 10 cm or may be about 7 cm [00051] In sone enbodi nents, the

i nvent i veweyst2ssi4ar e capabl e of handling high titer comrceniSe@tiossssy for
exanpl e, concentrations of about 5 g/L, about 6 g/L, about 7 g/L, about 8
g/L, about 9 g/L, about 10 g/L, about 12.5 g/L, about 15 g/L, about 20 g/L,
about 25 g/ Le., accatienta chdrgastoogndhie thaatitartto tagturetnegabively chaggdd particles,

concentrations_of from ahout 5 g/L to about 10 g/L, concentrations of from
Cout 5 g1 L Sgh B5AUNATASS Aot LR eBARUNET of from about 8 of L to about

15 g/'L, congsoug@t i Ang diptih fiRBtiBRQyktern alhildile @PBHE of Akill/ik thC ARGEAY pat i ons
of fromabout 5 ¢g/L to about 55 g/L, or concentrations of fromabout 5 g/L
to about 100sedin thFeembrsimert. Is@Enparitulanembpsimast, dhiedepivdbiratiat steandl i ng

200 L o and Soaect Bt ReRu T EMAls% Padn b a 1 Phc e 0w
2000 L per Bhosifablé from R rebOOrporitivrabiatdncthéle hbediniantetheedepgi®tiltratiohom
about 800 L to about 1200 L culture _Eer F’ﬁJustrTﬂ or greater than about 1500 L

cul ture per Sipumay [oecamemplishad avithod dapih &ilipsdaaiabte fiam $Mi i shi ng
step may beP%?iﬁ(?ﬁ%ri ﬂ&ed via one or nore nmenbrane adsorbers or nonoliths.
Menbr ane adsorbers are thin, synthetic, m croporous or macroporous

menbr anes t [80022]e tlesomatamipodiwienits,ftba ceptntiter(s) ongdiadidsma homiaiperen t he
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I nactivation, depth filtration, and Mustang(r) Q nenbrane chromatography.
The fine purification steps involved hydrophobic interaction
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(Tween® 80), available from Sigma-Aldrich, Inc., or Triton® X-100, available
from Roche Diagnostics GmbH.
[00028] Any combination of these or other clarification processes which are
known in the art can be utilized as the clarification step of the invention.
[00029] In an embodiment, following the clarification step of the invention, the
sample may be subjected to a chromatography capture step (see Figs. 1-4, step
2). The capture step is designed to separate the target protein from other
impurities present in the clarified sample. Often, the capture step reduces host
cell protein (HCP), host cell DNA, and endogenous virus or virus-like particles in
the sample. The chromatography technique utilized in this embodiment may be
any technique known in the art to be used as a capture step. In an embodiment,
the sample may be subjected to affinity chromatography, ion exchange
chromatography, mixed-mode chromatography, or hydrophobic interaction
chromatography as a capture step.
[00030] In a particular embodiment of the invention, affinity chromatography

may be utilized as the capture step. Affinity chromatography makes use of
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col um was ?asgécﬁa’ﬁerothesréﬁw mdoﬁﬁotélhtir‘?fhééarﬁb@ W%h“hé@ﬁ's'becﬁ%\tﬁﬁblﬁgd es
were conpl eted for each batch. The ste ornmed at anbi ent
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basel i ne absor bance ( with equilibration buffer. second wash of 20

mM sodi um ci®9Q31d/ cin phlge)gygoghmgntg)f the invention, the affinity chromatography
capture step may comprise interactions between an antigen and an antibody, an

enzyme and a substrate, or a receptor and a ligand. In a particular embodiment
of the invention, the affinity chromatography capture step may comprise protein
A chromatography, protein G chromatography, protein A/G chromatography, or
protein L chromatography.

[00032] In a certain embodiment, protein A affinity chromatography may be
utilized in the capture step of the invention (see Figs. 2-4, step 2). Protein A
affinity chromatography involves the use of a protein A, a bacterial protein that
demonstrates specific binding to the non-antigen binding portion of many
classes of immunoglobulins. The protein A resin utilized may be any protein A
resin. In an embodiment, the protein A resin may be selected from the
MabSelect™ family of resins, available from GE Healthcare Life Sciences. In
another embodiment, the protein A resin may be a ProSep® Ultra Plus resin,
available from Millipore Corporation. Any column available in the art may be
utilized in this step. In a particular embodiment, the column may be a column
packed with MabSelect™ resin, available from GE Healthcare Life Sciences, or
a column (e.g. Quickscale column) packed with ProSep® Ultra Plus resin,
available from Millipore Corporation.

[00033] If protein A affinity is utilized as the chromatography step, the column
may have an internal diameter of about 35 cm with a column length of 20 cm. In
other embodiments, the column length may be from about 5 cm to about 35 cm.
In still another embodiment, the column length may be from about 10 cm to
about 20 cm. In yet another embodiment, the column length may be 5 cm or
larger. In an embodiment, the internal diameter of the column may be from
about 0.5 cm to about 100 or 200 cm. In another embodiment, the internal
diameter of the column may be from about 10 cm to about 50 cm. In still



M sodi um chl oride, pH 6.0, was utilized in order to reduce the anmount of
process-related inpurities. Athird wash of equilibration buffer brought
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[00035] Following the chromatography capture step, the eluate may be
subjected to a combination processing step. This combination step may, in an
embodiment, comprise viral inactivation followed by processing through one or
more depth filers and ion-exchange membranes (see Figs. 1-4, step 3). In an
embodiment, the depth filtration and ion-exchange membrane may be designed
as a filter train, in series.
[00036] In an embodiment, the viral inactivation step may comprise low-pH
viral inactivation. In one aspect, use of a high concentration glycine buffer at low
pH for elution may be employed, without further pH adjustment, in a final eluate
pool in the targeted range for low-pH viral inactivation. Alternatively, acetate or
citrate buffers may be used for elution and the eluate pool may then be titrated
to the proper pH range for low-pH viral inactivation. In an embodiment, the pH is
from about 2.5 to about 4. In a further embodiment, the pH is from about 3 to
about 4.
[00037] In an embodiment, once the pH of the eluate pool is lowered, the pool
is incubated for a length of time from about 15 to about 90 minutes. In a
particular embodiment, the low-pH viral inactivation step may be accomplished
via titration with 0.5 M phosphoric acid to obtain a pH of about 3.5 and the
sample may then be incubated for a time period between about 60 minutes and
90 minutes.
[00038] After the low-pH viral inactivation step, the inactivated eluate pool
may be neutralized to a higher pH. In an embodiment, the neutralized, higher
pH may be a pH of from about 5 to about 10. In another embodiment, the
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Chr onat oar aphoo4d]er # bRamalfue eﬁlb'bdlments, the viral inactivation aspect of the

combination processing step may be carried out using other methods known in
the art. For example, the viral inactivation step may comprise, in various
embodiments, treatment with acid, detergent, solvent, chemicals, nucleic acid
cross-linking agents, ultraviolet light, gamma radiation, heat, or any other
process known in the art to be useful for this purpose.

[00041] Following viral inactivation and neutralization, the inactivated eluate
pool may be processed through one or more depth filters, as fully described
above, and one or more ion-exchange membranes, hydrophobic membranes, or
mixed-mode membranes, provided as a filter train or in series.

[00042] The depth filtration aspect of the combination step may comprise one
or more types of depth filters. In an embodiment, the depth filtration aspect of
the combination step may comprise more than one unit of depth filters. These
depth filters may, in an embodiment, be Millipore® XOHC filters. One of skill in
the art will recognize that selection of the type and number of filters used will
depend on the volume of sample being processed.

[00043] The ion-exchange aspect of the combination step can be any ion-
exchange process known in the art. In an embodiment, this step comprises a
membrane chromatography capsule. In an embodiment, Chromasorb™
Membrane Adsorber may be utilized.
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[00044] In a particular embodiment, the chromatography aspect of the step
comprises a Q membrane chromatography capsule. In an embodiment, the Q
membrane chromatography capsule may comprise Mustang® Q membrane
chromatography capsule (available from Pall Corporation) or Sartobind® Q
(available from Sartorius Stedim Biotech GmbH). In an embodiment, the Q
membrane chromatography capsule is operated in flow-through mode.

[00045] Each of the depth filter and ion-exchange membrane steps may, in
an embodiment, be followed by a capsule filtration step. For example, the
capsule filtration step may comprise a Sartopore® 2 capsule filter, available
from Sartorius Stedim Biotech GmbH.

[00046] Following the combination processing step, the sample may be
subjected to an intermediate/final polishing step (Figs. 1-4, step 4). This step
may, in an embodiment, comprise an additional chromatography step. Any form
of chromatography known in the art may be acceptable. For example, in an
embodiment, the intermediate/final polishing step may comprise a mixed-mode
(also known as multimodal) chromatography step (Fig. 3, step 4). The mixed-
mode chromatography step utilized in this invention may utilize any mixed-mode
chromatography process known in the art. Mixed mode chromatography
involves the use of solid phase chromatographic supports in resin, monolith, or
membrane format that employ multiple chemical mechanisms to adsorb proteins
or other solutes. Examples useful in the invention include, but are not limited to,
chromatographic supports that exploit combinations of two or more of the
following mechanisms: anion exchange, cation exchange, hydrophobic
interaction, hydrophilic interaction, thiophilic interaction, hydrogen bonding, pi-pi
bonding, and metal affinity. In particular embodiments, the mixed-mode
chromatography process combines: (1) anion exchange and hydrophobic
interaction technologies; (2) cation exchange and hydrophobic interaction
technologies; and/or (3) electrostatic and hydrophobic interaction technologies.
[00047] In an embodiment, the mixed-mode chromatography step may be
accomplished by using a column and resin such as the Capto® adhere column
and resin, available from GE Healthcare Life Sciences. The Capto® adhere
column is a multimodal medium for intermediate purification and polishing of

monoclonal antibodies after capture. In a particular embodiment, the mixed-
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mode chromatography step may be conducted in flow-through mode. In other
embodiments, the mixed-mode chromatography step may be conducted in bind-
elute mode.

[00048] In other embodiments, the mixed-mode chromatography step may be
accomplished by using one or more of the following systems: Capto® MMC
(available from GE Healthcare Life Sciences), HEA HyperCel™ (available from
Pall Corporation), PPA HyperCel™ (available from Pall Corporation), MBI
HyperCel™ (available from Pall Corporation), MEP HyperCel™ (available from
Pall Corporation), Blue Trisacryl M (available from Pall Corporation), CFT™
Ceramic Fluoroapatite (available from Bio-Rad Laboratories, Inc.), CHT™
Ceramic Hydroxyapatite (available from Bio-Rad Laboratories, Inc.), and/or ABx
(available from J. T. Baker). The specific methods used for the mixed-mode
chromatography step may depend on the specific column and resin utilized, and
are typically supplied by the manufacturer or are known in the art.

[00049] In another embodiment, the intermediate/final polishing step may
comprise a cation exchange chromatography (Fig. 4, step 4). The cation
exchange chromatography step utilized in this invention may use any cation
exchange chromatography process known in the art. In an embodiment, the
cation exchange chromatography step may be accomplished by using a column
packed with Poros XS resin (Life Technologies). In a particular embodiment, the
cation exchange chromatography step may be operated in bind-elute mode.
[00050] Each column utilized in the process may be large enough to provide
maximum throughput capacity and economies of scale. For example, in certain
embodiments, each column can define an interior volume of from about 1 L to
about 1500 L, of from about 1 L to about 1000 L, of from about 1 L to about 500
L, or of from about 1 L to about 250 L. In some embodiments, the mixed-mode
or cation exchange column may have an internal diameter of about 1 cm and a
column length of about 7 cm. In other embodiments, the internal diameter of the
mixed-mode or cation exchange column may be from about 0.1 ¢cm to about 100
cm, from 0.1 to 50 cm, from 0.1 cm to about 10 cm, from about 0.5 cm to about
5 cm, from about 0.5 cm to about 1.5 cm, or may be about 1 cm. In an

embodiment, the column length of the mixed-mode or cation exchange column
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may be from about 1 to about 50 cm, from about 1 to about 20 cm, from about 5
to about 10 cm, or may be about 7 cm.

[00051] In some embodiments, the inventive systems are capable of handling
high titer concentrations, for example, concentrations of about 5 g/L, about 6
g/L, about 7 g/L, about 8 g/L, about 9 g/L, about 10 g/L, about 12.5 g/L, about 15
g/L, about 20 g/L, about 25 g/L, concentrations of from about 1 g/L to about 5
g/L, concentrations of from about 5 g/L to about 10 g/L, concentrations of from
about 5 g/L to about 12.5 g/L, concentrations of from about 5 g/L to about 15
g/L, concentrations of from about 5 g/L to about 20 g/L, concentrations of from
about 5 g/L to about 55 g/L, or concentrations of from about 5 g/L to about 100
g/L. For example, some of the systems are capable of handling high antibody
concentrations and, at the same time, processing from about 200 L to about
2000 L culture per hour, from about 400 L culture to about 2000 L per hour, from
about 600 L to about 1500 L culture per hour, from about 800 L to about 1200 L
culture per hour, or greater than about 1500 L culture per hour.

[00052] In an embodiment, the intermediate/final polishing step may be
accomplished via one or more membrane adsorbers or monoliths. Membrane
adsorbers are thin, synthetic, microporous or macroporous membranes that are
derivatized with functional groups akin to those on the equivalent resins. On
their surfaces, membrane adsorbers carry functional groups, ligands, interwoven
fibers, or reactants capable of interacting with at least one substance in contact
within a fluid phase moving through the membrane by gravity. The membranes
are typically stacked 5 to 15 layers deep in a comparatively small cartridge to
generate a much smaller footprint than columns with similar outputs. The
membrane adsorber utilized herein may be a membrane ion-exchanger, mixed-
mode ligand membrane and/or hydrophobic membrane.

[00053] In an embodiment, the membrane adsorber utilized may be
ChromaSorb™ Membrane Adsorber, available from Millipore Corporation.
ChromaSorb™ Membrane Adsorber is a membrane-based anion exchanger
designed for the removal of trace impurities including HCP, DNA, endotoxins,
and viruses for MAb and protein purification. Other membrane adsorbers that
could be utilized include Sartobind® Q (available from Sartorium BBl Systems
GmbH), Sartobind® S (available from Sartorium BBl Systems GmbH),

12
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Sartobind® C (available from Sartorium BBl Systems GmbH), Sartobind® D
(available from Sartorium BBI Systems GmbH), Sartobind® Phenyl (available
from Sartorium BBl Systems GmbH), Sartobind® IDA (available from Sartorium
BBI Systems GmbH), Pall Mustang® (available from Pall Corporation), or any
other membrane adsorber known in the art.

[00054] As set forth above, monoliths may be utilized in the intermediate/final
polishing step of the invention. Monoliths are one-piece porous structures of
uninterrupted and interconnected channels of specific controlled size. Samples
are transported through monoliths via convection, leading to fast mass transfer
between the mobile and stationary phase. Consequently, chromatographic
characteristics are non-flow dependent. Monoliths also exhibit low
backpressure, even at high flow rates, significantly decreasing purification time.
In an embodiment, the monolith may be an ion-exchange or mixed-mode ligand-
based monolith. In one aspect, the monolith utilized may include CIM®
monoliths (available from BIA separations), UNO® monoliths (available from
Bio-Rad Laboratories, Inc.) or ProSwift® or lonSwift™ monoliths (available from
Dionex Corporation).

[00055] In still another embodiment, the intermediate/final polishing step may
be accomplished via an additional depth filtration step rather than by using
membrane adsorbers, monoliths, or a mixed-mode column. In this embodiment,
the depth filtration utilized for intermediate/final polishing may be a CUNO Zeta
Plus VR® depth filter. In this embodiment, the depth filter may serve the
purpose of intermediate/final polishing as well as viral clearance.

[00056] In a particular embodiment, the intermediate/final polishing step may
be a hydrophobic interaction chromatography step (Fig. 2, step 4). In an
embodiment, this step may use Phenyl Sepharose® High Performance
hydrophobic interaction resin and a Chromaflow® Acrylic chromatography
column, each available from GE Healthcare. Phenyl Sepharose® HP resins are
based on rigid, highly cross-linked, beaded agarose with a mean particle
diameter of 34 um. The functional groups are attached to the matrix via
uncharged, chemically stable ether linkages resulting in a hydrophobic medium
with minimized ionic properties. In this embodiment, the sample may be filtered
through a Sartopore® capsule filter prior to loading onto the column.
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sampl e/ Lt eselnectlon o?types and numbers of filters will be dependent on the volume of
sample being processed.

[00059] As shown in Figures 1-4, step 6, the nanofiltration step may be
optionally followed by ultrafiltration/diafiltration (UF/DF), to achieve the targeted
drug substance concentration and buffer condition before bottling. In an
embodiment, this can be accomplished by the use of filters. The filters may be
any known in the art to be useful for this purpose and may include, for example,
Millipore Pellicon®, Millipak®, or Sartopore® filters. In a particular embodiment,
the UF/DF may be accomplished via three Millipore® Pellicon® 2 Biomax UF
Modules with a 30 kD molecular weight cut off and 2.5 m? surface area each,
optionally followed by filtration through a Sartopore® 2, 800 sterile capsule filter.
The nandfiltration and UF/DF steps can be combined or replaced by any

process(es) known in the art known to provide a purified protein that is
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and spirit of the invention being indicated by the claims which follow the

examples.

Example 1
[00061] Generally speaking, a protein sample (MAb A) was purified from a
cell culture supernatant through a series of recovery, capture, and purification
steps. The primary recovery steps involved centrifugation and depth filtration.
The capture steps involved protein A chromatography, followed by viral
inactivation, depth filtration, and Mustang® Q membrane chromatography. The
fine purification steps involved hydrophobic interaction chromatography,
nanofiltration, and ultrafiltration/diafiltration. The final product was then filtered,
bottled, and frozen. The recovery and capture operations were performed at
ambient temperature. The fine purification steps were performed at a
temperature of 17 £ 2°C, unless otherwise specified. Three batches of 3000 L
bioreactor harvest of MAb A were purified through this process.

Primary Recovery

[00062] Primary recovery by centrifugation and depth filtration was used to
remove cells and cell debris from the production bioreactor tank. An Alfa—Laval
BTUX 510 centrifuge was utilized for this process step. A 3000 L production
bioreactor served as the feed tank to a continuous flow disc stack centrifuge.
The centrifuge was run at about 5200 rpm at a feed rate of 28 L/minute. The
centrifuged harvest was subsequently passed through a filter train that consisted
of ten 1.1 m* Millipore® XOHC media Pod units. After the contents of the
bioreactor were depth filtered, the filter train was subsequently rinsed with 200
kg of 25 mM Tris, 100 mM sodium chloride, pH 7.2, and then air blown to
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[ 00072] Average yield for the nanofiltration operation was 99% Average
filter loading for the Sartorius filters was 130 L/ n2 per run (equival ent
to 1413 gwoRop#siran). The DV20 | oadi ng was 61 L/ nR2 per PCuiruse@qosseal ent to
693 g/ n2 per run). Filtration operations were consistent based on filtrate
vol unes, filtrate concentrations and yields. Operation and yields are
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e g Ret 2 S gl g el el POy BB 2, ™
1575 693 1234l Bk 3AMel 96:d-YorwNEhd keld for up to 5 days.

In one run, the centrifuge was not utilized and a series of Pod filters was instead

used to process the material. A total of fifteen DOHC and ten XOHC filters were

used to clarify about 3000 L harvest materials. Again, the filter train was

subsequently rinsed with 200 kg of 25 mM Tris, 100 mM sodium chloride, pH

7.2, and then air blown to remove the remaining filtrate. The clarification yield

when using the depth filter only was similar to that using both centrifuge and

depth filter. Overall, the average harvest step yield was 91% with an average

harvest concentration of 1.85 g/L. The results of the harvest centrifugation and

filtration operations are summarized in Table 1.

Table 1. Summary of Primary Recovery Operations

Run # 1 2 3 AVG | STD
Reactor End Conc. (g/L) | 2.07 | 2.07 2.02 2.05 | 0.03
Reactor End Volume (kg) | 2903 | 2923 | 2937 | 2921 17
Harvest End Conc. (g/L) | 1.87 | 1.79 1.88 1.85 | 0.05
Harvest End Volume (kg) [ 2931 | 3013 | 2895 | 2946 | 60
Harvest Step Yield (%) 91 89 92 91 2

Protein A Capture Chromatography

[00063] Protein A chromatography was used to capture the protein from the
clarified harvest and to reduce the amount of process-related impurities.
ProSep® Ultra Plus resin (Millipore) and a Quickscale chromatography column
(Millipore) were utilized for this process step. The protein A capture column was
35 cm in diameter with a target height of 20 cm (bed volume 19.2 L). The
loading limit for MAb A in the column was 42 grams of sample per liter of protein
A resin. Seven cycles were completed for each batch. The step was performed
at ambient temperature and used a 3-step linear velocity loading of 720 cm/hr
up to 36 g/L, 480 cm/hr up to 39 g/L, and 240 cm/hr up to 42 g/L. The column
was equilibrated with 25 mM Tris, 100 mM sodium chloride, pH 7.2, and loaded
with clarified harvest.

[00064] After loading, the column was washed to baseline absorbance (Azso)

with equilibration buffer. A second wash of 20 mM sodium citrate/citric acid, 0.5
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396.7 363.3 332.9 364.3 31.9 Viral Filter Loading (L of sanple/n2 of filter
area) 142 61 119 130a 16a Rinse Volune (kg) 25 25 25 25 O Filtrate Vol une
(L) 407.2weau12s864. 3 381.0 26.5 PCT/US2011/055691

M sodium chloride, pH 6.0, was utilized in order to reduce the amount of
process-related impurities. A third wash of equilibration buffer brought the
optical density (OD), pH, and conductivity back to baseline. The product was
eluted from the column with 0.1 M acetic acid, pH 3.5. The eluate was collected
from 1 OD on the frontto 1 OD on the tail at 280 nm with a 1 cm path length.
For each cell culture batch, the column was cycled six additional times to
process approximately the 5500 g of crude protein that was expected. Between
each cycle, the column was regenerated with 0.2 M acetic acid. The eluate pool
was held up to 5 days, chilled to 4-12°C, before proceeding to the low pH virus
inactivation step.

[00065]
in Table 2. Average column loadings were approximately 42 g of protein per L

Operational data and yields for the Protein A capture step are shown

of resin per cycle with the exception of the seventh cycle for each batch, which
was partially loaded using the remaining load volume. Average yield for the
Protein A capture step was 90%. Capture column operations were consistent in
regard to elution chromatographic profiles. Overlays are illustrated in Figures 5
and 6.

Table 2. Summary of ProSep® Ultra Plus Protein A Capture Chromatography

Run # 1 2 3 AVG STD
Total Load Volume (kg) 2931 3013 2895 2946 60
Column Load Conc. (g/L) 1.87 1.79 1.88 1.85 0.05
Eluate Pool Volume (kg) 245 247 229 240 10
Eluate Pool Conc. (g/L) 20.24 | 19.71 21.09 | 20.35 0.70
Step Yield (%) 91 91 89 90 1

Viral Inactivation, Depth Filtration, and Q Membrane Chromatography
[00066]
adventitious viruses that may have been present. The step was performed at

The Protein A eluate pool was subjected to low pH to inactivate

ambient temperature. The low pH inactivation step was performed by adjusting
the pH of the eluate pool to 3.5 £ 0.1 (measured at 25°C) with 0.5 M phosphoric
acid. After a hold period of 60-90 minutes, the inactivated material was
neutralized to pH 8.0 £ 0.1 (measured at 25°C) using 3.0 M trolamine and
diluted with purified water to a conductivity of 5.0 £ 0.5 mS/cm. After

neutralization, the pH inactivated material was passed through a filter train into a
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summarized in Table 3. Average loading over the Mustang® Q capsule was 6.3

The results of the low pH inactivation and filtration operations are

g of protein per mL of Q capsule (equivalent to 409 mL of protein per mL of Q
capsule). The three runs had an average step yield of 96%.

Table 3. Summary of Viral Inactivation, Depth Filtration, and Q Membrane
Chromatography Operations

Run # 1 2 3 AVG STD
Start Volume (kg) 245 247 229 240 10
pH, Initial (Viral Inactivation) 4.0 4.1 4.1 4.1 0.1
pH, Final (Viral Inactivation) 3.5 3.6 3.6 3.6 0.1
0.5 M Phosphoric Acid Added (kg) 6.7 7.1 7.0 6.9 0.2
pH, Initial 3.6 3.6 3.6 3.6 0.0
pH, Final 7.9 7.9 7.9 7.9 0.0
3.0 M Trolamine Added (kg) 16.8 16.3 14.8 16.0 1.0
Conductivity, Initial (mS/cm) 6.4 6.5 6.7 6.5 0.1
Conductivity, Final (mS/cm) 5.4 5.4 5.4 5.4 0.0
USP-PW Added (kg) 54.7 59.7 54.0 56.1 3.1
Mustang® Q Loading 6.4 6.2 6.2 6.3 0.1
(g of sample/mL of Q capsule)
Filter Train Rinse Volume (kg) 54.8 109.4 | 108.2 | 90.8 31.2
Final Pool (kg) 378.0 | 439.5 413 410 31
Final Concentration (g/L) 11.93 | 10.87 | 10.85 | 11.22 | 0.62
Step Yield (%) 91 1004 | 97.1 96 5

Hydrophobic Interaction Chromatography

[00068]

Phenyl Sepharose® HP chromatography was used to reduce the

amount of process-related impurities and aggregated antibody that might be

18



STD Initial

Amount (g) 4186 4095 3653 3978 285 Retentate Volune (L) 30.9

26.1 24.0 27.0 3.5 Retentate Concentration (g/L) 140.1 149.9 149.7 146.6
5. 6 Ret enwater2Asount (g) 4326 3911 3587 3941 PCT/US2011/055691

present in the Q membrane effluent. Prior to this polishing step, the Q
membrane effluent was diluted with 2.2 M ammonium sulfate and 40 mM
sodium phosphate, pH 7.0, to contain a target concentration of 1.0 M ammonium
sulfate and 18 mM sodium phosphate and then filtered through a Sartopore® 2
10—inch (0.45 um + 0.2 uym) capsule filter prior to loading onto the column.
[00069] Phenyl Sepharose® HP hydrophobic interaction resin (GE
Healthcare) and a Chromaflow® Acrylic chromatography column (GE
Healthcare) were utilized for this process step. The phenyl column was 60 cm in
diameter with a target height of 15 £ 1 cm (bed volume 42.4 L). The loading
limit for the column was 40 grams of sample per liter of Phenyl Sepharose® HP
resin. The step was performed at 17 £ 2°C, and at a flow rate of 75 cm/hr. The
load material was warmed, when required, to 17 £ 2°C prior to the start of the
first cycle. The column was pre-washed with water and equilibrated with 1.0 M
ammonium sulfate and 18 mM sodium phosphate, pH 7.0. Following
equilibration, the column was loaded with the diluted phenyl load. After loading,
the column was washed to baseline absorbance (Az2s0) with 1.1 M ammonium
sulfate and 20 mM sodium phosphate, pH 7.0, followed by 0.95 M ammonium
sulfate and 17 mM sodium phosphate, pH 7.0, respectively. The product was
eluted from the column at a reduced flow rate of 37.5 cm/hr with 0.55 M
ammonium sulfate and 10 mM sodium phosphate, pH 7.0, into a portable tank.
The eluate was collected from 5 OD on the front to 1 OD on the tail at 280 nm
with a 1 cm path length. For each cell culture batch, the column was cycled two
additional times to process the approximately 4700 g of protein sample that was
expected. Between each cycle, the column was regenerated with water for
injection (WFI). The eluate was held at < 22°C for 1 day. Optionally, the eluate
can be chilled to < 8°C and held up to 10 days before proceeding to the
nanofiltration step. Phenyl column operations were consistent in regard to
elution chromatographic profiles. Overlays are illustrated in Figures 7 and 8.
[00070] Operational data and yields for Phenyl Sepharose® HP
chromatography are detailed in Table 4. Average column loadings were
approximately 36 g of protein per L of resin per cycle. Average yield for the

Phenyl Sepharose® step was 89%.
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370 Step Yield (% 103 96 98 99 4 Filtration, Bottling, and Freezing
[ 00075] The bottling operations were perfornmed in a flow hood at 2-8C. The
sanpl e wawoporepsdi4rhr ough a M I 1ipakO 200 0.22 pm filt ePCITAISE011/055691
pre-sterilized, pyrogen-free polyethyl ene terephthal ate glycol containers.
Approximately 1.6 L was filled per 2 L bottle. Wthin three hours of the
end of the B’abtelaﬂr@mmambf &henylhsephdrbee® b &hedmitagrapy wer e frozen at

- 80C. [ 000 feI—Ayerage—yeld—tor—the—ral—pettnRgoeperalon—vgas 9~ The
bottling o] ed bn prot%einlcontentlr rS in
amount's, andofd AHPoYNtPls (see Table 7). 450%hde 4/ 77shmAd8]. bt @8&-3I e1635
Fil trati on] Gtumnibeadingn@ sareeleilntester at B6ns |RuBs# 1 235 AVG §86D $tarti ng

Amount (g) | Zn8ite FAR2 (3564 3928 362 396.7 | 363.3 | 332.9 | 364.3 | 31.9
Eluate Pool Conc. (g/L) 1112 | 11.45 | 1052 | 11.03 | 0.47
Step Yield (%) 98 89 81 89 9

Nanofiltration

[00071] Nanofiltration was used to remove adventitious viruses =220 nm in
diameter that might potentially be present in the Phenyl Sepharose® HP purified
material. The nanofiltration filter train was comprised of two Pall 0.15 m® 0.1 ym
Fluorodyne® Il PVDF capsule filters (total of 0.3 m® nominal filter area) as
protecting filters for two 20-inch Sartorius Virosart® CPV filters (total of 2.8 m?
nominal filter area) or two 20-inch Pall DV20 filters in parallel. The step was
performed at 10-14°C. To monitor the filtration, pressure gauges were mounted
upstream of the prefilter and upstream of each nanofilter housing. During the
filtration, the pressure was held at < 32 psig. After all of the Phenyl eluate had
been filtered, the filter train was rinsed with 25 kg of 15 mM histidine, pH 6.0, to
recover any protein sample which may have been retained in the filter housings.
For each cell culture batch, one nanofiltration was performed. The filtrate was
held at £22°C up to 1 day or chilled to < 8°C and held up to 10 days before
proceeding to the formulation step.

[00072] Average yield for the nandfiltration operation was 99%. Average filter
loading for the Sartorius filters was 130 L/m?® per run (equivalent to 1413 g/m?
per run). The DV20 loading was 61 L/m? per run (equivalent to 693 g/m? per
run). Filtration operations were consistent based on filtrate volumes, filtrate

concentrations and yields. Operation and yields are detailed in Table 5.
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Bul k Product Concentration (g/L) 138 150 148 145 6 Bul k Drug Amount (g)
4234 3866 3517 3872 359 Step Yield (% 99 98 99 99 1 Yield Sunmary

[ 00077] TWe 29i2l5dst7f rom each process step are given in Pablus2@.1/033%e1 r eact or
end anount and the bottled bul k drug substance anount were used to
calculate the overall yield. The average cal cul ated overall yield was 60%
When cor r eciTable DrSummaryp o danséilmation)paratomver age cal cul at ed overal |

1 Q0L \AO- 2012 AE11A7DPCT/LICON1 1) EEAQT1 TAahl Cuimmrv ~f 1
]Ylorel (I\j/Abwa,sA [J .,u .vut .L:;L 0541+4H : US2041/955631Trabl e 8 GHiRIgC O yi el ds

Viral Filter Nominal Area (m°) 2.8 6.0 2.8 n/a n/a

Viral Filter Loading (g of 1575 | 693 | 1251 | 1413% | 230°
sample/m? of filter area)

Load Volume (L) 396.7 | 363.3 | 3329 | 364.3 | 31.9

Viral Filter Loading (L of 142 61 119 1302 16°
sample/m? of filter area)

Rinse Volume (kg) 25 25 25 25 0
Filtrate Volume (L) 407.2 | 381.6 | 354.3 | 381.0 | 26.5
Filtrate Concentration (g/L) 10.28 | 10.73 | 10.31 10.4 0.3

Step Yield (%) 95 98 104 99 5

#Values calculated using data relevant to Sartorius filters in Runs 1 and 3 only.

Formulation (Ultrafiltration and Diafiltration)

[00073] Each lot of viral filtrate was concentrated and formulated by
ultrafiltration and diafiltration. Three Millipore Pellicon® 2 Biomax UF Modules
with a 30 kD molecular weight cut off and 2.5 m® surface area each (total of 7.5
m? nominal filter area) were used for the first portion of the formulation
operation. The step was performed at 10-14°C. The viral filtrate was first
concentrated to a target of 70 g/L by ultrafiltration. Next, continuous diafiltration
with a minimum of 8 volumes of 19 mM histidine, pH 5.6, was performed. After
diafiltration, the drug substance was further concentrated to a target of 195 g/L.
The ultrafiltration system was then drained of product and rinsed with
approximately 8 kg of 19 mM histidine, pH 5.6, to recover product held up in the
system. The concentrate and wash were combined to produce a diafiltered
sample with a target concentration of 130—-150 g/L. The formulated concentrate
was then filtered through one Sartopore® 2, 800 sterile capsule filter into a
holding tank. The filtrate was held for up to 7 days at < 22°C before proceeding
to the final bottling step.
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Steps 1 2 3 AVG STD Primary Harvest (% 91 89 92 91 2 ProSep(r) Utra Plus
Capture (/0) 91 91 89 90 1 Viral Inactivation/Pod/ Q Menbrane (/0) 91 100 97
96 5 WO 2012/051147 PCT/US2011/055691

[00074] Average yield for the formulation operation was 99%. Formulation
operations were consistent based on final retentate volumes, concentrations and

yields (see Table 6).

Table 6. Summary of Formulation Operation

Run # 1 2 3 AVG | STD
Initial Amount (g) 4186 | 4095 | 3653 | 3978 | 285
Retentate Volume (L) 309 | 26.1 | 24.0 | 27.0 | 3.5
Retentate Concentration (g/L) | 140.1 | 149.9 | 149.7 | 146.6 | 5.6
Retentate Amount (g) 4326 | 3911 | 3587 | 3941 | 370
Step Yield (%) 103 96 98 99 4

Filtration, Bottling, and Freezing

[00075] The bottling operations were performed in a flow hood at 2-8°C. The
sample was pumped through a Millipak® 200 0.22 um filter into pre-sterilized,
pyrogen-free polyethylene terephthalate glycol containers. Approximately 1.6 L
was filled per 2 L bottle. Within three hours of the end of the bottling operation,
the filled labeled bottles were frozen at -80°C.

[00076] Average yield for the final bottling operation was 99%. The bottling
operations were consistent based on protein concentration, protein amounts,

and final yields (see Table 7).

Table 7. Summary of Sterile Filtration, Bottling, and Freezing Operations

Run # 1 2 3 AVG | STD
Starting Amount (g) 4287 | 3932 | 3564 | 3928 | 362
Bulk Product Concentration (g/L) | 138 150 148 145 6
Bulk Drug Amount (g) 4234 | 3866 |3517 |3872 | 359
Step Yield (%) 99 98 99 99 1

Yield Summary

[00077] The yields from each process step are given in Table 8. The reactor
end amount and the bottled bulk drug substance amount were used to calculate
the overall yield. The average calculated overall yield was 60%. When
corrected for in-process sampling, the average calculated overall yield was 68%.
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Table 8. Summary of yields for MAb A purification

Steps 1 2 3 AVG | STD

Primary Harvest (%) 91 89 92 91 2

ProSep® Ultra Plus Capture (%) 91 91 89 90 1

Viral Inactivation/Pod/Q Membrane (%) | 91 100 97 96 5

Phenyl Sepharose® HP 98 89 81 89 9
Chromatography (%)

Viral Filtration (%) 95 98 104 99 5

UF/DF (%) 103 96 98 99 4

Bottling (%) 99 98 99 99 1

Overall Process Yield (Corrected for 72 67 65 68 3

Sampling) (%)

Product Quality

[00078] Final bulk drug substance was tested for a full panel of quality
attributes. Overall, the three batches of final drug substance were consistent

and within specifications for all attributes tested (see Table 9).

Table 9. Product purity in final drug substance for MAb A.

Assays Runi1|Run2 | Run3
Monomer % 99 99 99
Host Cell Protein (ng/mg) | <0.21 | <0.21 | 0.34
Protein A (ng/mg) 0.05 | 0.05 | 0.06
DNA (pg/mg) <1 <1 <1
Example 2

[00079] In this example, a protein purification process very similar to that
described in Example 1 was performed to purify MAb B. Differences between
the two processes are described herein. If an aspect of the process is not
described in detall, it is as described for Example 1.

Primary Recovery

[00080] Centrifugation and depth filtration served as the primary recovery
steps. The centrifugation process was the same as described for Example 1.
The centrifuged harvest was then passed through a filter train that consisted of
ten 1.1m? Millipore® XOHC media Pod units. The sample was then filtered
through three 30-inch Sartopore® 2 0.45/0.2 um filters, in series. After the
sample was filtered, it was rinsed with 200 kg of 25 mM Tris, 100 mM sodium

chloride, pH 7.2 followed by air blown to remove the remaining filtrate.
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1 Overall Process Yield (Corrected for Sanpling) (/0) 72 67 65 68 3
Product Quality [00078]Final bulk drug substance was tested for a full
panel of woabixos1artri butes. Overall, the three batchesPpofi/dSemalosspug
substance were consistent and within specifications for all attributes
tested (see Table 9). Table 9. Product purity in final drug substance for
MAb A AssayenRifngaticuanad filRatiod ditihe marvext a@r® peddrried as@esihglerwiiei n

(ng/ng) <0. %%efa(gi'o%.l The filtrate was collected in a 3000 L harvest tank, chilled to 4—12°C,
and held for up to 5 days.
Protein A Capture Chromatography

[00081] The protein A capture step of Example 2 was substantially similar to
that described in Example 1. The loading limit for the column was 43 grams of
MADb B per liter of Protein A resin. Eight to nine cycles were completed for each
batch. The step was performed at ambient temperature and used a 2-step
linear velocity loading of 600 cm/hr up to 30 g/L and 400 cm/hr up to 43 g/L.
0.15 M phosphoric acid (pH 1.5) was used for regeneration of every cycle. 6 M
urea was used for cleaning, every five cycles and at the end of the process. 50
mM NaAcetate, pH 5, 2% benzyl alcohol was used for sanitization and storage.
Viral Inactivation, Depth Filtration, and Q Membrane Chromatography

[00082] The next step in the process is the combination step which includes
viral inactivation, depth filtration, and chromatography. In this step, the low pH
inactivation was accomplished in the manner set forth in Example 1. Following
inactivation, the sample was flowed through an 8.8 m? XOHC Pod followed by
two 780 mL Mustang® Q membrane adsorber which were set in parallel. The
flow rate through the Q membrane adsorber was 10 CV/min. After depth
filtration and again after Q membrane processing, the sample was flowed
through a Sartopore® 2 30—inch (0.45 um + 0.2 ym) capsule filter.
Hydrophobic Interaction Chromatography

[00083] A Phenyl Sepharose® HP hydrophobic interaction resin (GE
Healthcare) and a Chromaflow® Acrylic chromatography column (GE

Healthcare) were utilized for this process step. The phenyl column was 80 cm in
diameter with a target height of 15 £ 1 cm. Prior to this polishing step, the Q
membrane effluent was diluted with 2.2 M ammonium sulfate and 40 mM
sodium phosphate, pH 7.0, to obtain a target concentration of 1.1 M ammonium
sulfate and 11 mM sodium phosphate and then filtered through a Sartopore® 2
(0.45 um + 0.2 ym) capsule filter prior to loading onto the column. The column
was pre-washed with water and equilibrated with 1.1 M ammonium sulfate in 20
mM sodium phosphate, pH 7.0 solution. Following equilibration, the column was
loaded with the diluted phenyl load at 75 cm/hr flow rate. After loading, the
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0.34 Protein A (ng/ng) 0.05 0.05 0.06 DNA (pg/ng) <1 <1 <1 Exanple 2
[00079]In this exanple, a protein purification process very simlar to that
descri bedwproxamare 1 was performed to purify MAb B. DipCTarsesnamssebet ween
the two processes are described herein. If an aspect of the process is not
described in detail, it is as described for Exanple 1. Primary Recovery
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Example 1.

[00087] The purification yields and final product quality for MAb B were
summarized in Table 10 and 11. Four batches were run successfully with
average total purification yield of 69%. The impurity levels in the final bulk drug
substances of all the batches were comparable, and met the product quality
specification.
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[00088] In this example, another protein purification process was performed
to purify MAb A in lab scale. The XOHC filtrate from the third batch run, as
described in Example 1, was adjusted to pH 8.1 by adding 1M Tris, pH 9.5
solution and the conductivity was adjusted to 9 mS/cm by adding 1M NaCl.
Approximately 270 mL adjusted filtrate was then flowed through three 0.18 ml
Acrodisc® Mustang® Q membrane adsorber devices in parallel. The
conductivity of the Q membrane flow-through pool was adjusted further to 9
mS/cm by adding 1M NaCl and then 0.22 um filtered. This conditioned pool was
then flowed through a 5 mL prepacked Capto® adhere column at 3 min
residence time flow rate. The load level on the Capto® adhere column was 221
mg/ml and a 20 CV of equilibration buffer wash was performed following the
feed load. The product pool was collected based on UV280 reading from 200
mAU during product load to 200 mAU during buffer wash. The experiment was
conducted at room temperature. The concentration and volume of the Capto®
adhere product pool were measured to calculate the step yield, and the pool
was analyzed for aggregates/monomer using SEC, and HCP and protein A
levels using in-house ELISA assays.
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[00089] The lab scale Q membrane flow-through showed step yield of 93-
97%, and the Capto® adhere column polishing step gave a step yield of 89%.
Thus the total process yield using Capto® adhere for final polishing is similar to
that using Phenyl Sepharose® HP as shown in Example 1. In addition, the
quality of the product pool following Capto® adhere purification also met product
specification, as shown in Table 12.

Table 12. Purification performance for MAb A through Protein A capture
followed by POD filtration/Q membrane flow-through and Capto® adhere flow-
through polishing.

Assays Impurity levels in Capto®
adhere FTW pool
Monomer % 99.8
Host Cell Protein (ng/mg) 3.5
Protein A (ng/mg) 0.01
Example 4

[00090] In this example, a protein purification process similar to that
described in Example 3 was performed to purify MAb B in lab scale. The Q
membrane flow-through pool from the second batch run, as described in
Example 2, was adjusted to pH 8.1 by adding 1M Tris, pH 9.5, and the
conductivity was adjusted to 6 mS/cm by adding 1M NaCl before filtering
through a 0.22 um membrane. This conditioned pool was then flowed through a
5 mL prepacked Capto® adhere column at 3 min residence time flow rate. The
load level on the Capto® adhere column was 256 mg/ml, and a 20 CV of
equilibration buffer wash was performed following the feed load. The product
pool was collected based on UV280 reading from 200 mAU during product load
to 200 mAU during buffer wash. The experiment was conducted at room
temperature. The concentration and volume of the Capto® adhere product pool
were measured to calculate the step yield, and the pool was analyzed for
aggregates/monomer using SEC, and HCP and protein A levels using in-house
ELISA assays.

[00091] The Capto® adhere column polishing step gave a step yield of
91.6%, which is similar to the Phenyl Sepharose® HP bind-elute step shown in
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Example 2. In addition, the quality of the product pool following Capto® adhere
purification met product specification, as summarized in Table 13.

Table 13. Purification performance for MAb B through Protein A capture
followed by POD filtration/Q membrane flow-through and Capto adhere flow-
through polishing.

Assays Impurity levels in Capto
adhere FTW pool
Monomer % 99.0
Host Cell Protein (ng/mg) 3.4
Protein A (ng/mg) 0.0
Example 5

[00092] In this example, a protein purification process similar to that
described in Example 4 was performed to purify MAb B in lab scale. The XOHC
filtrate from the second batch run, as described in Example 2, was adjusted to
pH 6.5 by adding 1M Tris, pH 9.5, and the conductivity was adjusted to 6 mS/cm
by adding 1M NaCl or diluting with Milli-Q® water before filtering through a 0.22
um membrane. This conditioned pool was then flowed through a 5 mL
prepacked PPA HyperCel™ column at 3 min residence time flow rate. Two runs
were conducted. The load levels on the PPA HyperCel™ column were 104 and
235 mg/ml respectively, and a 20 CV of equilibration buffer wash was performed
following each feed load. The product pool was collected based on UV280
reading from 200 mAU during product load to 200 mAU during buffer wash. The
experiment was conducted at room temperature. The concentration and volume
of the PPA HyperCel™ product pool were measured to calculate the step yield,
and the pool was analyzed for aggregates/monomer using SEC, and HCP and

protein A levels using in-house ELISA assays.

[00093] The feed for this experiments contains about 98.1% monomer (1.7%
aggregates), 7 ng/mg HCP and spiked with 23.6 ng/mg protein A. The
performance of the PPA HyperCel™ resin was summarized in Table 14. The
yield at higher loading level (235 mg/ml) was 92%, comparable to that of Phenyl
Sepharose® HP polishing step shown in Example 2. Also, the quality of the
product pools following PPA HyperCel™ purification met product specification.
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Since the load for this run did not go through the Q membrane, it is expected
that the product quality will be further improved if the Q membrane is used

between the XOHC filtration and PPA hypercel polishing step.

Table 14. Purification performance for MAb B through Protein A capture
followed by POD filtration and PPA Hypercel™ flow-through polishing.

Test Impurity levels in PPA hypercel FTW pool
100 mg/ml load 235 mg/ml load
Monomer % 99.2 99.0
Host Cell Protein (ng/mg) 2.31 3.62
Protein A (ng/mg) 0.02 0.03
Example 6

[00094] In this example, another protein purification process was performed
to purify MAb B in lab scale. The protein A eluate as described in Example 2,
was adjusted to pH 5 by adding 1M Tris, pH 9.5 solution and the conductivity
was adjusted to 8 mS/cm by adding 1M NaCl followed by 0.22 um filtration.
This conditioned material was then flowed through a 8 mL Poros XS® (Life
Technologies) cation exchange column at 4 min residence time flow rate. Prior
to load, the column was cleaned with 0.1 M NaOH, equilibrated with 50 mM
sodium acetate, 35 mM NaCl, pH 5 buffer. After loaded with 72 mg/ml MAb B,
the column was washed with equilibration buffer and then eluted with 50 mM
sodium acetate, 220 mM NaCl, pH 5 buffer. The eluate was collected based on
UV280 reading from 200 mAU to 200 mAU. The experiment was conducted at
room temperature. The concentration and volume of the Poros XS® product
pool were measured to calculate the step yield, and the pool was analyzed for
aggregates/monomer levels using SEC, and HCP and protein A levels using in-
house ELISA assays.

[00095] Table 15 summarizes the purification performance for this polishing
step. A step yield of almost 100% was obtained and all the impurity levels are
within product specifications Since the load for this run did not go through the
XOHC POD and Q membrane polishing step, it is expected that the product

quality will be further improved when these steps are incorporated.
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The spiked material was loaded onto a 4.9 mL Poros XS® (Life Technologies)

@)

cation exchange column at 2.9 min residence time flow rate. Prior to load, the
column was cleaned with 0.1 M NaOH, equilibrated with 100 mM sodium
acetate, pH 5 buffer. After loading with 68 mg/ml MAb C, the column was
washed with equilibration buffer and then eluted with 380 mM sodium acetate ,
pH 5 buffer. The eluate was collected based on UV280 reading from 200 mAU
to 400 mAU. The experiment was conducted at room temperature. The
concentration and volume of the Poros XS® product pool were measured to
calculate the step yield, and the pool was analyzed for aggregates/monomer
levels using SEC, and HCP and protein A levels using in-house ELISA assays.
[00097] Table 16 summarizes the purification performance. A step yield of
93% was obtained and all the impurity levels are within product specifications.

Table 16. Poros XS cation exchange column polishing performance for MAb C
protein A eluate.

Aggregates Monomer HCP Protein A

(%) (%) (ng/mg) (ng/mg)
Load 1.1 98.9 62.3 38.7
Eluate 0.4 99.5 0.8 3.5
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Exanple 4 [00090]In this exanple, a protein purification process simlar
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by POD filtration/ Q nmenbrane flowthrou and Capt o adhere fl owthrough

h
pol i shing. PRYHR PIARHGed oy th@%péowdmw%kw indhe E. MtPRLYEPIVHAG feM %609, 0
Host Cel | PrpateibfAl [ : 2] In
thi's exarpl SO eRdSeEpAl i treSeht EBnful WERls e pRERTRLD S fPHES | |
Exanpl e 4 wiwe gepérudaredainos. pur adgitiddiht $houid belureizasteod That a9pdCtd ofl theat e
fromthe second batch run, as described in Exanple 2, was adjusted to pH
6.5 by addi Mg GFFI%QQ”BWYQ.%?Y RRdtE 3@86@&'&‘6’\{%@ or Wa%ar&dFHéH%ﬂ“?r@’G ns/ cm
by adding 1 i chi ' b t id ek
t hrough a OMZdZ}‘)%IQ}fncﬂjrle *gﬁgwtﬂg éﬂ?g}c\)ﬂnée}?rie%%t%gﬁé&ﬂ?@?@n@%c&)@ggﬁﬁ” ough
a 5 nlL prephykeay ¢ixammeoddy, Evdde Inptintenda ta limit #% thweotion seduthew r at e.

TWO runs werge C:L)Hnd cted., The I%ad I.evel.é1 on. t he, PPA. Hyper Cel TM (;[ﬁl um were

c

104 and 235%R§FTHEG DR GRAGNIEA LY MS. SNREGO8e: BTG FEReUrF8r wash
was perfor ”ﬁ%géﬁéé&ﬂaﬂﬁs%ﬁébldfrﬁﬂ%e' IfAited thdeRdadHplio®ePtha/as sippk! ect ed
based on UV2 readi ng from 200 mAU during product |oad to 200 mAU duri ng
buf f er washcomanaskibereinrent was conducted at roomtenperature. The
concentration and vol unme of the PPA Hyper Cel TM product pool were neasured
to calculate the step yield, and the pool was anal yzed for

aggr egat es/ nononer using SEC, and HCP and protein A | evels using in-house
ELI SA assays. [00093] The feed for this experinents contains about 98. 1%
nononer (1.7% aggregates), 7 ng/ng HCP and spiked with 23.6 ng/ng protein
A. The performance of the PPA HyperCel TMresin was summari zed in Table 14.
The yield at higher |oading level (235 ng/m) was 92% conparable to that
of Phenyl Sepharose(r) HP polishing step shown in Exanple 2. Al so, the
quality of the product pools follow ng PPA HyperCel TM purification net
product specification.
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WO 2012/ 051147PCT/ US2011/ 055691 Since the load for this run did not go
through the Q nenbrane, it is expected that the product quality wll be
further iwprowdiis7 t he Q nmenbrane is used between the ROHTSRéhwsmHi on and
PPA hypercel polishing step. Table 14. Purification performance for MAb B
through Protein A capture followed by POD filtrati on and PPA Hypercel TM

fl owt hr oughVIidATi ISHUIWAIMBEBLS: | npurity levels in PPA hypercel FTWpool 100
ng/mM load 235 ng/m | oad Monomer % 99.2 99.0 Host Cell Protein (ng/ng)
2.31 3.62 Protein A (ng/ng) 0.02 0.03 Exanple 6 [00094] In this exanple,
anot her proteji nApHéghfouqr@p Pgﬂyp{goggp&ey%rﬁ@g,@@ med to purify MAb B in |ab
scale. The protein A eluate as described in Exanple 2, was adjusted to pH 5
by addi ng 1M Tri s,a.pProyiding alsampla centhining tbe maeietn;vi t y vvas adjusted to 8

nS/cm by adding 1 |l i d oned
mat eri al was thenly}I N@@&Sgﬂﬁ’gﬁgg Wﬁg\’-@b ?séwggea{n@@] ﬁﬁ'&fggﬁ réi‘%

cati on exchange col uprovide éﬂf’@t@lmgﬂ@l(@ﬁﬁmgm tﬁérﬁﬁo%‘mf ate. Prior to |oad,
the columm was cleaned with 0.1 M NaCH, eq U|I|brated wi th 50 nmM sodi um
acetate, 35 mM Na@G, 'nﬁﬂt'@th'@BGSMﬁ@f'WS@ﬁﬂ@@W PrPVide ag/inactivaiedsiugiee
colum was washed w i buffer and then eluted with 50 nmM

sodi um acetate, 220 %nﬁla%hb tg%%gétgm’fer. The el uate was col | ected based on
UV280 readi ng frord.ZthceéSlngahémhMedTéiaaMhmdgmaltIewtsorm)debthtfétérm room
tenperature. The concent Iﬁ 92{1% vol une of thme Por os Xmsg product pool
were measured to cal BifV eea[f Hatg g?rﬂp”%lﬂa %Qrcﬁ%'é‘l’ s anal yzed for
aggr egat es/ nonomerg W f HER Lol si ng

i n-house ELI SA assay@\b%%al gé?g @ | e é}ggtsum'r% z%@étg%ﬁe r{pburrglnfl catalﬁtc)ﬂaI

per f ormance for thi smeohbraheng pm\e@e assesoad euate coofpriingpie oot was
obtained and all the inpurity levels are within product specifications
Since the load for this run did not go through the XOHC POD and Q nenbrane
pol i shing step, Thé méthed REelHe Mﬁérémwdoaegmomtraw by aMd thehenf ur t her

i nproved when these steps are incorporated
2012/ 051147PCT/ e8dEngeoBsaW®Iane step are prowded ina fllter train.

3. The method of claim 1 wherein the capture chromatography resin is
selected from the group consisting of an affinity resin, an ion exchange

resin, mixed-mode resin, and a hydrophobic interaction resin.

4. The method of claim 1 wherein the capture chromatography resin is
selected from the group consisting of a protein A resin, a protein G resin, a
protein A/G resin, and a protein L resin.

5. The method of claim 1 wherein the protein is selected from the group
consisting of a protein fragment, an antibody, a monoclonal antibody, an
immunoglobulin, and a fusion protein.

6. The method of claim 1 wherein the sample is a cell culture.

7. The method of claim 1 wherein the sample is clarified prior to processing

through the capture chromatography resin.
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Tabl e 15. Poros XS cation exchange colum polishing performance for MAb B
protein A eluate. Mnoner (/0) HCP (ng/ng) Protein A (ng/ng) Feed 95 514
8. 6 El uatwo2912%54140. 4 Exanple 7 [00096] In this exanplPel/tsaaioeseopr ot ei n
purification process was perforned to purify MAb Cin lab scale. Low pH
viral inactivated, MIlipore POD depth filtered material, as described in
Exanpl e 1, wds abe msetbdd tob clatiny wheeainl ity s@mpleaised arificaldbyda tetarificatisol ut i on
and the conductivit s adj.ust to 5 nb/cmb iluting.with water .

ol | owed' by 0. 2514 FoReRE TS thearat Bt artuBruph e iR i «
addi tional amupfysfiRfatiBhobiepth fivraich, Resiie GittdtioR! 8h&itRSthenewARiane the
capacity of this chromatography resin to renove these process inpurities.

The spi ked nat edet@rgeris | oaded onto a 4.9 nL Poros XSO (Life Technol ogi es)
cation exchange colum at 2.9 mn residence tine flowrate. Prior to |oad,
the colum was cleaned with 0.1 M NaCH, equilibrated with 100 mM sodi um

acetate, pH 9.bThé efiethdfilof cldimadivigrem tie 6idalnactvalih comprizes eomeibaras
washed with equilibration buffer and then eluted with 380 mM sodi um

acetate, pH 5 b&g¢lpeied fere the graup oersisig eidreaimens witharidgederaeshdi ng from
200 mAU to 400 - L L¥ : d re. The
concentration a%{)%!}er‘rgﬁﬁ%ﬁ %@8%?%%ﬁr@%%@%cPﬁ%ﬁﬁ%@%@&?ed to

cal cul ate the stagatioreladd leead. t he pool was anal yzed for aggregat es/ nononer
| evel s using SEC, and HCP and protein A |evels using in-house ELI SA assays.
[ 00097] Table 16 summarizes the purification performance. A step yield of

93% was obt ai1'@)‘?‘f*hé?€etﬁég of g%i%thFéfn !\/ﬁ’éﬁhéclﬂfa%ow m&is‘érsqg?&%ﬂ? ;[]%e pH

specifications. Table oros XS cation exchange col'um polis
per f ormance f or oivile fCsipeloats o aApkl aidtaen abagyB égabest A4bnoner HCP Protein A

11.The method of claim 10 wherein the first eluate is incubated for about 30 to

about 90 minutes during viral inactivation.

12. The method of claim 1 wherein the inactivated eluate is adjusted to pH 5 to
10 before depth filtration step.

13.The method of claim 1 wherein the depth filtration step comprises filtration
through at least one depth filter.

14.The method of claim 1 wherein the depth filtration step comprises filtration
through at least two depth filters arranged in series or in parallel.

15. The method of claim 1 wherein the depth filtration step is followed by a
capsule sterile filtration step.

16. The method of claim 1 wherein the ion-exchange membrane comprises a

Q membrane.

17.The method of claim 16 wherein the Q membrane step is conducted in
flow-through mode.
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(0/0) (% (ng/ng) (ng/nmy) Load 1.1 98.9 62.3 38.7 Eluate 0.4 99.5 0.8 3.5
WO 2012/ 051147PCT/ US2011/ 055691 [ 00098] All references cited in this

speci fi cavpani2/asnudi ng without limtation, all paperspPCpaiskéiaasioons,
patents, patent applications, presentations, texts, reports, manuscripts,
brochures, books, internet postings, journal articles, and/or periodicals
are hereby i né&i pemaetbdd oy claihelr wheerein theionhkéxchapgeirhématarenstep is hei r

entireties. The, di scussion of the ref.erences herein is intended nerely to
summari ze the a@@)’v@aiﬁ'sa %B@UIB?? rH%if'ﬁraz'L?ﬂ%‘?@' and no adni ssion i s nade

that any reference constitutes prior art. Applicants reserve the right to
chal l enge the accuracy and pertinence of the cited references. [00099
These and ot H&: Thedeéthediof slaémanwhetain the mastivaiedpdugie ds pracesaed biroogh may

be practiced by of.. ordi nary. ski iLn the i t.,departing from
the spirit and 8@%@%53}ff"ﬁ?@%@?ﬁ%‘?r%é@ﬁfﬁ grﬁro%%scq@'\ﬁhw% @%p'gﬁtl cularly

set forth in thex@arperdtdmbrahe® sériesaddi tion, it should be understood that
aspects of the various enbodi nents may be interchanged in whole or in part.

Furthernore, those of ordinary skill in the art will appreciate that the

Furthermore, those of appr eci
Tt tha | midht o 2nod of Kl Bhe IR St palite ARel sddoga oh”

Therefore, the agditiohalahioseataeaply step. appended cl ai n8 shoul d not be
limted to the description of the versions contained therein. WO
2012/ 051147PCT/ US2011/ 055691 WHAT IS CLAIMED IS: 1. A nethod for purifying

a protein COm Rk PgethBd dPLRIMBIWherehR IR Sd&G0hA! dhr B atdifaphPERiNs
selected from the group consisting of hydrophobic interaction
chromatography, mixed mode chromatography, and cation exchange
chromatogaphy.

22.The method of claim 1 wherein the second eluate is further subjected to a
nanofiltration step.

23.The method of claim 1 wherein the second eluate is further subjected to an
ultrafiltration and diafiltration step.

24. A method for purifying a protein comprising:

a. providing a sample containing the protein;

b. clarifying the sample to provide a clarified sample;

c. processing the clarified sample through a capture chromatography
resin to provide a first eluate comprising the protein;

d. inactivating viruses in the first eluate to provide an inactivated eluate
comprising the protein;

e. processing the inactivated eluate through at least one depth filter to
provide a filtered eluate comprising the protein;

f. processing the filtered eluate through at least one ion-exchange

membrane to provide a second eluate comprising the protein;
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b. processing the sanple through a capture chromatography resin to provide
a first eluate conprising the protein; c. inactivating viruses in the first
el uat e t owprowdel4an i nacti vated el uate conpri sing the PCOIUS201/085691
processing the inactivated eluate through at |east one depth filter to
provide a filtered eluate conprising the protein; and e. processing the
filtered el uate thy opiteasingdhsiseoord emaie $uhaglyanrastdircana chmmatogiagya
second el uate conpri sing,the otei.n, 2. The nethod of claiml wherein the
Gopth ti1tration ot eipsinte Prdies T efiat SsmRBraadnSPudeli e or ovi ded i n
filter train. 3. Hesnmbbih e wlraichigke W eafbfiitialen ¢aBFide aHPRk&@aPhY
resin is selected from'the group consisting of an affinity resin, an ion
exchange resin, m xe@lugirieompssing the@reteiny@ndphobi c i nteraction resin. 4.

e redhod of o 2 LB b 05 TR 8,5 OO PR A B 55 oo

protein AACresin, and a protein L resin. 5. The nethod of claim1 wherein
the protein is selected fromthe group consisting of a protein fragnent, an

anti body, a o bbe (Bfr‘f_élhoﬁﬁ’f Pt?chm)% wheiermhﬂ)gqi@tigma rEhramategraply BiP!pr ot ei n.
6. The net hod Oéﬂﬁ‘&,ﬂé&ém{?%&'%@dé Pﬁmmbgarqh?irgaﬁgl | culture. 7. The

nmet hod of claim erern e sanple 1s ¢C prior to processing
t hrough the capture chromatography resin. 8. The nethod of claim7 wherein

the sanple is clarified b clarification nethod selected fromthe grou
consi ot ng o6 ERe rReGBACY SRITiAS: MIET PO ABIRERCRANG G PRLCROTE ARt b
filtration, st eerbg%ﬁ td 5@d H&ﬁm.rﬁi&gd%@&é Hﬁmm%bkch@ngg?&wcﬂﬁﬂﬁms%ﬁ@sr

met hod of claim1l erelntlewra i nactivation ses a net
sel ect ed from t hergrbigmaiogsamty teghoijues satacked fraimt theaggrodp cdesistingnf |

chem cals, nucleic acid cross-linkKi agent ul.t.raviolet |jght amma

‘adiation and RSN EXEGANGELAHONNETAOg: BXRpRNRE iR AN B F vat i on
conprises | ower jni&rakhién MydebgdrhBomding! piediURinglid andrtherd affiin about 3 to
about 4. 11. The nmet hod of claim 10 erein the Tirst eluate is incubated

for about 30 to about 90 minutes during viral inactivation. 12. The met hod

depth 111 r o erignod st FrmRerRugtes7 il hisBth T tnd SRt ™' '
filtration stepteoug treeadditibhdlahixed-rhbd® vatoradtohegsly repd stempisdd dter. 14.
The nethod of claim1 wherein the depth filtration step conprises

filtration throt@Rbinatipesfaniapoexfiigngeranc RydsopRokiA Jearagioseries or in
paral l el . 15. T@ﬁro%tggﬁ (H& rﬁé@;ﬁ@m%/nerei n the depth filtration step is
tgr' I iITtrati

foll owed by a capsule e on step. 16. The nethod of claim1l
wherein the ion-exchange nenbrane conprises a Q menbrane. 17. The nethod of

claim16 wherein the Q ane_st i,s. conducted in flowthrough node.
TB-The et hod b NE MR IPd CRAIATE 36 WHB s T DI GO R BAOLEBH PalURET i owed

by a capsul e stgah bg doeratedlin %%f&ﬁhl& B’ih@aég%t@nﬁ???_f claim1 wherein the

i nactivated eluate 1s processed ough one ter and the filtered
eluate is processed through the ion-exchange nenbrane in series.

29.The method of claim 24 wherein the additional chromatography resin

comprises a cation exchange resin.

30.The method of claim 29, wherein the processing of the second eluate
through the additional mixed-mode chromatography resin comprises one or
more chromatography techniques selected from the group consisting of
anion exchange, cation exchange, hydrophobic interaction, hydrophilic
interaction, hydrogen bonding, pi-pi bonding, and metal affinity.
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20. The nethod of claim 1l wherein the second eluate is further subjected to
an additional chromatography step. 21 .The nethod of claim 20 wherein the
addi t i onavochrosatdéegr aphy step is selected fromthe groepTasesilssieny of

hydr ophobi ¢ i nteracti on chromat ography, m xed node chronmat ography, and
cation exchange chromat ogaphy. 22. The nmethod of claim1l wherein the second
el uat e i s furdihéhe sndthedtoédladim 3D whadin the ptaceasisg ey th 3eddred eleateod of
claim 1l wherein the second eluate ig further subjected to an .

Gl frafi1trar onthioe A Fadlsriedanoie A ierAlohER b arsutIPgises & protei n
conprising: a. gs@Birdibe i ahRISRHEAREAY MEirbPRomE MisidbtioR- ¢l arifying the
sanple to provide a clarified sanple; c. processing the clarified sanple

t hrough a capt uekrogtatogiapdymagthanisssn to provide a first eluate conprising
the protein; d. inactivating viruses in the first eluate to provide an

i nactivated eluate conprising the protein; e. processing the inactivated

el uate througp. athd RattodsrecigdiePLd whdréigrtht @apoe eixdgasgd thicidgelphat e
conprising the protein; f. processing the filtered eluate through at | east
one i on- exchangeolHBbisaRerateddn indielute BWE®nd el uate conprising the
protein; g. processing the second eluate through an additi onal

chromat ography resin to provide a third eluate conprising the protein; h.
subjecting the third eluate to nanofiltration to provide a nanofiltered
eluate conprising the protein; and i. subjecting the nanofiltered eluate to
ultrafiltration and diafiltration. 25. The nethod of claim 24 wherein the
addi tional chromatography resin conprises a m xed-node chronmat ography
resin. 26. The nmethod of claim 25, wherein the processing of the second

el uate through the additional m xed-nobde chronmat ography resin conprises one
or nore chromat ography techni ques sel ected fromthe group consisting of

ani on exchange, cation exchange, hydrophobic interaction, hydrophilic

i nteraction, hydrogen bondi ng, pi-pi bonding, and netal affinity. 27. The
met hod of claim 26 wherein the processing of the second eluate through the
addi ti onal m xed-node chromat ography resin conprises a conbi nati on of anion
exchange and hydr ophobic interacti on chromat ography nechani sns. 28. The

nmet hod of claim 26 wherein the m xed-node chronat ography colum can be
operated in flowthrough or bind-elute node. 29. The nethod of claim 24
wherein the additional chromatography resin conprises a cation exchange
resin. 30.The nethod of claim?29, wherein the processing of the second

el uate through the additional m xed-node chronatography resin conprises one
or nore chromat ography techni ques sel ected fromthe group consisting of

ani on exchange, cation exchange, hydrophobic interaction, hydrophilic

i nteraction, hydrogen bonding, pi-pi bonding, and netal affinity. 31 .The
nmet hod of claim 30 wherein the processing of the second el uate through the
addi ti onal m xed-node chromat ography resin conprises a conbi nati on of anion
exchange and hydrophobi c interaction chromatography nmechani sns. 32. The

nmet hod of claim 29 wherein the cation exchange chronmat ography colum is
operated i n bind-elute node.
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