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ANTI BODY PURI FI CATI ON BY CATI ON EXCHANGE

CHROVATOGRAPHY Rel at ed Applications This application
waeb@vmsssihe benefit of U S. Provisional PatentPCT/US2008/081516

Application No. 60/983825, filed 30 Cctober 2007, the

di scl osure of which is hereby incorporated by

reference in its entirety for all purposes. Background
ANTIBSDVPORIFRU TION BYCATION BWMARGE CHROMETOGRAPHY

rel ates generally to protein purification.

particular, the invention rel ates to a nethod for

purifying anti body froﬂﬂawddhmggmkmsn conprising the

t d.at t
SQC' fl%ép@??ﬁ%ﬁ%@aﬁw%ﬁ§9§%ﬁﬁ§ 23"{#1@ﬁa 9%&%13%%611
Nb Sonsads Silld @@b%to%emm ﬂé%s%ld%ﬁfeocff lﬁcf@isqlteww ihd¥€porated by

desire ant| ody using an elution buffer wit
retanarce ais éslecigontyifot all/purposeRescri pti on of the Related Art

The | arge-scale, economc purjfication of proteins is
an increasingly inpéﬁ@%ﬁ?ﬂ%ggﬁi§#ﬂ$¥&@%he
Filid oLagy i ndustry. Generally, proteins are
_Dngg%g%L%y_tell cul ture, using either eukaryotic or

pr oKHiiy atvicati@etclattd goasraing prossie gdutificapioadlicpartibidar, the invention
E$Oteln of interes i nsertion of a reconbi nant
e

<R amstivd on I’PH‘@}W%%@HQY fifm £ IRMPEFIGPR CAMPLFREhe antibody
antrtriuhagtlgagl[e h?eé&\%&ﬁ aléy %%ﬁrgggae‘[%ﬁgvgf\}w&qgg Qh?n%&rm thQ?eYn a high pH
Wsshwlsis Bad 1o raddvdSconaindngrtopfibr foad s the Wesiadd éyntlbody using an
upplied from preparations of animal serum Separation
el@tﬂontMfeaé\gthrla@rewétcean%m the mixture of conpounds
fed to the cells and fromthe by-products of the cells
thensel ves to a purity sufficient for use as a human
DéRepagest the Rebseisaa f or mi dabl e chal | enge. Procedures
for purification of proteins fromcell debris
i ni tﬁ?ﬂ layeciegaton GconPnpif ebusificatioft of ppeteiasipan gpcrepengly important

prgﬁltr%}enc of ;t/hefso?lgfe}]cl?rgo% %’e Iﬂ?us%ﬁt o(?%h&%gug ro%egr}]sga e é?occ{ug%/&e ﬁy cell culture,

usifed bidier Gdulkerystialog praldeydtitt 6ac dhésib@dtihsered @ piddacd aid protein of
proteins, the first step of a purification process

m‘FeﬁQﬁb by éuscrtipsi of agfecerpkingt] nlasnyid icoptaiane the ggpn forplateprotein. Since
th\e/acre 1% E)ﬁ)lcaﬁgcukseclﬂ ga?eslel\rllllgg(r:?gua%lsn I,quChathBal %Sd Wﬁfl a complex growth
rngdhﬁﬁlu Rioh@MmihElse@aeSahh® Ald,r #dC eriant fctefs, tRgalBekipplied from

into the honogenate,
preparations of animal serum. Separation of the desired protein from the mixture of

compounds fed to the cells and from the by-products of the cells themselves to a purity
sufficient for use as a human therapeutic poses a formidable challenge.

Procedures for purification of proteins from cell debris initially depend on the site
of expression of the protein. Some proteins can be cased to be secreted directly from the
cell into the surrounding growth media; others are made intracellularly. For the latter
proteins, the first step of a purification process involves lysis of the cell, which can be
done by a variety of methods, including mechanical shear, osmotic shock, or enzymatic
treatments. Such disruption releases the entire contents of the cell into the homogenate,
and in addition produces subcellular fragments that are difficult to remove due to their

small size. These are generally removed by differential centrifugation or by filtration. The
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and in addition produces subcellular fragnents that

are difficult to renove due to their small size. These
w@e@gssser al | y renoved by differential centrifRgEUS2908/081516

or by filtration. Thesane problem arises, although on

safng o) leﬁ];%riﬁgg: a?ta]gl\glgl{,] Q]&%I 4 e telg %/%i% %{11 ! gig%cglglgqtpgrlepe% pqrgt%ms due to
the RhLAG GbdthloRbelORd ERhLe cﬁﬂafr@denﬁlaf Ross RE GRIEEOhe thse of the
proteln production run. Once a clarified solution
proent giodudigntrhe protein of interest has been obtained
its eparatlgn fromthe other protejns produged by

cel 100 y&lgufied solptighseantg thg PEOteB i iRteEssh aSo‘Peen Obtamed its
h

<ghAA5L i, S O ORGCRT SR 68 OB MRLAYRS i o

coﬂrrﬂﬁlliagfen dfe@ﬁfﬁentaﬂlr(tmaibgmbb;btechﬁlguesoﬂ"h&eztechnﬁpi\te b@larate mixtures

di fferent chronatggraphy resins are_avail able for each
ofoprofqiss €Nt t8€ Hisiguels theal Plaﬁxg%gd%&eup%thédqoahqﬂa%hgoroﬁlze Several

dlh@l%n 8%%5@3?&%&@% agaflﬂﬁe REF LhGUbLAMRE ottegdnrl]ques allowing

nvo ence o each of these separati

acmﬁfafwtiﬁlotlﬁg tdfathe puatfRiation Galienie t€ akks @drtiiutan qfroﬁem idMoeved. The
at different rates down a_ | ong col um, achleV|ng
espis O sachsaf fhesgispriiatitnanethady @é%%ééar%remﬁ 588 by gaused either to move

atf(ﬁff&]gﬁr rage%%v&}nhg lcg%u o&ch&e%h@ng gflfs]gcsa?l %faﬁ‘at 0|%| Hat Bereases as

separation ne ere

they ph@dfuhhetdd(fvflle Iﬂ%’léolﬁthSﬂtdS adHefe s€lo@iveBsS®Sthe tshparatlon medium,
desiredfggoteln IS separated frominmpurities when the

beigpihen difeasensigtiy ictutedhPy ¢iffeamé selvenss.tlh so@e cases, thadesirederotein is
se?gr%%eﬁlf{hn? flmbﬂtlt%s%#enidtﬁg ?‘H@‘%tﬁs OS g(%lﬁr%{yg%ﬁllsreﬁro ﬁflee E&uﬁ)ﬁl, and the

ere resen

préveaheligRrahi QusBlon ghia ) Yhd FroRirCo igBdsoBipaghCinttee HTgvetiRough".
that is commonly used for the purification of
pr otlen wychange |wane%t@gm@elsawlyﬁm@@@mbwtecmﬁmeg@@t is commonly
usggtforqﬁs l?n Ctattlle 2 (§) elIl?1 911 1 Il ex ﬁoq%lét T %Iia (0] aI“E:lt [A¢e rge(ﬂyatches on
KE ST B rge §B¥ ached Y078 ¢ SRSy fkt

thP s@facdest tha Solu@Nirg aatdcasagiwopﬁosit@ Shaypés ataeﬁédm DehrbBlatography
is low Elution is generally achieved by increasing.

mathig, prowidsdshe emig sirenigtheol Bondiieiding Yyffesfis dove Eiuflole ts generally

achityF BP Fleatini i R etbfh sl S FASh BF s PuRE roigmpete with
thakél@fd 8 thchehatdearsaes of tht héh SQhHA® metrRNChARindVBY PHPand thereby

achieve elution of the solute. e change in
alicoing ulbe |Cba1rg§/ o rthe oy Isbenagfircidmay tq gehaeliceelitien of itom polute. The
or ste ste Iut'on L. 1n the t hese
cHR g OB 5 PEBL DY b Bt e B nyr e e e Sluton).
In'tﬁ@f)@ﬁstﬁgsecﬂhaﬁ*@é'lﬁﬁﬁé’ed o§r6§§1 l;@., dhd §1¢ bk @8nduetitdf RMhcreased
Nos. 339, 142, 6,417, 355, 6, 48 447 and 7,074, 404
mﬂBa@awdenaahgkﬂﬂHEUOmbe i on exchange chronatography

for l@grﬂaté{lt I’N‘josp%l 3%89]9&' g S17 39? 5%8257 el 7,074,404 (Basey et al.)

describe ion exchange chromatography for purifying polypeptides. US Patent Nos.
6,127,526, 6,333,398, and 6,797,814 (Blank, G.) describe purifying proteins, such as anti-
HER?2 antibodies, by Protein A chromatography. Methods for purifying proteins, such as
antibodies, by ion exchange chromatography are described in US Application Publication
No. 2004/0082047.

US Patent No. 5,110,913 refers to purifying an antibody in an aqueous solution by

binding the antibody to an ion exchange resin at a first pH of 4.6, washing at a second pH

-



10

15

20

25

30

35

6, 127,526, 6,333,398, and 6,797,814 (Blank, G)

descri be purifying proteins, such as anti- HER2
w@niovsssizs, by Protein A chromatography. Mt hedeUS908/081516

purifying proteins, such as antibodi es, by i on

chromat @ y re descri dln
Ofﬁaﬁ% TRCHGNE PG, BTG SO0 820WP SR b dif solutions of
thdR- th?eelstiﬂg reiids (rboslﬁt%n{ %hﬁHg' E)ﬂ Nefeffo Meﬂﬁgéfné BnidH exchange

aqueous [ ution bi ndi ng™ t eantlbo to an ron
cheoraitapgpehy edi s hatnaa dntibedy [gHhafg 4t 6l ‘V@SMBmgraat @hrornatography

second pH -7-0 nd el uting.the_antihody at
ARl e i nHPWénl &ﬂt@) gi’r EngifiRatin tﬁ@c%lb ut ¥ d%resented at
Bz‘bpﬂ%@t %eécts LRPsT NOITRICAS AR @004?1@{11% %tubﬁ{;atfoﬁg &oncerning

rane, ani on exchange ﬁrona ogr ap
proweimpuréivatibo thel(dZhBagtieuisadbr. o/ Q Bitxadr. #6el25- 136 (1998); Blank et al.

By oa RS B AS0ahS Fobagy td FAbERG T Gl oatres. 1024: 79-85 (2004);

Pr,0 t 7
8 OB AR R AOIE TS, Ml LEPSAmURION) e 3557

EIP mome BBam® h5ﬂ¢3$&83¢twﬁ 89[1)5137 01\76©h92/6§65312\5701196/06217, WO
Bl ank et Bi osegarat on 10: 65-71

(29001 |
9#%4388351\’@%/3339%8%0?6“@38 D gy O 1¥PM U 4.988,80 bobi) 3,110,913;

USSR i Eﬁ@26%@45%038?§9&?%%2?§8§?56,76%

USY\DS 899 823,5US WA292482633; 5,490,663, 06813 525&@395/[&358(977 MO ;
3208; \\D 96/ 40883; US 4, 753,894: US 4, 966 Us
6 @0510811@ URa0548 5 US 6:325526; Wis6861.93% Up4; 339@4% [iS 6,417,335, US

O G A oL g D g TS SER3 28, 1997

GAdnoh, B Pudifidation IS0, 0P ddRBdIontStikindarks, ShiksodBalidated Biosystems,
6, 127,526; US 6, 267, 958; US 6, 339, 142; US 6,417, 335;

Ingis Ghapgo 4 4ps. AdREN(1986); fitaf Fb k. ndﬂlOS@Pa’@ﬁP@r?éibbﬂQrﬁﬁyb 1994);
M 341, o)Al bR R E R B8 19 90 2) 84 gggpéli’m 1995); Neidhardt ef

alTlJ@b‘Mhﬂl %@hr@ﬁzﬁ%r@@sﬂﬂ(@%ﬁ -2bM¢1992GBpEeH Pl z&ﬁﬁm Applications
57- 86 et al Bi osepar ati on

-4 #@bcm@@@prmm Harrigtang| AngRbLJuRda resf PIh rlérha]tS)ég(rl aphy Safer ez al.

HEGRE: TP ARk Bo o sk i oyl Scale-up, and

VEIRIBDA, ﬁﬁrbfelgga:tda@anmqlegs%sl BRR0-(1997Y arfshbmko et al., Journal of
Approach Harris and Angal, IRL Press pps. 151-156

Clrvanseragot B7061 ): 53 7-Hendisb 8K, BI98Pr ocess

Chr omat ography: A Guide to ) zat.i on, Scal e-up, and
Val i dation, San Di egg—s&g%@é&g—g—%é—rbe Y ps. 65-80
(1991 nT{re?llﬁGH ep&RineicoAdorns) U MRAbravbd Chicarmat agr aRtivh Bxchange

706(1):157-166 (Feb 27, 1998).
chromatography of antibodies in which a high pH wash step is used to remove

contaminants prior to eluting the desired antibody product. The process results, amongst
other things, in improved removal of Chinese Hamster Ovary Proteins (CHOP)
contaminants.

According to a first aspect, the invention provides a method for purifying an
antibody from a composition comprising the antibody and at least one contaminant, which
method comprises the sequential steps of:

(a) loading the composition onto a cation exchange material wherein the

composition is at a first pH;
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Summary of the Invention The invention herein concerns

an i nproved nethod for cation exchange chronmat ography
w@Rooansasondi es i n which a high pH wash step i SPUFERM081516

renove contam nants prior to eluting the desired

anti pod The process results, anpngst. ot her
t hi n§>§ Wasing i %\t}ga CraRBeamapriaky }th asfgstpré%sg%@%f%%v{ which is
Pr ot %‘e{ﬂtér ﬁlgflgﬂ:a)c of EH&%%EH @ﬁbﬁ n égc\gﬁ&blﬂgh% r Q)fftlllé' ﬁltst wash buffer

aspect, the invention provid met hod puri fying
an a'rstffdnoaibodﬁc%rmabmﬁrﬁihsi ti on conprising the anti body
and east one .contam nant, %QI ch meth d co I ses

{
t he @é Haehog e catigsx nge(la)lterl ith 559980 S BaTTe 464 PH which
ont 0 qesg@ﬁdnotﬁateo?f? ?Wgﬁltlﬁfffe a) Yi’her eint he

on'p03| tion 1s at I rst washi ng the cation
exch@ngkting ttler arﬁibod)y tﬁh)natlfel dasbn mﬂi’an@su ffaeriabtvith amH:lutlon buffer
which is greater than that of .the conmposition in

wherdi ¢ eHEURLYIBF Whitd ﬁl@ﬁtamlw gl thansthay eﬁwﬂa@owpnd wash

6. 8 § @rpbout 9.0; (c) washing the cation exchange
material with a second wash buffer at a pH which is

| essPrefeaddly kit amibotip ®1Ifds raimanaSD20uducras rixigin{a)) or binds human
el uti t he anti body fromthe cation exchange materi al

vaprular afoelivlicsowhipster (\BEOR). b beyamiauymaihi ch i s
SUDSABOAAL 1 HeeRkREc AR Ot I AEEOBAAARN, method for

puyihpt A ianfiliodyothabibiets huem OB ot £ reedbogdlidmlcomprising the

ngrowth factor (VEGF), such as bevaci zumab. Accordi ng
anfigodihang pa¢ OF MEye cableainaaiy seleatd frapethei BAUR eonsisting of Chinese

Hgﬁﬁtgp (é)\fa%r P%Iﬂé nfsy ng I%Qéﬂeﬁoﬁéteﬁﬁ‘% @3\2& aH&J n%%ree%@r%g CD20

oma ¢ rrsin ant and

anfiBb &y, @ﬂnémma&bﬁmpﬁée@%@@qﬁmm tthes @ff oup consi sti ng
of Chinese Hanster Ovary Proteins (CHOP), |eached

pr ot @) nloadinpNAe  gorapesifisiie gaied CEREN HAEhdngeymaighpk vherein the
et o%lné;og Otril:l%gtsa tllf?rorna HQ%R%%XE%“%%géOf (a) loading

t he to a cati mat eri al

wher @) Rydshig GRS b:@hahge @htediaPWith rofitseR@sK bdeer 4tQ pH from
about 6.0; (b) washing the cation exchange materi al

wi t habouf 6.8ge abgR.Buffer at a pH from

(c) washing the cation exchange material with a second wash buffer at a pH from

about 5.0 to about 6.0; and

(d) eluting the antibody from the cation exchange material using an elution buffer

with a pH from about 5.0 to about 6.0 and a conductivity from about 10 to about

100mS/cm. Preferably the CD20 antibody is rituximab.

According to another preferred embodiment, the invention relates to a method for
purifying an antibody that binds human vascular endothelial growth factor (VEGF) from a
composition comprising the antibody and one or more contaminants selected from the
group consisting of a cell culture media component, garamycin, Chinese Hamster Ovary
Proteins (CHOP), DNA, viral contaminant, and aggregated VEGF antibody, which
method comprises the sequential steps of:

(a) loading the composition onto a cation exchange material wherein the

composition is at a pH from about 4.0 to about 6.0;

(b) washing the cation exchange material with a first wash buffer at a pH from

4.
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about 6.8 to about 9.0; (c) washing the cation
exchange material wth a second wash buffer at a pH
W0 e@posisout 5.0 to about 6.0; and (d) el uting BEEUS2008/081516
anti body fromthe cation exchange material using an
el ution g ffe with a pH fromabout 5.0 to about 6.0
and 2o¥h gﬁ%? M :f r om about 10 to about | QOTS/ cm
Pr ef @5 %kﬁﬁn%hfe &R %Hahge%é@ ithUX{cBBRt wAFARIFRY 30a pH from
to anot her referre dinent, the i1nvention rel ateg
to aa‘tmatﬁ@doﬁbwutm(haﬁdu ng an anti body that binds human

vasc endot he| i growth factor (VEGF) .from a
corrp@é F[‘ﬁ g8 ﬂa:ﬁ‘o%ﬁﬂbpgy ™ e cafien %&911%?&8&%%1 1%§an|1261r ution buffer

cont @{Ih Qaﬂﬁ Fronf c]a%%t §Q‘) tBra‘BHhtI@G afll Q%n %itﬁloﬂgalggut 30 to about
cell culture nmedia conponent, gara
Hanst@mSvar Préfeabii the \(mml)mbdabm beMar:ﬂhmab) nt am nant,

and aggregated VEGF anti body, whi.ch nethod conprises
t he Eh,fq ieRpie APepICENs § AYMPBUATTHGOMRESIASMYYSIRADoH @ buffer
heeg rein the
|at%?{éﬂnﬁ:}]%Iq)a(lIif ﬁt??%%f{a%ﬁwﬁ 0O to about 6.0;
(b) I’ﬂl&&idltngl, tﬁbelmaﬁtmmnp@xmaarag@m[m)tsﬁronadonmrishlgabe‘vlamﬁmab in a
wash buffer at a pH fromabout 6.8 to_about 8.0; (c)

bukkss FomBrising kot Lom VMO #cr M eERTM 7 t h a second

wash buffer at a pH from about 5.0 to about 6.0; and
(d) eluting the anti body fromthe cation exchange

mat eri al usi ng an BriaftDcodrigtishfofthabitakigespH from about
5.0 to about 0 and a conductivity from about

aboLﬁlgm@%ﬁ/% 1Boprevisedht gminorvsid gagpengss pﬁéwlea@/ chtain (SEQID
NS SIS 2 BB RIS ERPRESLflonon

reglﬁﬁ?ﬁ@RBM) anfhtach oFLAHICDR egibhs %@ﬂ)lKill-gnm éa{&ﬁ variable region are

I nventi on pr ovides a co osition conpri si ng
idptifiedi pupigihe Aumap grmara £ HrPHi @wﬁg ceibytnt somsnseMmEShyan kappa

R yt 7.0, $C [ of the Dr
i BB o eyl dbF bt REh B drabi B R dBvo. . The
va&ﬂasleh%avgvlghaglanGSSBQE@HNNO L) T&i@@edldeﬁbé idehafidts (oPEke CDRs are:

rituxi mab anti body. Each of the franework

cmgﬁlbﬁ%EQ #HRING.£), GRR BACHEQIDNe. @DRDReH dREQ(EDND. 7BLDR LI
SE® F7RE. $2ELLE ($EFHFNADS and CDR L3 (SEQ ID No. 10).

Figures 2A and 2B provide the amino acid sequences of the heavy chain (SEQ ID
No. 11) and light chain (SEQ ID No. 12) of bevacizumab antibody. The end of each

variable region is indicated with || . The variable heavy (VH) region is in SEQ ID No. 13.
The variable light (VL) region is in SEQ ID No. 14. Each of the three CDRs in each
variable region is underlined. The sequence identifiers for the CDRs are: CDR H1 (SEQ
ID No. 15), CDR H2 (SEQ ID No. 16), CDR H3 (SEQ ID No. 17), CDR L1 (SEQ ID No.
18), CDR L2 (SEQ ID No. 19), and CDR L3 (SEQ ID No. 20).

Figure 3 provides a side-by-side comparison of host cell proteins removal by the
cation exchange chromatography process of the improved rituximab process compared to

the original process. Superior CHOP removal was achieved with the new process.
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identified, as are the human gamma 1 heavy chain

constant sequence and human kappa |ight chain constant
wGQewaessse2 The variabl e heavy (VH) region is i PCBEQENS1516

No. 3. The variable light (VL) region is in SEQ ID No.

4. The sequepce |o-nt|f|ers f CDR HI

(SEQ I D No. BtailegyResgs S ¢t (SEQ I D
D&Bnn&%r CDR LI (SEQ ID No. 8), CDR L2 (SEQ I D No. 9),

L3 (SEQ ID No. 10). Figures 2A and 2B provide

t he lAeremo nacicticsleguesc es aafouht3ephefavd byhthic nte{BE@bdWD” expressly
. gﬁ. %@ and light chain (SEQ 1D No. 12) of bevaci zumab
inglydle d?aafﬁéﬁéﬁﬁxﬁﬁn%%@ﬂc 4F°4Bi e region is indicated

wit h « m

No. "{l%é QlohnT \?glﬁﬁab @e%lﬁﬁﬁﬁmeﬁ%{ﬂcoﬁlﬁgg&ﬁgb Isanh%%dgE%D nrest and
onslar ndke chammimints Ade thmpesi@Rmaly e €padtiallapiiatidd (Ii eghavying been

i s underlined. The sequence_identifiers for the

sufjested tppnepr @g@@u[qucg@n sig)s) ORY pgo?tgp_:gi ﬁgecp{lky frqre)a host cell or

oG e PP bR AR o

cupofleles a si de- by si de conparison of host ceH
pr ot ei ns rennvak y the catlon exchange chromat ogr aphy
pr ocEs §segf hargia, hﬁmp@ée referi graprapy Je eeptidemnpiad Bepteigs havmg
e [ S
A0 LBk AR R RRCAOK SR GERYCL, WSt procin

extah® | droffvelticle dlcEIﬂéOaniff; IM grb@th RoriiodBSincldding] hhrnan growth hormone
nunerical ranges or anmounts prefaced by the term

andabyiiee ZERH lsympne:ngopdle hopaors sleasingnfistosr paRdiytoid hormone;

ATES R g SRS Iy UG N80, i

chay; e pfoifduifl] NRMice  Stheule@iPOsdrioad, MRYibRin; PRdihialdgy hormone;
purified" (i.e. havi ng been subj ected to one or nore

slpeasph; elettingn fgctt@r;ﬁs§u0ér ayrefyctpie i faetar diXe e%&sw fagtom and von

Whl?e% an%e Hactgrr anl 1%?0@% i S?éoorg gﬁl gs[ I)I(‘:??elnq—.; akPI‘l yna rlurgtlc %ac?or lung

frposi tion’may cel e
suHawaﬂa PBisi eﬂn Qt€Vdlor, ‘SBEH ¥Papbitidae dsIeﬁﬁﬁ&l geinera! figue-type
to pep tldes an grotelns havi ng nore than about ten
plasminegeac sy atopr(e éa;abombesnmethpmlylpe peingpoiptéc growth factor; tumor

R R B 2o TSR Gy B R Rt Ghah aftivadon

ndPRMIIPE - @:ﬂ%ﬁsmram@cre%pmuﬂlaa%m@ﬁ]ag@ hrﬁﬁﬁﬂrﬂé}ory protein (MIP-
factor; paratg%r0|d hor none; thyroid stinulating

1-hlphaone: sefumopliboma resich aaqoﬁmnmnaﬁtmm ytwinmin; i Meellerign-inhibiting

nsul i n Bch
suﬁstance Nlaxin A- chaln Telaxin B- chain; prorelaxin, mouse gonadotropin-associated

peptide; a microbial protein, such as beta-lactamase; DNase; IgE; a cytotoxic T-
lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin; activin; vascular
endothelial growth factor (VEGF); receptors for hormones or growth factors; Protein A or
D; rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth
factor such as NGF-f3; platelet-derived growth factor (PDGF); fibroblast growth factor
such as aFGF and bFGF; epidermal growth factor (EGF); transforming growth factor
(TGF) such as TGF-alpha and TGF-beta, including TGF-1, TGF-B2, TGF-B3, TGF-p4,
or TGF-f5; insulin-like growth factor-I and -II (IGF-I and IGF-II); des(1-3)-IGF-I (brain
IGF-I), insulin-like growth factor binding proteins (IGFBPs); CD proteins such as CD3,

-6-



10

15

20

25

30

35

proinsulin; follicle stinmulating hornone; calcitonin;

| ut ei ni zi ng hornone; glucagon; clotting factors such
w@goobassser VIIIC, factor | X, tissue factor, anBPCTOH008/081516

Wl ebrands factor; anti-clotting factors such as

ro atri retlcfactor | .ung. surfactant
ch ﬁﬁ%ﬁb&? Aaﬂl? b ¥ hrogpteHna SR BRI dogToh Gpignotoxins; a
bdﬁ%'rﬁ&gm;getnh%@ gfotél){ R8 %%H‘lﬁ‘t@ﬁ@tr&nasﬁgﬁ vt Rbrféba a, -beta, and -
t hr n;  hermbpoietic growh factor; tunor
gamma osoleny asttroulathgpHactarsd (€BEt)a; e.gnKepOSsiF,i ﬁﬁ\ﬂé:SHR’Ahﬂ'dESS CSF,
ul at ed _on activation normally T-cell expr ssed and
in éléP P%&&Ls) hisgrarlniatd Hot dg & ncp gpephaicd; fgeqnipss. surface
S S a u e | gy,
R e e, el By MO Sirt) TR S &, FTeRimple, o
pargbraxein tie ChEIS; enpelopel amnmorﬂ'rmems homing receptors addressinS'
gonadot r opi n-.associ ated p a_ m.crobial gr ote

reg‘&é‘ﬁ%ﬁf%f‘é?sa IntgginiHsh;as §N§§]& quléb DAy ¢t BX§-can ICAM, VLA-4
I h
anl-ﬁn‘z% n,;Cé( 6085 $R64i3:8 %n gérﬂ %O%S%E af iz O\M lﬁﬁng:ﬁLf%célptor and

actirvin; vascu

frigviicity) and/@cepiaatssoff iy dfaheabese- hﬂtecgp@l\yopdsptfda@ 0o lwsell as antibodies,
Protein A or D, rheumatoid factors; a neurotraop

mﬁlaénnsr ad (DORY f5agseames. dapdips dtOnéw o ribp h%b@VF"éléfteérPOWPeptldeS A
prkﬁ% )pgp)ﬂﬁﬁﬁc%; %thﬁctgantfbéd 0o V\}(l %ﬁ?bo% n%e t '%ﬂét $inds to human

nerve

CIDIgH;-1bi e@hﬁﬂ@rﬁﬁmﬂﬁb; oedh igtaondhibbag bodn ﬁrﬂ’m fragment that binds to
fi br obl astegl%r owh factor such as aFGF and bFG-;

hugingessergr qgeethetal iy bfagtegMEGE) &f@ﬁwmerbngmafb

f aCt&ucg{lﬁ%ﬁ%gCﬂ _F@ %ﬁﬁ %E‘ %}ﬁ& -@ _hgesc;f%sn%&] gﬂltﬁ’%'dg)%roduct.

Thsththfidank En@udest Rviftdet AfmitatdAd okl céll Ghatbri@®dsuch as Chinese
IGF-11); des(l-3)-1G--1 (brain IGF-1), insulin-like

ngl@m ﬁ’VﬂracEr@tthﬁ 1@AB):; deftﬁh@ql @@tﬁln@:BPsqlelc @0idprotasiapt fragment,

aggretgate S du%r%\?a ve | QFS desured ar%nbo wggdther;y%gé]egagle eéncpotoxm viral

eol N |nnuno Y ns

comeinfihageast dutuRy aé@h eorh&wféht (3 ghAhBicie CENBARIY @8®) ctc.
i nterferon-al pha, -beta, and - ganma; col ony

st i miheaphnase f‘@élp@regclqa@gﬁsr)atereal refenmt@@Fsol@\pl@S“Fthaams:lnegatlvely

crgTgsd et B s SRS Sbgs Fidfsuiqypip ah Sgtiry Rution passed over

orTBIGRER AR s@h@tpﬁms Thd@B@Ye G Bk Prdtiddibyf a&ﬁé&l@ihﬁ oMé blallnore charged
antigen such as, for exanple, a portion of t

ligande fo e, salidapkgsor e.gpbuiceralent lindmgg Alscepivelys ¢ or m addltlon the

addr essj ns; . requ] at or tel i ntegrins such
cHRSEC By O g1 ingyent oniatn B s SO R TR e 4 RAG Gl see. which
hals Uﬂprové’fﬁﬁoﬁég@ﬁ@éj cBRtbb e Conmabcasl %ﬂabl@%o&rex%e materials

receptor; and fragrrents and/ or varlants of any of the

inelodv e- ¢a|rlsixednq:thyly¢mélpt0|sdes Ba?d<E\&BDI\HE ahBXH6Odi Siﬁphopropyl (SP)
-|nclud|ng anti body fragnments nPgito a@{) t he

b2qd; Qy agar s (g Bt sgggARQSE FAYTIL. R SEpfiAR OSE FaST
FLOW XL™ or SP-SEPHAROSE HIGH PERFORMANCE™, from GE Healthcare),
CAPTO S™ (GE Healthcare), FRACTOGEL-SO3™, FRACTOGEL-SE HICAP™, and
FRACTOPREP™ (EMD Merck), sulphonyl immobilized on agarose (e.g. S-

SEPHAROSE FAST FLOW™ from GE Healthcare), and SUPER SP™ (Tosoh

Biosciences). A preferred cation exchange material herein comprises cross-linked

poly(styrene-divinylbenzene) flow-through particles (solid phase) coated with a
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preferred polypeptide is an intact antibody or an

anti body fragnent that binds to human CD20, for
W@@asss12 ri t uxi mab; or an intact antibody or BEIT/US2008/081516

anti body fragnent that bi nds to human vascul ar

ot he| i a rowth fact for exa
Qe lasehpotamer Qﬁaffa?ff @ugommlr graﬁ%’% (fai exegnple, POROS
& esired anti body product. The
S(Qﬂg%?)a#t?%ﬁtggﬁﬁyggmg wi thout [imtation: host cell
mat eBy ahcﬁhd plust! AsmEhit nesw- B lisematdikatoywhichtadiens more charged
(CHOP); | eached protein A; nucleic acid; a variant
hgaiﬂﬁiq ﬁ@h@dheé@g%g@&@ phasganay b pvRIri§ication: colugmy @epluding, without

htﬁft&t{o@lo%;(%atﬁgg tb'%ﬁlane JH&E&P Bécg goluﬁﬂtgﬁ‘pagﬁtgg?nt}(ﬁggg% phase of discrete

ure nedia C

pagmwrmcmmbﬁuml\»ﬂﬂﬁlrl\d(w ) Exeinples biiengabrias eor"foahingthe solid phase
] exchan[gy material" refers to a solid ﬁhase that is
inplagarplersehatites serhatd agraeser srslecalbiasshand efhesxesrangjeally stable

| .
60 T ST ARt SRR NSt Blip yreno
oaj'ratc@ﬂ&thfai@ @Bﬂzﬁnt‘érpaffwl& @b degedives gpatsoftiee ddeeesol i d

phase, e. coval ent linking. Alternatively, or in
addl ThbeI‘mt t@dc harcterchy tcbﬁﬂeéﬁmpﬁﬁé@@ tnaded epierthy ca;tfon exchange
m'ﬁtgrlal Oi’r gergogyl eg‘% | Séatghgei, trnh erla Ssre,[%iui?ﬁ raﬁelfilv(v:l?h an equ l'1]1b1ra‘t10n

Eh@lbtbQOQﬁﬁ% @8 cex@bﬁﬂa@wﬂ%qg icbeSpuiridude
car oxy-meth cel | ul ose, BAKERBOND ABX(tm,

sul pho ;brl Ils @SP)utiomrtbai ichizie Fhawgeagambkby (. ption of its acid-base

C%LU@@%%%%%E%%@@@‘%% BB P cxample

o @8Ide RN of FRARIEeShleesdrBad ki H‘i‘@'ﬁ{féﬁ all Duide for the Preparation and
FRACTOGEL- SG3(tnm), FRACTOCEL- SE CAP(tm, "and

U@F@f@@fﬁ@ﬁ&@@zm@gl@&d\@smc@yeffmm Ph EdyCalbmqu IGozpagatgon (1975).

ﬁgg{ OS@&‘&]&@ bgatmgbuégg‘ég agiy(ﬁ Hha{ ﬂsglés%a r%te%é@l?ngg%gg Yatio'& exchange

m%ﬁﬁlef)ﬁ@tdtoqaédu‘*?%‘ tBX EAIBRGRI TR frRingt8E 8hilb QP iht8RSt and one or
cross-1linked poly(styrene-divinyl benzene) flowthrough

rnptar toghmsagsobitd Hieasgjonc @ml@dgwmaﬁemiol )wadrabby Itlat @dl of the

%%Forél {) o Peglglls:_é( t?tfw { hﬁ&wg&ﬁ gy tp %@PUD()S 0 Q,reterably about

5.5 S Pré@raBhAst cdRiubBAR! 0thE UAuABRERUSHUTRE hkdeird % ﬂ’iht'hg Range from
one or nore charged I'i gands can adhere. The solid

abphat & atw,ut BmSécrp,Lprﬁﬁerab&t from abohtudrto {liont Budiang,andindso pteferably
tat XP and. packed bed colunns), a.
i GbgR b gbes ﬁa@@ ¢ Orirupe {hg Fet R GTRE ress o salt.
su€h aﬁ 'Nat@ M fof teﬁarnllﬁé afﬁpzine%ngﬂctnt TR b At S10LAVT th AbFUDANAE preferably
sol 1d phase i nclude polysaccharides (such as agarose
abando(eM N4@se) and ot her nechanically stable
The term “wash buffer” is used herein to refer to the buffer that is passed over the
cation exchange material following loading of a composition and prior to elution of the
protein of interest. The wash buffer may serve to remove one or more contaminants from
the cation exchange material, without substantial elution of the desired antibody product.
According to the preferred embodiment of the invention herein a “first wash buffer” and a
“second wash buffer” are used.

Herein, the expression “first wash buffer” refers to a wash buffer having a pH

increased relative to the pH of the load and/or equilibration buffer. The first wash buffer
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matrices such as silica (e.g. controlled pore glass),

pol y(styrene-di vi nyl benzene), polyacrylam de, ceramc
W(p)ammosﬂses and derivatives of any of the abovePCIVE82008/081516

term" Ioad herein refers to the conposition | oaded

catio exchan mat eri al ef erably )
mEAET e EEHB Hy B teenEr orF §01§alamam§r%&r% il ghinge matcrial,

)S ' c »
wfﬂ%ﬂt shlpsrtaq{tlaﬁ gpllgl&% &ile B{tibggy&) #u?fgér* 1ﬁ&résh ﬁle ithe Bm “first

which is to if1ed IS a so i'on that
shoelsli sdt decihengewdias qablubingtthe vacbf one of ndrs adldltldnd:b assh or other

o3t BB EaRan At toobobaanPullror e hgahiEdse 8 qhibofint vash
oA 1A 80 PR RRCHbRSbolf GRS i o, BUIEREY 14 Sbour 7.0

Preparati on an rs in Blologlca
ab@,le8 f)r ayl, mbxt preEEekabquinabImln &1 cCpitparoat 7 Gn P(réiQﬁlS)y, th%rbonductlwty
ilibration is a buffer that is use

Oféafaﬁrslt wiash buffqﬁélet%n }Sdﬁ thedehgmgem raeer- & to %?PPTo?mWGm preferably
frdRadbRdy § Re gB&[T%%S/EﬁP anFR{EQ{ rafelgh ?ﬁ%maéﬁduP@%Vtooafbout 2mS/cm.

I nterest and one or nobre cont m nants onto thé cat
Optiarhtinghe fins enablabuffdrriefitsabtiyily fiee qiﬂ'd @tt (buvh as NaCl) thereln
equi l i bration buffer herein is in the range from about
0 Tl axwersion. secopd afash huffor” dpoilie Pyrppsese éh@raaahsﬁtlon refers to

S.
D8, FERYELL 1 P ) g 0 D e

elﬁﬂicﬁﬂbﬁbﬂ@fanﬁbddy ab dnttreS I heMerranteccdmsit’ sﬂhb&fdeﬁ@(bb@/ ihtepitted as
about 5 to about 8nS/cm Optionally, the equilibration
exigludfreer the yap P erasoramergl additipnahwash qiather bugfiersdyesvipnethe |f1rlsst wash

.

R 307 Wk T SRR, LRI A GLETARY orin s n

thé @argeffeym taboiite0 RudBei 6l0hptefbrablpabseds ovald hbe ﬁ@ﬁeta@[y pH 5.5.
exchange materi al fO||OMAn | oadi ng of a conposition

Praﬁfﬁabéy,utm corslugtivity @ﬁth@fse@q%i st it r@ﬁrqnhtSemeth@ rargg drom about

may s Ve, 1one
on egbr% n% rr]1t18/ ciy Bre?e%r%bqy g?l%tgﬂf)teOXac nge SA%rPeandarlnost preferably from

dmmt@§@§m&ﬂ@gm@ﬁy@ﬁl elution of the desired antibody
product. According to the preferred enbodi nent of the

i nveiftlnden heffer’ is aised to stuteyihsharsibotle of laﬁq@shﬁ'oge@@n@hd phase.

h_ .buf f d h
HREn ooy B B U SRS st RGP RCR b % hat of he

sebod QasieBufrel, abkly ehdt ahé RigsiRid @titode Préd@dt AN from the cation
eqU|I|brat|on buffer. The first wash buffernay be used

cxigbengicnmetgriel. uPecfonblyo rthermoledll@bmtsaﬂf b eitionomffengs substantially
ne a bt subst anti.a
erift g THb CArF BBtH) B cubicrop (I BRECE e Hal By offmely of the
equ®ritRInBufel M Bt wadhastdr, ol s@&mﬁ'%d%ﬁ puete (Byassubstantlally greater”
excludlng the use of one or nore additional sh
contlinattvity is meant, for example, that the buffer has a conduct1v1ty Wthh is at least 2,
3, 4, 5 or 6 conductivity units (mS/cm) greater than that of the composition or buffer to
which it is being compared. In one embodiment, the pH of the elution buffer is
substantially the same as that of the equilibration and/or second wash buffer. Preferably
the pH of the elution buffer herein is in the range from about 5.0 to about 6.0, preferably
about 5.5, and most preferably pH 5.5. Preferably, the conductivity of the elution buffer
herein is in the range from about 10mS/cm to about 100mS/cm, preferably from about

12mS/cm to about 30mS/cm, and most preferably from about 12 to about 20mS/cm.

Increased conductivity may be achieved by the addition of a salt, such as sodium chloride,

9.
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buffers between the | oad and the first wash buffer.
Preferably the pH of the first wash buffer herein is
wo poovjasssiange from about 6.8 to about 9.0, prePE&r/EHRI098/081516
fromabout 7.0 to about 8.0, and nost preferably pH
bout 7.0 or pH abput. 7.8. Preferably, th )
sodBR et Wa%fun@ shlofide &9 %glﬁt%zflﬁfgr- hélfez?rhblvsthﬁ Flytipg buffer
c 865 frbamuatoro 8-8dut MoRAR Naén%ﬁéﬁmblyﬁ%%éﬁﬂ Y50 about
about 0.1 to about 3nt/cm and st preferably from
2 (Ao IN AT 1 2fot ox iyt e tbA /7 SuM V€1 amablobity ] 60nid NdCGlst wash
buffer, is substantiglly free of a salt isuch, as

g a) .

t her'ei FReengrationy &t sy P Beedra TRedirale #ee?atwflcﬁxlc\ﬁwée material
HRASESaf oo RS e APRIH: GREL R HOR t f

B R L R

reg@xicdlatogentoat aubadntiatly adll cdnitaaminadts tahé tienbntibody obfinterest from the

interest. The term "second" should not be interpreted
cafign gxehapes Matetile use of one or nore additional wash or

ot h e f ¥ f :
o LSS S RS TIPSR S  Wt
eldutfié etrrére retvednstwiorelédi®deanesdlitoon, abouiirrdnt @lod Wbiduttransport.

6.0, preferably about 5.5, and nost preferably pH 5.5. .
Thsrefprss Abihyan 1peTEasipmhaneYnt of (7S resepan dhe ROt fhersolution

IR 0 DoAR 020 BT PP 8% TR g semen
(ophtb® matd §n$/com) aaldeuh bO nirati@edbgitigy a Jofkuidtiony mekr WukclBs various
buffer" is used to elute the anti body of interest from
medrls 65 Origneadecti Vi mastars. t HieceFlaer il apidetivigisisgthe capacity of
B ST SRR RSB YO LB AR b

byabhdnganby ther eshideihtrdtionebfuiond therem t IFer fé&&rh?l@, €hxC Bait@tration of a
material. Preferably, the conductivity of the elution

busfering egens andips tharsoneanfrytien e et (eigasrdivrachipride odiugnacctate, or

] sFREReR i 7 LB RS 0 ShubliSne acsia

conasdtivingf f BreferBly,” Slebsilitasdrcahttatiodr GRS varioQ R Mu€retsVist Modified to
is meant, for exanple, that the buffer has a
achismel thetdogired/camdbettvitys at | east 2, 3, 4, 5 or 6

condguckivity units. / greater. than that of the

combotiFgtiter o e ool Bl PR ap dfpov end one
orl MoRNEoRIMPENTEL tmeahNenPé sy thB Qiegfe'étdfoﬁhrﬁ%i_fdcthe lafitibody in the

substantially the sane as that of the equilibration

coampsibion slac tamal s lcdsuflétely. oPpatiell pbatylcasieongHraptanpinent from the
el ution buyffer .&er.ei n.is,.i
D

cFeSB: 6 FSPGrOR AN ABSULS 58, Al ROEd BUMACiiOn process
refl18AE AR " NorRbhcRedus" RoAbBEiAR. Y HbRBg&RBAITE Iuked Hereh fohefer to a
elution buffer herein is in the range from about

con@esitiomcpmpabiogtat leaxdabpetii0pbe fverghbbithe monbadyadtinterest, based on
total weight of the composition, preferably at least about 80% by weight, more preferably
at least about 90% by weight, even more preferably at least about 95% by weight.

By “binding” a molecule to a cation exchange material is meant exposing the
molecule to the cation exchange material under appropriate conditions (pH and/or
conductivity) such that the molecule is reversibly immobilized in or on the cation

exchange material by virtue of ionic interactions between the molecule and a charged

group or charged groups of the cation exchange material.
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12nS/cm to about 30nS/cm and nost preferably from

about 12 to about 20nS/cm |Increased conductivity may
wheoogosisered by the addition of a salt, such aBCHUS0081081516

chloride, sodi um acetate, potassiumchloride to the

eIu on buyffer, Prefera the Iutlon buf f er

Y suashing ha 5 ef@gm{gs iAl ISPeAYPREE an appropriate buffer
tth' gﬁ%&a@émg 5&%%&2%5 d RfdMat O about 200mM Nadl , for
npl e about 175mM Ngd or about 160rM Nad . A
r edpneelatingyna el domic' (e@yanltibodgs ed comamege)erah e tdtien cxchange

catlQn exchange ‘Hh I Egﬁh %hat it can be re-used.
mgigralig gieAR g LAY “Mas & °CBMduct i vity and/or pH

as n | .

2o TRIVEEEL LAnianpIe RAELORA, U Bkbol AL Py

reoamhi@inal antibbey. t Ar‘h’eeatﬂduﬁtamﬁbéc}y” is ehe m&ucﬂnhetshlﬁaen produced in a
abiljty of an aqueous_solution tQ caonduct an. el ect

hast, celd ivhigle thae diser ipnglosmed o¥ dEansicgted oyvith j migleig ﬁéld encoding the
an%%&}?morf RUERY tﬁeorhn'ﬁB Qﬁpa%” S8 &rOhEmotd goﬁs Aflcombination.

ncréasi ng anount of resent 1n the aqu

"Bﬂ{sﬂtmﬁﬁon't el St@einsfdcﬁﬁn V\aﬂelusbdi\ﬁﬁelahlin@hﬂﬁp to refer to the process of
. conductivity. The ba5|c unit of nmeasure for

inEpdfiRg mww apig inper eglle Fetoyine tfﬁﬁ‘éﬁomw s fRetion e nucleic

GERSRE REGRUTEN R0 B SHHER! M WS . Sy oo

clehaat 'mé $lids€ celOnthukides/ b oyl i it ’an/omnlacﬁﬂlme &f welbas aicell avithin a
solution to carry electrical current, the conductivity .

host amimad| Mictheds rfgryre@@rnhmg@tr E@dwloélh%fn@@ ﬁ@epltlﬁgs are described in US
PR, %rS%h 6?5] %Prégag cfog(%’rﬁ &]heIF Q{béfé%?gl ﬁg} Iélp‘?arnple

concenftration

concAaNtaakhtONorofanding addid (s@qtﬂ}ncé@dhbhﬁﬂ'(‘dﬂ 9rstAiting e}a@wpugﬁude is a
acetate, or potassiumchloride) in the solution

podyincerieel ok compEncy o1 AEHIC Pl aURIES [ BeroBloRERICEIY Pt {he starting
Pr ef %rj %e\ﬁbrailae ‘S”aq’% | g Wi %5 gﬁsgé st ;ﬁ‘ﬁlgt @g%t Q]gl N 1denl%1§y, preferably at

le&s® @@%: béquichoe 1d8hit1typﬁfotef prefGablarut agsi DORYselli@i®e ddentity, and most
composi tion conpri sing the anti body and one or nore

pref@mbésmamalm% P&0 mecqrendenideatisi mgtht e de@yee@obbeptide: tRercentage
the,a

seflisaien b, RO odh For SN IRRR. 0y e Blih SRR LDl Acad. S

USA & 1318e- 1(3@61(@@839! Odtsiofh ofAHE Iafdosidtirh QRsGIRA by R¥ednan e al., J.
part of an overal gurlflcatlon process resulting in a

Mbho@m@é%@sﬁmc (ﬂrﬁ?@ affesralighgnthgeteqoersts ite puedde for maximum
her,ei n t% r.ef er. COfT'pOSItIOI’] co

halgige 7ot visic R shor Rarialt Bl o PRBPTHE, By 60 3kegred by
1n98dﬁc%{§h EhEE nQElchiR CIRNMRES it TNA IR @hARKY Ip@Iypeptlde or by

| east about 80% by wei ght, nore preferably at [east
pepbdeisy8e hy Swebi ‘@mantseluelndmfpe cxrmetfler ddbdtionatfraneamtl/or insertions
in’?oba%%or S?lg/StRthonS 09 residues within the amino acid sequence of the polypeptide of
interest. Any combination of deletion, insertion, and substitution is made to arrive at the
final construct, provided that the final construct possesses the desired characteristics. The
amino acid changes also may alter post-translational processing of the polypeptide, such
as by changing the number or position of glycosylation sites. Other post-translational
modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl

groups of seryl, threonyl or tyrosyl residues, methylation of the a-amino groups of lysine,

arginine and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular
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By "binding" a nolecule to a cation exchange nateri al

is meant exposing the nolecule to the cation exchange
woreaoe/05ssii2 under appropriate conditions (pH andP@¥/US2008/081516

conductivity) such that the nmolecule is reversibly

immubiljzed jn or gn _the_catjon.exchan rial
Propetfigs DA, &Jﬁ?e@%nn?le ot SEhEBRINBeAP AL 8@@@3)‘3‘ %hods for
e’ﬂel%ﬂfg% Qﬁﬁlncgﬁc‘?&' Re en@é"%rgﬁ% & g&%ﬁﬁgﬁaest he d@&h‘b@@ in US Patent No.

exchanhge material.By "washin catl on exchange

5,034, €ra, akprbﬁlyfmampomacsishem@n by refprenop foratxemipl f e r
through or qver the catlgn exchange materi al

" el ufihderny ol ek &5 (Weg. NS BERYCr Sush i %Psﬁtfacaﬂy covers
C X r o) t
AR CRf B ERONHRe RIP Ikl InfRERat Puk BIED  Ayclona
anitlbvﬁm |mtnlnspdad'1caatﬁt1bbdréy (é 9., bésppeific fangbodie).eami argibady fragments
reconbi nant _anti body. A "reconbinant anti body" is one

solpRe s thes CHulif lﬁrd@éllEﬁfjelan‘ihﬁg 8P3sH&ityeel | whi ch” has been
tr angf, oa{ngiﬁggi)p Bette{ngfrgsci ?e%{e%da ikDafd U‘gﬂtg/eﬁ” 3¢ 'ugter%gtc oﬁlle'p?ably, the

t he ant oduces t e ant resul
anthfD iog Qntsloglea:lgrmhmﬁtaho polypaiftﬁiBSefndra’mimﬁﬁatlc&ﬂdf the antlbody to a
"transfection” are used interchangeably to refer

myREah sEEEEE B hdiserse ar fisordrs| @pdeads @ 3 Hteéapguefé |aneﬁt in that
mE&Hgﬂ%&&v%{ adﬂﬁ{)(?(g&?{i] % th a ?ﬁ&f g@pﬁ%e de taﬁf?gé% ‘Eéu%h%s tumor-

egra none,
as€odigiéd @Bycalipie Mnﬁ@@m’ eepBSNRdtert| ROENL7]) Bhe alsh %hteﬁ@'ldted Where
includes a cell in in vitro cell culture as well as a

the antigapiis RiPALYRCHIEISS 1t amdyrhs @ trapspisadpsanegpole@de (g wageptor) or ligand

suEE) 919 g f‘g%%vgt’ﬂ é%étop éﬁ)?)ér Q}, gg‘&%eg% ?ncglr?(%t t[é(b]}éhé% lﬁén%ﬁygespcﬁﬁ c%nged above.

Prefbel Qﬁ&@culefr(lﬁrg%?s&ﬂp h@tlboﬁles\@bd)rﬁﬁzissecpby t rB@nﬁﬁiv@ntlon include
sequence variant” of a Startlng p0| &ept is a

C]Bm%ém¢@d sughhzs CRopPH seB8 dhDAM @mcHCE’éﬁu@ﬁ@bers of the HER

reg_:clé)ftgr framnlty s]iléhom healg Pfreﬁteg{sor Zﬁ%k g%ﬁ?'ﬁﬁ 63—5]3R4 receptor; cell

arlan posses eas

adheAYE Affeduis RUEH ¥s LPAEK eahl ¥150,93, 6ASA-49MOARRUUCTAB and av/b3
identity, nore preferably at | east 95% sequence

mteﬁ@mm@lydmarﬂjthnb@t orpb estibynits| thergpf (easentdSildaqueheP18 or anti-

CRERT ol bt FElosS Sufi SEOR 3 FBHE RE Biegs Mo
reEéf&&h c%%s@h (OB) Q6ceptitt lnpi AeBshtorSAC TLASA &flypepBde ¥8&%&:. Soluble

., _version of the aI?orlthn1descr|bed by
anmeeltﬂ @rnﬁwgrmntather@f opiienallBreniugug! tethabgofergieg) an be used as

inﬁlglﬁ{fﬂtgsrg%/%ognl ne%%ttu%gf@%gg gﬁg é%a\%%‘lﬁ ﬁlltagee 61;0 ules, sur&{ as receptors,

g T RN g T i e
imgnurpgen. Alternatively, cells expressing the transmembrane molecule can be used as
the immunogen. Such cells can be derived from a natural source (e.g. cancer cell lines) or
may be cells which have been transformed by recombinant techniques to express the
transmembrane molecule.

Examples of antibodies to be purified herein include, but are not limited to: HER2
antibodies including trastuzumab (HERCEPTIN®) (Carter et al., Proc. Natl. Acad. Sci.
USA, 89:4285-4289 (1992), U.S. Patent No. 5,725,856) and pertuzumab (OMNITARG™)
(WO001/00245); CD20 antibodies (see below); IL-8 antibodies (St John et al., Chest,

103:932 (1993), and International Publication No. WO 95/23865); VEGF or VEGF
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pepti de synthesis. Such variants include, for exanple,
deletions from and/or insertions into and/or

W@ apeosasut i ons of , residues within the am no aPCTUS2008/081516
sequence of the pol ypeptide of interest.

re?%%@ap g%?l{q d Illg {11?12%12? %g{/ gt%gtt? %tgr%gs\}oéﬁl]g é'latl‘tr;odles such
asttﬂéﬁuﬂlmzéd VEbF%ﬂﬁ&J}‘MA@@? %%%S&zﬁ,uﬁan)e(Aqﬁ&STﬁ@ and ranlblzurnab

characteristics. he "am no acid ch anges al so nay alte
(LA HENTIS&Ds(Kami emzall @rovak d3icrgs,0t:53464 (p993)p&ptinaiéonad llj’uhhcatlon

N&r pEL o6 &P "DectDr PUASF Ll Pontien %e@&é?hﬁiﬁfﬁéﬁt@h%ﬁibodies
b Ao oot 0B Y8l POSPIAT AL AHE SPacent No

ydroxyl groups of sery tyrosy
5,6E57@ue8O 9231l abicppe of ak, r@amﬂmtdml 94 GWpSl 99ﬂ) Iays iHug@ymant et
i nine and histidine side chai

ol igtse ot Ur FOAGONS! SRR oY & Inging omalizumab
(){% tﬁ@ 1%9ta elsam Fj a%}nﬁﬁ& 133- &65? 2%@2 ( é%@ﬁ, ) and, Intelf*natlonal

for generatlng am no acl sequenc iants

PybdicytiapiNo dB2D afa9tesUSI Muesht i IND BSlRasentssM F@Bnﬁﬂyﬂfsmg% or US
i ncor porat ed herei by reference,

I
PR & OPH S B ERNABOas 1978 WEnes DRl Erfbiiisscdatch 4, 1993,
or RS AAG ARGFL PR I COYROR TR LN Tlnc o0} 199K €S patent No

h nonoc eé)

5,ppd, S’IQ)OGEISamhb@cQ@d @ss Paieht Nepe®D 700 aidtuck ouibril 2, &997 or as in
bi specific anti and anti body fragnments so | o

WEX 99#?&9 éxavlﬂlstled H@lyOl)éé4 A @Y biMA-hgeeqpses pitiiody armlbedles (WO
PRSI ec1 S 0060 AR ARG A BAIRR lppea P

Nb.npars ap¥ qugrme@u\lo@em@ém agu i g td;ahic@in @htibdiges (WO 98/06248
anti body t mamal suffering froma di sease or

pl@uhgleﬁddﬁebrwﬁ FosIAM)i RCARy ﬁ@#@é@t (e bdweetizedj o hpmenized 225

ol e pae cEraRk 2 3y ) SEE0A1T, SAREEE peesber 19 1996);

COb ¥aEbdREuRRtak GROB3 (@@@aﬂé& Ret £815 §9@%1}u@d718])ay@r @9@)S@D25 or
contenpl ated. Were the antigen is a pol ypeptid

Taveantibedigs ﬁudnm@lﬁﬂrﬁah éSAMUEEQIT ®)(mngENABéfX® |($eeoUS Patent No.

3 4TS DR ot Pab S b BT st o Tt EF T4 1ggantivody

(CHBL @FH), @Frth?ﬁz%%ém%@'(l)@%éé%@@@? @D@Q%Hﬁ%& é%ﬁéhtaE‘@AMPATH-
présent invention include pepti des such as CD3,

lwmle@mﬁchmeMdedSnT&Zﬁ}%%(I@BSI)hEC HERptor antibodies
recept or m . uch as, the E recept or. ( HER

SulEres M%?a&nr%%%/ Beeted égﬁﬂn%{cf%vslfloﬁf %F@%@I@s)eé aE ﬁwmwnol
15}5@!499&’-%6%)2 ﬂg%ﬁ c%r‘mn bt fonid E@l\é‘gh (gmﬁf)\ fﬁﬁ%lgsvs/ugﬁ as hMN-14

grlnlnc gelt er a or r eof
(Sherkgy andli (CZBcérlaB,es aff238pplB §935a1P045s CD%))) antlbodles directed
anti bodi es) rowt h factors such as VEG-; I1gE:. blo

ag@m@‘ubre&ﬁt ?@gﬁ al g¢llsoincludmg huBrE-3, hu-Mc 3 and”CHL6 (Cerlanl et al.
Cancer Res. 55(23): 5852s-5856s (1995); and Richman et al. Cancer Res. 55(23 Supp):

5916s-5920s (1995)); antibodies that bind to colon carcinoma cells such as C242 (Litton
et al. Eur J. Immunol. 26(1):1-9 (1996));, CD38 antibodies, e.g. AT 13/5 (Ellis et al. J.
Immunol. 155(2):925-937 (1995)), CD33 antibodies such as Hu M195 (Jurcic et al.
Cancer Res 55(23 Suppl):5908s-5910s (1995)) and CMA-676 or CDP771; EpCAM
antibodies such as 17-1A (PANOREX®); Gpllb/Illa antibodies such as abciximab or
c7E3 Fab (REOPRO®); RSV antibodies such as MEDI-493 (SYNAGIS®); CMV
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receptor; obesity (OB) receptor; npl receptor; CTLA-4
pol ypeptide C etc. Soluble antigens or fragnents

Wa b@pesis]2 optional |y conjugated to other nol ecRCEES2008081516
be used as i nmunogens for generating antibodi es. For

ST 0. GO RS EAEE PHYoHT (Do it PP P54z BapEnpytbodics

suRMsbfe U Ba%ti%ﬁ?gl' HIPAOUER), 09![ BEL neﬁa'ﬁ'bé‘@ bvaR@J( | ﬁilotyplc GD3

expressi ng the transmenbrane’ nol ecul e can’ be used
cpitbpe amihode @EC2 SuPB antibdds (agnVﬁléMdm@vMédi&mmmee) hurnan renal cell
natural sqgurce (e.g. cancer cell |ines) or

capneaanpitedy zwél BednGL3 G AN ol - W%%%pﬁaﬂbody (3622W94);

R R e L R N P

dlfdeedaafg@mBDGU3I danpkekide anﬁlﬂilﬁﬁlaﬁl’squhﬂ@hse&lll craedmtdnm @F 25) human
trastuzumab (HERCEPTIN(r)) (Carter_et al, Pro
leyleogpite agtigen ShA) g9tibobssiedgy F(r&@;@il)?lo ang, thqvaméHtLA\@R antibody

OBi5f8R iRk SO ANTRG st ph TRE, Th) GBI 2T amibody

(Z@hlogbnetlmtfo Nd3isRB Zantil® L3)1 , andibeldyl (Thgshbi);0Balcll targeting MAb
Publi cati on . WD 95/23865); VEG- or VEG-r eceft or

(haﬁumbw%geﬁtlﬁbl UR09E3 Hherahose/ GRISQ7 drymaspRad t 13 InkHGSad Lym-1

ST SO S ST kY RTRE o e 226
(EnbAMENTiB6¢1))) BAKEangibo@ (e.g. GAAOMOB/3B88)0 BAFF/icddit&dantibody (see
(1992), International Publication No. WO 96/ 30046, and

e. g»ompm@s%q9) BBBIainﬁh@b' @éYSo%ﬂélbOd}BSHCh%@?hmPs@h LYMPHOSTAT -

a t| bogdy. i ncl,udi
PSSR TRRY v R AP T T e
an%é&?»%ﬁéh aStERAL A (ACTEVRABR! @Rligal/Rbthe %4113113 4nk®8dy .such as
and Hourmant et al, Transplantation 58:377-380

HyNlgo4l-)3 (@Wmabéﬂmgsn)t hbstmchhmmrelcg&on* amlh@dy,rﬂglcb ﬁaauCﬂR%bntlbody

(e QN SRR Chlomsln R Bt Ne A s Ry (e

ch@zﬁﬁé‘tﬁrﬂGl’\p Afbx? 31%8 foﬂnﬁﬁé{ﬁﬂl 5 Riitah ){mﬁlunéglggul‘ﬁ{ (&2 IgPO;
Pat ent 5,091, 3 i ssued February 25, 199

P@@Amﬂimappwm@ sHebl2 Matibodya suchoag ARSF-87ht(EATEAbbetsl Tencliximab

s BN Ca iy Ioo i i b ST ST s GRS hereof
(WBE25 749, adgsIved R | Chl'f?o?n/T&ﬁ&Z) TF- @SankiBo¥& including cA2 or
97/ 26912, published July 31, 1997); Apo-2 receptor

1nﬂmlmblmtﬂ&EMIC|A@ﬁ®)e£QRm19Mz§Ii7]®3 pdﬂ:ﬁnmsmid(ﬂxldbﬁ%éw) pegylated

ThEioe APTRGSY 330055 p0 i BIMEG NBbey DSET18GRD. anti-TNF-o
P08 IR ! PO (SR G55 lgal, oy 112 o
epwtuiml(k‘é’MFH{GCIDE@ Immunomedics), 1nc1ud1ng epratuzumab Y-90 and
epratzumab I-131, Abiogen’s CD22 antibody (Abiogen, Italy), CMC 544
(Wyeth/Celltech), combotox (UT Soutwestern), BL22 (NIH), and LympoScan Tc99
(Immunomedics). Preferably, the antibody that is purified herein is a naked, intact
antibody which binds to human CD20, or a naked, intact antibody which binds to human
VEGF.
The human "CD20" antigen, or "CD20," is an about 35-kDa, non-glycosylated
phosphoprotein found on the surface of greater than 90% of B cells from peripheral blood

or lymphoid organs. CD20 is present on both normal B cells as well as malignant B cells,
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ant i body, cetuxi mab, ERBUTI X (r)as in WO 96/40210

publ i shed Decenber 19, 1996); CD3 anti bodi es such as
W@R0DY/0$488 Pat ent No. 4,515,893 issued May 7, 1PGBYS2008/081516

CD25 or Tac anti bodi es such as CH -621 (SI MJULECT(r))

and ZENAPAX(r) (See Patent No. 5,693 762 issued . "
bubds. a%wr%ﬁecﬁ%gfse@ @ﬁ aﬁ{“ie‘bB%FP%%foé L@?ﬁf’dagl Ezhﬁéltefmuﬂwlude B-
i ) y vl & .vt. 1 . < .
LR IR P AL ISR f RRbtin clakea

Prok L. BeuteSy. (URiAGRNAGA (EA853 foNatanipde. 332: 323- 337
1988)).: Fc receptor antjpodjes such as the M2 =
ant i%%é‘y‘ﬁei%nag?@ga%%ﬂ}%% E?f&@lms agnfihody Hi7}> divgn dindipe to CD20
. - . y 2 r
o 0oy S 40005300 LRy SR RO BT for -
ceafaeionResg., b9 (2RBingpdr) pre 6B g aF0dimsal( BB elicited by the B cell.
anti bodi es directed agai nst breast epithelial cells .
ThermtibadnentransisEreieraply i abie indentsie B qete icardpduse cgpulating B-cell

O s 9GR) ST SS0RE NI LA TGLTEN  ais

médhiahRodi 8acht hadtibodpdependent! arllanasdiated mayto@ixicitys BIDES) and/or
C242 (Litton et al Eur J. Im*runol,.”26(1f): 1-9 (1996));
copmignelritdepeyicats cytxiciiT (GBS, (hibitign of B-cell profiferatien and/or

- : 9 99%)) ; 3. ant i bodi h as H
mﬁ‘g%fﬁ%’f %rg%ﬁlc‘?%@(%lg"%%%@%g%agsI( 23 Isﬁzpf;J  5008s- 59108

( 1992%) hiscanigbré&ivA«B 761 0dcplddBAT7 Iifekp AW ratidtioadheB @ldbvels in an
as 17- 1A (PANOREX(r)); GpllIb/llla antibodies such as
angpeli Qi Fapan geecratly pey (REQPROIPYYY tREMCahtds rodinsscdsipcthe level

- 493 - ; t ' c
BSOS bl s AT BRLR TSN 850 ot
usfl Whio ttne&n ScHhi@gs stiéh iemoke asiciibatih RETAYLR( Bldod®8: 435-445

125 anti body OvaRex; idiotypic GD3 epitope anti body
(1802 or Ls3Pemt Neody 73! Y. (Anfpmnrq(t y.). Reawardheyammeng mammal

renal cell carcinoman antibady.such.as ¢h- G250 | NG |.
(et R AN PR Bl R R BB S R RE b tibody o

infrRhrYa8Edsal, ahdl PBriptRFl IBedY cdnfSidlatiofdinay b ABRrARLANOTBY a FACS
anti body R24 directed agai nst GD3 gangl i osi de;

method thapeumtsiggelous- cel | carci noma (SF-25); hunan

I t ' HL t.i bod; h Smart | R

and B CPE isTles DBd RO EaT i TSI o G i
CRMURAARSUADS aBatdfRUNB LG 13F, 189).0Me yitkinA 98 ldbbR&y 2B8 murine

(Zynogeneti cs/ Novo Nordi sk); anti-B'cell anti body

anfibagsh designated “¥@BR" taar detifunpnnabb T{uxaten dgENAARIEYI emmercially
avé%%ggra&\gs‘tﬁg Eﬁ%%{a?:) c?%%@mﬁ%&ﬂo gr’?ﬁ?hg r'#lgé gieposited with
Afocalnier §dd8EidTeRE HB R oal ine 26, (Jonhaneest Lid28s®1,"also called
BAFF antibody (e.g., WD 03/33658); BAFF receptor
“Tamttirboaiyb, spgonally labelled with 1 to generate the “1311-B1" or “iodine 1131
tositumomab” antibody (BEXXAR™) commercially available from Corixa (see, also, US
Patent No. 5,595,721); murine monoclonal antibody “1F5" (Press et al. Blood 69(2):584-
591 (1987) and variants thereof including “framework patched” or humanized 1F5 (WO
2003/002607, Leung, S.; ATCC deposit HB-96450); murine 2H7 and chimeric 2H7
antibody (US Patent No. 5,677,180); humanized 2H7 (WO 2004/056312, Lowman et al.,
and as set forth below); 2F2 (HuMax-CD20), a fully human, high-affinity antibody

targeted at the CD20 molecule in the cell membrane of B-cells (Genmab, Denmark; see,

for example, Glennie and van de Winkel, Drug Discovery Today 8: 503-510 (2003) and
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e.g., WO 02/24909); BR3 antibody; Blys antibody such
as bel i numab; LYMPHOSTAT - B(tm; | SF 154

W@ MOSdRorhe/ Tragen); gom i xi ma (1 dee 152; Bi RGENS2008/081516
Idee); IL-6 receptor antibody such as atlizumab

gt 1 P, R AR A0 iR PRl sAl ot s tE T8 19): e

hﬁ%‘ BRAY clogMC Qntﬁﬁ)d?esq%zfoﬂﬁt P Qi Q@)éﬂ@35%z‘|la2ng2U82004/0167319

I'lieneun); anti-conpl ement antibody, suc
(Taellungj&tdy ) the gntileosiidsi basrimglconfpGx Niglyodisebeilmhyd swgaakhains bound to

b6 1 RPN Foa)OAUODSAb By Suigpresdonaispuippics and

AT TS B BNE 1D, 1. )

HB2@8eHiB20VOMB 2634 8nd aMB20-NX, (002( Emidingvhdkowixy suchNs-the AME
anti hodi.es .including cA2 or_ inflixinm REM CAD%%r%jI)

sepppey pntiRpdics ose aﬂ\gﬁl P RRBPQARIVARAE Fﬂr§h I W1 2403404 and

USSR PRl R  h CBBL BB ;o

bikkdiag TccuVEr sugarks; thﬁEEZQesaﬂbddbmdUSS2(E)L5(ﬂ®2ﬁ’£64LLWaﬂt[ns et al.), A20
rat uzumab (LYMPHOCI DE(r ) ; | mrunonedi cs), incl udi
& ) a0, hazo

P H%Mfff%ts\ﬁhgﬁoﬁﬁ‘é?he%r%lﬂf?ﬁm%ﬁr humanzedpPQ gaiibagdy

re 0 nio%iq% é’ﬁ?h@gﬁ?%és: 20%5?% ( \%%{J?{agﬁh rf‘%)e CI@D2O-blndlng

anfib8&icy, |1ﬁﬂumﬁg&@it6§é-deﬁ?éted G:Ieﬂ-b BylHll,h@r 2B Id}ﬁl@hallﬁ‘l Bdnjug?ated with
purified herein is |ntact ant i body whic

11’03 rdsintéS RQWHOWéAlcﬂnda\Vﬁh%@ @Wd&aﬁaﬁtqlﬁo@ﬁp%ﬁ% antibody
th?ééggg t%}zg“%gi”%ggg foy §?§r6gfé”ﬁglﬁzyg%@ogﬁp‘zp9§%6l%r Chang et al.);

mPRRSRAO RInebedies fFIRmMAGeg-2t Nis-sB3.f Be€1 0br NEB2eravhildle from the
90% of B cells from per i E;her al bl ood or |ynphoid

Intﬂn@eémal bndkocyts hnere Y orsphapot Yelesieed! B..clal ILsukosyigelyping 111

OBBILSEAL et b AT B SERES DT R g 1o

92" Blay nriuse)y t £iti-CBS0 rdueis@éin aBt¢c919Igatea(@l3att%p3§nencE eartP2®20-11.2
antigen is described in Cark et al., Proc. Nat

(EMdRadB1ogion/(itysx) Hepe):1 786 CD2O 8ENAD th@rﬂpseﬁn@m)h anti*@PRQ antibody
TR g S D R B D Pt Bt Y shifcte, §BRiced, or

hi@@dnl D20 #htHYRicECotN Gt Perablft GlukBRAS HihiahiLaE 17, mr EHu-Max-
Bcel | functions, e.g by reducing or preventing a

Ch2Odruamanr €93 rag@qudm (@ienmabbymd themBnized |A20Td MAVIEING b@fy antibody
anta onl st, preferably is able to deplete B cells

(hflfnug *Ji&¥uce circul ating B-cell levels) in a subject
tr eaF&dmtehﬁﬁrgwe& MherdtHC hed RPMS tirRikifRY, PR IBEN ANQY Mh@ “C2B8”

he\;:lirrl Irgfléf to a recombinant chimeric antibody which binds to the human CD20 antigen
as described in US Patent No. 5,736,137, Anderson et al. Such antibody preferably
comprises a heavy chain comprising CDR H1 (SEQ ID No. 5), CDR H2 (SEQ ID No. 6),
CDR H3 (SEQ ID No. 7), and a light chain, wherein the light chain preferably comprises
CDR L1 (SEQ ID No. 8), CDR L2 (SEQ ID No. 9), and CDR L3 (SEQ ID No. 10);
preferably the heavy chain comprises a variable heavy (VH) region comprising SEQ ID
No. 3 and a variable light (VL) region comprising SEQ ID No. 4; and most preferably

comprises a heavy chain comprising SEQ ID No. 1 (with or without a C-terminal lysine

residue), and a light chain, wherein the light chain preferably comprises SEQ ID No. 2.
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mechani snms such anti body- dependent cell -nedi at ed
cytotoxicity (ADCC) and/or conpl enent-dependent

W@ iensssizity (CDC), inhibition of B-cell prolPE¢EUS2008081516
and/ or induction of B-cel I deat h (e. g., via

apopt osi s As U ed her ce epl.etjon" refers
Tieelny Gupiessivghelp f forms sug ﬂ) B M}H OThuS: /- Pharm

Blg;;lrégr@dlyl@@ge(gmd(rlg@nor ant i body treatnment, as
conpared to the level before treatnent. B ceII

deplBici termchnmae YEGET! ab wed dorgn ed:fers B thel 163-gumbsacid human

ViR go e beall HOREY focar dpd rebipd > B9 199355 536 amino acid
Vaé&ﬁgr@ndo ellgsceﬂ]a%rg{%h Mtoré ’ag%ﬁsér?b%d(lﬁnlg&l goeg ralf,trrgc?éigc)e'246:1306

y way of exa
(1689), hed tHc&mkedzt el £ hl/ltylarﬂndu&zrdoﬁa@lﬁs(mlj hexcdret iviidd yheonaturally
[ mTunoadheS| n, and (&_ ri pher al B-cell concentrations

ocqaiingellghis sidwraesssedsfogms pfthgsetesthidelosd t hat counts B

whi cins FRASR) B pftio PR A WRFEET pRERARIS afiiies which are

capalilef iNobiting 6386 ,0t 3ndre of hiee biolcfglcwlma[:tﬁﬁﬂled abeEGE fo'%B&arnple its
murine anti pbody designated "Y2B8" or "lbritunpnma
mMPERIEY QRangRERAE 1AV conAseitalafyVEGE rdpe Hft?ré‘fﬂng with the

A e Sy

acﬁﬂatédl b¢ VEGF, b?%?)mteffé&ﬁﬂg’lﬁlth @%lar Bhdothéllas oclC adtlvaton after VEGF
Tosnturmmab op tlonallltgfr1 | abelled with 131 1 to )
bigdingiat ecule reaepior. Bl sysh poirsgiphmteryaion dia YiRghaptagonist shall

. Cj | abl e f
bR RS UGt o B BERES B rESE 720) © huri e
NMON Gk AhurdBids HREYn, " thE3em{sProesseifimad > ‘BIVASTIN®,” “F(ab)-12,”

69(2):584- 591 (1987) and variants thereof incl udi ng
andf FrA WA R’E&aﬁ chesem ferngns figcoatbingns h@vmlzed)smmbwl antibody

ﬁgids Va%ctu?%%aaot%ﬂgﬁ 962%&)«1%%(25 LAn aler%uMAb VEGF)

rIC

ashdémﬂbécﬁtiinz(&g Bt 20047096302, P RA 8t ghch aaﬁsb@s preferably
set forth below); 2F2 (Hul\/lax CD20) a fully human,

comigiyend hicanyt ghazneqrbpreyng QD@eHé dSEQ elocrbéb GRRR $BL(SEQ D No.

I%F‘J'iigfép@e‘i@%ﬁf‘iﬂaﬁa et iy Ty T g R eraoly

AY¥s DR EDSS@QQD(@Q.O}”%B @kaL@gyz @tpave. 15')%@1 dPR:L3 (SEQ ID
©1045-1052 (2 03); WO 2004/ 035607; US2004/0167319); the
Noruaen m@ﬁo@t&n&ly dhe ihsed ehaisecontpsiseh & mangble heavy (VH) region

2004/ 0 S2004/ 01 1 ling et al
CoP T e TRV rig ol e gry BT aih Frmitigg 3P 10 No. 14,
an@REBRb r1s8s & A8V ChhRLoRpridBEHHE® Y NoD 1 VS with or without a C-
2004/ 0093621 (Shitara et al); nonoclonal antibodies
temidal lysine residue), and a light chain, wherein the light chain preferably comprises
SEQ ID No. 12. The terms expressly include variant forms that form during production
of the recombinant antibody product.

The term "monoclonal antibody” as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations
that may be present in minor amounts. 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
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anti gen-binding fragnents binding to CD20 (WD

2005/ 000901, Tedder et al.) such as HB20-3, HB20-4,
woBRO02B12 and MB20-1 1; CD20 bi ndi ng nol ecul esPGUITB2088081516

the AME series of antibodies, e.g., AVE 33 anti bodi es

as set_forth in WO 2004/1Q03404 and US2005/0025764 :
agoiRAt RiTTvEnEdcgrmingiy %T’_I?IMPW ABT RRPOGT b B4R E\}%Sﬁ?qt%ﬁgmﬁ a
Sit. ete 0 ¢ antigen ©M di ' c indfc; aracter of

Hetef@@n b HicNe g@d et BSdiFE Mg ddRpendRats hedh

ih US 2005/ 0025764 (Watkins et al ) ; A20 anti body or

thy asritébotlg d4shéemgf obtatiedafomhiansubstansialli ulnemegoadod? Population of

i bod : , [ '
A I AL
pa'r@&hé%%?tﬁo@. ok 99&1?1@2,%@_ oI lﬁ)ﬂ%l’]a%tib&éﬁ%s to¥e %sgg }Ib%cecgr ance with

optionally conjugated wt as 1n US 2 5d45
théd\praaad i¥n2ion bdal/dRGRadedar the diybiadgma hcthod dirbti desaitteldbgdgohler et
that bi nds CD22 and CD20, for exanple,. hLL2xhA20
alg Weptss0atPe(19Eharg ety b ynadgdiyocrembinaninpNpo ricthods (see, e.g.,

U|82 bategf'? %Joz ’453%&%?&35&’ InBJ guﬁt{)%? .emlﬂ'o%%‘(,a‘ Ih C nfalr Qﬂﬁﬁoﬁ?ets” can be

i
I'nt ernat i on ocyte Typing shop (Val entine e
is@lhted | fioml entkodyt ghafy plitigridd kefdvitbll albag) theEekchniques 4é&ribed in
Oxford University Press %19%32)' 1H4 (Hai sna et al
Mp{affertogt ebaNangogyds:> i34 B8 dulerlsrnt ¢ riE Nesujeu gag §24-628

. ; i | . N . '

A B A e o R L S S

matitd badly HiRh0 Lintibddighi abgpectiVity, prueingr rpbdgdCOREraries. Subsequent
anti bodi es herein are chineric, humani zed, or human

pubbpgionntdepaiicethe mpdustion «ff diigly affinifyt (WM amee) humani angigodies by
, . - Max- CDR0 i fab)g
Chéﬁ% ﬁlwlﬁfnafalﬁé ;@g%oetmﬁl W%@%ﬁt ?@gzg%g EI%E ’ A well s

coplUimaa@iTealic€$on andFRhvibhecdmbipaiRsashetRidgy fdri@ntt@idiBg very large
"rituximab," "R TUXANZr&, " and "C2B8" herein refer to
phage dibewish Batcrbtisaef e Ane.iody Reki éh:2B8pHhd30q 61 %RY. Thus, these

teglt'man ’s %?1:??’0 Vaa%gjeie gaﬁperr?a%it gsg lst%r ig%gﬁioina ;Jr%%ng)fc}io%gf al}{%g%ﬁi% hybridoma

rson e u an prefer

te€HRRIck SBS i5ddH0aVf ®bAbdlork® BRib&diey ATRhddvelySEQS! #dvN@ossible to
5), CDR H2 (SEQ ID No. 6), CDR H3 (SEQ ID No. 7), and
pradudeg frensgianicn aniiads de-g.. t ecd) j it achadapale.e ipembiymunization, of

C ri ses LI (SEQ ID No. 8 CDR. L S I D .
PR o Gt SR 10 PR 1 B9 0gRST BF Bty M g dogenous
infrh@i o3| bR Pre@fction VBST adngplbie s (b¥ER deQ@ibed that the homozygous
conprising SEQ ID No. 3 and a variable |ight (VL)

daleminast tho aptibalyrigaSEQdiDjdibingdegiandlyashe i efiiercaiblaypd germ-line
conprises a heavy chain conprising SEQID No. 1 (with
mpfaniynidgoigsulty ig-compista anhibifign pé endogenous antibody production. Transfer

of the human germ-line immunoglobulin gene array in such germ-line mutant mice will
result in the production of human antibodies upon antigen challenge. See, e.g., Jakobovits
et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits ef al., Nature, 362:255-258
(1993); Bruggermann et al., Year in Immuno., 7:33 (1993); and Duchosal et al. Nature
355:258 (1992).

The monoclonal antibodies herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s) is

identical with or homologous to corresponding sequences in antibodies derived from
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residue), and a light chain, wherein the |ight chain
preferably conprises SEQ ID No. 2. The terns expressly

WO pwbosss1vari ant fornms such as described in MoRCTOB2988/081516
et al. J. Pharm Bioned. Anal. 16:593-603 (1997). The

term "human, VEGF" as used herejn.refer o0 the
anf@@r SPRCHS o4 bPlgnginadmhanetag sng {) J&f&%@@ REPY ﬁaS&a@ﬁ Vrasifagments of

suEﬁ%thFodlésn do rl&{hgaﬁsefﬂle} %xljﬂ”blt th8 %ewe@@ol%?ﬁaﬁé@tm a¢i ¢ Patent No.
vascul ar ~ éndot hel cell growth facto 2scrib
4,816, i@ulagd Morai;qn &@ai.ehee. Néﬁ Acwesc(zlymm 6861&68-%(:1@849}).
al , gcrln 1806 ﬁl) t%gther ith the . .
nat uT%ﬁ | %)fmoc Ly reérqnc whett S8y Tflgtsnto gy amino acid

SRS ST S MSEAE
regiohi dontpirisgs anmooacidrogséduef ftoe abicoinpwmtarmatiemmllnﬁg efion” or

VEGF, for exa its m_togenic or angiogeni
T g yeaw?é%o}ﬁ €19, 89-50ER) ard 8By (ﬂé)efnf g}e. lfgéatmlﬁ variable

I
O B0 16 B 551308 90 0 EERBASL By v i

Katek eval, e@eqhynééE@cPolypeﬂﬁWej ot Bﬁrfz@fd!@cdflﬁlhﬂ@r%ﬂ$ﬁﬂl§&r Pubhc Health
endot helial cell activation after i ndi ng

Seewee.dNaionaklispius. of,&lqaltéuléﬁh%anw 6%9%} @Mﬁh?&?rreﬁgiues from
i st, |
a g@é@%@&% ?&gﬂ' gt fsel:s]i%ilu% 9&3‘2&2? . hés%gg}%g Why 3o %32 in the light

oses O I nventi on. rposes

chhhﬁvdrﬁibl‘&dorbzﬁﬂ ant 263k 1), AYASTHS) ahd '96-16( 6([31)3) 1n?the l®sadly chain
"rhuMAb VEGE" herein refer to a reconbi nant hunmani zed .
vagishlscdosran: Ghathisomgd sk oh Msiln8ln 03 v¥ls'cUP8Y)). "Framework" or

IR B I R R RIS s

1e§d@ﬁg@mkkﬁmdahﬁﬂeferably conpri ses a heavy chain

conprising CDR (SEQ ID No. 15), CDR H2 (SEQ I D No.
16) , "Topmempged] sg(glqs Dof\bnom;lyt)mathr(g 23 mlgme) cdgibadies are chimeric
n\#é%%e? %1 f\lgontilg) aﬁ'_gue(%geggrﬁ% hu%’neaS 1%§m|9§10buhn For

th Sl h&t,NAmaded MABBEdiEY ﬁ%%ﬁﬁhl&nﬁ‘rﬁﬁo@%@ﬁﬂnsﬁ@@dlﬁlent antibody) in
conprises a variable heavy (VH) region conprising SE
whiph Kgs1dugs frgaua aymwar@bleereguogwf tl(evLeylpre@g a@rrenlemdrbysﬁe ues from

o BpvpreedRae P Er b h ficlen GIRGTTERGD SEEA PR ot ravbit
orl N&Hithahesrice) hm[gi tiee gkt é\ﬂf@n \A@%ﬁynaw Qapdcah! In some
chain preferably conpri ses SE N% The terns

ingiRpreastsi ﬁamnwonlfdeglvar(F&hteSIfdocmf thh htlmfa@ rtrnmmogln@lhn are replaced
o PP ORI A ey o Tkt TaaPRe PR Firsgpmorise
re@BtdsPORYh Ad @bNRAINd in the recipient antibody or in the donor antibody. These
modifications are made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of
a non-human immunoglobulin and all or substantially all of the FR regions are those of a
human immunoglobulin sequence. The humanized antibody optionally also will comprise
at least a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin.

The choice of human variable domains, both light and heavy, to be used in making

the humanized antibodies is very important to reduce antigenicity. According to the so-
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froma popul ation of substantially honpgeneous

anti bodies, i.e., the individual antibodies conprising
w0 b@posssut ati on are identical except for possiPCEUS2008/081516

natural |y occurring nutations that nay be present in

[ anmpunts. Mnocl onal t|b0d| re hi
a'@ﬁ@%?%t T hrPgi dhs é%%usaceaagf%ifa @p@naﬁh § gdent, antibody is

sc?éeh?d Mflsthﬁlre MLt HgPargocﬁ{ Efin hOmaR4eabl A ain sequences. The
yclonal ) anti reparations which typically

hurmml seciecreticf Wbllch ng chmsestrodhatsofdihcaotiedagahars bcadptel easeht human

det ' t S ach nocl gnal _anti
et e B g e P By T AP it g/t § 5EA26 (1999):
cﬂ'ﬁﬁlarypg; fief ggﬁggo@@;bql 725,“ cates the character of

e anti’body as being ob ed froma substantially
honmygeities usctimputcat Ipamcofar amtichodk ésjvedrithnm ﬁmrmhsdn@u@@quence
construed as reqU|r|ng production of the antibody. b

ofa#l}, hgmepastibedicnet roprrtidyr BibgrpIPeo! 1igl HoRBEY Figins. The same
freﬂﬂédf&ﬁ%%ﬁ bd leegiefolﬂ %Q\der%lndltﬁ%tgﬁag@??@z& (InﬁlbtoE%é Q?%’%&n&t al., Proc.

I nventio made onma et I rst

Nate seuil b lkZiSM IROR285 (E192 Pre:fslakwle J25;6m4ﬂ 51§ 11.96’53) (1963)).
may be pade by reconbi nant (see

U.s. It iy fugther Naporwnstilet e@rb))dleﬁ Re aumam@%w ér‘fﬁé%‘i@?e‘?fthl%h affinity
f01rr) ﬂ%gegﬁ]]gl&g ahd BAEE BB blgﬁ)%lsc{ﬁﬁgfo gllél%%gg%%{hgu ee?ﬂfs g%gﬂ%ccordlng

raries generate

todemefeiee dndthdethGﬂlfaﬁﬁédl yntéfodéds ,ardNpicpied b348irdbbds 954nalysis of the
(1990) . d ackson et al, Nature, 352:624-628 (1991) and
pargpialsseguengps ad vagiius qEpegpiuap Ipmegired grodquesgsyng hicerdigensional

mé@egsp eoi?iee\?é}n%?ta? n{inflr t’fﬁl‘ﬁlzgg %ew&. aIrHr%b % gde%glbn%l immunoglobulin

ries.

mpddd hfeaédrﬁmsn@eﬁeﬂam a‘hb%r@ raailiat t® ot slaﬂgb iafthé At Yomputer
(nM range) human anti bodi es by chain shuffling (Marks

pregrams ap omé@biﬁolvv@gc@ illgstrzro- g3 digdoR)nrobapde @e d¢imensional

con rmaﬂana £ ctgreﬁS? 18(3 n&an\?iédrate mm%nogp%ag;gl s'ec?ltbeng 5spectlon of
thés\ébdl BRusemal addlysid\bfthe AkcHsrolde5the résldudd 69 the2@fctioning of the

(1993)). Thus, these techni ques are viable
caaflidaterimniupeglobulin S@:mr:mqeoml thewndesipnbicsidnes tlbetdpﬂuence the ability

br t.echni Lation of nocl
of it ubiRe PR ORI 80 1 1 ool Tp RGN HRy revidues can be
scRICRAUSR! t5ABMIE kdim Rk r@&lﬁle{@ afld ,uﬁgbﬁeaeqhmfes abethat the desired
capabl e, upon i nmuni zati on, roduci n

antibpéy elosiracteristic e ns mepals@tia@suty ot the t%sfe@emaeem) is achieved. In

oo BB OB SE R BSaEHiecH KB Hod y Bt b R TORC o phfliencing

m@%gﬁg@gﬁlheavy chain joining region (JH gene in
imeric and germline nmutant mice results in conplete

i nhi 'Bttibody dfagmanltsg emmplssam pothiodyof pr mdluengtb antifodyn gérrally the
angi{%tg.l Eglgﬂ}l%n(%ln 21% rggapn mgwwg?%lrggllélslo antibe ((a'iy%rr Egn%én‘%s include Fab,
Fab', F(ab'),, and Fv fragments; diabodies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from antibody fragments. Various
techniques have been developed for the production of antibody fragments. Traditionally,
these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992) and
Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced

directly by recombinant host cells. For example, the antibody fragments can be isolated
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result in the production of human anti bodi es upon
antigen challenge. See, e.g., Jakobovits et al, Proc.
wNGob/0Fgsazl. Sci . USA, 90: 2551 (1993); JakoboviPGI/Es2088/081516
Nat ure, 362: 255-258 (1993); Bruggermann et al, Year in
osal et al

ff%‘sm%ﬁ%g@l@fgégygelggs%%%g%S%al O¥fit fﬁﬁﬂaﬁ%@%ﬁ% ry! fragments can
beS Bl?gétlf ! 1%?{1%&%?({ n@@ Eo \I\ﬁ ha{nlge Eﬂe?mc f}‘lté b%fedeﬁef% F ab'), fragments

4 port

C%ch{ & al' '%g/tl“e&ﬁl%ic%é/ 19,1314 ' ?b.@g" dl.(nhdn8gler 9&8%&%:3}{15 PP (ab'), is

correspd I'ng sequences i n rve

foRALd 'uglgg a[[l? Sfaﬁ?ﬂeeﬁgg%r ﬁeh\ﬂ% In‘o?e %sﬁﬂ{b él?ér Fgafb )% molecule.

anti bo ass or ass e the re

A&d?)?dlﬁ Sfy lafioth€e E’fﬂ)g%kh W'F‘(aﬁ) 9r er tQ IS b%olsolated directly from

corre pondlng S ences in antl odi es derived

retsrabBAAtHYET cSpatiues Ciheretidigicd dor Be protudesn anintbedy fragments
cl ass or subclass, as well as fragnents of such

wilkhq anpaicasto thoshiberhpraetitianey exhi b| t the desired
bi ol o%’thce?le C{hlrﬁ/el %syth(s ?P?(Ela%f\e 8lceé% a sm%é l&’hg%?FV g@éjment (scFv).

Nbrr I son é

6%1W@3§§|/1 6885 §i %ﬁ in F€od '] atﬁ?b%ﬁ&‘fﬁ@hﬁﬁisecoﬁﬁgﬂsé’ 'Ehe Vy and

when used her el refers to the amno” acid resi dues of

V]jla_ﬂoﬁﬁffnb Bp Qﬁhﬁ@&g(‘«k}h@}&% th&SRRARIMR! £e hREAM b I8 gtet}jdi‘ﬂjeﬁﬁde chain.
he hyper varl a e regi on COITprI ses am no aci resi dues

Géde®My2 theCIAMR 1 §FEpit 8 Firther 6 BFi s i 1O Mk@betviddR the Vi and
(i.e. residues 24-34 (L), 50-56 ( }g)egand 89-97 (L3)

Vi Bothhigs Wh@dht crabb thedita Bbreh therBsirtdahdctdide 2 aftifich,binding. For a
50-65 (H2) and 95-102 (H3) in the heavy chain variable

rediewaofnsF vikaeb tludkthwhin Begbenerssolofy BoMppepvidesntdiodies, vol. 113,
I t th . bl
%ﬁ{ﬂ?@g aﬁg M@E‘F ?cﬂ% gﬁﬁ@fﬁé&ﬁs ﬁ{? evegiéﬁléééﬁ%ﬁ g @%{3 f ©

and/ 8 d ' hind;
0. ﬁ{erté%? d&jglg&%ég Y& F%fﬁag &ng (L2§§rh dJ%lth%B ('mtl%en binding

sifick) Wikieh Fiagftnts iaampny@a hédiflyethgfﬁ%h@bléﬂﬂnﬁﬁr B%g)(ddnhected to a light
53- 55 (H2) and 96-101 (H3) in the heavy chain variable

chdnedrfableCitahdlh dVanth tRSme. pdiepti@ Ohain 196:-90): B hising a linker
(1987)). "Framework" or "FR' residues are those

thetas t@ihertdorlow peepigdgbsccotthervd dmnalnhen stem ahalabﬂhe domains
r%glon reS|dueB S he i n def|$ "H nan g$ as

arg O1e6H 1R R VB, € o ‘Ffﬁ%) R 8 aﬁ? aﬁ%raln create two

an@BEh- B%h%ssﬁegabla%&ﬂé@'afb BRHPR nmRRAHBRCHE, A48 U1 M04,097;
non- human | munogl obul in. For the nost part, humani zed

W&he3/bbldilesndaHellingeraat af. nfnooyhibbdradnSci( U84 |9f)16érh4 -6448 (1993).

anti_hod in ue fron1 var able
gt R SSPreptiet TPt s HER I e By P BB i igprctor t
th@ 4NYiBEd M@ dcablnRd NiRIZ HatL er %z nPBr EW BREC3@E6):(6¥0NRI62 (1995).

anti body) such as nouse, rat,
Briefly, these antibodies comprise a pair of tandem Fd segments (Vp-Cyl-Vy-Cyl)

which form a pair of antigen binding regions. Linear antibodies can be bispecific or
monospecific.

“Multispecific antibodies” have binding specificities for at least two different
epitopes, where the epitopes are usually from different antigens. While such molecules
normally will only bind two antigens (i.e. bispecific antibodies, BsAbs), antibodies with
additional specificities such as trispecific antibodies are encompassed by this expression

when used herein. Examples of BsAbs include those with one arm directed against a
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or nonhuman primate having the desired specificity,
affinity, and capacity. In sone instances, Fv
WO e@oesssik regi on (FR) residues of the human PCT/US2008/081516
i mmunogl obul in are replaced by correspondi ng non- hunan
resi Furt hernpre, humani zed. anti bodi es
tu%ﬁﬁ?‘f%@l%ﬁ@éﬁ@@@%% %r%tq#&ea%ﬂﬂqert?tﬁxeﬁegg%mr%? such as
Nt | n the BT an i
an%%dyﬁ?/gxu-@blé ; nl‘%l eq,l%% / hh? @X)dl ,ped%ﬁ dﬁ%ﬁn 81%? ﬁr%h? B-cell

are refrne an erf or mance

(l%q Atz CIB?I EWEK egat %]nébgﬁg‘é{ %l bt e@/a{n‘?lereilal cell carcinoma,

étantla of east and
anvlacm)ahﬁ (W@ms% hti-oiysehal | (erl-édv&f»t %arcr@nhaxj alahu fD3/anti-
t he hypervari abl’e | oops correspond to those of a
melonedytemanmiutatm g olgdrolont | anabugd aatlrEGan @Qﬁpgqrémm@m,y amtiHCD3/anti-

CR Uk b CHRERnRTDS abiranty Blsaf Sotcrrily Sl ceulpp | molecule

O@W{)/‘aﬁﬁ’ .(@¥3, | @stolae POIHINGN pRteidtn (FWQ%BE’ u |ahﬂ-pan carcinoma
constant region (Fc), typically that of a human

assommaied gitaden | (AMOTHE )/@thdbS oBshhSTwnhme iagb | vehidlo hreidm specifically
both |ight and heav he used kln
top iRt Bten 30 gog ek Whih g PadakSTen pubiadn/anti-ld-1, anti-

CE@E/ h Qe Qé}ﬁ)'rltn}’ antf‘@@]r/aq{tlngtpx)ﬁn tei-6898kh@ap @S Entfr ICtEA/ anti-ricin A
hod, 'the sequence of the variabl e domain of
chramd edntti-iateichoody(IF S -s)tanadndaddagai idsitypich emﬁr(t]EA&ntmbmmr ylkaloid;

of known human vari abl e- domai n sequences. The huma
By/hju dofc SONFTERE | Gzgnpsadivatcd Prodrusst stdle 2 ol 1130 anti-alkaline

PRORRE IGPLR B0 FulERY, SERBYRCR b hBggnitomycin

al¢chd93) BsAbwotvhich cah bal ysed as KibtinBliyet agdA6 s@blas( élxﬁBﬂl)r)n/antl-tlssue
Anot her net hod uses a particul ar framework derive
plpsypgaactisHeriiBAs atdisidatiorrokinpseniyaa plagminoge a@svatﬁr (uPA);

BARY 'ta?gréei%r @‘ﬂﬁ%%@ PupPxed 'u?&tll &Efa@?%‘&é@{l%@ﬁ as AMlow density

used Or Sever a
ligoprREinZ et hrllm% tdr@akt BévRal o@FcyRPMTRCBsABY forAG@6h therapy of
égg UgA 9: 4285 99%?@ Pﬁesta eﬁla 3 J. I mmol by
mﬂ_esmmezi@ee%%)c}l a$ tantisCP3fentidericspsimplant vityat (HSV), anti-T-cell

re SR by CPBPERENARUF Gh el GErEP- o Pad Py foF tumor detection

vilph Ol 99' &2l Br ORER t LeS ant] @GRS TUBES IRBLCEARSRAISPTA, anti-
to preferred met hod, humani zed anti bodi es are

pl@SE%R&V&ﬁ-Iﬁpte@; BBAB@@SSVEQEmQ Adjuysits;, Ml Bsds padrphétic tools such as
sequences and various conceptual humani zed products

angistiablpyt t]gﬁéamtﬂfenfﬁttsi amtehonsp derld'shopemh'elarra r(HrRtPaAan@-rhldrmone anti-
hunanlz uences. Three-

BRI SEER oy FSLEERIECS (SO B
LR S LT P LB o

CDbaes-(dd37e nmidonadnti-CD3/anti-CD8/anti-CD37. Bispecific antibodies can be

prepared as full length antibodies or antibody fragments (e.g. F(ab'), bispecific
antibodies).

Antibodies with more than two valencies are contemplated. For example,
trispecific antibodies can be prepared. Tutt et al. J. Immunol. 147: 60 (1991).

A “naked antibody” for the purposes herein is an antibody that is not conjugated to

a cytotoxic moiety or radiolabel.
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conformati onal structures of sel ected candi date

i mmunogl obul i n sequences. | nspection of these displays
w@eoaisssianal ysis of the likely role of the reRBCTHUS208/081516

the functioning of the candi date i nmunogl obulin

sequenge, i.e., the anal ysis af residues that. o :

i nf Afeni@Ect HEbody] ﬁ?rfimolrs QR v high BRI ES (T iREgHBgAing regions,

4nHcNEoibh Sprfitdbde the fafict HtboWKas FRNEEHIHEReob bE
anselnecct e%l1 and cor?‘gf’needl frcom t ﬁkyraesci pinent aand%g?n%grt

sequéhcamesty refead tot ueh desapecetc andtnieatdynd pr@phybaid @t preyentative

such as_increased affinity fo he target .antigen(s),
MPASULESH{ TED 19vd g fespiment inpducepposcedlicgthe i be dipet py well as
thadd h & L iabhy prdépicyed in influencing antigen

@?Qn&r&ﬁgé ,,Rﬁ?ﬁﬁ&gdyﬁbg néé}rélt S?M conprise a portion of a

f ul | Al"dizgtder"antanb ooyditigrethat aolil Hehefitafindr gentnidnn ekiithgho antibody

vari abl e region thereof. Exanples of antibod

pu,rlrﬁgsﬁﬁ Hescribpd hergn. FHYS inelygdes bgt(heggmrgtgg aréchacuﬁ,gisorders and diseases
far i abodi es: L L hodies; singl e- ¢hai -

ot BRSSPl MIGEY AT RS TR B Ao i

questiored from anti body fragnments. Various techniques
have_been devel oped for the production of antibod

" y
f r aghihtveordTrlghelt | when (yped ¢ hggia fefaigmisntas disedblee cpippgund or
: r i : til ot : .

o ORI IR0 O 0 RGHy BN 20ERTS, (Rt may b
itsBlfaphystealc et hesBoiddtopd Tabtlslor fluckt&Rent labs)Bsreim et @fsc of an

al, Science, 229:81 (1985)). However, these fragnents
enggmatiowabel, praduesddyasi rcdemlcpl pijteradionnisil nansubstiate compound or

l.s. FQr. .e I t he anti body fragnents can be

Caﬁgjgfgoggg{l%hmé%cgmei body phage |ibraries discussed

abovehe Qrineroytdidme lagentFab ussthdreoidesit so @anbience that inhibits or

directly recovered fromE. coli and chemcally coupl ed
preventothamimiciton)of celagirien eruscaaiosrction gfjcells. The term is intended to

. Bi o/ Technol o 10: 163- 161 (1119929 ), | f 180t kery 153 212 p32
m@%‘r@%r.“ﬁ%aﬁ e ?Sﬁte"pﬁ*? éebg')%t i Sffof?lrréz}, u’inQeng’ e 180cimg P and
radioRRBIc iS¥DYest oF TN Ot SREL Yig&tts, tahe t65Xiadsych as small-molecule
nol ecul e. According to another approach, F(ab')2 o
togma cpreenzymetieallyeadtygl toximd ofi bactaria), fungmh, méandrisi ammel origin, or
frhost ctgll; ulture. O her techniques for the production

B PESY fragnents will be apparent to the skilled
practitioner. In other enbodi nents, the antibody of

choice is a single chain Fv fragnent (scFv). See WO
Mogdgsifen 8aeryingiOwd k- lnterition Fv"  or "sFv" anti body

fragnent.s conprjse. the VH and VL, dpnmai ns. of anti bod

whor BT THECENcpSHEim @ o e pFesit PR bR TRy 31 el from o
coRfloXRRAt (e shalgleouse R @)Y corhisidy ROl ¥RBREY @8d one or more

further conprises a polypeptide |linker between the VH
comtahivantsi o ndihp scaspasiiioan ablgescrele @iy r¢soltingr frotrhdhe recombinant

prg&?cltirmeldof %Itler anti %[13% ‘tfu rrna?lrgel tggtnre?dlggé Rdm pFrg(riuca‘}ion of the antibody by

peptide synthesis (or other synthetic means) or the antibody may be purified from a native
source of the antibody. Preferably the antibody binds human CD20 antigen, such as
rituximab, or binds human VEGF antigen, such as bevacizumab.

Recombinant Production of Antibodies

For recombinant production of the antibody, the nucleic acid encoding it is
isolated and inserted into a replicable vector for further cloning (amplification of the

DNA) or for expression. DNA encoding the antibody is readily isolated and sequenced
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review of sFv see Pluckthun in The Pharmacol ogy of
Monocl onal Anti bodi es, vol. 113, Rosenburg and Moore

W@ 2®9/0588113 nger - Ver | ag, New Yor k, pp. 269-315 (ROPDUF2008/081516
The term "di abodi es” refers to small anti body

usr%%%ﬁ%@ b rgerdEes (e synughgghgﬂ%&ﬂtﬁﬁ%pm st eip-fapable of
blgﬁalﬁgggéc@ﬁjcaﬂgttl &b I'chdr;(h?%/ e“fféﬁ@r\;ﬂmcﬂl@ﬁ%ﬁéﬂs &M-h)e ahﬁb&ﬁﬁ Many

ol ype e chal By using a |linker
vectoat atesaviadablshditic xteotoalcbmpoma]tsr pagrddgt melade,tthe arawot limited to,

domai ns on the same chain, the domains are forced to
o Mgl 8 1R dONBN e V) SRS HE °6¥gllhﬁgfffp_i]€a%i0ﬁe or more
i i -
m%’ﬂgrc g&%g ) r%l?i’gncgg He;ﬁ/félﬁ’% Q ﬂt}gllgﬁ%;( Zdnh%stranggﬁﬂig%’ tglgl}l;ﬁat% sequence
(eQ3Addktiblad iandS Plathti NEpe6 lét s@chﬁcE’ﬂmecommdted ]ﬁ:rad DbySeflerence).
USA 90: 6444- 6448 (1993) he expression
ant i ByEbishoshprlly eeelamﬂlaroé GyPEEHNG the ?%pﬂl rh@eﬁepfefﬁ herein are the

P8R O A ) 6 55 SR SO0 Rrghs laro
cubbasita, antictbodd eGranmpgdtse arpadimamofositardeorpdmsmee gient scample,

(VH-CHI-VH-CHIL which forma palr of antlgen bi ndi ng
Entegbeiriaceiqgieh arfiichediiés canfbe b.@%@e qGt¢r, gywinia, Klebsiella,

PITRASS (%L'o él‘fag ef%ﬁt‘ %n%ﬁ?l‘fd [yp(qﬁmﬂw bb%g}a? ga"s%w%ﬁ%&‘r%escans

speci ICI e eas ’feren

an\dh Shigellheae IWdllO B§ Bkl mhahd \B. flebﬂizﬂl dntleBe Iﬁichenzformzs (eg.,
anti gens. uch nmolecules normally will only bind

llfthﬁlélf(d”mh? @HhélS%liOS@ indp3 B66; 7P @ublhﬁthﬁééauﬁegﬂ lég%é’yeudOmOnaS such
as?l?.it Jé%ggzln?ssa Véf'na I:kt bggmé/g snabng gf{elfred:liI 88[2 c?otql%tksﬁlgst is E. coli 294

antl are e npasse

(ASDQIT 83 3146)) ah@phuskd shelmgisich @(gnw;zes Efcﬁts)@h‘ma ncreds 1,537),
those with one arm directed agai nst atunor cel

angnk.i epdinWa 40 (A C6t ReP2r are dhitede. ed hawadxasnles 4 dlbtsoniive rather
thtrggger nol ecul e such as anti-FcgRI/anti-CD1l5, anti-p
18 RIII (CD 16), anti-CD3/anti-nmalignant B-cel

(1 D ) addaidhi to Pl agyiids; BhideyoticahictobePRdchnksifil@ldntous fungi or yeast
anti-CD3/anti-renal cell carcinonsa,

araﬁuutabd}Del/oamgu OICNQARSIQN mﬁwufocmmodmenwhmg vewdpisn Saccharomyces
I anocc%ljt e stimulati

celzf]evrzsl%e1 gr 8%1%@88 bag%‘rts ye%%:l qﬁ C%]B,?t Mme 1}1 &E%i arnon% lower eukaryotic

hA@NhiclebRlanhds: EOMRVer, aNhiimbEBoARkHer @h8a, species, and strains are
anti - CD3/ MbV18, anti-neural cell ahesion nolecule

copmumany / amilabteD3andanusefifl olhatein. bistiell ngs pSdtiasisaccharomyces  pombe:
ant|- anti - pan, gar.ci SSOC i ge :
KR T g eba EEams Mt nRof@<aR Vit r Al Pulgaricus
(AT 16,088)] YK QvidHRT (AT, Byl ne afm Sﬁwe@ 56,500), K.
binds to a toxin such as anti-saporin/anti-Id- anti -

dropg@flanim {43p6r Bﬁ,?O@);]tK Wh@mlemgap:mm K, marxianus; yarrowia (EP
403{52'63;% {aaggzsltorzs I&S]S 183 0%85 Candid, n}"rzcho ern?a 'lAf\eesza (EP 244,234);
Neurospora crassa, Schwanniomyces such as Schwanniomyces occidentalis; and
filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium, and Aspergillus
hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of glycosylated antibody are derived from
multicellular organisms. Examples of invertebrate cells include plant and insect cells.

Numerous baculoviral strains and variants and corresponding permissive insect host cells

from hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes
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chain, anti-interferon- a(lFN-a)/anti-hybridom
i di otype, anti-CEA/ anti-vinca al kal oi d; BsAbs for

W@ wesasing enzyne acti vated prodrugs such as PCT/US2008/081516
anti - CD30/ anti - al kal i ne phosphatase (mhich catal yzes
onver ion 0

f hat e myc
alBQragiHd| ljlosceé%@wsmfﬁ c'g “6 fﬁ%dﬁ'ﬁgﬁy VV@W QIor hékve been
idagays &%He ARl sdiRy T&/t%gfecﬁénc'%ﬁ)u@h@lz@vgﬂ’&ﬁ@ e.g., the L-1

activator (tPA), anti-fibrin/anti-uroKinase-type
Vapilaaisnﬁ Amggmpaa tcaliftroica NFRARNd BeABm1-§ etraih arf gimhyg mori NPV, and
ne conp Exes to cell surface receptors such as

ua t YISt RN SF t 5o | o Hicot Blh LR )acaerdinerfo (R gptsgpt invention,
u@arl;F fod iRl szétlo%C gob tewrﬁclﬁyé%%ﬁse Plg &ﬁrc‘%@tﬁre‘g of cotton,

Fecti ous di seases Suct as a anti - h
cm rpptaeo(, seiaasn, [{dtith), tomatol ankdtobddco e elpd be utlﬁm as hosts
conmpl ex/ anti -influenza, anti-FcgR anti-HV; BsAbs fo

{ unOHOBEYBe (RS Havi eF BFatesh W Vo oells. and propagation of
veabtazd %‘N ¢ en'ul't AH%%B cﬁﬁ{ule gcghie Pholfine gmé:e Sribs%xgrsnples of

anti S as vac I ne uvants;

usdﬁﬂlgmmhalmntmm &1151111@!;1 1r&SJdanlbut-afeaﬂD:blhtrmted to, rnonkey kidney CV1 cells
Ganti-ferritin, horse radjsh peroxid

a(neﬁe)nﬁahv .SVHQKEQW %ﬁ@ﬁ%ﬂ 6§1t)ahmﬁ¢n %PWDB;@H%@Q?H(P@US (293 or
ceﬂg%hbJWd%F gro’\‘?hff ﬁ? 5 g&'tm %Eﬁélaf?é 'GraPurg% EL P IR0l 36:59

tri ecCl es 1 nc

(1amn)p; @B@lhaﬂﬁtsﬂer Eﬁﬂé}aéﬁlls-(EHK ABOC IC-CQDB@)aEhinese hamster ovary cells/-
CD5/anti-CD37 and anti-CD3/anti-CD8/ a
DHFB&H @ Erlawh piodfdilesc.clier! btcagr §fiaf]§d 7873431@ 0198‘@%91@!%1156 sertoli

BRLLORNERS R L R 2 PRSI, By EL AR s Gy A
C@BVR)),C iAgScal Bree® &R aligtby &l @XERPI76, Anrdcs mm; ﬂ587) human
anti bodi es can beigre pared. Tutt et al.

cervigal @erigars gylls fERaked Céht@@sloéy/, capgie lflﬁé@}pmlbo@éECK ATCC
@Erﬁl nbuf?alo Mheq r\]rter gcﬂjs (BEI#L ab 'I%Cﬁ?;n M%?t ed an 88% cells (W138,

yto ‘ox1 € nol e

AlececOLiB); q{iﬁnaﬁﬂlﬁdﬂ CREEES, HROSGH3Y; Irﬁ@ﬁhehhMma@ tumor (MMT
ions, and an Fc regi on. Preferably, the intact

06&%82 bAE@Qw%IéliauﬁR,l ﬁd&ﬁa(MF@elr eginbnAnnals g4t méﬁ@d SCZ 383:44-68

(5EErankn: Sl ESHERTE Ao bl o 5 1uRh R L, Eno cens
ark Eféféi%%l fbhﬂeexgiegaad ¥f yﬁtfbbdfeb %n@l'n%imdvér&a%@gklyzﬁed to produce

ose in which the disorder is to be prevente
the ditghmdérs purifisd emaccersianie wish theruesenonventivanef it from

treatment Mﬁt t he an rified.as described

ner RN St e itbr GBS BRI i CRaT sOTEG AN Gy aipg vector
foRrNhtiBb&L FF6GuABA A0LItRRHNR @EhEdtiokANHitibRANSnMYH Ghodified as

predi spose the manmmal to the disorder in
appropriate for inducing promoters, selecting transformants, or amplifying the genes
encoding the desired sequences.

The host cells used to produce the antibody of this invention may be cultured in a
variety of media. Commercially available media such as Ham's F10 (Sigma), Minimal
Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified
Eagle's Medium ((DMEM), Sigma) are suitable for culturing the host cells. In addition,
any of the media described in Ham et al., Meth. Enz. 58:44 (1979), Barnes et al., Anal.
Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 4,560,655; or

5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as
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question. The word "Il abel” when used herein refers to
a detectabl e conmpound or conposition which is
w@eoowpisssted directly or indirectly to the antiPoOOys200$1e81516
| abel may be itself be detectable (e.g., radioisotope
| abel s or. flu |n t e cas n
cubtHyy madia oy sdiost 1;3 cAaRy tly sseclﬂs ey BP?%&S ngoessary
WﬁllrI %Hl@ﬁe% aﬁf&VEH%{HQr Hlowdl? '}Pé%éﬂs h"ﬂ'ﬂ%ﬂhhstrgﬁstfﬁﬁhag} €pidermal
he term "cyt ot oxi c agent” sed erein refers to a
grewtls faotg {aftat(suahhadisdéduar ckﬂmed/ee rttakslurh,e nfagmsium),n aef phosphate),
cel | nd/ or causes destruction of cell term
byfiireete T OCP RO Dedeqtilss buch pyailoesie 1<§n6>A%r2¥P10tws (such
I 8 1 ) I ]
ospag e N LTS s SRy @ﬁﬁéﬁ&s nePGRis egmpounds
usagiénipscscanal fiaxli nmcsmm:a‘moas ianthk | mivpbreclal eartge)i amsi gmcose or an
enzymatically active tOX|ns of bacterlal fungal ,
YAt SRCTEHi RHICCor ABY WM rneresstveriPRlcntasedny aa9qkss included at
ap%?cg) Eotlc B agghs #ﬂﬁ‘? vJorL]chF g kﬁ@wﬂ- h$ tﬂo@é’ gﬂy%&)?n RS &N The culture
rovi des nmnet or puri y|n an anti y froma
amonmoshmbmls&ﬁqgnn@ﬁ plduetuhe sigt,ure dioke prvusisi usgd thith the host
antj body and one or nore contam nants. The conposition

celllssel@éﬁé Yon qureéﬁen,raééu’rlihhag‘lpp%ré% tp ke Qreingriiyi sklpd artisan.
d { t
A e LR

in(ths pﬁtﬁ]@ims ypicbedr dircoBa RS cted nitdi‘l ﬁleaﬁ&dlbmdlf theynttdddy is produced
) gurified froma native source of the antibod
m

peoflatagly) 98 o Hastasten Eb)%pirﬁpvi% 4ﬂbﬁanei@ozb0%rﬂeﬁ§ ﬁﬁ lyseq, plls (e.g.
258, bl RS TSR 7 oS S Bion o

ulireGleation aWwheiRr thd uatibsdy Wfsctoedantol hedyeditimesupeedagings from such
acid encoding it is isolated and inserted into a

CXPEYSIPR absrséen%eé%fr breopowmrwéd edieg)i mgcopanwiaflycwﬂ@hle protein
conﬁ?nt%‘aa%é ?oer aea; 1inyF|X g% HP%OCP w%oqrﬁe g tra%ltratlon unit.

conventlonal procedures (e.g. , by using
ol i gonucl eoti de probes that are capabl e of binding
speC|f|caIIy to genes encodlng t he heavy and |i ght
f . : 018,258 avai | abl e.
e C ¥ ' HREHEE Ybut are not
i mlﬁeﬁie f)l%ferféﬁ%n%odﬁﬁérﬁ dffthé Hﬁreﬁt%ﬂ o dnpARitfinddae subjected to
sequence, an origin of replication, one or nore nmarker
thg enecation reethechbeseing @mqrnblaarolwmod@r:d anfplepdy, preferably an intact

an‘ztlli)g(li1 S,Cerxlp esse(anbyt & rdﬂn?e%g IPPams%eer\IearI]'}g %CHO) recombinant host cell culture.

Optionally, the composition has been subjected to at least one purification step prior to
cation exchange chromatography. The composition contains the antibody of interest and
one or more contaminants, such as Chinese Hamster Ovary Proteins (CHOP); leached
protein A; nucleic acid; a variant, fragment, aggregate or derivative of the desired
antibody; another polypeptide; endotoxin; viral contaminant; cell culture media
component (e.g. garamycin; GENTAMY CIN®), etc.

Examples of additional purification procedures which may be performed prior to,
during, or following the cation exchange chromatography method include fractionation on
a hydrophobic interaction chromatography (e.g. on PHENYL-SEPHAROSE™), cthanol

precipitation, isoelectric focusing, Reverse Phase HPLC, chromatography on silica,
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(e.g. as described in US Patent 5,534, 615,

specifically incorporated herein by reference).
w@iwarise2 host cells for cloning or expressi ngP@TESIOMBY081516

in the vectors herein are the pr okaryote yeast, or

e o yioh Haw ARIBacl A BOSER i e¥Bmg e paeaRhy, further

%ﬁ@x@ﬁ’ﬁl‘ Li ¥forR4i8 %"Bm £@m ¢ adR! &ch hromatofocusing, SDS-
“*Ent er obact er 1 acea %gg ¢h'as Escheric Faange’. 8.r,om§.o (O:Couis%n,g’

PAGEer abmodréum BEuMatd aprd€ipgtasor| | BydréXxyapatits, chromatography, gel

RO e SRR B! e SELEE 0 s
a i A

ch?@rﬁ%t.b’éfagﬁy l%?% ﬁsn% 8196{&5 A ro@é]g C(Fosegﬁt:ﬂgdagbgf? 3016& substrate,

hen rms 41P dis
ligaub ot sitegdn bR thprapturd #889nt). Pseudononas such as P.

aer ugi nosa, and Streptonyces. One preferred E. caqli.
cl orfiGsgrdings to | the presepf jinvegion.atheccaiionaghangg pHpigasion scheme

B N TR TR 2 i S e S Gl [ Quiibilon o ne

catith tebhange Thasgale X2 ladimgathe ddnpesitioat toviee paﬁfied ohtdathe cation
limting. In addition to prokaryotes, eukaryot

exghanesyateEale () first vk Htus I ubRgPne wvayléé@p at%de(S) clution of the

an?Mb{if@ﬁte%s?m ng or expression hosts for antibody
vectors. Saccharonyces cerevisiae, or conmon

bakeBy snotedsg at lessttthe wahtstapo o gatids s claimps guﬂlﬁmron scheme,
eukaryotic host mcroorgani snms. However, a nunb

at deaiethe disy of avhidpis eprediictog id highpd] abowfrdd é@rﬁwﬁayer) the cfficacy of
pL%f‘ﬁ%h 1('?110 !:Eﬁl ﬁ@ glng%%EIL[lt Hgn%rg{l&kl @el}tl@lﬁar elrf?I P% the ﬁﬁt wash step

I zOSsacCcC ero

us@fiz a Qagh buffer dvﬂl@hlpﬂ ni(thefrﬁtﬁ&l ﬂr(brﬁ a()é\]’cQQ 12 aBlA .0 .g. from about
bul gari cus (ATCC 16, 045), K w ckeram i (ATCC 24,178)
7. Q(to g,gp tspeh qsqf@@xg@pbg@j;out RH o% gg@j:pw,t pHﬂuanQWants as described

o Pabmo eSSt B e B RO ERR N gt of about
. @w%cﬁm 5.5Tr A6 hogRntMheReSicl ﬁrﬁelxz%té&%f theNRWMRSRIGh &omprising

crassa; Schwanni omyces such as Schwanni onyces
the eatibrcht elhied: ersm dh¢ ichtzare ptcbargcf ma@nrlals tietypreslly desg.than about 200

Neur.ospor.a |C|II|u ocl adi
PR RER R ok I Sreoift ey’ 00 BRG UAG) i3 hsing g vash step at o
pIBUf iht 8 thest cells for the expression of glycosylated

anti body are derived frommulticellular organisns.

Exanfpl €& pfefirredermbbdiarcet oélths innaitiode ti antionagichange material
s .and

Co T e e kAP ST B Heas: e Bl Pitgkes (solid phase)
coaldl ®ith! £PoRBSERxSMED AStyRRP FRRLBhAiAH UGitR&uBpropyl groups, for
(caterpillar), Aedes aegypti (nosquito),

exApphés alPORODE 50 HS(@mcslqmmta@)u,labﬂk teophpilad Bbgsegast er
(fr U{ngialll%/l,) an aegglh ratlon)ﬁoquer is ?)gg/sgd bo%grn or through the cation exchange

material prior to loading the composition comprising the antibody of interest and one or
more contaminants onto the material. In the preferred embodiment of the invention, the
equilibration buffer has a pH from about 5.0 to about 6.0, for example about pH 5.5. One
exemplary equilibration buffer comprises 19mM MES, 60mM NaCl, pH 5.50. Another
exemplary equilibration buffer comprises 23mM MES, 60mM NaCl, pH 5.50.

Following equilibration, an aqueous solution comprising the antibody of interest

and one or more contaminants is loaded onto the cation exchange material. Optionally,
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identified. A variety of viral strains for
transfection are publicly available, e.g., the L-I

wa 2000a8881Df Aut ogr apha cal i forni ca NPV and t heP@muS2008/081516
strain of Bonbyx nori NPV, and such viruses may be

a V|r s her cco t he present
the ﬁ%&ﬁtﬁf‘of? b%li‘ltt SAngS 9@%@1&4@ ?%ﬁxsﬁala&m@rpﬁ 5.0 or
abblH Hpsrsdahg &l biSferiRh aMbddShbntC ! édﬁ'&iﬁ%n@&i 9@&1&9?0010 Bbhr a prior
pot Soy ea pet uni a, tomato tobacco an al so

pdﬁfﬁcaﬂlmﬂ btz ds badd@bslnsonehkmimdﬁnenu aPena@stA hasl foeen prior Protein A
greatest in vertebrate cell and propa%atlon of

chjipstagiapkie PEBFIFAIgN, p&hﬁt%.lse?qatdpss%eth@w 9Pe§*chaage material.  In
f
an%ﬁfép%ﬁ od éﬁtt ' a[‘@o 19@{%%2(2 | mgﬁ@ ?(golugﬁn%'§ 1? Ilorerlidte% 8nto the

catlon em:ahtdngy rkathyE@ﬂlplagA load tdeasiséoareid thy rsi\gwfrorn about 10 to

ATCC CRL 1651); human enbryoni c ki dney cell
abegbéo%g/lzrgsndéﬁf%abén Bfenb%bév& 1o Wﬂg/ﬁﬁes@srﬁ%mfﬁrably from

ab%HLi 4id F] aart%ot@é ?}51 %"ﬂd ﬁéesmal elilﬁJ ant%ﬁﬁr(gf k%l;é&st égk&%g; %%glz}tlon exchange

mhtafrsltasraresquftmslldasﬁng dFR (CHO, Urlaub et al, Pr oc
Natl. Acad. Sci. USA 77:4216 (1980)) nouse Serto
cel | fierigad msafh?eqatwlsuemhang@mama @3“"5_5@8 iy ﬁ(f&tm}l)step with a

oAERE AROIDB) i Gy TGOl BORPEE T caon

ex@ﬁzmglecmhteﬁﬂr CTIIIEOB@mﬁ(QJltidil 6ﬂ'E|eAvasﬁme€(fd_t}%)callg&hbm to elute as
ki dney cells (MDCK, ATCC CCL 34): buffalo rat liver
M| $agtaERANtS AS PASFTXS BRI thmqs}n Wﬁhwrﬁlmtmga wbstagtighapmgnt of the

arfﬁ%é?y %ﬁ%g% Tl?llé JZ %E@&fﬁ%@% ﬁg@%)than that of the

equéitrsidnMRifhee ﬁn@’br af the%ﬁﬁ@ﬂ &0 I-pb’smé\ﬁi ath ex@iple 38kt 240 @Bout 3 pH
(1982)); MRC 5 cells; FS4 cel and human hepat ona

umfélhllsle( HBﬁ?f@')lY tley lﬂér@f thgHiyst epshsbuifas ipiethe rangg ffose abys pH 6.8

ogBLFPD. BtsHed ok T ma O EaS et B PR AREE Blart 78 or

aHMli che mx%ﬁﬁ)'l‘és SBAETE QMichHRFFer GRlthiS pRI RanlzE aNGhdY, R are not
t he above-descri bed expression or cloning vectors

hrfltsfrd anfoi b dﬂifPEﬁ odiMES.on seddntul aagteed | ARIGAIKEnt i driethanolamine

di f.i-ed f
sl T B Ty RSB REP! ahe ot T st bufer
coRHRSs &%@@kgt@ @ft(lnﬁzsiﬁm HEOES SSH o1& S2) TheMasipss gl 50.

used to produce the antibody of this invention may be
cul tlor gds itagardy dhd @rgscnt lmm:ﬁtlan m:omdre&r Gil abmypositren | capipgising a

re%gl’ina?ﬂstu 03> 6@2%) éﬂjélao%wa\c/ﬂ as fé%me 1&{2& ﬁ\ﬁgﬂ%ﬂfé pH 7.8. The
1n%ﬁtféﬁ%% Iﬁomgsl § t®Embinant humanized VEGF antibody, such as bevacizumab,
in 25mM MOPS, pH 7.0. Such compositions are useful, among other things, as
intermediate compositions used in the purification of these products.

The invention herein generally entails at least one further, or a second, wash step
using a second wash buffer. The pH of the second wash buffer preferably is lower than
that of the first wash buffer, for example from about 2 to about 3 pH units lower. So, for
example, the pH of the second wash buffer may be in the range from about pH 5.0 to
about pH 6.0. Preferably, the pH of the second wash buffer is about 5.5. Examples of
buffers which buffer in this pH range include, but are not limited to, MES, acetic
acid/sodium acetate or NaOH, NaH,PO3/Na,HPO4, Bis.Tris/HCl. MES, pH 5.5 is the
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Eagle's Medium ((DMEM, Sigma) are suitable for
culturing the host cells. In addition, any of the
wore@oasssescri bed in Hamet al., Meth. Enz. 58:PBdI/US2008/081516
(1979) Barnes et al, Anal. Bi ochenLOZ 255 (1980),
4,767, 704, 657, 86 4,927, 762,
prafe%@ %@%r 6 the i%?n%@“hvd@@%sﬁ dirghte Heppiegad wsh buffer

coHHﬁlsef (5 @(ﬁ{smﬁeof 3938 %Eﬁ,y 1REMURSE], %Zf/ glshurig a!ﬁﬁﬁ!l'eia e1f1195d1ment

host cel Any of these nedia be suppl enent ed
thascooed a&slabwffw comphisesmoreessistn df 23mbt M@iS, §ooM Na€heHos.S0.

such.as insulin ransferrin, or epider
§ actW.h?e aé%ﬂtltbgal(w@ fchs e elAYet P "@énoehu%rst and second
n ucﬁgpg? gibeerﬂ?ﬂ*eﬁ’ h&?& h@t éenlt’méJ bl @ers ed %Hﬁlgb he‘;:ﬁ tElmants such as

ch™as adenosi ne an t hym
theset dibtwsbddc sbdve uah rasogalr framctho; caﬁENEMM@gé\IMa)e)mal tduaiag the first

el enents (defined as |noarb%?n| c compounds usual ly
ang(Qs s éﬁ‘r?pn%t washnatepc orfeterabh:i s first wagh ter 6%1"&?15 most of the

C@g?%a and gl ucose or an equival ent energy source.
necessary suppl enents may al so be included

at almro@mg' dicewashng ety adted aboveh ate dwitkd abgbddyawrhital from the
those skilled in the art. The culture condjitions, .such
cagign g phydea rterialp HEuter of Hee prikkody aney b @gla}emdeby dregpaping the

co\%ﬁﬁﬁivb. t 161H§ s@%%t%c?ﬁélra%%l A & ?ﬁdﬁ&{w&%ﬁ"tgé ﬁgn LA is greater

paren e ordi nar I San.

thih ablomslioms/crﬁc Dithdapantordactivityguas betdaﬁleaﬂt bhaludiag abelatively
produced intracellularly, in the periplasmc space, or
hlalil seE eproeniEetion; @dhf: ﬁi%lonﬁélff%du Exgmnlprytsalis &t thisopypess include,

wﬁ)ﬁoqg ul?rﬁﬁat orﬁt r % r ! S tlt A es?cﬁﬁ loﬁﬁ% S(ﬁga;E‘B a%g dpotaéﬁs um chloride

(K((El) dn oh€ Eﬂﬂbbdlﬁ&nf rt@d%lhﬁ@@ﬁ@ﬂﬁéﬂo%iﬂpﬁﬁés fro® aIbSﬂﬁ)I\(E)do af)@ﬁt 300mM
exanﬁpﬁe centrlfugatlon or ultrafiltration. Were
NeGle elmseity bpHersganertls gvillhaye rapprorevteln the saee abltasrthe second

with MR ARG 6L BB ERE e DFor BN SR N1BREM {RC %t 5.5.

Ah@hcreptafepte eluﬁﬁnﬁﬂfféloébr@ns% | 23niMarERe] 15neMNaCl, pH 5.5. Elution
ultrafiltration unit. The Cation Exchange

preferabhamnagivapsiop Mutipo (rs@bpessd to graditnt elutiom. t he

f t. of .th t th
D bEHUE I CHREGh TEDLin bl | QST Sla oo EMBRRS 58 is not
ndc@EARIcBR kYo PHQHURAEd embbiiadt oMheiRealdy an intact
anti body, expressed by a Chinese Hanster Ovary (CHO

r ecovbilnanddihoral stepy ftral t:ertempmlds omafelr@blytﬂne cation exchange

p%ﬁggl:gtg}eﬂ@ﬂ%{eégecgﬂql 50 8nltér tﬁFg loggggﬁg ét% e%uﬁlbratlon (e.g. using

eq‘ﬁhftﬁﬂﬁlnog’ﬁﬁ&h}SH dhsut CRIPAShdih® eompadifién tcbﬁlpﬁﬁlfhg bafibody and
i nterest and one or nore contani nants, such

comanne@é(smxgt\ehere)pﬁrgf tie doagicd soERDRYY i Beohsd qmrabmgl ), first
w%s@rsl?qlf)c f I%]gltlgg C(?IH%I%HI\é(lg{ Ir(ggt usmgr fi %{rsvggﬁ b ?]gabout 9% or first wash
buffer pH about 7.0), second wash step (e.g. using second wash buffer pH about 5.5), and
clution (e.g. using elution buffer pH about 5.5, and increased conductivity relative to each
of the earlier steps for eluting antibody).

The antibody preparation obtained according to the cation exchange
chromatography method herein may be subjected to additional purification steps, if

necessary. Exemplary further purification steps have been discussed above.
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anti body; anot her pol ypeptide; endotoxin; vira
contam nant; cell culture nedia conponent (e.g.
w@anamissin; CENTAMYCIN(r)), etc. Exanples of apdi/Ubmngih81516
purification procedures which may be performed prior
to, during, or faol]low ng the cation exchapge
chr d tﬂ%@_ﬁ}i’p_ § aﬁfé@?ﬁ%&ﬁﬁwwgasg £ 98 PEREFT Bricgipegus molecules as
ddIell. O’Pﬂpﬁét&o%ﬁg ﬂl%ié)cgfé rﬁ%}’, %Eaéx%ﬁfg@é? BY 0h€ wihickORcreases the serum
PHENYL- SEPHARCSE(t m) ), et Hanol precipitation,
halSlofel @fcthe i antibodyu &. g gpolRewderseglbbds EEERLE, it may be a label (e.g. an
chr omat ogr a

phy on silica,chr t ogr aphy on HEPARI N
CNZPIBRARERIELGH Tabgh F‘B‘H%i&dﬁ%m’ﬁgg%h 5 r?a%@@éwhmof%caet (e @ toxin,
[ > e . [ga%y m xed- node ion
d%@%ﬁ%ﬁiEﬁﬁgﬁ@%hgﬁg@ggﬁﬁﬁﬁg, 5§BAGE, ammoni um sul f at e
pr ecA phérapduoin, folmyd atdocy eqrapridie tieramtibbddg roppbyallygeinjugated with a
el ectrophoresi s, djalysis,_ hydrophic charge i nductian
hetqrplogausTyP pHS: Manke Bieparad by Mikng tha BgPadhlaving e desired degree
; N ) Cbody  or Cif LG
oL 20, 101 Bt LAy AT b pERREL Lebin
(RAGORIIEH ' NGhluondcbsridol Ssiendesi lbveadiiion,Odohe cd.i(0980)), in the form of
exchange purification schemg typically includes the .
lyephilizsgd :Wémg{agﬁgs pe ﬁgl&o%do]gga% nt ]?laqwgeu(aglly acceptable” carriers,
s Li brat o h terial: ‘
et g A Doty ol Bo RO B RARP R IR ShisBy l honegpratons
erepleyaingadncRide abuffer8)sueh fak rsospiasd) streR; agd)othersesanid acids;
wash step, and (5) elution of the antibody of )
antigkidpetst ingydingclaseirhy aacid eaed OREhioRIBe srefEvatiyes hésuch  as

N At o & ‘ '
By T
chidridd! Baizethbniuid €hlefifié; phenol0butpls bdnealt dleshol;adlkarabens such as

significantly inproved. In particular, performng the
methylser praBH perasnueiterdiol rostinglufydehaxpirdl: d-pgrianel. ardm-cresol);

range from about 6,8 t ut..9. 0 9. fromabout 7.0
o} gRe) 1 SRR Hess oy MR RSOy b BB & serum
alBif, O, g6lefit,amdranti;namogdestlinded hahopeiliar e popmRyed such  as
nore efficiently than using the conventional lower pH
palangdpptolleset aBi® weidabwak . Blycins, glutasinkt aspamgitgshistidine,

cell protein content of the c sition.conprising the .
arginen Sy S D BT Ties: Saprannase naf QLR ey Weluding
glhodak Cabhnbsk, 6SSddx @y, @R&Hﬁn%z%nﬁmh%imkss@fsoéﬂch h§ sucrose,

approxi matel y 500 ppm | evel achi eved using one wash

mgneiel.atrehalpid of abwbttols sadi-Brging| owter-ipnefwicheas sodium; metal
enbodi nt _of the invention, he cati.on ?xchan

C XEP 4L gﬁfﬂr?tgg]sco‘g} g)ge_s};iaﬁ Qpnon-10nic sur actants s%%h as TWEEN™,
henes i i | owt hrough particles
Pl%{g%?ﬁlf\lg&% h a&;’\'g%o@ye\fﬁﬂéﬂe%? K@Gf

The active ingredients may also be entrapped in microcapsule prepared, for

example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose  or  gelatin-microcapsule and  poly-(methylmethacylate)
microcapsule, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980).

The formulation to be used for in vivo administration must be sterile. This is

readily accomplished by filtration through sterile filtration membranes.
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coated with a pol yhydroxyl ated pol ynmer functionalized
wi th sul fopropyl groups, for exanple, a POROS 50 HS(r)
W@ odoasssax/ai | abl e from Applied Bi osystens. UsuRdT/¥$20881081516
equilibration buffer is passed over or through the
cati nexcha erraterlal r to | oading.the :
rrpﬁarael?e&rfe WP ICBHAGORS ay ?.psqmgﬁdog il Faapplghf sustained-
Fé%lé’e FepRkiBng QRUAMN RARIRAMR WhfHdRE & kalid hyrdph6bic pol
1repref grelped 1e oftgclS ment o{fp%t he mvent‘?%n ﬁ Iy 0&) 1 POLYMETS
coﬁt;]linihg biicasntodp vhfiart, Washampidcéy almmblwiforﬁl of slmpadaticles, e.g.,
for. exanpl e abou e exenpl ary

ﬁl@ﬁ‘w 91 BEgPFHRUIS,@mD ieanﬁﬁ i Sélé@m% HRICRESMaEESeH glede  pplyesters,

t e Vi g fe
it AR i ST R b li P Bl Por SRRRG S ooy,
payla@ii¢e GUSS. skt UNo0 3, 7701910), Sdopglyhiees afli-glatiyniofacid and y ethyl-L-
interest and one or nore contaninants is | oaded onto

glv@@a@atm@rﬂe@s@éh@ﬁ oihylenceying) ace@i@,l eempdapla &?@tls Hcet-glypalic acid
| 0 t b
copfisr o abiobPRREN, PRERACE hivtisdid RioMysgdpptft of actic

acBTRREb I Rtid apsaﬁwrtdnan@gp@n@a %Gétaﬂépoindf pagnm(mugrdmxybutync
purification step is | I n one” enbodi ment

acRk.otein A pool froma prior Protein A chromat ogr aphy

o B B ST, 5 " e
an@b%P M{:ﬁla&ﬁﬁéallypﬁcé}tg’olb %aﬁf%@Q§ thenisRd tbe vaddus cH’iagnos‘uc

exchange materi al enplary load densities are in
thclapgmchrmthfabmai kllcﬁmt ﬁorasbolmtanti‘t@mhq;/ dndroegipositipne fier amn}ple the

anyibEN B e va forER G isoradgn e Faamil Dagm Bl Mgrepeutically
effe@ﬁ% %Buﬂt%f %ﬂﬂlbto@y 1@ GRIhAM. q%&%@@&@ ofRICEHIAInti®8d@Asuch as

result of | oading step. After |oading, the cation
ritgxioiednig eam’att esadatb diepleteal3telds, itrgatal ymiphema Weos lexshple Nen-Hodgkin’s
a first h buyffer r|n th wash _process,

h .
Lyuphogpa, 93 alksvléar Phexguile Ghrenie O%Q’Felrﬁi“%!?mla CLL) as
wéﬁh 6s satmﬁhﬁé PReAREs LB MBERNRHE TSk thiiSs gmb n?le%%?@@s (MS),
to elute as many contam nants as possi
lupessétn. \Hot o ahtileddyt thatgbiad s tob S E Gl Blaih eﬁsrimmd:lszlah hecan be used to

. antibody of interest. The of the first wash buffer
mﬁ@l@@ﬁl@garw Hirag KeRCer RAA trﬁﬁava%#artdﬁ%en@mom Bf-at i on

buf fgy t

about % to a %§ar%ﬂ%?—|ageﬁlgtﬁ§re O[gﬁg/r%& deﬁg Setiaarofly t@teol—yl way of
liroftatidne The rdésclosash ob laﬂ foitatiors innhd kygecifaagen ﬁlreoanpedssigltmqlirporated

6.8 to about 9.0, preferably fromabout pH 6.8 to
hea%@t/r%fe@ncq or exanple about pH 7.8 or about pH 7.0.

Exanpl es of buffers which buffer in this pH range

i nclude, but are not limted to HEPES, MES, sodium

acet at e, ENAMPHE 1: FUREFIGATI@NIOE A CD20 ANTIBODY

This example describes an improved cation exchange chromatography process for
purifying a CD20 antibody, rituximab. Rituximab is used for therapy of NHL, CLL, RA,
MS, etc. The structure of the Rituximab molecule is disclosed in 5,736,137, Anderson et
al., (expressly incorporated herein by reference) as well as Figs. 1A-1B herein. Rituximab
is commercially available from Genentech, Inc.

Cation-exchange chromatography is used to further reduce the levels of CHOP,
DNA, leached protein A, garamycin (GENTAMY CIN®), Rituximab aggregates, and
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hydr ochl ori de/ NaCH,

Bi cine/HCO , Tricine

[HCl etc. The

preferred first wash buffer conprises or consists of:
W@ 2909588 HEPES, pH 7.8 or (2) 25nmM MOPS, pH 7rPQOI/U$2908/081516

this regard,

VEGF ant I’body, suc

eg: t he present
rSRTRE o ERR B i
is Hb‘ﬁ WARMEN 8, %g%ﬁﬁe{e%

i nvention prov

bevaci’ zumab, in

i des a

R D A0 e coumn
LB Sed aﬁegtef@a'mmhe%mw@/ﬂﬂume

cyéle® magibetuisedrogosedss ansntat datab ef affinits lpfonlg "Jﬂtehnatloﬁ bxcrh]gﬁge pool

as [ rmedi at e conposi ti sed | h
mgy bg E%g &t I9PBUiGEPSTatuTh 8P t%%g?f? e Bé{aﬁ
entails at |east one further, or a seco

i h

but 1 B REr raRHES et
comﬁﬁﬂi & a béPci @MY B33chp nB@foeuthe iftnd
for exanple, th

| ower. So,

e pH of the s

2o R0 days

nd, wash step

BB Os SRS APy R Rng e n o

%@B@Nﬁs IchdBd tH&i t s

econd wash

cabgnfee¢hang§/ cqdemins pirged af‘ﬁjerager srhvtaowith piiBbBtion bafferutAfter

H.6. 0.
R,

s Bt S ol

th d h
Ay o e gy Bl

uf.f

fihihg

coblinh 8HEL tl'lé@@ ké‘tﬁﬁ‘tlorﬁu tThRIcBIunat is kil waled Qith MaSh 138kt Sollowed

aci d/ sodi um acetate or

NaCH, NaH2PC3ZNa

2HPO4

byBivasshT higfdrCR ituMEBD 1p PlubedSrars thehenpured esingd higluf-rbmc dtgngth

the s ond wash.

ehb
pH 5. 50.

Wi I'e

I n one enbodi nent,
%onprlses or consists of: 19nM MES, 10mM Nad ,

I n anot her enbodi nent,

t he

t he sec

second wash

ond wash buffer

conmpx 'cgﬁgar%’on o?nl% Csotnaltl%f S %o%qﬁ@ @gg $S %Pfﬂ@&'}'&glw P& eRn? cgfnpared

toRREoH@FiAdl (yoxﬁwl)ypracd‘ss [s%iroﬁﬁ@d BE6e Mlo\ﬂﬁﬁé‘ltaﬁtee p are
performed, prior to eluting the desired anti body.
Cont am nants such as those di scussed above are renoved

Tdblem Compaaisowof Butfeesfpe RiaixdmahICadioni Exghtvhge Chrahatography

and/ or second wash

step. Preferably, th

Processes enoves nost of the contaninants.

mash step(s) noted

above the desired a

e first wash
Fol | owi ng t he
nti body is

CI ul. Cd fl oM I. hC bal.
PRISE antibody may bé
conductivity or iof
conductivity of the

Bélé@?? é@“’éﬁé' T ey el
(QUEPRRRES) Desi r ab
p elution buffer is g

i ]ﬁbf?%r%éim%%si%'on
ge’xelpp,]éﬁed process)
reater than

Prebayuiilib@ibhcm | nc
by including a re
the el ution buffer.

tveby high salt con
aemﬂmySMtsfor

easad MESIGOOmM iNay'l, meolxe achi eved

centration in
this pur pose

without

EURBFTEE (haci), aa? 7% VR g%{%msh&“waa
enbodi ment, the el 4 uffer conpri ses about

100 to about 3001M

Load

Conditioned Protein A pool,
pH 5.00, Load density <
50g/L resin

Conditioned Protein A pool,
pH 5.00, Load density <
50g/L resin

Wash 1 20mM MES, 60mM NaCl, | 25mM HEPES, pH 7.80
pH 5.50
Wash 2 None 19mM MES, 10mM NaCl,

pH 5.50

Elution

20mM MES, 160mM NaCl,

19mM MES, 160mM NaCl,
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NaCl. The elution buffer generally will have

approxi mately the sane pH as the second wash buffer. A
wee@besaserl el uti on buffer conprises: 19mM MES, PABTRINS/081516

NaCl, pH 5.5. Another preferred el ution buffer

ocopmne 2240\ NES A Nl nkl & I: El it
UUII’JI T JTTIVI TV J.l UIIIVI LI 5\ = Y HII I_uUl 1
preferably invol veg

ﬁ@ﬁ%ﬁ el ution (as opd@éééq
gradient elution). (Wiile the elution step is
Regenerativnl y f ol | owed 26smMa MES&06mM iNaQ'l,st Bpnpe such i s

not necessary accorngHgs¢o the preferred enmbodi nent of
the invention. Wille additional steps are

COIIt ll at BU pr ef g OOSUN)I\I ldﬁ catrTon BX(,OIQIIE&%F{\IF%QH

a Z
Sﬁhﬂ i E%tron met hod “Herel'n consi sts of
foll owinag steps: equilibration (e g.—using

Steragel i brat i on buf f ¢0. PNNa#§¥lt 5.5), | oadd.he\ NaOH
conposi tion conprising anti body and contam nant (s)
(e.g. where pH of the | oaded conposition is about 5.0

n
. LIL}

©
o

10

or about 5.5),

contam nants (e.qg.

step

usi ng

first wash step for eluting

using first wash buffer
7. 8 Thie deishrsd pMasindbetfviigranp irhcdddtyitrange® for tiseload dndvausifers in the

P

(e econd wash buffer pH about 5.5),
“@I‘Iﬁ%bdﬁo‘(eés 8e 0y pu%\ra@ i8t¢ {ode Wi ®eBle- pH about 5. 5,

H about

and

and

i ncreased conductivity relative to each of the earlier

THHERT R

chr on

r elu

ered

togr r-mh\/ et h

Sy YR X MR Bk o RERRILS Brocess

d herein nay he erhr ected tao

addi t
Buffer t I
above.
nor e
het e
i NCr 4

pol vy

BT purifica

-{r’#I(IsItI catio
ona

qy, t
heterologous N
ol ogous nol ecu
pases the serun
't hyl ene gl ycol

! TQF‘ge?‘p?P
h steps h
he anti bo
pl ecul es
e my, f
hal f-1if
PEG, o

>1P%&bﬂ%ﬁ§ﬁﬁﬁﬁy
1VquE§ ggs
ly 1'S conj ug

hs desired. The
br exanpl e, be
p of the anti bo
it may be a |

S

I

PraeRear

eguffer %H
% on ar
ange

ne whi ch

y (e.g.
bel (e.q.

Y Allowable
Conductivity
Range for
Buffers

Eafilipg
atloalr ug,

fiy o MESTE

g@r%gact iv

cent %gbel

E I sot ope| e

T

il

utic

5.0-7.2mS/cm

Torm
Logdynj
prepd
deqr 4

[ation conpris
HRFEh a h
FateyA Rl ng

be of purlty W

eter%Bogo

t he anti b
t h option

Nt 1 body
IS nole@
pdy havi ng the
hl phar maceuti c

optlonaH

:

S — 5.5

esired
IIy

2.5 -55mS/cm

wadk -l

%3@&’3 i

exg pre

Iss'zigﬁ\%%&ltlﬂé di t |50n8 !

0.5-1.5mS/cm

Wi

accept,
nont g

13 I\Iﬂ@E 1980)

r aqu
I
xrch?o

ceut
the

eeuéygolm
5, exci pi¢
nts at the

dosaqes and

ut|€apﬁ§

ilzers are

0.6 -2.2mS/cm

Elu‘gﬁg c§

NaEqrrier
oAk M

recipie
hat e,

enpl
rate,
160 mM NaCl

py e and
angjgthe

'T I

&%m%

202780

S

Sugh sap

134-172
mS/cm

Sanitizat
ion

0.5N NaOH

NA

NA

NA

NA

0.IN NaOH

Storage

NA

NA

NA

NA

* Conductivity values measured with temperature compensation based on a temperature

of 200C and an alpha value of 1.77.
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anti oxi dants including ascorbic acid and net hi oni ne;
preservatives (such as octadecyl di net hyl benzyl

wapevesssm chl ori de; hexamet honi um chl ori de; PCT/US2008/081516
benzal koni um chl ori de, benzet honi um chl ori de; phenol

buty]. or benzyl al cohol . alk abens uch

or p lzfp%ﬂem@i}fls% Ewce%gf%%ﬁmm%la sighestiggeat ﬂﬁ%ﬁﬁ ess of
o SR 0.0 S b PSR 80  c
phasrsureseltibg im loweg&dvalsiof hogrcell prteioginothe biadsst pool (elution pool)

ydr.ophi li.c pol yners such as po| yvinyl pyrrolidone;

e Blitee 6 Sel g they yrgupges gt e shsHlcnLdMsgrmatep. Fig. 3
111H%t1;‘agécsg[h§ ?(;lv ﬂfa%b%% fie %Eeﬂtg)gdrc%o yg?g@;bgﬁ?%gc{eggﬁﬁgms removal.

gl ucose, mannose, or dextrins; chelating agents such

as EDTA, sygoAMBEUEh: P@lﬁpfmﬁomﬁm VHGF AN OB ®
or sorbitol salt-tormng counter-rons sucn as sodr um

e g P e o LB SRR B Ry o

re@csmmhmethﬂﬂa{n@iw sy eddfial Hmvtaqﬁme aﬂltﬂﬂfd?CtHﬁMAb VEGF),
may al so be entrapped in mcrocapsul e prepared, for

bezpeinphed. Hhhecwnstry af |tb¢1 b@é@hwncﬂbemotﬂcubym discdpsedcinglUS Patent

t f I
7 AT R P e SRSy TR T e RAGy | SRS Filk. 2428
hed iR DGRABSHMED 1src%‘ﬁﬁﬁ@1%ial'l§ h¥ailabl E&h'@h@'ﬁbclﬁ g delivery
systems (for exanple, |iposones, albumn m cr ospher es,

m cr’BEsmdxemphes ,summauzepﬁaﬂta deedorament ndmbeapstbesgd on tha cation

XEE oerrulnél ons. Suc@ technl es gre di scl os in . h
M GEBN8 “PHAPHE B?Ya&bﬁ“ iPUHEEYIONGRTRCEY; jEhoation exchange
re&7Ro! Wer@ cFHluatbd 980)hesth @tuﬁf%ﬁ Mgt iSEPHAR OSEUSRGT! @LOW@ SP
vivo adm nistration nust be sterile. This is readil
SERICARPISES RASThYLOW® raatl i RORORr YR sTke ichtgorf exdhangd purification
menbr anes. %st I ned-r el ease E];Je@ar ations é be f
PTRfepsar eds fereXanpiesy SYH HeRrE|iaRigeess performance
BESRAatd 0S| RGH HoRET pl S
L {)/dr OShOébl c pogéirge#’?gs z%ntoglglnrﬁg tsﬁegng{r?t[(}) %ﬁo%};\r(ﬁlgg}lg’ process
robinitdss eed pioces faras allrcutrost m@mm@ﬁnmgﬁa@dBmﬂlom tbs data generated
inghe et modas SO Midied Hertaeppsry st brgance and robustacs
anlgﬁgd;? gfe I(glgg{/eectgﬁéx?'&ncglta%g;crrei} af?re e 1rn1|;roved purification process.
pol y(Caudmy lcatimapol c)h)rommoggabh}z:tusd&& (ftoalS. chRanatogdaphy step in the
3,773,919), copol yners of L- g Lit am c acid and
PUEHiERHon BIOGESAnk SEYChioremeyF Selhsy @r%m?g}aecﬂ@lwﬁw (garamycin), host

C I
R ISRLATHR, L8 SRR b gy

funttione apheirelreaoiplasgd of | actic

The column is operated in a bind-and-elute mode and is performed at ambient
temperature. The column uses a cation exchange resin (POROS 50HS®). The resin
consists of a porous, polystyrene-divinylbenzene bed support coupled with a negatively
charged functional group. The column is removed from storage by washing with
equilibration buffer. The viral filtered pool will be diluted with 0.3 volumes of water for
injection (WFI) to meet the conductivity limit of < 5.5 mS/cm. The viral filtered pool is
then loaded onto the equilibrated column. The product binds to the resin. After loading,

the column is washed with a high pH buffer to flush the load material through the column

34-



acid-glycolic acid copol yner and | euprolide acetate),
and poly-D-(-)-3-hydroxybutyric acid. The anti body
w@enopossst as di scl osed herein or the conpositiBEI/US2008/081516
conprising the anti body and a phar maceuti cally
ccepta carrier i n use for
5 angiry }5%&123 P ioppprigiee ecco i e pashEdRHu b alshifr to loveer
th@ HQfa ant SATMATL &R0, ProducEXAUTRcE ushBS QG EIRAGY of high
rrg d%rglzaétotreat ad?tg%lrder UiCn amg’umg S%H oL e
sa‘atdmfﬁar githra mgkimuirheft 'apxdumnwaldnyesefﬁffmrteMEname umturmf and skid are

the antibody to the manmal the case of a
sagitzpadd sapitiratian SofutioR; (N .Na rig tQSierree dn af@fﬂgetseluﬂon (0.1
L llﬁrtllh%\lﬁ%t Jdymphona (for exanpl e Non-Hodgkin's
Lynphoma, NH or | eukem a (for exanple Chronic
10 Ly nphiacfolloeidgetaklerprayid€ld feswsiptied bf & @utivionsrfuorehe bevacizumab
di seases .such as rheumatoid arthritis (RA), nmultiple
Preeqse PO dNYeREYD het§ifus et c. For an antibody that binds
to VEGF, such as bevaci zumab, it can be used to
i nhi bit angi ogenesis, treat cancer, and treat nmacul ar
degenerati on, etc.Tdble 3-BdvaviznmabXPaopéses are of f ered
by way of illustration and not by way of limtation.
The disclosures of all citations in the specification

_a_r_e_e_x_p_r_e_g_g_l_y_i_n_g_g_r_p_g_r_af ed herein by ref erence.
LE 1: [PURI EL CATI O A CD2( BODY Thi s Flow rate
€ descri beé‘g@‘?f AL cad i @ﬁ"c@%%ﬁ&?ter (cm/hr)

chromatography process for—purifyinga €B20—antiody;

Béd uxibeadht |Ri t uxi mab_i s used for therapy,of NHL, [CLL

. : N/A
(I'c’ﬂn,) MBS, etg¢. The strd¢fure of the Rituximnab nol edul e
2| 72~ 11727 Andaor dan ot al [ oy el s
=S UI Dbl oSsga I a] \J IOU J.OI, AINTUTT 3UTT T1 dar, \CTANTI§SooT Y

i‘i&,&ﬁﬁ?@gﬁ 5t e@R3heMESDY 6hler enck) as wel|~as Figs. g9

er eil iy Rt vydra wis/ganmerci al ly avail abl ¢ from
Genent ech, (1 nc. Cation- exchange g¢hromat ogr apny 1§ used

to further |(edddwnete Vielel Bltgrd CHOP, IDNAYS geached
ein A |g5FaRyali n ( GENTAMA N(r ) ) hevRizumilmab 100
aggr egat es,| (el)dpad.end.b alS/srhr uses.| Ri t Uxofiradinbi ndg to

t he col umm|junder the lToad conditijons. The colum]|is
WYaeh 1l washed 258NIMAPS ridgéfer at ed/|sani ti2ed, and st or 80
tnt—the next—use—wuttipte—cyctres may beused—to
Wa9eess an |edtiMeMist ¢hl@hMafNaChiity poo cyThe 100

cati on- excharysspaald. ImysShen hel d jat room tenperatjure
up to 300C|for up to 3 days or aff 5oC for up to
days. The ¢atrf-MEHalhigemMakl (PORCS BOWHS(T), 100
Appl i ed Bi og¥bd.enendi B8 m&dked inla colum to a bed

P@gg‘gg o{ hge Star%)’PoorﬂngBef ore the afifi nidlgzgogoé 5| S N/A
End Pooling OD 20 <1.0 N/A

Sanitization 0.5N NaOH 3-6CV 50-100

Storage 0.IN NaOH 3-6CV 50-100

15

The desired pH, conductivity and molarity ranges for the load and buffers in the

bevacizumab process are provided in the following table.
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Sanitization

0.5N NaOH
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50-60mS/cm
(1:1 diluted)

0.5NNaCl | NA

Storage

0.IN NaOH

NA

17-27mS/cm

0.INNaOH | NA

The present process was found to be superior to the original bevacizumab process

which used a first wash buffer pH 5.5. The new process herein was able to achieve pools
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(inpurities renoval, retrovirus renoval, and step
yield), product quality, process robustness and
wee@omesss1fit at all current manufacturing siteBCT/Baxesios1sie
on the data generated in these studies, POROS 50HS(r)
showed rior process performance gnd robustness and
5 wifhdove QIPBdewls. thaehicier giigdee Hk?ﬁg‘/éelaé‘é}fi G PREAL more robust
prb 5Ry§ﬂipﬂﬁhﬁﬁ&§&%%n process. Cation exchange
chromat ography 1s the final chromatography step in the
purification process. It serves to renove cell culture
nmedi a conponents (garanycin), host cell derived
impurities (CHOP, and DNA) and aggregated forns of
bevaci zumab. It also functions as a viral renoval
step. The columm is operated in a bind-and-elute node
and is perforned at anbient tenperature. The col umm
uses a cation exchange resin (POROCS 50HS(r)). The
resin consists of a porous, polystyrene-divinyl benzene
bed support coupled with a negatively charged
functional group. The columm is renoved from storage
by washing with equilibration buffer. The vira
filtered pool will be diluted with 0.3 vol unes of
water for injection (WFl) to neet the conductivity
limt of < 5.5 nS/cm The viral filtered pool is then
| oaded onto the equilibrated columm. The product bi nds
to the resin. After |oading, the columm is washed with
a high pH buffer to flush the [ oad material through
the col umand renove CHOP inpurities. The colum is
then washed with a ow salt buffer to |l ower the pH and
prepare the colum for elution. Product is eluted
using a step elution of high salt buffer with a
maxi mum of 7 columm vol unmes. After elution, the colum
and skid are sanitized with sanitization solution (0.5
N NaOH) prior to storage in storage solution (0.1 N
NaOH) until its next use. The follow ng table provides
a description of the conditions for the bevaci zumab
process of the invention herein. Table 3 - Bevaci zumab
Process The desired pH, conductivity and nolarity
ranges for the | oad and buffers in the bevaci zumab
process are provided in the followng table. Table 4 :
Preferred pH, Conductivity and Ml arity Ranges for
Bevaci zumab Process The present process was found to
be superior to the original bevaci zumab process which
used a first wash buffer pH 5.5. The new process
herein was able to achieve poolswith | ower CHOP
| evel s, it achieved a higher step yield and was an
overal |l nore robust process to run in
manuf acturing. WHAT | S CLAIMED I S:
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W

hi th t h
an&/@s ing the cation exchange

1. Anethod for purifying an antibody froma
conposition conprising the anti body and at | east one

w@owasasnant , whi ch nmet hod conpri ses the sequeP@T/E52008/081516

steps of: (a) |oading the conposition onto a cation
C rjial wherein the conposition is at a
ashi ng the cation exchange materi al
with a first wash buffer at a pH which is greater than
that of the conposition in (a), wherein the pH of the
first. wash rhethée for purffymm abattboly 8rano aadmmliosﬁio@ co@q))rising the
terial wth
ey m%té?asfa?neawaﬁ%@éhwlingﬂa £hodi QRIS FY eé?queﬁféal steps of:
firs ufif.e d) ti
the bt AN gk agonARdlonfd W ot MRk RRrp] Mlrein. the
a comimmigﬂmhya%ﬁmhpﬁ{s subst antl al | y greater than
that of the second wash buffer he nmet hod of claim

1 whé gahipg g1gatigh e%ﬁ@ng%eamlamgh atﬁsftfvé%sh&ﬁéfef #e pfywhich is
of t |

o o R P BB LR Mo TR ot
humais a2 boud 6.8Ttbabomtchmd of claim 1 wherein the

anti body binds to human vascul ar endot hel i al ]égr owt h

f act & wesEwgihe agtiompechgpgypatcanl withp gecondmapie Priferié apH which
of t about 4.0 to about
ﬁ?%s‘ﬁ‘ﬂ(%o[ﬁé tfg% 1lfiﬂlgtr\é/?gl1\/\1t/§al]§¢16frbu fer is fromabout 6.8

t 0 a(la;p ldlutlﬁg @he ihidop¥ifidin tHeecaties @Rchangs habufal @fithian dlitdon buffer
about 5.0 to about 6.0, and the pH of the elution

buf f&r & eordpgivibylitchsis cubsrantislyt ersater then thak ofichersond wash
of cﬂ 1\/\,here|nthe conductivity of the elution

uffer |s fromabout 1OnS/cmto about | OO/ cm 7. The

met hod of claim1 wherein the elution buffer conprises
about 100 to about 300rM NaCl.8. The nethod of claiml
wherZi n tHee wathpéef e%@ﬁdngberﬁﬁlt tae iphl ofclbapedond gvash buffer and the

PfféP hutlon%d cfx’ g(lelr;a I(lel%l n I benzene) fl ow t hr ough

es C es(flr oxyl at ed pol yner
functl onalized wt h suI fopr opyl groups. 9. The net hod

of claim1l wherein the contam nant is selected from
t he 3r ouplhe method of claim I wherein the antibody binds to human CD20.

4. The method of claim 1 wherein the antibody binds to human vascular

endothelial growth factor (VEGF).

5. The method of claim 1 wherein the pH of the composition in (a) is from

about 4.0 to about 6.0, the pH of the first wash buffer is from about 6.8 to about 8.0, the
pH of the second wash buffer is from about 5.0 to about 6.0, and the pH of the clution
buffer is from about 5.0 to about 6.0.

6. The method of claim 1 wherein the conductivity of the elution buffer is

from about 10mS/cm to about 100mS/cm.

7. The method of claim 1 wherein the elution buffer comprises about 100 to

about 300mM NacCl.
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consi sting of Chinese Hanster Ovary Proteins (CHOP),
| eached protein A, DNA, aggregated anti body, cel
w@oesss1redi a conponent, garanycin, and vi r al PCT/US2008/081516
contam nant. 10. The nmethod of claim1 further
conpri sing subjecting the conposition conprising the
anti body to one or nore further purification steps
ei ther Defif freudlrdMdainfli Phdreih it ehifor BlerbBEOHBRrtomprises
SO as to obtain a honbgeneous preparation of
crasstlitkody . polylstyithe-divetyibehzofc)cl ﬁnvmtlirﬁuglur pimﬂcles coated with a
Qnpri sing, c njug ting the p tlbody wth a
YEFBY S mt@naﬁ@d Wil %%vtp fRsa! BIOUBY- 4 m 10 or
11 further conprising preparing a pharmaceutica
conposi tion by conbi ning the honogeneous preparation
of the arThcmdhodof claim tgeliceen it (tdmmiiyinmintih sdected from the group
pharnaceutlcall acceptabl e carrier. A net hod for

coppising joh gChinesen sty Praty Biosgias r{GﬁIé}P)cmhw JHotgn A, DNA,
AR R AR QTP BB o ARLA M R38O Tl aminan

Chi nese Hanst er CNary Proteins (CHOP), |eached protein
A, DNA, and ag gated CD20 antlbody,,mhlch net hod
conptl-sesThengrctinduehelaim §fugergfomrising sueqiget the composition

T T e

affer Stepq @) thadsdh (dY sd Heto@dtdinn hemopageas prepatii@l ofwht Bntébody.
first wash buffer at a pH from about 6.8 to about 9.0;
(c) washing the cation exchange material wth a second

wash, puf f-gr. %Letlﬁ)defle m %Bomﬁﬁhg %@nﬁgguéonﬁ%ﬁ%tmgqﬂe purified

(d) e uting ant bo fro I on~exc

anfiBb &y weth allﬁteﬁgog’dhsehdlédlm@ buffer with a pH from about

5.0 to about 6.0 and a conductivity from about | OnS5/ cm

t o about Icrhfycn114 The et hod of claim 13 wherein

t he [ tu od of claim13
mherg?n t éPm?o% ﬁquer conpr|§%2ﬁgg ‘”EEE“F% préparing  a
lﬁaﬁweuﬁ&mwn&iaﬁhon 16 .combiehd a1 Hdhﬁog@ﬁédufs}ﬁrﬂgtraaﬁ)n of the antibody
anti body that binds human vascul ar endot helial growh

orfecqaiugpted yEdPdy fyithne phasmapsicallyorrcesalpe caitiay t he
anti body and one or nore contam nants sel ected from
the group consisting of a cell culture nedia

comppNentA method for purifying an antibody that binds human CD20 from a
composition comprising the antibody and one or more contaminants selected from the
group consisting of Chinese Hamster Ovary Proteins (CHOP), leached protein A, DNA,
and aggregated CD20 antibody, which method comprises the sequential steps of:

(a) loading the composition onto a cation exchange material wherein the
composition is at a pH from about 4.0 to about 6.0;

(b) washing the cation exchange material with a first wash buffer at a pH from
about 6.8 to about 9.0;

(c) washing the cation exchange material with a second wash buffer at a pH from
about 5.0 to about 6.0; and

(d) eluting the antibody from the cation exchange material using an elution buffer
with a pH from about 5.0 to about 6.0 and a conductivity from about 10mS/cm to
about 100mS/cm.
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garanycin, Chinese Hanster Ovary Proteins (CHOP), DNA,

viral contam nant, and aggregated VEGF anti body, which
WOrRaokos8seDNPri ses t he sequential steps of: (a)PCDuEMI00E081516

the conposition onto a cation exchange materia

wherein the conposition is at a pH fromabout 4.0 to

about 6.0; (b) washing the cation exchange nateri al

wthia fi : f to

about 75, 01 (3 o R SR R e e 2

with a second wash buffer at a pH fromabout 5.0 to

about_6.0;. and_(d) .eluting the ti body fromthe
cat i bh exjéfrf‘a‘ﬁ@‘@ogrﬁf et 13 yeicrgn e VAT HToS GPRBFisaabAut 100 to

a pHf4P & 0 to about 6.0 and a conductivity
fronﬁg%bg?@$@¥§§ch1to about 1 OOnS/cm 17. The net hod
of claim 16 wherein the antibody is bevaci zumab. 18.

The nethod of claim 16 wherein the elution buffe
conptt-sesh aphied roputieinphyuentGodiihatkads hllglanﬁ(ascular endothelial

2 §RIPORI: AEGATROIEA nohfitiSh TBRplNnd ALTdBbody and ogg or more

coft@@nPAasisticord cldmI ths | digupd evidiidtingneba i gllacudtutd @fedia component,

conpr.i sing about 25mM MOPS at a 8klof about 7.0.
garamycin, Chinese Hamster Ovary Proteins (CHOP), DNA, viral contaminant, and

aggregated VEGF antibody, which method comprises the sequential steps of:
(a) loading the composition onto a cation exchange material wherein the
composition is at a pH from about 4.0 to about 6.0;
(b) washing the cation exchange material with a first wash buffer at a pH from
about 6.8 to about &.0;
(c) washing the cation exchange material with a second wash buffer at a pH from
about 5.0 to about 6.0; and
(d) eluting the antibody from the cation exchange material using an elution buffer
with a pH from about 5.0 to about 6.0 and a conductivity from about 10mS/cm to
about 100mS/cm.

17. The method of claim 16 wherein the antibody is bevacizumab.

18. The method of claim 16 wherein the elution buffer comprises about 100 to

about 300mM NaCl.

19. A composition comprising rituximab in a buffer comprising about 25mM

HEPES, at a pH of about 7.8.

20. A composition comprising bevacizumab in a buffer comprising about 25mM

MOPS at a pH of about 7.0.
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